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I. INTRODUCTION

Teak (Tectona grandis Linn. f.) is the paragon among 

oriental timbers. Dietrich Brandis aptly described it as a 
"jewel that shines and shimmers in the diadem of tropical trees". 
The natural habitat of teak is between 10° and 25° N on the 
Indian subcontinent and in the south-east Asia especially m  

Laos, Combodia and Vietnam. It is cultivated quite extensively 
in the warm tropics throughout the world, for instance in Congo, 
Cameroon, Zaire, Nigeria, Thailand, Honduras, and Costa Rica.

In India the principal states growing teak are

Kerala, (76,502 ha; KSFD, 1990), Madhya Pradesh, Maharashtra,
Gujarat, Karnataka, Andhra Pradesh, Tamil Nadu, Rajasthan, West
Bengal, Bihar, Orissa and Andamans covering a total area of about
7.1 million ha (CFC, 1984). However, the productivity of teak

-3 -1 -1plantations m  India is generally very low (6.5 m ha yr ; 
Agrawal, 1985). Reasons for the low productivity include weed 

competition particularly when the plantations were young (Anoop 
et al., 1991), poor management (Karunakaran, 1970; Iyer, 1982) 

nutrient deficiencies and stagnation. Although reports of 
improved growth rates of hardwoods in response to fertilizer 
application are available (Hoyle, 1970; Saffard, 1973; Auchnoody 
and Filip, 1977), fertilizer application m  teak plantations nas 
been rarely attempted m  the past. Furthermore, only some 
isolated attempts were made in the past to characterize ohe
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fertilizer requirement of teak in the Indian context (FRI, 
1955; FDAP, 1964; Bhatnagar et al., 1969; Banerjee, 1973; Ram

Prasad et al., 1986; Kishore, 1987).

As a silvicultural tool, fertilization will enable intensive 
forestry to be practised almost indefinitely without fear of loss 
in productivity through nutrient drain from the site. Under 
intensive forest management (fast growth, short rotations and 
full tree utilization) most forest sites might suffer a net loss 
in nutrient reserves over time (second rotation decline). The 
capability to identify and replenish such massive nutrient losses 
by fertilization is very important in the context of the 
ever-increasing demand for timber. Furthermore, balanced 
fertilization can contribute to increase. the resistance of 
trees to damage from insects, diseases and other adverse 
environmental factors also (Baule, 1973) through enhanced tree 
vigour. Fertilization has great value in accelerating recovery 
from thinning also (Miller, 1984).

As regards to thinning the age old thinning norm - begin 
early, thin frequently, thin moderately - seems to be in vogue in 
the case of teak particularly on the better quality teak areas of 
India (Kadambi, 1972), notably m  Nilambur (Kerala) where, 
thinning normally begins as early as the fourth year and are 
repeated at 8,13,20,30 and 45 years (or its slight variants) 
with a rotation of age of 60 years (Karunakaran, 1970; Adiyodi,
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1973; Iyer, 1982). Incidentally fifty year rotations are also 
practiced in several parts of the state.

In studies involving thinning and fertilization of a large 
number of forestry species the general consensus is that response 
to fertilization is greater m  the thinned stands as the 
resources become available to fewer, larger, selected stems. 
Such considerations favour the coincidence of thinning and 
fertilizing operations. Detailed information on thinning and 
fertilization are, however, lacking in the case of teak under the 
eco-climatic conditions of Kerala.

Moreover, large gaps exists m  our knowledge on the effects 
of stand density manipulation, site quality and nutrition on the 
components of assimilation, such as leaf area, photosynthesis and 
distribution of assimilates. Hence the present investigation was 
carried out with the objective of developing fertilization and 
density manipulation strategies for teak plantations.

Determination of the effect of thinning and fertilization on 
teak growth and development including tissue nutrient levels 
under different site quality levels and understanding of the 
nature of relationships between stand leaf area index, stemwood 
growth, growth efficiency and NPK availability m  teak as well as 
characterization of the allometry of tree biomass, leaf area and 
foliage biomass m  young teak trees, were the ma^or focal points 
of the present study.
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II. REVIEW OF LITERATURE

Fertilization and thinning are the two basic silvicultural 
tools available for regulation and control of growth and yield m  
forest plantations. Thinning manipulates stand density and 
thereby modifies the competition environment, while fertilization 
alters the nutrient capital of the site. An attempt is made here 
to review the available literature on nutrient requirements and 
nature and effects of thinning and fertilization on forest 

plantations with particular reference to teak.

2.1 Nutritional Requirements of Teak

Teak is characterized by relatively high nutrient
requirements. Zech and Drechsel (1991) reported that nutrient 

deficiencies can bring about reduced stand growth m  teak. The 
deficiency of all elements except potassium has significantly
reduced height, growth and dry matter production in teak
seedlings (Kaul et al., 1972; Hase and Foelster, 1983). However,
only few studies on teak nutrition have been conducted m  India 
and the results are also, by and large, inconsistent. Trials at 
Nilambur and elsewhere indicated that application of NPK m  young 
plantations boosted growth rate of teak (FRI, 1955; FDAP, 1964; 
Banerjee, 1973; Kishore, 1987). Bhatnagar et al. (1969) from sand 
culture studies on teak suggested that application of 680 mg each 

of N, P2° 5  and K2° increased growth of teak. Fertilizers at the
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rate of 0,150 or 300 kg/ha of urea and 0,75 or 150 kg/ha 
of super phosphate stimulated growth of a 10 year old teak 
plantation (Ram Prasad et al., 1986). They concluded that 
fertilizers significantly increased height and diameter 
increments of teak trees.

However, Maun (1977) observed that application of slow 
release tablets (18:8:6 NPK) did not improve the growth of teak 
seedlings. Similarly several authors (Briscoe and Ybarra- 
coronado, 1972; Jackson, 1973; Sunderalingam, 1982) reported that

thftapplication of N alone did not significantly improve ̂  growth of 
teak.

2.2 Fertilizer use in Plantation Forestry

With intensification of forestry practices, multiple 
nutrient deficiencies became common and the practice of applying 
compound NP, KP and NPK fertilizers or blended mixtures of 
fertilizers containing these elements became popular m  forestry 
(Bengtson, 1976; Ballard, 1980). Further,
application of K was found to be useful in producing higher 
volume increment (Ballard, 1980). However, there is little 
information on how frequently elements other than N and P are to 
be applied to stands.
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2.2.1 Stimulation of Growth

Stimulation of hard wood growth by fertilizer application on 

good sites has been reported by several authors (Mader et al., 
1969; Hoyle, 1970; Auchnoody and Filip, 1973; Mader, 1973, 
Safford, 1973; Tiarks and Haywood, 1986). Ranwell et al. 1974,
reported that application of fertilizers increased the growth 
rates of Eucalyptus grandis and Pmus patula by 30 per cent, 
compared to unfertilized trees. In case of sugar maple also 
improved growth was observed when treated with N,P and K alone or 

m  combination (Shetron, 1976).

There are reports showing increases in height, diameter and 

basal area owing to fertilizer application. Paovilainen (1976) 
indicated that m  sedges and pines, NPK stimulated basal area 

increment. Nitrogenous fertilizers also increased basal the area 

and height of P m u s  radiata (Hemter and Hay, 1983). In Loblolly 

pine also significant increases m  height and diameter were 

observed on addition of N and P fertilizers (Bolstand and Allen, 

1987 ) .

It has been suggested that environment regulates plant 

productivity through its influences on leaf area, carbon fixation 

and carbon allocation pattern (Kramer, 1986). Environmental 

factors limiting leaf area include nutrient and water 

availability, as well as temperature. Fertilizers increased leaf 

area index (LAI) m  a number of conifer species (Miller and
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Miller, 1976; Bmkely and Reid, 1984). Foliage biomass was 

significantly increased in Loblolly pine by NPK application. In 
fact, moderate levels of fertilizers produced 1.6 times higher 
foliage weight than unfertilized controls (Duffy, 1977). 
Fertilizers were used to accelerate foliage production and 

formation of a permanent cover (Duffy, 1977;
Hocker, 1982). In Eucalyptus camaldulensis above ground biomass 
increased by 35 per cent with NPK fertilizers (Knockert and

Mandouri, 1980).

2.2.2 Timing, Frequency and Doses of Fertilizers

There is very little quantitative evaluation of how much

nutrient a species need for high and substained growth rates and
optimum stem wood production. The characteristics of fertilizers 

used in forests, their relative effectiveness, transformation and
movement m  forest ecosystems are critical and needs
consideration (Baule and Fncker, 1970; Bengtson, 1973,1976,
Pritchett, 1979; Ballard, 198^. Miller (1984) has developed

nutritional guides for trees which suggest that nutritional 
demand of trees is usually high before canopy closure. 
Therefore, fertilizer responses are most likely to be realised at 
this stage and the response will be lower in mid-rotation, 
because much of nutritional demand will be met by
retranslocation.
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Fertilizing of young plantations is generally practiced to 

hasten crown closure and reduce time of weeding (Kanwana and 

Leaf, 1974). Further, fertilization of established stands is 
effective m  increasing growth and shortening rotation length. 
Paovilainen (1975) reported that the need for N was greater at 

the pole stage than at maturity. In Eucalyptus grandis it was 
seen that fertilizer should be applied just enough to ensure 

rapid canopy closure (Donald and Schutlz, 1977; Louppe, 1985). 

Due to translocation and reuse of nutrients m  trees the uptake 
of all nutrients by the stand from the soil also decreased with 
age (Attiwill, 1980). Hence, he concluded that fertilization at 

young stage is beneficial for forest plantations. In a study, on 
Picea abies, Badan et al. (1977) found it is profitable to use 

NPK and Ca in pole stage stands. Further, they observed that 
fertilization of seventy year old stand resulted m  reduced 

increments.

The major factors determining frequency of fertilizing 

established stands appear to be the frequency of other 
silvicultural operations and duration of response from single 
application (Woollons and Will, 1975; Hamamoto, 1981). Spot 
application of N and P fertilizers usually provide a short-term 
response seldom retaining effectiveness beyond 3-5 years 

(Ballard, 1980). The frequency of fertilization also depend upon 

various site factors which play important roles in the fertilizer 

effect. From an experiment on Pmus elliottn with nitrogen (30



and 150 lb/acre) and NPK fertilizers (30:60:60 and 150:60:60 

Ib/acre) walker and Morcock ( 1965 ) concluded that nitroeen 

treatments did not give significant diameter increment whereas, a 

combination of NPK resulted in a slight increase in diameter 

growth- In Abies alba and Pinus strobus, N,P and K fertilizers - 
(10 : 10 : 10 kg/ha were effective in increasing height increment of 

both species ; while NPK (11 : 22: 16 kg/ha) had significant effects 

on the height and girth increments (Ciancio and Martire, 1974 ) . 
The results of Frison (1976), in populus (1-214) with NPK at 

the rate of 160, 200 and 300 kg/ha indicated that NPK application 

had significant effects on the volume increment. Another study 

in a 13 year old Pinus elliottii stand by Shoulders and Tiarks 

(19801, indicated that surface application of NPK (403:95:64 

kg/ha) increased total volume growth during the next six years. 

Application of P in conjunction with N and K often has 

synergistic effects on the utilization of these elements, 

probably through stimulating root activity, increasing soil 

cation exchange capacity (Ryden et al., 1977) and reducing 

volatization of N (Wollum and Davey, 1975). 

Suvorov (19731, studied the effects of application of 

nitrogen alone on Norway spruce and found that as nitrogen 

increased, the content of chlorophyll in needles, the rate of 

photosynthesis, respiration and root mass with height and 

diameter increment increased. Thisincrease was 2 to 3 times 

more than that of trees that did not receive nitrogen. In case 



of 9' year ol f l  Fopulu? Bcltoidos plantation, of 150 

or 300 l,h/ncca of N increased diameter increment in the co- 

dominant and intorrncdiata classes ( D ~  ~ e i l  et al., 1975). 

Nitrogen and Phosphorus were found to be better than N P K  and N P S  

treatments at 5, 10 or 15 NP per plant for growth stimulation. 

Negative responses to combined fertilization are also 

reported in the If terature. Salonie and Mackay (1980 ) reported 

that neither 48 kg/ha of NPK nor 224 kg/ha of urea gave 

detectable differences over the next ten years in a 28 - year 

old balsam fir plantation. Similar results were obtained by 

Stone (19821, when 2.6 kg per tree of N P K  (20: 20 : 20) did not 

significantly affect sugar maple over six years. With Tilima 

americana and Ulnus americana, Stone et al. (1982) observed that 

2.6 kg of N P K  had no effect on diameter or basal area over the 

six years. The probable reasons for negative response could be 

site factors which may have a direct influence on the 

fertilization effect. 

2.3 Thinning 

~t is necessary that number of plants per unit area in 

stands is gradually reduced as the crop advances in age, ie. the 

stands should be thinned as they grow with age. Thinning riay, 

therefore, be defined as " a felling made in an immature stand 

for the purpose of improving the growth and form of the trees 

that remain without permanently breaking the Canopy" (KhannaI 



2984)-  *he c o n t r o l  of dens i t y  levels in a s tand h a s  tr .?nelr]n1~s 

-act on s t a n d  S t r u c t u r e ,  p r o d u c t i v i t y  and i ts  a b i l i t y  to 

produce m u l t i p l e  o u t p u t s .  Densi ty management i s  t h e  manipu la t ion  

and c o n t r o l  of growing s tock t o  ach ieve  through i n i t i a l  -5~ac in5  

and in tETmedia te  c u t t i n g s .  Prasoon Kumar (1391) has d e s i g n e e  a 

teak d e n s i t y  management diagram t h a t  provides i n s i g h t s  on s t a n 2  

dens i ty  r e g u l a t i o n  for  var ious  management ob j ec t i ve s .  

2.3.1 Effect of Stand  Density Manipulat ion on T r e e  Growth 

Tree  morphology is  markedly a f f e c t e d  by s tand d e n s i t y .  I n  

in. 
dense s t a n d s ,  a s , spa r s e r  s t a n d s  t h e  l i v e  crown r a t i o  i s  lower 

due t o  t h e  earl ier  death  of lower  l imbs  on account o f  mutual  

shading and "crown competi t ion" (Putz e t  a l . ,  1984) .  T h i s  a l s o  

r e s u l t s  i n  h i g h e r  bud l o s s  and lower  f o l i a g e  product ion owing t o  

physical c rowdings ,  as crowns r u b  a g a i n s t  each o t h e r  i n  t h e  wind. 

Long and Smith (1989), remarked t h a t  t h e  growth and development 

of i n d i v i d u a l  trees i n  an young s t a n d  depend i n  l a r g e  p a r t ,  on 

t h e  i n i t i a l  s t a n d  d e n s i t y .  

S tand d e n s i t y ,  however, h a s  Very l i t t l e  e f f e c t  on h e i g h t  

g r w h  except where t h e  s tand i s  ex t remely  dense o r  so open t h a t  

the trees are d i s t i n c t l y  i s o l a t e d  (Smith,  1962).  F u r t h e r  he  

noted t h a t  v a r i a t i o n  i n  r a d i a l  growth t h a t  can be induced by 

t h i n n i n g  is very wide. Larson (1969). observed t h a t  xylem 

incrrmcnts were t h i c k e r  i n  close prox imi ty  of t h e  crown i n  

thinned n t a n d s ,  i n  more c y l i n d r i c a l  boles  t h a n  t h o s e  of 



apnccd stands, G r a h ,  (1961) and sarger and Pfolliott. 

(lg70) reported that the relationship between stem 
- 

characteristics and initial stand density 
the value and 

utility Of a 1% for a particular end product. 

Nebekar et al. (1985) suggested that quite apart from 

improving the growth and value of stands, thinning also results 

in hazard reduction for insect infection, disease epidemics and 

damages due to abiotic agents. 

2.3.2 Thinninq Studies in Teak 

Thinning in teak is a very important intermediate operation. 

It is generally recognized that teak requires ample room for its 

development and that once the crowns have been allowed to be 

restricted, they do not respond rapidly to thinning (Blanford, 

1923). Pongsopha (1962) suggested that heavy thinning is 

desirable in plantations, as it significantly increased height 

growth and basal area increment. Sarlin (1966) reported that 

diameter, basal area and volume improvement of teak were markedly 

depressed before thinning but resumed later. Ram prasad 

(1973) suggested that in early stages at least more stems per 

unit area may be retained and the crop can be opened up more at 

the later stages. Teak gave best results on thinning when 50 per 

cent of basal area was removed compared to 70 and 80 percent of 

basal area removal, 
showing that teak need light thinning for 

best results- 
L ~ ~ ~ o ~  and Zaman (1985) suggested that as teak 



trcrs mntnsct t t ~ o y  canopy npacc less Indicating 

that th inning abofild ~ c c ~ ~ ~ ~  more intense and perhaps more 

frequent ns tha stand matur-n. ~ b ~ y o m i  et al. (19851, 

r~~0Nlmendpd that teak plantations are to be thinned at ages 

5330/35 and 2 0  WAX to residual stocking of a00/600/400/300 stems 

haw' r@s!?@ctiv@ly to produce good stocking of large sized timber 

by age 50-60 years. 

3 Stand Density Manipulation of other Forestry Species 

In a 15 year old Pinus taeda plantation thinned to 8 ft x 8 ft, 

basal area, diameter and height increment registered a three- 

fold increase (Bower, 1965). Kalayhe and   win om eke (1983) 

observed significant increases in diameter and volume growth 

consequent on thinning, but basal area decreased after seven 

years of the treatment. Height growth, nevertheless remained 

unaffected in a 10-year old Pinus patula stand thinned at four 

intensities, ranging form 0 to 69 per cent stem removal. In case 

of 5 to 8-year old Pinus kesiya plantation thinned at 0, 30, 50 

and 70 per cent of the basal area, removal of 50 and 70 per cent 

basal area significantly increased diameter and height growth in 

trees (orallo, 1985). Werner (1987) concluded that timber stand 

improvement should begin in the sapling stage (1-8 m tall) with 

selection of well formed trees. 

Thinning is found to have a tremendous effect on biomass. 

Ballard ( 1980 ) reported that thinning temporarily reduced 
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biomass, but it regained quickly depending on the site 
conditions. Hocker (1982) suggested that with Populus 
trimuloides, thinning of young stands, decreased total above 
ground biomass, but net annual biomass accumulation was not 
greatly different between thinned and unthinned stands. 
Aussenac et al. (1982), indicated that one year after thinning, 
basal area of thinned stand was 101 per cent greater than that of 
an unthinned stand and removal of alternate tree rows in a 19- 
year old Douglas fir plantation increased the incident light 
reaching ground level to 7.3 per cent.

2 . 4 Thinning and Fertilization

Forest crops are thinned both to generate immediate returns 
and to stimulate growth of the remaining trees, a dual purpose 
approach which often leads to compromise over the type and 
intensity of the thinning employed. Wqllons (1985) remarked that 
there is a strong interaction between thinning and fertilization. 
On nutritionally poor sites, fertilizer response tends to occur 
irrespective of stocking, whereas on better sites thinning may be 
a pre-requisite for a response to fertilizer (Woollons, 1980). 
He further added that it would be prudent to combine stand 
thinning and nutrients m  a single application.

There is abundant literature on the interactions between 
thinning and fertilization. The general consensus among authors
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is that the value of responses in thinned stands is normally 
greater, as the nutrient are made available to fewer and 
selected stems (Ballard, et al., 1981). Such considerations 
favour the coincidence of thinning and fertilization operations. 
Miller et al. (1981) reported that fertilizers can be used to 

accelerate recovery from thinning or from any similar injury such 
as insect defoliation.

Thaiutsa et al. (1976) suggested that either thinning or 
thinning followed by fertilization may help m  enhancing the 

diametric growth of young teak plantations. In 50-year old red 
oak plantations, Lozano (1975) observed that combined fertilizer 

and thinning treatments significantly increased diameter growth 
m  selected dominant trees. But the interaction effect was not 
significant. Winston (1977) observed similar effects m  Jack 
pine also. Haapanen et al. (1979) found that the effect of 

fertilizers (145 and 95 kg/ha of N and P) culminated sharply 
after 3 to 4 years of the treatment, whereas the effect of 
thinning continued for a longer period. Furthermore, both 
treatments together showed better effects than either of them 

alone. Miller (1984) showed that in Douglas fir, heavy thinning 
reduced gross growth per acre during the first 5-10 years, but 
Ifertilization with 150 to 600 pounds/acre increased
gross growth m  both thinned and unthmned stands. Graney (1983 ) 
reported that fertilization increased diameter growth of oaks m  
thinned and unthmned stands. The maximum response of fertilizer
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was in first and second years, whereas thinning response 
continued up to the fifth year. Groot et al. (1984) examined the 
effects of 45 year old Jack pine to low thinning and urea 
fertilization (336 kg N/ha) . Thinning had no significant effect 
but fertilizer resulted m  an average annual gross volume growth 
of 2 ha  ̂and this continued upto the 10 year. Similarly
Barton and Madguick (1987) showed that in Agathis australis 
stands, reduction m  number of stems per ha to 700 had negligible 
effects on stand basal area growth compared to a stand of 3000 
stems ha ^. Fertilizer application increased form quotient and 
form factor also (Morozov et al. , 1985).

It is observed that fertilization and thinning have 
substantial effects on growth of many species. In teak generally 
"D" grade thinning is followed. The effect of different 
intensities of thinning m  combination with fertilizers have not 
been systematically evaluated in teak in the past.
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III. MATERIALS AND METHODS

3.1 Site

To evaluate the effects of thinning and fertilization of 

stands on the growth of teak, an experiment was conducted m  
the Kailasam and Kalindi blocks of the Kerala Agricultural 

University estate at Vellanikkara (10"32'N latitude and 76r'10'E 

longitude at an altitude of 22.25 meters above MSL) during 1990­

1991. The site enjoys a warm humid climate with a mean maximum 

monthly termperature ranging from 29.12AC (July) to 36.18nC 

(March) and mean minimum monthly temperature ranging from 22.13"C 

(Jan) to 24.98°C (April) and an annual precipitation of 

2756.17 mm (1984-91). The soil of the experimental site is a 

well drained lateritic loam. The site was planted with one year 
old teak seedlings at 2m x 2m spacing during June, 1985.

3.2 Experimental Design and Layout

The experimental variables consisted of factorial 

combinations of three thinning mtensiteies and three levels of 
fertilizers as detailed below:

Thinning intensities:

Tg = Control (no thinning)

T^ = Removal of alternate diagonal rows.
(50% reduction m  density)

T2 = Removal of every third diagonal row.
(30% reduction m  density)
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Fertilizer levels;
FQ = No fertilizers ccomtfcoSL)

F̂  = 50:25:25 kg of N, P2®5 an^ K2°  ̂^r' ^
F2 = 100:50:50 kg of N, P2° 5  an<3 KjO ha  ̂yr. ^

With the object of finally selecting the required 27
experimental plots, the tree heights and girths in the entire 
plantation was surveyed (extent:ca 5 ha). Eighty eight 12 m 
x 12 m plots were established and all the teak trees/saplings 
were enumerated for this purpose. On the basis of tree height, 
plots were then classified as low ( <2.5 m ), medium (2.5 m to 
3.5 m) and high ( >3.5 m ), and 27 plots (nine each per "site
class") were selected and treatments applied randomly to these
plots considering the three "site quality classes" as blocks 
(replications).

3.3 Thinning, sampling and Sapwood cross sectional area 
determination procedures

Thinning was carried out during July 1990. Trees in the 
diagonal rows were first marked and then cut with a hacksaw as 
per the treatment protocol. Leaves, branches and stem were 
separated and the height of the felled tree measured using a 
meter tape. Stems of the felled trees were then divided into 1 m 
sections and their girth were also recorded. One inch-disks 
were removed from these sections using a hacksaw and their 
sapwood heart wood boundary was marked. The interior and
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exterior boundaries of the sapwood were then copied on to 
tracing paper, and the cross-sectional area calculated from the 

paper weight-paper area relationship. Fresh weights of bole, 
branches and leaves were recorded in the field itself.

Three sub-samples, each of branch and stem were taken from

every thinned plot for determining the moisture content. The 

leaf area of six samples (approximately 250 g) were also measured 
per plot with an optical planimeter (LiCor Li-3100, LiCor 
Lincoln, Nebraska, USA). The foliage, wood and branch samples 
were weighed after oven drying the samples for 48 hours at 80"C 
and the total dry weight of stem wood, leaves and branch wood 

were estimated. The dried samples were ground to pass through a 
2 mm sieve for preparing samples for the chemical analyses.

3.4 Fertilization

Fertilizers as per the treatment schedule were applied 
during the period from 28th to 30th July 1990 (after thinning). 

Nitrogen was applied as urea (46% N), phosphorus as super
phosphate (16% P2 ) and potassium as muriate of potash (60% 
K2o ). The required amounts of fertilizers were separately
weighed out for each tree, mixed together and applied m  the
basins (0.5 m radius and 15 cm depth) around the tree. For
uniformity, basins were taken for each tree in the control plots 
also.
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3.5 Weeding and prunings

In all, three weedings were carried out (15 to 18 July,
1990, 3 to 5 November, 1990 and 7 to 9 February, 1991) . The 

lower and non-functional branches were also pruned twice 

(November 1990 and March 1991) using a bill-hook.

3.6 Observations recorded

Pre-treatment observations were recorded m  June 1990 from 

21st to 28th. Height and girth of trees were measured by using 

marked bamboo poles and a diameter tape respectively. After 

imposing the treatments, tree heights and girths were measured 

periodically in November, 1990, February 1991 and again m  May

1991. Diameter at breast height, quadratic mean diameter, basal 

area, mean tree height increment and stand density were caculated
from these observations following the formulae provided m

Table 1. Leaf samples were collected at three months interval for

chemical analyses.

3.7 Laboratory Analysis

Representative composite samples of leaves, branch wood and 

stem wood were analysed for nitrogen (micro-kjeldahl method), 

phosphorus (Vandomolybdo phosphoric acid, yellow colour method- 

spectophotometry) and potassium (flame photometry) m  six 
replicates each (Prasad, 1982).
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Table I. Equations used for the calculation of variables

Variables Equations Unit

1. Diameter at
breast height(DBH)

GBH/tt cm

2. Quadratic mean 
diameter (Dq)

\ J  $ (DBH) 2/N cm

3. Basal Area(BA) \ J 3 (GBH2/4tt )/plot area 2 -2 cm m

4. Basal Area Increment Difference between 
IBANov=BANov-BAAug 
IBAFeb=BAFeb-BAAug 
IBAMay=BAMay-BAAu g

2 -2 cm m

5. Mean tree height (Ht.) i Ht/N m

6. Height Increment Difference between 
IHNov=Ht Nov - Ht Aug 
IHFeb=Ht Feb - Ht Aug 
IHMay=Ht May - Ht Aug

m

7. stand density N/plot area Sq.m ha ^

Abbreviations used:

GBH - Girth at breast height overbark
N - Number of trees/plot
Ht - Heights of individual tree
Z - Summation
cm - centimeter
m - meter
IBAAug - Increment in Basal Area of Augest
IBANov - Increment m  Basal Area of November
IBAFeb - Increment m  Basal Area of February
IBAMay - Increment m  Basal Area of May
-rr - 3.141592
IHNov - Increment in height of November
IHFeb - Increment m  height of February
IHMay - Increment m  height of May
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Composite post treatment soil samples were also taken from 
each plot during may 1991 and used for determination of chemical 
properties namely, total nitrogen (Kjeldhal method), available 

phosphorus (chlorostannous reduced molybdophosphoric blue colour 
method m  hydrochloric acid system), available potassium (normal 
neutral ammonium acetate extraction; flame photometry) and 
organic carbon (Walkley and Black method, Jackson, 1967) m  

three replicates.

3.8 Statistical Analysis

Analysis of covariance technique was used for comparing the 
tree growth characters, (with previous stage obserations as 

co-vanates). Plant nutrient levels and soil physico-chemical 
properties were compared following the analysis of variance 
technique using standard statistical packages.

Linear regression models were developed following the least 
square method linking leaf area and dry weight of foliage to 
sapwood cross sectional area at breast height/collar level and 
total tree biomass to diameter at breast height/collar diameter 
and height. Furthermore, leaf area and leaf dry weight were 
similarly related to DBH/GCL using a non-linear curve fitting 
routine (PLOTIT).
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IV. RESULTS AND DISCUSSION

4.0 Stand growth and yield charcteristics

The effects of site quality, thinning treatments and 
fertilizer application on various stand growth parameters are 
presented in this section.

4.1 Radial growth of trees

Site quality, thinning and fertilizers did not markedly 
influence the quardratic mean diameter of trees at any of the 
stages of obseravations (Table 2 and Fig. 2 a,b,c). High site 
quality recorded 69% higher Dq (quadratic mean diameter) during 
May 1991 over the low site quality. But the differences were 
statistically not significant. However, over a period of time 
there might be statistically significant variations in the radial 
growth rates of trees. Furthermore, several workers m  the past 
did not observe any significant influence of site quality on 
radial growth. For instance, Stone (1977) reported that m  Acer 
saccharum, Acer rubrum and Betula alleghaniensis, site effect on 
diameter increment was very small or even negative. In another 
study, Liu (1984) also did not observe variations m  diameter 
growth of china fir (Cunnmqhamia sp.) as a function of site 
conditions.

As regards to thinning intensity, removal of alternate 
diagonal rows increased radial growth to the tune of about 17%
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Table 2. Effect of site quality, thinning treatments and fertilizers on Quadratic Mean Diameter (Dq.), 
Basal Area and Basal Area Increment of teak saplings.

Treatments Quadratic Mean Diameter (cm) Basal Area t 2 -2,(cm m ) 2 - 2Basal Area Increment (cn m ) 
(With respect to Aug. 1990)

NOV 90 FEB 91 MAY 91 NOV 90 FEB 91 MAY 91 NOV 90 FEB 91 MAY 91

1 Site quality
High 5.39 5.90 6.02 6 17 7.45 7.76 0 54 1.82 2.14
Medium 4.56 5 18 5 30 4 48 5.83 6 10 0.44 1 79 2.06
Low 3.16 3.46 3 57 2.24 2.69 2.85 0.16 0.61 0.76
F-test NS NS NS NS NS NS NS NS NS
SEM (+) 0.03 0 09 0 11 0 07 0 25 0 29 0.07 0.25 0 29
CD (0 05) - - - - - - - - -

II Thinning Intensities
Control
(No thinning) 4 06 4 47 4 55 5 32 6.48 6 .71 0.38 1.54 1 78
Medium 4.28 4 87 5 03 3 83 5 02 5 34 0 41 1.61 1 92
Heavy 4 76 5 20 5 31 3 75 4 46 4.66 0 35 1.07 1.27
F-test NS NS NS NS NS NS NS NS NS
SEM (+) 0.03 0.09 0 11 0.07 0 25 0.29 0.07 0.25 0 29
CD (0 05) - - - - - - - - —

III Fetilization
Control
(No fetilizer) 4.21 4 68 4 78 4 10 5.12 5 32 0 30 1 32 1.52
Medium 4.30 4 79 4.89 4 73 5.88 6.13 0.39 1.55 1.79
Heavy 4 59 5 07 5 23 4 06 4 96 5 26 0 44 1 35 1 64
F-test NS NS NS NS NS NS NS NS NS
STM (+) 0 03 0 09 0 11 0 07 0 25 0 29 0 07 0 25 0 29
CD (0 05) - - - - - - - -
NS = Not significant
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(over the control during May 1991). Similarly, heavy 
fertilization also stimulated radial growth by 9% over no 
fertilizers. However, these differences were also statstically 
not significant. This perhaps, may be due to the relatively 
short period of observations (only one growing reason has elapsed 
since the treatments were applied) and over a period of time 
there might be major differences among the treatment levels. 
Thinning actually results in the opening up of canopies which in 
turn, facilitates light penetration into the stand. Consequently 
the survivors allocate proportionately more assimilates for 
stemwood production. In this context, Lanner (1985) following 
the classical concept of 'plant as an integrated system of sinks' 
argued that radial growth results from the activity of a 
relatively "weak sink", the cambium. Consequently in crowded 
stands, as the crowns are small and bears little foliage, 
cambial growth must depend on current photosynthesis and gets 
little m  competition with the stronger sink of apical meristem. 
Threfore, thinning facilitates crown expansion and the additional 
carbohydrate is allocable to the wood increment. Previous studies 
have shown that in teak, heavy thinning and the consequent heavy 
lateral clearance stimulated diameter growth of survivors after 
four years (Beumee, 1922). Lloyd (1955) also reported that 
diameter growth of alder increased slightly six years after 
thinning. Abayomi et al. (1985), however, did not observe 
changes m  diameter increment consequent on stand thinningoP te&K.
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In Abies balsamea and Picea maria stand thinning and 
fertilization (NPK) together gave a significant diameter 
increment only after seven growing seasons (Bolghan, 1980). A 
number of other workers, also did not observe significant 
variations in radial growth of trees consequent to fertilizer 
application during the first one or more years. For example, 
Fahlroth (1969) for pines, Stone et al. (1982) for Tilima 
amencana and Ulnus amencana and Laing et al. (1985) for poplar.

4.2 Basal Area

Data presented m  Table 2 and Fig. 3 a, b, c suggest that 
basal area increased over a period of time. Although
statisically not different, high sites consistently recorded 
higher basal areas and basal area increments. As regards to 
thinning, basal area decreased in response to thinning 
intensities and the highest basal area and basal area increments 
were recorded m  the control and moderately thinned plots 
respectively. The literature on thinning effects on basal area 
increment of teak is very scarce. However, it is well 
established that thinning improves growth rates of the survivors 
and hence it is expected that there might be a marked increase in 
the basal area increments of the thinned plots in the coming 
years. Pongsopha (1962) reported that in teak, increase m  
thinning intensity increased basal area and he further suggested 
that heavy thinning is most desirable for teak. Increase m  
basal area, consequent on thinning was also reported by
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Bower (1965) m  Pinus taeda after three years, Zavitkovsi and 
Dawson (1977) in Pinus banksiana after six years and Barton and 
Madguick (1987) in Aqathis australis after five years. Kalaghe 
and Mwmomeke (1983), however, noted that m  Pinus patula, 
thinning significantly decreased basal area. However, Abayomi et 
al. (1985) reported that thinning treatments had no influence on 

the basal area increment m  teak.

With respect to fertilizers, the medium level of fertilizers 
recorded slightly higher basal area and basal area increments. 
The differences were, nevertheless statistically not significant. 
Briscoe and Ybarra-coronado (1972.) also reported that addition of 
N, Ca and Mg on different sites did not markedly affect teak 
basal area increment.

4.3 Height growth m  teak

High sites consistently recorded higher values for mean tree 
height even though statistically being at par with other site 
quality classes (Table 3 and Fig. 4a, b, c). Incidentally the 
high site quality recorded 112 per cent and 33 per cent increase 

l o v er low and medium site class :re5pi*Etively (May 1991).

Thinning, however, exhibited perceptible differences m  
height growth in November 1990 and May 1991. Heavy (3.57 m) and 
moderate (3.65 m) levels of thinning were significantly superior 
to the unthmned plots during November 1990 and May 1991 
(Fig. 4b).
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Table 3. Effect of site quality, thinning treatments and 
fertilizers on Mean tree Height and Height Increment of 
teak saplings.

Treatments Mean tree Height (m) Height Increment (m) 
(With respect to Aug. 1990

NOV 90 FEB 91 MAY 91 NOV 90 FEB 91 MAY 91

I. Site quality
High 4.18 4.58 4 .70 0 .54 1 .82 2.14
Medium 2.94 3.43 3.54 0.44 1.79 2.06
Low 1.88 2.11 2 .22 0 .16 0 .60 0.76
F-test NS NS NS NS NS NS
SEM (+) 0 .02 0.06 0.07 1.02 2.6 ■ 00
CD (0.05) - - - - - -

II. Thmninq Intensities
Control
(No thinning) 2.86 3.17 3 .25 0 .38 1.54 1.78
Medium 3.05 3.49 3.65 0.41 1.61 1.92
Heavy 3.09 3.46 3.57 0.35 1.07 1.27
F-test * NS * NS NS NS
SEM (+) 0.02 0.06 0.07 1.02 2.66 3.00
CD (0.05) 0.07 - 0.22 - - -

III. Fertilization
Control
(No fertilizer) 2.84 3 .21 3.30 0.30 1.32 1.52
Medium 3.01 3.36 3.47 0.39 1.55 1.79
Heavy 3.14 3.55 3.70 0.44 1.35 1.64
F-test NS NS NS NS NS NS
SEM (+) 0 .02 0.06 0.07 1.02 2.66 3.00CD (0.05) - - - - - -
NS = Not significant 
* = Significant at 5 per cent level.
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Increase m  height of individual stems, is probably through 
a redistribution and concentration of the site's growth potential 
on fewer stems. As a silvicultural practice, thinning 
concentrates the growth potential of a stand on "crop" trees and 
removes suppressed and dying trees, besides increasing the 
economic gain (Nebekar, et al., 1985). Response to thinning is, 
however, tempered by most of the factors that influence tree and 
stand growth (age, density, species site index etc.).

Nevertheless, it is almost axiomatic that height growth of 
the canopy trees is insensitive to stand density. Lanner (1985) 
explains that even under strong competition resulting from dense 
stocking, apical menstem which incidentally is a strong sink, 
draws the necessary carbohydrates it needs to attain its 
potential growth. With increased spacing, more resources become 
available, but a leader's potential is fixed by its stem unit 
component and therefore, thinning should not result in any 
logical height increase m  the dominants. However, the response 
to thinning observed in the present study is m  terms of mean 
height (which considers all trees in the stand), which probably 
has strong bearings on stand density.

Pongsopha (1962) reported that teak requires heavy thinning 
which is at variance with the present study wherein it was found 
that so far, medium thinning (30 per cent reduction m  density) 
was at par with heavy thinning m  stimulating height growth of 
teak, however, over a period of time the present trends might
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also change. Sarlm (1966) also reported that height increment 

was better m  teak after thinning.

Regarding fertilizers, although fertilizer application 
moderately increased the mean tree height, on the average there 

was no significant difference among fertilizer levels. 
Nevertheless, interaction effect of site quality with fertilizers 
was significant. High site quality in general recorded higher 
values of tree height particularly in combination with high (157% 
more than the combination of low site quality with no thinning) 

and medium doses of fertilizers (Table 3a).

Previous studies have clearly established that mean tree
height and height increments were markedly altered by fertilizer
application over a period of time. For instance, Gambi (1979) m
Abies alba observed that NPK effects were evident over a period

of two years and were greatest m  the second year of application.
Similar results were observed by Ciancio and Martire (1974) m
Abies alba and Pinus strobus; Timofeev (1974) m  Scot pme; Scott
et al. (1982) in Jack pine, Laing et al. (1985) and Yost et al.

et(1987) in Eucalyptus saligna; and Shafnx(1989) m  Douglas fir.

The enhanced height growth of the trees particularly on the 
high sites supplied with heavy and medium rates of chemical
fertilizers (Table 3a) is explicable m  terms of nitrogen
accumulated m  the tissues consequent on fertilizer application
(see: Table 6a). As the soil nutrient levels were at par
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Table 3a. Effect of 
mean tree

site quality x fertilization 
height in November 1990.

interaction

Fertilization
Control 
(no-f ertiU^e«s)

Medium Heavy

Site Quality

High 3.84 4.34 4.35
Medium 3.01 2.71 3.11
Low 1.69 1.98 1.97
F-test *

SEM (+) 0 .04
CD (0.05) 0.13

* Significant at 5 per cent level
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(Table 8), this points to the fact that tree growth on the high 
sites was perhaps nutrient limited. On this basis it can be 

argued that contrary to the widely held dogma among the Indian 
foresters that forestry plantations can maintain sustainable 
productivity without chemical fertilizers and even when 
fertilizers are required it is only for the low sites, there is 
a strong need for fertilizing teak plantation especially those on 

the high quality sites.

Miller (1981) suggested that the most important response of 
fertilizer application is, "an acceleration through time" or a 
reduction m  rotation length. Data presented in Table 3a 
highlight this possibility. The treated trees will, however, 
eventually revert to the growth curve appropriate to the site at 
a point that commensurate with the development stage (Miller, 
1980). Timing of the fertilizer application is also important. 
Again, because much of the storage occurs m  foliage, it is 
important that crowns should not be too sparse before applying 

fertilizers. In fact Miller (1980) has even suggested a case for 

applying fertilizer once to build-up the foliage mass, and a 
second time to fill this with the desired nutrient.

4.4 Allometry of woody biomass, foliage area and dry weight

Stand yield is a function of density and the biomass 
allocation pattern of individual stems. Ovmgton (195?) reviewed 
the world literature on forest biomass and suggested that a
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significant relationship exists between form of tree and its dry 
matter content. Differences m  woody biomass yield between
species and sites could be due to differences m  biomass
allocation which might reflect m  the allometry of biomass and 
foliage area. Some consideration of allometry is also necessary 
for tree growth prediction and modelling (Fownes and Harrington, 
1990). Newbould (1967) suggested that parameters such as GBH 
(girth at breast height), DBH (diameter at breast height) or 
height can be very effectively used to predict tree biomass. 
Allometric equations relating leaf area or biomass to trunk 
diameters or tree height have been developed for a number of tree 
species including some fast growing tree species (Lim, 1988; 
Schubert et al., 1988; Rana et al., 1989; Fownes and Harrington,
1990). A number of authors have suggested that dry matter
production can be used to measure site quality differnces also ! 
(Moller, 1945; Ovmgtonet olj.963 ; Baskerville, 1965).
Furthermore, leaf and tree biomass allometry undergoes 
substantial changes over the course of stand development.

4.4.1 Woody biomass

Allometric relationships were not evolved for teak trees m
the past. Therefore, linear biomass equations were developed

2 2linking oven dry tree biomass to D H [ (DBH) x height] on the one 
hand (see Fig. 5a; Eq 1) and diameter at breast height and height 
on the other (Eq. 2). Analysis of variance of both the models 
are presented m  Appendix VI and VII. In addition, tree biomass
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was regressed on to [collar D * H ] and collar diameter and 
total tree height respectively (See Fig.5b; Appendix VIII and IX)

Tree Biomass = 0.2669759+0.2389763 E-03 * [(DBH)2 * Height]
(r2 = 0.91; n = 149) ..........  [Eq. 1]

Tree Biomass = 5.3908 (DBH) + 2.557 (Height) + 58.982508
(r2 = 0.52; n = 197) ..........  [Eq. 2]

Tree Biomass = 0.5371948 + 0.139312 E-03 * [(DCL)2 * Height]
(r2 = 0.96; n = 130) ..........  [Eq. 3]

Tree Biomass = 1.8131 (DCL) + (-5.5415 E-0.3) Height -5.371807
(r2 = 0.83; n = 130) ..........  [Eq. 4]

Where, DBH = Diameter at breast height (cm).
DCL = Diameter at collar level (cm).

Eq. 1 was used for estimating tree biomass as affected by
the experimental variables, as breast height measurements are
conventionally used for such estimations. Furthermore, it gave a

2reasonably good fit ( r =0.91; See ; Appendix VI) and also is 
easier to make.

4.4.2 Biomass estimates

The highest total biomass was recorded for the high site
class (6.19 kg tree-'*' in May), and it also differed significantly 
from the low and medium site classes at all stages of observation
(315 per cent and 37 per cent higher than low and medium classes

34
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respectively; Table 4; Fig.6 a, b, c: Appendix V) Nwoboshi
(1984) also observed that teak biomass production was generally 
higher on the more productive sites. Furthermore, heavy thinning 
(4.46 kg/tree during May 1991) and heavy fertilization (4.46 
kg/tree during May 1991) also resulted m  very high mean biomass 
yields per tree. However, the total biomass production on a 
stand basis m  these treatments were relatively lower (Table 4). 
Interaction between site quality - thinning and site quality - 
fertilization were statistically significant (Table 4a). The 
combination <5f high site qulity with heavy thinning recorded 
highest total biomass (7.31 kg/tree during May 1991). Regarding 
the site quality-fertization interaction, high sites m  
conjunction with medium levels of fertilizers consistently 
recorded the highest biomass yields.

Increase m  mean tree biomass m  response to thinning is 
well documented m  the literature (Pratt and Knight, 1971; Walker 
et al., 1972; Besale, 1973; Pnchett, 1978; Arauja Filho et al., 
1982; Kirmse et al., 1987). However, as a result of thinning, 
particularly m  the high thinning intensities, there is a 
reduction in the total biomass on a unit area basis (Fig.6b), 
which might be compensated eventually by the faster growth of the 
survivors. Thinning eliminates intraspecific competition, which 
reduces growth of individuals below their potential and is 
responsible for the faster growth rate/higher biomass production 
of the survivors.
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Table 4 Effect of site quality , thinning intensites and Fertilizers on total above 
ground biomass.

Treatments Total Biomass (kg/tree)

Aug 90 Nov 90 Feb 91 May 91

Stand density 
(trees ha )̂

Total Standing_^ 
Biomass (Kg ha ) 
during May 1991

I site quality

High 4.03 4.63 5 .82 6.19 2716 16812
Medium 2.57 3.00 4.27 4.52 2785 12588
Low 1.06 1.15 1.38 1.49 3032 4518
F-test * * * * * * * * - -
SEM (+) 0.27 0.33 0.41 0.45 - -
CD (0.05) 0.61 0.75 0.94 1.03 - -

II Thinning Intensities
Control
(no thinning) 2.45 2.75 3.46 3.64 3889 14156
Medium 2.25 2.64 3.78 4.00 2585 10573
Heavy 2.97 3.38 4.23 4.46 2060 9188
F-test NS NS NS NS - -
SEM (+) 0.27 0.33 0.41 0.45 - -
CD (0.05) - - - - - —

III Fertilization
Control
(no fertilizer) 2 . 42 2.72 3 . 68 3.87 3017 11676
Medium 2.47 2.82 3.63 3.86 2978 11495
Heavy 2.77 3.24 4.16 4.46 2377 10601
F-test NS NS NS NS - -
SEM (+) 0.27 0.33 0.41 0.45 - -
CD (0.05) - - - - — -



Table 4a Effect of site quality x thinning and site quality x fertilization on tree bioimxss

Thinning
Nov. 90 
Interac­
tion (

Thinning Thinning
aug.
Interac- Control 
tion (no thinning)

Medium Heavy Control Medium 
no thinning)

Heavy Interac- Control Medium 
tion (no thinning)

Heavy

Site Quality Site Quality Site Quality
High 4 3 2 77 5 03 High 5 03 3 17 5 70 High 6.53 4 00 6 94
Medium 2.26 3 09 2 37 Medium 2 4 3 80 2 79 Medium 2.90 6 23 3 67
Low 0 79 0 88 1 50 Low 0.84 0 95 1 66 Low 0.95 1 11 2 08
F-test * F-test * F-te^t * *
SEM (+) 0 46 SEM (+) 0.6 SEM (+) 0 70
CD (0 05) 1.07 CD (0 05) 1 38 CD (0 05) 1.62

Thinning Fertilization Fertilization
May yi —  -
Jr-ri-ac- Control Medium Heavy Interac­ Control Medium Heavy Interac- Control Medium Heavy
tion (no thinning) tion (no ferti ) tion (no ferti.)

Site Quality Site Quality Site Quality
High 6.95 4.30 7.31 High 4 65 6 51 6.30 High 4 .86 6.96 6 73
Medium 2 98 6.69 3 90 Medium 5 23 2 83 4.73 Medium 5.57 3 00 5.00
Low 0 98 1.30 2 17 Low 1 15 1 56 1 43 Low 1.19 1.62 1.66
F-test ** F-test + F-test *
SEM (+) 0.77 SEM (+) 0 70 SEM (+) 0 77
CD (0.05) 1.79 CD (0 05) 1 62 CD (0 05) 1.79
* Significant at 5 per cent level
*■* Significant at 1 per cent level

GO
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Application of chemical fertilizers also increased the mean 
tree biomass (Fig. 6c). Duffy (1977) observed that NPK 
fertilizers increased biomass production by 1.6 times over 
control. Knockart and Mandauri (1980) showed a 35 per cent 
increase in above ground biomass by NPK fertilization m  
Eucalyptus camaldulensis. The high mean tree biomass yield in
the high sites and in response to fertilization and thinning can 
be attributed to the cumulative effect of their favourable 
effects on various tree growth parameters such as height, 
diameter and foliage area/biomass.

4.4.3 Foliage area and foliage biomass

4.4.3.1 Sapwood cross sectional area, Leaf area and Leaf weight 
relationships.

Many stand processes such as transpiration competition, 
growth, and self-thinning are thought to be affected by total 
stand leaf area (Whitehead and Jarvis, 1981; Waring, 1983; Long 
and Smith, 1984; Dean and Long, 1985). To assess the relation 
between leaf area and these processes, accurate estimates of 
stand leaf area are required. Leaf area in trees, however, is 
exceedingly difficult to measure directly and its determination 
is very time consuming and cumbersome.

Sapwood cross sectional area is often used to predict leaf 
area and leaf weight, consequent on the discovery of apparently 
consistent species specific relationship between leaf area and
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sapwood cross sectional area at breast height. Linear
relationships between sapwood cross sectional area and leaf area 
have been explained on the basis of the "pipe model" theory 
(Shmozaki et al., 1964). The "pipe model" conceptualises the

plant stems as an assemblage of pipes in which one unit of pipe
supports one unit of leaf area. The technique was popularised by 
various workers such as Heinsdorf, 1967; Dixon, 1971; Rangnekar 
and Forward, 1973; Grier and Logan, 1978; Snell and Brown, 1978; 

Waring et al., 1978; Rogers and Hinckley, 1979; Kaufmann and 

Troendle, 1981; Waring et al., 1982; Binkley and Reid, 1984;
Magnussen et al., 1986. However, leaf area/leaf weight-sapwood 
cross-sectional area relationships have not been quantified for 
teak m  the past. Therefore, an attempt was made to characterise 

the sapwood cross sectional area, leaf area and leaf weight 
relations for teak. (This was done utilizing the felled trees 
from the thinned plots : see section III.2.3.).

Four linear regression models were developed. These models 

explain the relationships among foliage area (Figs. 7a and c), 
foliage dry weight (Figs. 7b and d) and sapwood cross-sectional 
areas at breast height and collar levels. The sapwood cross 
sectional area-foliage area relations gave a reasonably good fit 
(r = 0.89 and 0.84 repectively at breast height and collar).
The sapwood cross sectional area-foliage weight relations, 
however, exhibited a high degree of scatter (See: Fig. 7b and d).
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Table 5. Effect of Site quality, thinning treatments and fertilizers on estimates of stand Ll f Area, Leaf Area Index 
and Foliage dry weight.

Treatments
Leaf Area (sq m/tree) Leaf Area Index Foliage Dry Weight (kg/tree)

AUG 90 NOV 90 FEB 91 MAY 91 AUG 90 NOV 90 FEB 91 MAY 91 AUG 90 NOV 90 FEB 91 MAY 91

I Site Quality
High
Medium
Low
F-test 
SEM(+)
CD(0.05)

7.85 
5.93 
3.71 * *
0.49
1.13

9 08 
6.69 
3.87 * *
0 83
1 92

11 01 
8.72 
4.30 ★ ★
1 20 
2 76

11 84 
9.20 
4 43 
+ *
1.44
3 33

2.12 
2.62 
1 07 * ★
0.18 
0 42

2.50 
1.81 
1 11 * *
0.33 
0 76

3 06 
2.34 
1.23 *
0.45
1.06

3 32 
2.46 
1.26 +
0.57
1.30

0 47 
0 36 
0.24 + *
0.03
0.06

0.53 
0.41 
0.25 * *
0.04
0.09

0.63 
0 51 
0.27 * *
0.06
0.13

0 67 
0.53 
0 28 * *
0.07
0.15

II Thinning intensities
Control(no thinning) 5.59 6.39 7.54 8.07 2.12 2 44 2 87 3 07 0.34 0.38 0.44 0.46
Medium 5.41 6 04 8.06 8 56 1.37 1 52 2.04 2.17 0.37 0.37 0 48 0 50
Heavy 6.49 7.22 8.43 8.84 1.31 1.46 1 71 1.79 0.39 0.44 0.50 0.52
F-test NS NS NS NS * * * NS NS NS NS NS NS
SEM(+) 0.49 0 .83 1.20 1.44 0.18 0 33 0.45 0.57 0 03 0.04 0 06 0 07
CD(0 05) - - - - 0.42 0 76 - - - - - -
III Fertilization
Control(no ferti ) 5.55 6.07 7 67 8.05 1.55 1 69 2 12 2 22 0 34 0.37 0 45 0 47
Medium 5.83 6.68 8.10 8 72 1.81 2 11 2 58 2 79 0 35 0 40 0 47 0 50
Heavy 6.11 6 90 8 26 8 69 1 44 1 62 1 93 2 03 0 37 0 42 0 49 0 51
F-test NS NS NS NS NS NS NS NS NS NS NS NS
SEM(+) 0.49 0.83 1 20 1.44 0 42 0.33 0 45 0 57 0.03 0.04 0 06 0 07
CD(0 05) - - - - - - - - - - -
* Significant at 5 per cent If­
** Significant at 1 per cent level 
NS Not significant

u>



Table 5a. Effect of site quality x thinning interaction on stand leaf area

Thinning
Aug. 90 -----------------------
Interac- Control Medium Heavy 
tion (no thinning)
Site Quality
High 8 .21 5.89 9.45
Medium 5.42 6.89 5.47
Low 3.12 3.45 4.55
F-test *
SEM (+) 0.85
CD (0.05) 1.96

Thinning
Feb. 91 -----------------------
Interac- Control Medium Heavy 
tion

Thinning
May 91 ------------------------
Interac- Control Medium Heavy 
tion

Site Quality Site Quality
High 13.02 7.45 12.58 High 14.41 7.85 13.27
Medium 6.13 12.77 7.25 Medium 6.27 13.69 7.63
Low 3.47 3.96 5.47 Low 3.53 4.13 5.62
F-test ■i F-test *
SEM (+) 2.07 SEM (+) 2.50
CD (0.05) 4.78 CD (0.05) 5 .77
* Significant at 5 per cent level
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LAI (LAI: 3.32 during May, 1991) at all stages of observation 
(Table 5). Thinning reduced LAI very substantially, for example, 
control (no thinning) plots recorded 41 per cent and 71 per cent 
higher LAI than moderately and heavily thinned plots respectively 
during May 1991. Evans (1982) also reported that thinning 
reduced leaf area and consequently the productive capabilities of 
trees. He further added that the extra space produced by thinning 
is utilized for producing more foliage and roots. Therefore, the 

trees m  the thinnned plots would exhibit a higher relative 
growth rate. However, m  the present study moderately thinned 
plots showed a faster recovery rate for leaves than heavily 
thinned ones, as evident from the relatively higher LAI 

increment.

Application of chemical fertilizers only had moderate 
influences on leaf area expansion. Moderate levels of 
fertilizers recorded relatively higher LAI (LAI: 2.79) than heavy 
doses (LAI:2.03) m  May 1991. Site quality-thinning and site 

quality-fertilization interactions were statistically significant 
(Table 5b). No thinning m  combination with high site quality 

was superior. Medium and heavy doses of fertilizers m  
conjunction with high site quality also registered high LAI (2.88 
and 1.73 respectively during February 1991). On high sites 
improvement m  LAI consequent on application of moderate doses of 
fertilizers was obvious. Nwoboshi (1984) also reported that m



Table 5b. Effect of site quality x thinning and site quality x fertilization
interactions on Leaf Area Index

Fertilization Thinning
Aug. 90 -------------------------- Feb. 91 -----------------------
Interac- Control Medium Heavy Interac- Control Medium Heavy
tion (no Ferti.) tion (no thinning)

Site quality
High 1.78 2.88 1.73
Medium 1.89 1.32 1.69
Low 1.00 1.25 0.96
F-test *
SEM (+) 0.32
CD (0.05) 0 .72

* Significant at 5 per cent level

Site Quality
High 4.92 1.82 2.43
Medium 2.23 3.25 1.54
Low 1.46 1.07 1.16
F-test *
SEM (+) 0.79
CD (0.05) 1.83
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teak, on more productive site's leaf area and foliage biomass 
were higher.

4.4.6 Leaf Biomass

Leaf biomass estimates were obtained from DBH (diameter at 
breast height)-leaf biomass regression equation (Eq. 10, Appendix 
IV) for various periods and are presented m  Table 5. High
sites consistently recorded the highest foliage weight per tree.
Thinning intensities and fertilization levels although did not 
exert a profound influence on these parameters, heavy fertilizer
dose and heavy thinning intensity registered higher values of
foliage dry weight at all stages of observation.

Site quality x thinning interaction was significant at all 
stages of observation (Table 5c). Combinations involving high 
site quality with heavy thinning (0.76 kg/tree of mean foliage 
biomass during May 1991) and medium site quality with medium 
thinning (0.76 kg/tree during May 1991) were superior to others. 
Thinning improved the leaf bi'omass production. It is well 
established that exogenous supply of nutrients stimulate both 
cell division and cell expansion, as a result of higher 
photosynthetic production. Foliage being a primary sink, derives 
a substantial portion of the assimilates. Similarly thinning 
alters the light regimes m  the stand and consequently favour 
stand photosyn-t^sis. Duffy (1977) reported that NPK 
fertilization enhanced total foliage production m  Pinus taeda.



Table 5c Effect of site quality x thinning and site quality x fertilization interactioi ° on foliage dry weight

Thinning Thinning Thinning
Aug 90 ------------------------- Nov. 9 0 ------------------------- May. 91 --------------------------
Interac- Control Medium Heavy Interac- Control Medium Heavy Interac- Control Medium Heavy
tion (no thinning) tion (no thinning) tion (no thinning)
Site Quality Site Quality Site Quality
High 4 88 0 37 0 56 High 0 58 0 39 0 62 High 0.78 0 48 0 76
Medium 0 33 0 42 0 34 Medium 0 35 0 49 0 38 Medium 0 38 0 76 0 46
Low 0 20 0 22 0 28 Low 0 21 0 23 0 30 Low 0 23 0 26 0 35
F-test * F-test * F-test *
SEM (+) 0 04 SEM (+) 0 07 SEM (+) 0.12
CD (0 05) 0.10 CD (0 05) 0 16 CD (0 05) 0 27

Thinning
Feb 91 -----------------------
Interac- Control Medium Heavy 
tion (no thinning)

Site quality
High 0.72 0.46 0.73
Medium 0 37 0 71 0 44
Low 0 22 0 25 0.34
F-test *
SEM (+) 0.1
CD (0 05) 0 23
* Significant at 5 per cent level

oo
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Aussenac et al. (1982) reported that in Douglas-fir thinning 
improved foliage dry weight production upto 13 per cent. In 
caatinga forests, Schacht et al. (1988) observed that moderate 
thinnings resulted m  better foliage production.

4 .5 Foliage nutrient levels

Seasonal variations in foliar nutrient levels are evident 
from Table 6. A general increase m  foliar nitrogen content is 
seen during the summer season (May). However, foliage nitrogen 
contents declined during August. Leaf nitrogen accumulation 
during summer occurs, presumably as a component of the 
photosynthetic enzymes. The fresh foliage produced following 
summer showers are, perhaps, nutritionally richer also. A 
similar accumulation of leaf nitrogen has been observed by 
Woodwell (1974) in the case of a temperate decjduous species 
(scarlet oak; Quercus coccmea) .

Moreover, once leaves are fully expanded, seasonal changes 
m  the nutrient content per unit leaf area indicate the pattern 
of nutrient movements between the foliage and stem and/or 
nutrient leaching from the leaf surface through rainfall. The 
latter explanation perhaps is logical as the data presented in 
Table 6 depict a reduction in both nitrogen and potassium 
contents during August. Both nitrogen and potassium are highly 
soluble and concentrated m  the cells near the leaf surface 
(Waring and Schlesmger, 1985). However, there was no



Table 6. Effect of site quality, thinning treatments and fertilizers on leaf nitrogen, phosphorus and 
potassium contents of teak saplings

Treatments Nitrogen T%"5 Phosphorus (T5 Potassium (%)
AUG 90 NOV 90 FEB 91 MAY 91 AUG 90 NOV 90 FEB 91 MAY 91 AUG 90 NOV 90 FEL 91 MAY 91

Site quality
High 1.16 1 13 1 38 1 51 0 09 0 11 0 10 0 07 1 31 1 30 1 18 1 29
Medium 1 24 1 33 1 52 1 49 0 10 0 08 0.08 0 07 1 23 1 25 1 32 1 44Low 1 09 1 58 1 51 1 58 0 08 0 06 0 06 0 06 1 06 0 89 1 37 1.33
F-test NS * NS NS NS * + * NS NS ** NS NS
SEM (+) 0 07 0 10 0 04 0 12 0.01 0.01 7 . 5E-03 3 7E-03 0 09 0.07 0.06 0.05
CD (0.05) 0.33 - - - 0 03 0.02 - - 0 22 - -

II Thinning intensities
Control
(No thinning) 1 28 1.45 1.45 1 53 0.08 0.05 0 06 0.06 0.87 0 97 1 15 1 27
Medium 1 18 1 36 1 51 1 59 0.09 0 13 0.10 0 07 1 43 1.23 1 39 1 42
Heavy 1 03 1 23 1.46 1 46 0.09 0 09 0 08 0 07 1 30 1.23 1.32 1.37
r-test NS NS NS NS NS * * **■ NS * * * NS NSSEM (+) 0.07 0.10 0 04 0 12 0 01 0 01 7.5E-03 3 7E-03 0 09 0 07 0 06 0 05CD (0 05) - - - - - 0 03 0 02 - 0 21 0 22 - -
( Fertilization
Control
(No fertilizer) 1 07 1 19 1 20 1 27 0 07 0 09 0 08 0 06 1 23 1 21 1 24 1 38
Medium 1 19 1 50 1 62 1 60 0 11 0 09 0 09 0 08 1 21 1 14 1 27 1 31Heavy 1.23 1 35 1 59 1 72 0 08 0 08 0 07 0 07 1 16 1 08 1 36 1 36
F-test NS NS * * NS NS NS NS ** NS NS NS NSSEM (+) 0 07 0 10 0 04 0 12 0 01 0 01 7 5E-03 3 7E-03 0 09 0 07 0 06 0 05
CD (0 05) - 0 13 - - - - 0 01 ”
** = Significant at 1 per cent level 
* - Significant at 5 per cent level 

NS - Not significant uio
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concomittant reduction in leaf phophorus content during August, 

which in turn, is contrary to the observations of Waring and 

Schlesmger (1985). They found that the magnitude of nutrient 
loss followed the order : K > P > N > Ca for temperate species. 
In fact, our observations indicate that foliar phosphorus content 
was least during May 1991. Therefore, phosphorus being a 

structural component of the tissues, probably does not follow the 
generalized pattern of nitrogen and potassium leaching.

Yet another plausible explanation for the high nutrient 
content of teak foliage during summer season is the deposition of 
atmospheric aerosols (dry fall), which are generally low during 

the rainy period or immediately thereafter. The atmospheric 
aerosols are generally poor m  terms of phosphorus as the 
atmospheric sources of phosphorus are generally scarce.

Regarding the experimental variables, site quality effect on 
tissue nitrogen levels was significant only during November 1990 

and fertilizers during February 1991. Surprisingly, nitrogen 

content of the foliage was consistently high in the low site 
quality plots (1.58 per cent during November 1990 and May 1991), 

followed by medium and high. This might be due to the high 
biomass production in the high sites and the consequent nutrient 

dilution effect as leaf tissues accumulate more carbohydrates 
and cellulose. As regards to foliar phosphorus, in general, high 
site quality recorded higher values and the differences were 
significant m  November 1990 and February 1991 (Table 6). Foliar
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potassium content was highest m  high plots during November 1990 

(1.30 per cent) and it was significantly superior to the low site 

quality, which m  turn was at par with the medium site quality.

Thinning intensities did not influence leaf nitrogen content 
significantly. Removal of alternate diagonal rows, however, 

recorded the highest nitrogen levels especially towards the later 

stages of experiment (during May 1991 : 1.59 per cent and

February 1991 : 1.51 per cent). Heavy and moderate thinning

intensities were markedly superior to the unthinned plots m  

terms of foliar phosphorus content. Thinning treatments (both 

medium and heavy) also favoured accumulation of potassium m  the 

teak foliage as is evident from the higher values reported 

(Table 6). These probably are the effects of reduced competition 

for site resources.

Regarding fertilizers, 100:50:50 kg ha-1 N, P2° 5  and K20 

recorded the highest nitrogen content (1.72 per cent) in May 

1991. During February and May 1991, it was seen that the medium 

and heavy doses of fertilizers were significantly superior to the 

control (p = 0.01) m  terms of foliar nitrogen and phosphorus 
contents.

Site quality-fertilizer interaction was significant m  
respect of foliar nitrogen (Table 6a). In general, application 

of fertilizers stimulated foliar nitrogen status m  any given 
site quality class (Table 6a). When nutrients are added to the
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Table 6a. Effect of site quality x fertilization and thinning 
x fertilization interactions on leaf nitrogen content 
during February 1991.

Fertilization
Control 
(no ferti.)

Medium Heavy

Site Quality
High 0 .79 1.79 1.57
Medium 1.52 1.45 1.61
Low 1.30 1.63 1.60
F-test * *
SEM (+) 0.07
CD (0.05) 0.23
Thinning
Control (no thinning) 1.12 1.74 1.49
Medium 1.32 1.70 1.50
Heavy 1.17 1.42 1.79
F-test *
SEM (+) 0 .07
CD (0.05) 0.23

Table 6c. Effect of site quality x thinning interaction on 
leaf potassium content during February 1991.

Thinning
Control Medium 
(no thinning)

Heavy

Site Quality
High 0.76 1.35 1.41
Medium 1.18 1.42 1.36
Low 1.49 1.39 1.22
F-test ★
SEM (+) 0.11
CD (0.05) 0.35
* Significant at 5 per cent level 

Significant at 1 per cent level
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deficient soils (See: Table 8), the relative growth rate of trees 

may increase, so that no increase m  foliar nutrient 

concentration is observed. However, when factors such as light 

or reduced water availability restricts photosynthetic 
production, nutrients may pile up in the foliage. In this 

context, it is significant that the site quality - fertilization 
was significant only during February 1991, when perhaps the 

restricted soil moisture availability (See: Fig. 1) retarded tree 

growth rates.

Similarly the interaction between site quality and thinning, 
intensities also was significant with respect to foliage 

phosphorus and potassium levels (Table 6b and c). High and medium 

intensity (with the exception of May 1991) thinning levels on 

high sites recorded higher values for foliage phosphorus and 

potassium contents. Interestingly on low sites control (no 
thinning) recorded the highest potassium levels in foliage.

Thinning-fertilization interaction was significant for 

nitrogen and phosphorus (Table 6a and b). Here again, heavy and 

medium fertilization levels in conjunction with heavy and medium 
thinning intensities recorded relatively higher values for N 

(1.79 and 1.70 per cent ; Table 6a) on the whole. The higher 
nutrient levels consequent on application of chemical fertilizer 
either m  heavily/moderately thinned plots or high/medium sites 

implies that unless fertilizers are applied m  conjunction with 
thinning especially on reasonably 'good' sites, its potential
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Table 6b. Effect of Site quality x thinning and thinning x 
fertilization interaction on leaf phosphorus content.

Interaction 
Feb. 91

Thinning
Control 
(no thinning)

Medium Heavy

Site Quality
High 0.05 0.13 0.12
Medium 0.08 0.07 0.08
Low 0.05 0 .10 0.04
F-test *
SEM (+) 0.01
CD (0.05) 0.04

May 91
Site Quality
High 0 .05 0 .06 0 .10
Medium 0.09 0.06 0.07
Low 0.05 0.09 0.04
F-test +
SEM (+) 6.5E-03
CD (0.05) 0.02

May 91
Fertilization
Control
(no fert. ) 0.06 0.08 0 .05
Medium 0.04 0.07 0.10
Heavy 0.06 0.06 0 .09
F-test *
SEM (+) 6.5E-03
CD (0.05) 0.02
* Significant at 5 per cent level



Table 6d. Nutrient content in different tree components in young teak saplings as a fuction of
site quality (n = 6)

Site quality
Nitrogen <%) Phosphorus (%) Potassium (%)

Mean Mini­
mum

Maxi­
mum

SE Mean Mini­
mum

Maxi­
mum

SE Mean Mini­
mum

Maxi­
mum

SE

I. STEM WOOD

High 0.33 0.14 0.40 0.11 0 .04 0.02 0.06 0.01 0.72 0.56 0.80 0.10
Medium 0.20 0.14 0 .40 0.10 0 03 0. 01 0.05 0.01 0.81 0.55 0.18 0.29
Low 0.18 0.12 0 .27 0 .07 0.04 0.01 0 .05 0 .01 0.72 0.51 0.96 0.17

II. BRANCH WOOD
High 0.24 0.11 0.40 0 .10 0.07 0.06 0.09 0.01 0.95 0.38 1.25 0.30

Medium 0.29 0.14 0.40 0.12 0.05 0.03 0.10 0.03 1.11 0.73 1.82 0.43

Low 0.21 0.14 0. 40 0.10 0.06 0.02 0.10 0.03 1.26 1.03 1.48 0.15
SE = standard error.



56

benefits are restricted, provided that the higher nutrient levels 

do not result from impeded growth/biomass accumulation consequent 

of an episode of water stress or any other environmental factors. 

Nwoboshi (1984) also reported that nutrient contents like biomass 

production were generally higher on the more productive sites. 

This underscores the need for fertilizing plantation particularly 

on "good sites". He further added that nutrient content was 

affected by stocking. In teak, Zech et al.(1989) reported that 

health, growth and vigour of teak differ considerably according 

to site. The high potassium content in the low sites - no 

thinning combination is probably an artifact of the lower amount 

of total and foliage biomass observed m  these treatments.

4.5.1 Branch wood and stem wood nutrient levels m  teak

Miller (1980) reported that much of the nutrient storage 

occur m  foliage. Nitrogen content of stem wood was highly 

variable m  different site qualities (Table 6d). High sites 

recorded higher mean stem wood nitrogen nitrogen content (0.33 

per cent). Phosphorus and potassium content of stemwood was, 

however, less variable (range : 0.03 - 0.04 per cent P and

0.72 - 0.81 per cent K). N, P and K status of the branch wood

exhibited a relative lower magnitude of divergence.

High sites registered relatively higher stem wood and branch 

wood nitrogen contents which can be attributed to the high site 

nutrient capital. However, soil nutrient analysis (see Table 8)
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did not manifest any similar pattern of nutrient availability 

which probably suggest the insensitivity of the soil analysis to 
characterize forest site quality. Suprismgly potassium content 
was greatest in low sites, signifying luxury consumption of this 
element. In general, the trend concerning nutrient contents of 
different tree organs followed the order leaves> stemwood> branch 
wood. However, Nwoboshi (1984) reported a slightly different 
pattern viz. leaves> branches> bolewood.

4.5.2 Stemwood and branchwood biomass

Dry weight of stemwood was highly variable m  different 
site qualities (range : 0.05 - 17.77 kg tree  ̂m  high and 
0.16-12.62 kg tree  ̂ m  medium, Table 7). High site consistently 
recorded higher mean stemwood, branch wood and foliage dry weight 
(3.22, 0.93,0.52 kg tree respectively. Dry weight of the

branch and foliage exhibited a relatively lower magnitude of 

divergence.

Higher stemwood, branchwood and foliage dry weight in the 
high sites can possibly be attributed to the better growth 
conditions existing there. Nwoboshi (197i) also reported that on 
more productive sites biomass and foliage production were 

generally higher.



Table 7. Dry weight of various components (Kg/tree) as affected by site quality.

Site Quality
Stemwood Branchwood Foliage

Mean Mini­
mum

Maxi­
mum

SE Mean Mini­
mum

Maxi­
mum

SE Mean Mini­
mum

Maxi­
mum

SE

High 3.22
(88)

0.05 17.77 3.78 0.93
(88)

0.05 9.37 1.53 0.52
(88)

0.02 2.89 0.61

Medium 2.47
(72)

0.16 12.62 2.68 0.62
(70)

0.06 2.89 0.60 0.45
(72)

0.08 1.33 0.37

Low 0.55
(81)

0.06 4.90 0.98 0.25
(71)

0.03 1.69 0.31 0.23
(81)

0.04 1.04 0.24

Figures in parentheses indicate number of observations (n).
SE = Standard Error.

1/1
KO
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4.6 Soil nutrient levels

Soil nutrient levels were not substantially different among 
the treatments (Table 8; Appendix V). Low site quality recorded 
slightly higher amount of soil P and organic matter. However, 
nitrogen and potassium content was higher m  the medium site 
class. Neither thinning nor fertilizer application substantially 
modified the soil nutrient scenario implying that short term 
interventions such as fertilizer application or thinning 
intensities are, thus incapable of bringing about pronounced 
alterations in the nutrient capital of the site.
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Table 8. Effect of site quality, thinning treatments and 
fertilizers on soil nutrient levels.

Treatments Nitrogen

(%)

Phosphorus
(ppm)

Potassium
(ppm)

Organic
matter

(%)

I. Site quality
High 0.12 70.56 21.06 2.01
Medium 0.15 78.89 23.11 1.98
Low 0.12 103.33 22.22 2.22
F-test NS NS NS NS
SEM (+) 0.02 27.76 1.51 0.14
CD (0.05) - - - -

II. Thinnmq Intensities
Control
(No thinning) 0.12 57.78 21.42 1.94
Medium 0.12 106.11 23.69 2.21
Heavy 0.14 88.89 21.28 2.06
F-test NS NS NS NS
SEM (+) 0.02 27.76 1.51 0.14
CD (0.05) - - - -

III.Fertilization

Control
(No fertilizer) 0.11 67.78 22.84 2.02
Medium 0.14 71.11 23.41 2.15
Heavy 0.13 113.89 20.13 2.04
F-test NS NS NS NS
SEM (+) 0.02 27.76 1.51 0.14
CD (0.05) - - - -
NS = Not significant.
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V. SUMMARY

Forest plantation management in India, has received only 

scant attention m  the past. Proper management of plantations, 

however, is essential especially in view of the rising demand for 

timber and other forest products. Traditional forestry practices 

with little or no change are still m  vogue m  most parts of our 

country. As a result, productivity of our plantations are 

generally very low. Standardization of cultural practices such 

as thinning and fertilization are means to increase productivity 

of forest plantations either by replenishing the site nutrient 
capital or redistributing the site resources among a fewer, 

desired number of trees and/or by controlling competition.

With the objective of standardizing the stand density 

manipulation and fertilization strategies an experiment was 

conducted at Vellanikkara during 1990-91. The experimental 

variables consisted of factorial combinations of three thinning 

intensities [Tg = control (no thinning); = removal of

alternate diagonal rows and T2 = removal of every third diagonal 

row] and three fertilizer levels [ Fg = no fertilizer, F-̂  =

50:25:25 Kg of N, P205 and K20 ha-1 yr-1 and F2 = 100:50:50 kg of 

N, P2°5 an<̂  K2° ha yr 1 together with three different site 
quality blocks (high, medium and low). Fertilizers were applied 

after thinning m  the basins around each tree during July 1994. 

Observations on height and girth of trees were recorded at three 

monthly intervals, besides initial observations on tree biomass,
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sapwood cross sectional area, foliage area and foliage weight. 
The salient findings are summarized below:

1. Mean tree height was strongly influenced by density
manipulation. Moderate and heavy thinnings were superior to the 
unthmned ones m  terms of mean tree height. High sites m  
combination with high and medium doses of fertilizers also 
recorded higher values for tree heights, implying the beneficial 
effects of fertilization on the better quality sites, m  
promoting tree growth.

2. The effects of site quality, thinning and fertilizer
application on quadratic mean diameter, basal area, basal area 
increment and height increments were however not marked. 
Nevertheless, high sites, moderate levels of thinning and medium 
and high fertilizer doses in general performed better.

3. Linear regression equations linking foliage area with
sapwood cross sectional area at breast height/collar level gave

2reasonably good r values, indicating the suitability of such 
equations for estimating foliage area/biomass of trees. 
Furthermore, radial growth parameters (DBH/Girth) can act 
surrogates for sapwood cross sectional areas m  leaf area/biomass 
estimates of young trees. Variations in tree biomass production 
also were found to be profoundly influenced by the allometry of
the trees.
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4. The estimates of leaf area and foliage dry weight showed 
significant differences with site quality at all stages of 
observations. High site quality consistently recorded higher 
values for leaf area and foliage biomass. Similarly, medium and 
heavy thinning intensity and fertilizer dozes were markedly 
superior to the control.

5. The combination of high site quality and heavy thinning 
alongwith moderate thinning and medium site quality recorded 
higher mean leaf area and leaf biomass production per tree 
indicating the favourable effects of these combinations on leaf 
area expansion and assimilate production.

6. As generally expected thinning reduced,, stand leaf area index 
and high site recorded higher LAX. Chemical fertilizers had only 
a moderate influence on leaf area expansion on a stand basis. 
Interaction effect of high site quality with no thinning and high 
site quality in conjunction with medium and heavy fertilizer 
doses recorded high LAI.

27. The estimated mean tree biomass (using D H relationship) was 
highest for the high site class. Similarly, heavy thinning and 
application of moderate doses of fertilizers also improved tree 
biomass production.

8. Interaction effects showed that, the combination of high site 
quality with heavy thinning and high site with medium doses of
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fertilizers consistently recorded high biomass yield . This 
underscores the potential advantages of thinning and 
fertilization applied in conjunction, especially on the better 
quality sites.

9. A general increase m  foliar nitrogen was seen during summer 
season (May) and it declined during August. Nitrogen content of 
the foliage was relatively higher m  the low site quality plots 
which may be due to the nutrient dilution effect consequent to 
the higher biomass production m  the high plots. Foliar 
phosphorus and potassium in general were also higher on high 
sites. Regarding fertilizers, medium and heavy doses recorded 
highest N,P and K contents implying the benefit of ferilizers on 
trees rather than on the site.

10. Soil nutrient analysis showed that neither fertilizer nor 
thinning substantially modified the soil nutrient scenerio 
implying that short term interventions such as fertilizer 
application or thinning are, thus incapable of bringing 
pronounced alterations m  the nutrient capital of the site.

11. In general the trend concerning nutrient contents of 
different tree organs followed the order leaves> stemwood> 
branchwood. Branchwood and stemwood N levels were higher on 
high sites. Potassium content was, however greatest, in the low 
sites, signifying possible luxuary consumption of this element.
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APPENDIX -I
Abstract of ANACOVA tables for Quadratic Mean Diameter (Dq ), Basal Area and Basal Area Increment

Mean Square
Quadratic mean diameter Basal Area Basal area inciement

(With respect to Auc 1990)
Source of ---------------- ------  ---------------------  ------------------------
Variation DF NOV 90 FEB 91 MAY 91 NOV 90 FEB 91 MAY 91 NOV 90 FEB 91 MAY 93

Covanates „ 1 33 04 40 94 41 95 136 59 217 47 232 70 1 07 16 88 21 31
Dq-Aug/BA-Aug/BAI-Aug
Site quality (SQ) 2 0 01 0 19 0 19 0 01 1 12 1 24 0 01 1 12 1..34
Thinning 2 0 01 0 18 0 28 0 08 1 41 2 15 0 08 1 44 2 15
Fertilization 2 0 02 0 01 0 02 0 07 0..07 0 ,.20 0 07 0 07 0 20
Interactions
SQ x Thinning 4 0 02 0 18 0..20 0 05 0,.89 1.06 0 05 0,.89 1 06
SQ x Fertilization 4 0 01 0.,10 0 13 0 04 0..48 0..65 0 04 0 48 0 65
Thinning x Fertilization 4 0 002 0 012 0 019 0 01 0 22 0 29 0 012 0 23 0.30
Residuals 7 0 01 0 08 0 010 0 04 0 58 0 74 0 04 0 58 0 74

# Dq-Aug - Quadratic mean diameter of August 1990 
BA-Aug = Basal Area of August 1990 
BAI-Aug - Basal Area Increment of August 1990



APPENDIX - II
Abstract of ANACOVA Tables for Mean Tree Height and Height Increment

Mean Square

Source of 
variation DF

Mean tree height
(With

Height increment 
respect to Aug. 1990)

NOV 90 FEB 91 MAY 91 NOV 90 FEB 91 MAY 91

Covariates
MH-Aug/HI-Aug

1 26.98 31.220 31.86 71.40 790.80 974.39

Site Quality (SQ) 2 0.005 0 .14 0 .14 7 .01 228.82 048.47

Thinning 2 0.03* 0.13 0.23* 35.18 167.85 300.09

Fertilization 2 0.011 0 .03 0 .05 12.02 29.63 62.27

Interactions
SQ x Thinning 4 0 .018 0 .093 0 .13 27.97 141.23 181.38

SQ x Fertilization 4 0.020* 0.076 0.12 29.04 121.28 182.28

Thinning x Fertili zation 4 0.004 0 .009 0.01 9.99 60.74 65.97

Residual 7 0.005 0 .38 0.042 9.33 63.50 81.34

* Significant at 5 per cent level.
MH-Aug = Mean Height for August 1990. 
HI-Aug = Height Increment for August 1990.



APPENDIX - III
Abstract of ANOVA tables for leaf area, leaf area index and foliage dry weight

Mean Square

Source of 
Variation

DF Leaf Area Leaf Area Index Foliage dry weight

AUG 90 NOV 90 FEB 91 MAY 91 AUG 90 NOV 90 FEB 91 MAY 91 AUG 90 NOV 90 FEB 91 MAY 91

Site Quality(SQ) 2 38 72** 61 21** 104 77** 127 13** 2 51** 4 31** 7 64* 9 56* 0.12** 0.18** 0 30** 0.35**

Thinning 2 3.01 3 26 1.81 1 36 1 84** 2 69* 3.21 3.30 8.9E-03 1.1E-02 8.8E-03 8.2E-03
Fertilization 2 0.69 1 67 0 87 1 30 0 34 0 64 1 01 1 41 2.2E-03 4.7E-03 3 4E-03 3 7E-03

Inteiactions

SQ x Thinning 4 5.27* 10.41 34.05* 42 86* 0 50 1.24 3.63* 4 82 1 5E-02* 2.8E-02* 8 5E 02* 0 10*

SQ x Ferti 4 3 89 7 79 19 81 26 36 0 63* 1 29 2 88 3 87 1 01E-02 1 8E-02 4 6E-02 5 7E-02

Thinning x Ferti 4 1 50 4 12 10 01 14 05 0 29 0 66 1 49 2 09 4 7E-03 9 9E-03 2 2E-02 3 OE-02

Residual 8 1 08 3 13 6 44 9 38 0 15 0 49 0.95 1 44 2 98E-03 6.9E-03 1 5E-02 2 0E-02

* - Significant at 5 per cent leve*
** - Significant at 1 per cent level



APPENDIX IV
Abstract of ANOVA tables for Leaf Nitrogen, Phosphorus and potassium nutri nt content

Nitrogen
Mean Square

Phosphorus Potassium

Source of 
’ariation

DF AUG 90 NOV 90 FEB 91 MAY 91 AUG 90 NOV 90 FEB 91 MAY 91 AUG 90 NOV 90 FEB 91 MAY 91

Site Quality 2 0 05 0 46* 0 06 0 02 0 001 0 005* 0 003* 0 001 0 15 0 45** 0 09 0 05

Thinning 2 0 15 0 11 0 01 0 04 5E-04 0 014** 0 004* 0 000 0 77** 0 20* 0.14 0 05

Fertilization 2 0 06 0 21 0 49** 0 49 0 003 5E-04 5E-04 0 001* 0.01 0.04 0.04 0.01

Interactions 

SQ X Thinning 4 0 05 0 02 0 04 0 04 0 001 0 004 0 003" 0 002** 0 31 0 11 0 17* 0 03

SQ X Ferti­
lization 4 0 01 0 18 0 23** 0 16 0 001 0 001 2 5E-04 2 5E-04 0 28 0 10 0 08 0 02

Thinning X 
Fertilization 4 0 04 0 12 0 10* 0 17 0 001 2 5E-04 0.001 0 001** 0 04 0.03 0 09 0 06

Residual 8 0 05 0 10 0 02 0 13 0 002 0 001 5E-04 1 25E-04 0 082 0 04 0 04 0 02

* Significant at 5 per cent level
** Significant at 1 per cent level



APPENDIX - V
Abstract of ANOVA tables for soil nutrient levels and total above ground biomass

Source of 
Variation

DF
Mean Square Total Biomass

Nitrogen Phosphorus Potassium Organic
matter

Aug 90 Nov 90 Feb 91 May 91

Site Quality (SQ) 2 0 004 4654 63 9 57 0 158 19 95** 27 35** 45 70** 51 09
Thinning 2 0 001 2612 04 16 46 0 165 1 23 1 44 1 34 1.54

Fertilization 2 0 002 5400 93 27 62 0 043 0 31 0 69 0 76 1.07
Interactions
SQ x Thinning 4 0 007 2381.48 34 58 0 026 1 92* 2 95* 8 25** 9 44**

SQ x Fertilization 4 0 005 1789 82 9 60 0 033 0 91 1 43 3.66* 4.29*

Thinning x Fert 4 0 003 5324 54 32 98 0 029 0.33 0 54 0.94 1 05

Residual 8 0 005 6934 26 20.45 0 165 0 32 0 48 0 74 0 09



APPENDIX VI

Linear Regression Analysis
[Equation No.: 1]

MODEL
Dependent variable 
Independent variable 
coefficient of determination 
Correlation

Y = B(o) + B (1)̂  

Total biomass 
(DBH) x Height 
0.91 
0.95

Analysis of Variance

DF Sum of Squares Mean
square

F
value

Regression 1 2882.883 2882.883
1400

Residual 147 302.61510 2.058606

F-statistic = 64.156 Significance = P < 01

Variable m  Equation

Variable Regression
coefficient

SE Student
T-value

Sig. T

B( 0) 0.2669759 0.14505 1.84 0.07
B {1) 0.23897E-03 0 .6385E-05 37.42 0.00



APPENDIX VII

: Y = a x ^ + b X 2 + c .
: Total biomass
: DBH (Diameter at breast height) and height 
: 0.72 
: 0.52 
: 0.52 
: 143.445

Analysis of Variance

DF Sum of Square Mean Square F Signi. F
2 4369754.55 2184877.28 106.18 P < 01

195 4012402.73 20576.42
197 8382157.29

Linear Regression Analysis
[Equation No.: 2]

Variables m  Equation

Variable regression Standard student sig .T
Coefficient Error T-value

DBH 5.3908 5.9464 9.066 0.000
Height 2.7557 3.2674 0.843 0.40

Regression
Residual
Total

Dependent variable 
Independent variables 
Multiple R 
R Square
Adjusted R Square 
Standard Error

MODEL

Intercept = 58.982508



APPENDIX VIII

Linear Regression Analysis
[Equation No.: 3]

MODEL :
Dependent variable :
Independent variable :
Coefficient of determination : 
Correlation :

Y = B(o) + B (1)* X 
Total biomass

2(Collar Diameter) x Height
0.96
0.98

Analysis of Variance

DF Sum of Squares Mean
square

F
value

Regression 1 3514.363 3514.363
2688

Residual 128 167.36820 1.307564

F statistic = 81.150 Significance = 0.08

Variable m  Equation

Variable Regression
coefficient

SE Student
T-value

Sig. T

B(0) 0.5371948 0.1277 4.20 0.00
B (1) 0 .13931E-03 0 . 2687E-05 51.84 0.00



APPENDIX IX

: Y = a + b X2 + c.
: Total biomass 
: Collar Diameter and height 

: 0.91 

: 0.83 
: 0.83 
: 2.23

Linear Regression Analysis
[Equation No.: 4]

Analysis of Variance

DF Sum of Square Mean Square

Regression 2 3052.752380 1526.37619

Residual 127 628.978902 4.952259

Total 129 3681.731282

F Statistic = 308.20 Significance = P < 01

Variables in Equation

Variable Regression
coefficient

Standard
Error

Student sig.T 
T-value

DBH 1.8131 1.8389 E - 01 9.860 0.000

Height -5.5415 E - 03 2.9913 E - 03 -1.890 0.000

Dependent variable 

Independent variables 
Multiple R 

R Square
Adjusted R Square 
Standard Error

MODEL

Intercept = -5.371807



APPENDIX - X

: Y = a + bx 

: leaf Area
: Sapwood cross-sectional Area at 
Collar (SWCA)

: 0.94

: 0.89
: 0.89
: 27.72

Linear Regression Analysis
[Equation No.: 5]

Analysis of Variance

DF Sum of square Mean square

Regression 1 1475870.38 1475870.38

Residual 238 182913.92 768.55

F Statistic = 1920 .3413 Significance = P < 01

Variable in the equation.

Variable B SE B Beta T Sig. T

SWCA 2.098 0.048 0.943 43.52 0.000

(Constant) 16.277 2.114 7.69 0 .000

Dependent Variable 
Independent Variable

Multiple R 
R Square
Adjusted R square 

Standard Error

MODEL



APPENDIX XI

Linear Regression Analysis
t Equation No.:6]

Dependent Variable 
Independent Variable

Multiple R 
R Square
Adjusted R Square 

Standard Error

MODEL Y = a + b x.
Dry weight of foliage
Sapwood cross-sectional Area at 
Collar (SWCA)
0 . 8 8

0.78
0.78

0.2169

Analysis of Variance

DF Sum of Square Mean Square

Regression
Residual

1

238

39.3944

11.2048

39.3944

0.0470

F statistic = 836.771 Significance = P < 01

Variables in the equation

Variable B SE B Beta T Sig. T

SWCA
(Constant)

0.1115
0.1511

3.85329E-04 

0 .01655
0.88236 28.927

9.130
0.0000
0.0000



APPENDIX XII

Linear Regression Analysis
[Equation No.:7]

Dependent Variable 

Independent Variable

R Square

MODEL Y = B { 0) + B (1) * X.

Leaf Area.

Sapwood cross-sectional Area at 
breast height.
0.77

Analysis of Variance

DF Sum of Square Mean Square F value

Regression

Residual

1

179

8721.324

2633.809

8721.324
592.7

14.714

F statistic = 2.0950 Significance = P < 01

Variables m  the equation

Variable Regression
coefficient

SE Student Sig. T 
T-value

B (0) 1.067010 0.37541 2.84 0.00

B(1) 0 .5223735 0 .22145E-01 24.35 0.00



APPENDIX - XIII

Linear Regression Analysis 
[Equation No.: 8]

MODEL : Y = B(0) + B(l) * X.
Dependent Variable : Dry weight of foliage
Independent Variable : Sapwood cross-sectional Area at

breast height.
Co-efficient of Determination: 0.82

Analysis of Variance
DF Sum of 

square
Mean
square

F
value

Regrassion
Residual

1 34.49919 
183 7.784413

34.49919 
0.4253778E-01

811

F Statistic = 2.7580 Significance = P < 01

Variable in the equation.

Variable Regression
coefficient

SE Student 
T-value

Sig. T

B (0) 0.8303624E-01 0.197477E-01 4.21 0.00
B (1) 0.3074914E-01 0.107970E-02 28.48 0.00



APPENDIX -XV

MODEL : Y = B (1) * EXP (B(2) * X) + B(3)
Dependent Variable : Foliage Dry Weight.
Independent Variable : DBH (Diameter at breast height).

Non-Linear Regression Analysis
[Equation No.: 10]

Coefficient of Determination : 0.84

LACK OF FIT TEST

DF Sum of 
Square

Error Mean 
Square

Standard
Deviation

Replication 161 4.9261730 0.305973E-01 0.174921

Residual 191 6.9179240 0 .362195E-01 0.190314

F-statistic = 2.1699 Significance = 0.001

Variable in the equation

Variable B (1) B (2) B (3)

DBH 0.834777E-01 0.2997445 0.2265572E-01

SE 0.173175E-01 0. 18394E-01 0.4075779E-01



MODEL : Y = B (1) * EXP (B(2) * X) + B(3)
Dependent Variable : Leaf Area.
Independent Variable : DBH (Diameter at Breast Height)

Coefficient of Determination : 0.85

APPENDIX - XIV

Non-Linear Regression Analysis
[Equation No.: 9]

LACK OF FIT TEST

DF Sum of square Error Mean 
Square

Standard
Deviation

Replication 166 1760.0740 10.60285 3.2562
Residual 196 2267.1890 11.56729 3.40107

F statistic = 1.5943 Significant = 0.03

Variable m  Equation

Variable B (1) B (2) B (3)

DBH 1.06757 0.3337238 0.5580229
SE 0.2154364 0.1801581E -01 0.619644



MODEL : Y = B (1) * EXP (B(2) * X) + B(3)
Dependent Variable : Leaf Area (Y)

Independent Variable : Collar Girth (x)
Coefficient of Determination : 0.85

APPENDIX -XVI

Non-Linear Regression Analysis
[Equation No.: 11]

LACK OF FIT TEST

DF Sum of 
Square

Error Mean 
Square

Standard
Deviation

Replication 194 828.0630 4.268366 2.0660

Residual 227 1101.8040 4.853763 2.203

F-statistic = 1.9434 Significance = 0.0030

Variable m the equation

Variable B (1) B (2) B (3)

Girth 
(collar)

1.781 0.7273E-01 -1.685



APPENDIX - XVII

MODEL : Y = B(l) + EXP (B(2) * X) + B(3)

Dependent Variable : Dry weight of foliage (Y)

Independent Variable : Collar Girth (X)
Coefficient of Determination : 0.87

Non-Linear Regression Analysis
[Equation No.: 12]

LACK OF FIT TEST

DF Sum of square Error Mean 
Square

Standard
Deviation

Replication 192 4.91149 0.255807E-01 0.1599
Residual 227 5.90927 0 .260320E-01 0.1613

F Statistic = 1.1144 Significant = 0.3153

Variable m Equation

Variable B (1) B (2) B (3)

Girth 0.6295 E-01 0.8804E-01 -0.06380E-02
(collar)
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ABSTRACT

With the object of standardizing the density manipulation 
and fertilization strategies for teak, a study was carried out at 
Vellanikkara during 1990-91. The experimental variables 
consisted of high, medium and low site quality classes 
(classified on basis of tree heights), three thinning intensities 
(control, 30 per cent density reduction and 50 per cent density 
reduction) and three fertilizer levels (control, 50:25:25 kg of 

N, P2°5 and K2° ha  ̂ 10^:50:50 kg of N, P2° 5  anĉ  K2°
yr"1).

The results indicate that mean height of trees was strongly 
influenced by density manipulation. The combination of high site 
quality with medium and heavy fertilizer doses also significantly 

increased the mean height of trees. However quadratic mean 
diameter, stand basal area, basal area increment and height 
increment were not substantially different among the thinning 
site quality and fertilization regimes.

Tree biomass, foliage area and leaf weight allometry were 
examined for the first time in teak. The results suggest that 
leaf area and the biomass yield are strongly dependent on the 
allometry of trees. High sites consistently recorded higher 
values for estimates of leaf area, leaf biomass and tree biomass



Combinations of high site quality with medium and heavy thinning 
os

as well^medium and heavy fertilization recorded high tree biomass 
yield , foliage area and leaf area followed by medium and low 
site quality classes.

Foliar analyses showed a general increase flfc. nitrogen
during summer (May) and a gradual decline of the sane during the 
fall season (August). High site quality with medium and heavy 
futilization recorded highest nitrogen content. Thinning on 
higher sites significantly increased foliage phosphorus and 
potassium levels.

In general the trend concerning nutrient contents of 
different tree organs followed the order leaves> stemwood> 

branchwood. Branch wood and stem wood H levels were relatively

o n  n i g h  s i t e s .
Potassium content was, however, greatest 

soil n u t r i e n t  analysis did n o tW e c  .
in «■« LOW WLOOS. SOI ,,yoLOO-or,oOLcal I ™ " "

“  *“  £ertll^ i o „  -son —  
con ..qo « " 1 «  “  on £„ « r t  B U I - * " ’n^r-'s hypothesis on i
substantiates Mill ^  trees and not the sites.
fertilisers benefits only


