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INTRODUCTION
v
Teak is the paragon among oriental timbers. Brandis (1879) aptly

described it as a “jewel that shines and shimmers in the diadem of tropical trees”.

Endowed with the characteristic of most versatile use, teak is extensively used in

shipbuilding, house construction, bridge and wharf, furniture and ﬁzr most of the

common purposes for which wood is used (Champion and Griffith, 1960).

The natural habitat of teak is in the Indian subcontinent between 10° North
and 25° North and in Southeast Asia especially in 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 its natural

habitat, teak forms a part of the moist and dry deciduous forests.

In India, the principal states growing teak are Kerala, Madhya Pradesh,
Maharashtra, Gujarat, Karnataka, Andhra Pradesh, Tamil Nadu, Rajasthan, West
Bengal, Bihar, Orissa and Andamans covering a total area of about 7.1 m ha (CFC; \
1984). In Kerala, teak has been raised as plantations since 1844. The major expansion
in area under teak in the state occurred during the period 1960-1980. As a result,

nearly 50 per cent of the area under forest plantations in the state is occupied by teak.

' The Kerala Forest Department has about 78,000 ha of teak planfations at present

(KFRI, 1992).

To meet the requirement of the plantations, both natural as well as artificial,
regeneration methods can be used. Natural regeneration of teak depends on a number
of biotic factors, which are often beyond the control of silviculturist. Artificial
regeneration is resorted to get quick and uniform germination, which is very important

in establishing teak plantations. The basis of successful teak plantation is good

plahting stock. To raise good planting stock, appropriate nursery techniques should be

found out. In order to get good planting stock in lesser time in the nursery, appreciable

growth should be there, for which appropriate sowing and nutrient combinations have

bt}

to be devised. . -




R

Growth characteristics and anatomical properties of the seedlings contribute -
tremendously to the quality of the seedlings and stumps. It is a known fact that
diameter growth of trees is brought about by the addition of new cells derived from the
cambium. Intensive management of nursery seedlings will produce vigorous seedlings
and thereby it will produce good quality stumps in less time. An evaluation of the
different nutrient treatments and sowing methods of seeds with reference to the growth
parameters will help to find out the appropriate nursery practices for the production of

good quality teak stumps.

The present study was taken up at College of Forestry, Kerala Agricultural
University, Vellanikkara to evaluate the growth characteristics and wood formation of
teak seedlings as affected by nutrient status of nursery beds. The study also aims at
finding out the best nutrient levels and sowing methods required for the production of

good quality stumps based on anatomical properties of the seedlings with particular

reference to wood formation. -
- - . - : . 7
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REVIEW OF LITERATURE

Being a commercially important species, teak has attracted the attention of
wood users all over the world. Teak produces one of the most valuable timbers of the
world. It has a long history as a plantation species. Today it occupies a prime position
in many plantation programmes throughout the tropical world. The total area of teak
plantations world over is three million hectares, in more than 50 countries. Conolly
and Chathumenon raised first successful teak plantation in 1842. 1255 ha of teak
plantation was raised by the system of transplanting four months old seedlings from
nurseries raised in dry weather by Conolly and Chathumenon. Bourdillon found that
the seedlings were of large size and so he stumped them and planted in Arienkavu.
This marked, a significant development in the technique of raising teak plantations.
Teak seedling require about 680 mg Nitrogen (N) and Potassium (K) and 45 mg of
Phosphorous (P) per plant for good growth (Nandakumar, 1991). Different nutrient
treatments and espacements influence the growth parameters. A comparative study of

seedlings raised in seed beds with root trainer was also done. Morphological,

anatomical and physiological characteristics of the teak seedlings contribute greatly to
the quality of the planting material.

.21 INFLUENCE OF NURSERY TECHNIQUES IN THE PRODUCTION OF
TEAK STUMPS ‘

Different processes, beginning from the collection of good quality seeds
will affect the quality of the teak seedlings. Good quality planting materials were the

gateway for a good plantation. Nutrient and sowing methods influence the growth and

vigour of the nursery seedlings greatly.

2.1.1 Nutrient

a

Paul and Hossain (1996) studied the growth response of Acacia mangium

@

seedlings to cow dung and NPK fertilizers and found that the best growth was obtained

with cow dung without NPK fertilizers at a soil/cow dung ratio of 3:1.
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Mohan et al. (1995) studied the effect of different rooting media on seed
germination and seedling gro.\'mh. They found that growth gf Acacia nilotica was found |
to be slightly higher when ‘grown in a mixture of soil, sand and Farm Yard Manure
(FYM) in 1:2:1,1:3:1 and 1:1:1 proportions compared to forest soils alone. Suguk\i/
(1990) explained that with respect to Eucalyptus camaldulensis, germination and
growth in terms of height were greater when grown in a potting mixture of soil, sand,
garbage and cow dung compared to other combinations. He also found. that a

combination of soil, sand and FYM in the ratio 1:1:1 increased the height and dry

' matter production of seedlings of Swietenia macrophylla and Dalbergia latifolia.

Hossain (1995) showed that cow dung mixtures significantly increased the
growth of Dalbergia sissoo seedlings in comparison with control and inorganic
fertilizer treatments. Harvested seedlings from different soil and cow dung mixtures
attained significantly high root collar diameter, root diameter and oven dry weight of
shoot and root in comparison with control seedlings. The initial field -growth
performance of the seedlings raised in soil cow dung mixtures also showed

significantly higher heiglﬁ and collar diameter growth than both control and inorganic

fertilizer treatments.

Chattopadhyay and Mohanta (1988) also found that height groy; of

- Tamarindus seedlings was best in cow dung followed by sand and cow dung. Sharma

and Tiwari (1996) reported that use of neem cake in rice gave the highest grain yield.
KAU (2002) reported that the nutrient content of farm yard manure and neemcake in

percentage is N 1.0, P2Os 0.5; K,0 1.0 and N 5.0, P20s 1.0, K20 1.5 respectively.

Takur et al. (2000) studied the effect of potting media on growth of Albizzia

Jebbeck and found that the best performance was in sand + soil + FYM in one year old

seedlings followed by sand + soil and pure sand. Shoot length was 46.1 cm in sand :

'soxl' FYM, root length 27.66 cm and dry weight of shoot (2.924 g) and dry weight of

root 1.44 g.
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Sekar et al. (1996) studied the effect of biofertilizers on six month old
seedlings of shola tree species. The resulfs indicated that the combined inoculation of
Azospirillum, Phosphobacteria and Vescicular Arbuscular-mycorrhizal ~ fungi

- significantly increased the shoot length, diameter of shoot at collar and root length in

all the tree species compared to other combined or individual inoculations or

uninoculated control.

Fagbenro and Agboola (1993) conducted a green house experiment to study
the effect of humic acid on the growth and nutrient uptake of teak seedlings. The
results reveal that humic acid was beneficial to the growth and nutrient uptake of teak
seedlings. Plant monthly growth rates and height and total dry matter yield increased

ignificantly over the controls in the two soils at three humic acid application levels.
‘jSharma et al. (1997) studied the effect of different soil mixtures on the development
and quality of teak seedlings in the nursery and found that 1:1:1 soil + sand + FYM
mixes gave good results for the loam soil with respect to shoot and root development

and biomass production; it also gave the maximum seedling drought resistance,

quality index and vigour.

2.1.2 Sowing Methods

Sowing methods greatly influence the productidon of stumpable plants in
teak. Intensity of sowing has a direct effect on the early growth of plants and on the
stumpable plants available for planting. High intensity of sowing is considered as
wasteful, especially when selected seeds are available in small quantities. Line sowing
in the nursery or pricking out the seedlings from seedbeds at 10-15 cm gives the best
results both in number and size of stumpable plants. In Andhra Pradesh, germinating
seedlings with one to two pair of leaves are pricked out with a small ball of earth at
10- 15 cm spacing into prepared standard bed, preferably on a cloudy day, with light

;dl'l'Z;Zlillg. Watering is done whenever necessary and a yield of 600 to 800 uniform
sized planting stocks per bed obtained. In Maharashtra, line sowing or transplanting at

10 cm x 10 cm spacing in secordary beds g'ive 1000 uniformly spaced and well

developed seedlings per bed (Tewari, 1992).
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Bahuguna et al. (1990) reported that height, collar diameter and number of

branches in 150 day old seedlings of Priotropis \/éy/isoides were best in dibbling
treatments. SimilJar observations were rep?}ted by Bahuguna er al (1989); Bahuguna et
al. (1992); Maithani et al. (1992); and Lal et al. (1999).

/

‘/Islam and Siddiqi (1987) reported that seeds sown by broad casting gave
j’(gniﬁcant]y better performance than dibbling in Sonneratia apetalae nursery.
Maithani et al (1990) reported that germination and plant percentage were best in the
line sowing treatment combined with twice daily irrigation in Dalbergia sissoo
seedlings. Mughal (1996) reported that optimum shoot and root development was

attained in open nursery beds in Deodar and Cupressus seedlings.

Masilamani and Dharmalingam (1998) reported that teak seeds treated by
alternate soaking and drying for 6 days at 12 hrs intervals, and then sown in sand in
pots at-1.5, 3 and 5 cm depths with the scar end in inverted, upright and horizontal
positions. The pots which were kcpt in open sunlight placing the drupes with the scar
end up or horizontally at a depth of 1.5 to 3.0 cm resulted in early and higher
germination, more seedlings/10(r drupes, higher root and shoot length and greater dry
matter production and vigoﬁr. Saini et al. (1999) studied the effect of 13 pre-sowing
water treatments }imposed on teak seeds collected from mature trees near Haldwani in

" Uttar Pradesh. The seeds were sown 5 om apart in lines 10 cm apart in 20 cm raised
nursery beds and covered with 1 cm sand. The beds have a 5 cm top layer of sand

containing well rotted FYM. The maximum germination percentage (60.5) and
germination value of 0.75 were recorded in seeds dipped for 6 minutes in hot water at

50°C + 10 minutes air cooling + 6 minutes hot water + 10 minutes air cooling + 6

minutes hot water dipping before sowing.

Spacing studies can provide useful information about juvenile growth,

'moftality and density effects on height and diameter growth of tree species. It has ) w
been reported that spacing has pronounced ;ff/el on the growth of tree species, hent
especially on diameter growth (Ever, 1’9\71; apfilton and Christie, 1974; Sjolte — e
Jorgensen, 1967; Malimburi et al., 1992 and Tewari and Wais, 1996). € \J-Q«QD ) "\o{‘\)' 9
G heve 63 € beo?
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An experiment conducted at Teak Improvement Centre, Thailand with
different sowing methods viz. a) broad-cast sowing, b) Dibbling seeds at a spacing of
5 cm x 5 cm and c) Dibbling seeds at a spacing of 10 cm x 10 cm. After 84 days
dibbling seeds at the espacement of 10 cm x 10 cm gave higher germination and
survival percentage than broad-cast sowing. Further because of higher frequency of
small diameter plants in broad-cast sowing plots a greater percentage of usable plants
was obtained in dibbling at 10 cm x 10 cm espacement plots. The probable reason for
the low germinations and survival in the broad- cast sowing was shading by the earlier
germinated seeds which prevent further germination and also affected survival. Line
sowing or dibbling although gives a lesser sowing rate per sq m have the advantage of
better germination and survival percentages and advantage of obtaining uniform sized
stumps and more planting stock. With improved seed available it is better to adopt line

sowings of 5 x 10 cm or 10 x 10 cm for better results (Tewari 1992).

Jamwall (1931) practiced different sowing methods with deodar seeds. The
best results were obtained for broadcast sowing of deodar seeds in the forests in late
autumn, while in case of nursery beds the earliest spring sowings are preferable to
early autumn or late spring sowing. Indira and Basha (1999) reported that through
proper management of the nursery, the proportion of plantable sized seedlings can be

- raised to about 90 per cent of the seedlings in the nursery.

Kapoor (1992) reported very good growth of teak seedlings raised by direct
sowing in the nursery. He found that seedlings from May sowing had an average
height of 75 cm in September. Jadhev ef al. (1995) reported that one year old seedlings
of teak transplanted at a spacing of 2 x 1 m, 2x2mand 1 x 1 min Juiy 1990 and
sprayed separately with gibberellin in August 1991 and 1992 increased in height and
diameter. Subramanian et al. (1995) reported that diameter at breast height (dbh),
" number of branches, total height, basal area, basic density and some strength
properties were significantly affected by spacing. The diameter at breast height and

number of branches increased with increasing spacing, while basal area decreased.
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Murugesh et al. (1998) described a method for estimating leaf is of teak
using the product of length and breadth multiplied by a constant (K). The valué of K-
for teak leaf lets was 0.66. The estimated leaf area obtained by the prdposed linear
measurement method using K, varied by only 3.6 per cent from the actual leaf area.
S@,ej al. (2000) reported that growth performance of teak was better in full sunlight W<\ ¥
than in shade with height, diameter, leaf area, leaf size, rbqt weight, shoot weight, leaf et

weight and chlorophyll-c-ohteﬁt all higher under full sunlight.

\4jendrudu and Naidu (1998) studied three mc.)’;lth old seedlings of teak
grown after transplantation to fertile soil for 5-6 months at Tirupathi and were
subjected to water stress by with holding watering continuously for 3 weeks. The
growth rates of height and length of developing leaves were unaffected during the first
weeks after withholding watering, but they were decreased by about 50 per cent
during the second week and became negligible during the third week of water stress
. treatment. However, after rewatering, these plants regained growth potential and
exhibited high rates of leaf expansion and plant growth comparable to those of
sufficiently watered plants. The diurnal course of net photosynthetic rate (PN) of
plants subjected to water stress for two weeks was similar to that of sufficiently
watered plants. However PN of plants subjected to water stress was reduced in the
afternoon. Similarly stomatal conductance (gs) and transfer rate (E) of plants
experiencing a three week water stress were decreased in the afternoon. Soon after

rewatering, PN, gs and E reached similar values to those of sufficiently watered plants.

’/Genere (1997) studied the production of bare-rooted planting stock of good
physiological quality in red oak (Quercus rubra), laricio pine (Pinus nigra) and
Douglas fir (Pseudotsuga menziessi). Nursery techniques and post-lifting treatments

both affect seedling quality. Post planting weather conditions are also factors which

should be 75idered in the.supply of planting stock.

. Rajendrudu and Naidu (1997) studied about leaf gas exchange patterns in
relation to leaf positions on stems in teak during first year growth under intensive

culture plantations and found that differences in stomatal conductance and the rate of

transpiration were not apparent between leaves after full expansion.
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Suresh et al. (1998) studied the effect of grading teak fruits on stump
quality and optimal sowing density for different sizes of fruits. There was a positive |
and significant correlation between fruit size and the number of stumps recovered. The
sowing densi;y for maximum production of plantable stumps for a seed lot was 0.5 kg
m for large ﬁu,fts, 0.5-1 kg m* for medium sized fruits and 2 kg m™ for small fruits.
For the bulk see&‘used in this study, a sowing density of 1-1.5 kg m™ appeared

optimal.

2.2 TEAK STUMP VS. ROOT TRAINER RAISED PLANTS

Khedkar and Subramanian (1997) compared the teak seedlings raised in
root trainers and stumps. The teak seedlings raised in root trainers had given better
lateral root development than the normal stump stock and also produced multiple tap
roots in contrast to the stump stock which retains a long tap root and forks only
occasibnally. The comparative growth performance of 75 days old root trainer
planting stock and one year old stump origin stock at the out planting site is repérted.

The root trainer plants were sturdier, healthier and has a large collar girth than stump

origin plants.

Josiah and Jones (1992) recommended root trainer technology for raising
" plants in forest nurseries. In modern forestry, it is important to produce quality
seedlings by inducing morphological changes in the plants for making them competent
enough to bear the shock of field planting and enhance their productivity. Root trainer
technology is widely accepted for raising plahts in nurseries. This technology was
adopted in western countries as early as in the 1940’s but‘majorit{o/fforest nurseries
in India are deprived of this technology even in late 1990’s (Nanhorya et al., 1999).

Tin Tun (2000) .reponed the role of stump in the initial establishment of
teak plantation. Rapid initial establishment, particularly in the very first year of teak
plantation, can be secured by adopting stump as it is capable of seedling out shoot

with height and vigour more satisfactorily than the fresh stump.
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Ginwal et al. (2002) conducted experiments to standardize appropriate
potting medium for raising Dalbergia 5iss00 seedlings under root trainer seedling |
production system. The seedlings achieved significantly better growth, biomass and
quality parameters when raised in sand, soil and compost than when raised in the

potting mixture containing charcoal and rice husk.

Murugesh et al. (1997) conducted a study on the optimal age of container
seedlings and stumps of teak for best field performance under irrigated condition. The
optimal ages for container seedlings and stumps were found to be three and seven
months respectively. Container seedlings have a higher survival (96-100 %) than
stumps (58.96 %) but early basal diameter and shoot height increments 0.65 cm and
23.10 cm respectively at seven months was superior in stumps. Container seedlings
were also characterized by root coiling and multiple shoot formation, the management
of which is not cost effective. So the result favours the use of stumps and the optimal
size of stumps was between 1 and 2 cm which is obtained at seven months age. In
Eucalyptus it was found that the root trainer seedlings either direct sowing or
transplanting from nursery beds were taller than those from direct sowing but roots
were coiled in transplanted plants and straight in direct sown plants. So direct sowing

is recommended on the basis of root quality and cost effectiveness.

Gopikumar and Mahoto (1993) studied the germination percentage and
seedling growth of 10 trees species and found that height and number of leaves were
significantly correlated with root length and numbers. Khedkar and Subramanian

(1997) reported that the comparative growth performance of 75 days old root trainer
planting stock and one year old stump origin stock at the out planting site. The root

trainer plants were sturdier, healthier and had a longer collar girth than stump origin
| plénts. Rajendrudu et al. (1999) reported that two teak phenotypes (seedlings grown
from stumps) were subjected to water stress by withholding water supply for three

weeks



11

Mohan et al. (1995) found that' planting stumps in crow bar holes on mini-
terraces formed on sloping areas in the Western Ghats of Maharashtra performed a
water conservation function and growth of the mini-terrace plantings was better, with
the height and girth of 2 years old plants exceeding traditionally planted ones at 3

years old.

/ Rajesh et al. (1998) reported that best potting mixture combination obtained
for Eucalyptus hybrid \?edlings raised in a root trainer nursery was compost, sand and
soil in the ratio 2:1:27Khedker (1999) reported that root trainer plants have a shorter
nursery period (60-90 days compared with 12-13 months for stump plants).

23 EFFECT OF NURSERY TECHNIQUES OF TEAK SEEDLINGS ON

ANATOMICAL PROPERTIES

Anatomical characteristics of the teak seedlings contribute greatly to the
quality of the stumps. The primary structure of teak seedling contains the epidermis,
pericycle, vascular bundles and pith. The vascular bundle lies towards the center and is
composed of vessels, wood fibres and wood parenchyma. The xylem or wood
parenchyma of secondary wood usually becomes thick walled and lignified. The
xylem elements ie, vessels and trachieds, aid in the conduction of water and mineral
salts from the roots to the leaves, whereas wood or xylem parenchyma are living

| tissues that aiflj'n the storage. The wood fibres give mechanical support to the plant
body (Pandey, 2001).

Seedling vigour and growth performance is related to anatomical properties
such as ring width which depends on its cambial derivatives like vessels, fibres, rays
and axial parenchyma. So the stump quality is affected by, the silvicultural treatments
that modify the growth‘ax-ad.vi.gour of the géedlings and p‘lgduce good stumps in lesser

time similar to the trees rotation period (Larson, 1969; Denne, 1985).

a
L 4

Akachukwu (1982) reported significant variation across the rings and n
along the vertical axis of the lumen dimension of vessel in Quercus rubra. Fahn

(1990) reported that fibres are present in the xylem where they are mainly concerned
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with the strengthening of the plant body. Parenchyma cells which have storage and
other functions also occur in the xylem. The xylem that is produced as a.result of the

activity of the vascular cambium is called the secondary xylem.
2.3.1 Cambial activity and secondary growth activity

The cambium in teak comprises of vertically elongated fusiform initials and
horizontally elongated ray initials and is non-storied. Rao and Dave (1981) observed
in teak that during the dormant period, the cambial walls ‘are thick and beaded and
dense cytoplasm is conspicuous. In the active period, the walls are less beaded and
thin and the cytoplasm is vacuolated. According to them cambial rays in teak are
multiseriate and heterogenous and tangential. Dfmensions of the ray initials range
from 14.2 pm - 31.6 pm. With the result of the tangential (periclinal) divisions of
cambium cells the phloem and the xylem are formed. The vascular tissues are formed
in two opposite directions, the xylem cells towards the interior of the axis, the phloem
cells toward its periphery. The tangential divisions of the cambium initials during the
formation of vascular tissues determine the arrangement of cambial derivatives in
radial rows. Since the division is tangential, the daughter cells that persist as cambium
. initials increase in radial diameter only. The new cambium initials formed by

transverse divisions increase greatly in length. As the xylem cylinder increases in
thickness by secondary growth, the cambial cylinder also grows in circumference.

The main cause of this growth is the increase in the number of cells in tangential

direction, followed by a tangential expansion of these cells (Bhat et al., 2001).

Priya and Bhat (1997) reported that latewood width was more closely
correlated with ring width than early wood width, no significant differences were

found in specific gravity, cell wall percentage s?/ﬁiameter and percentage of vessels
~ probably due to the juvenility of the wood. Bhat (1998) studied about the cambial

acfivity and juvenile wood formation in teak. He reported that juvenile wood of teak
was characterized by wide growth rings, a wide microfibrillar angle; small diameter

and low percentage of vessels a@a high percentage of cell wall with short fibres, in

comparison with mature wood. Priya and Bhat (1999) reported that irrigation of five
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year old teak trees led to the loss of typical ring porosity and their first three growth
rings were more or less diffuse porous. This is attributed to uninterrupted cambial

activity resulting in production of uniform sized vessels.

Nbduchi et al. (1996) studied the wood formation and properties, anatomy
and elemental analysis and was investigated in relation to season, topography, soil
moisture content and seasonal changes in leaf area in 22 year old plantation grown
teak. Wood formation was investigated using the pin/nail method (to locate the

cambium); it started after leaf budding and continued until the end of the rainy season.

Relatively little work has been done on the growth rings in dicotyledons.
Most of the research on cambial growth and wood production has gone to the trees of
temperate zones (Brown, 1971). Knowledge about the patterns of cambial periodicity
and wood formation in tropical trees is meager. Like the temperate trees, cambial
activity is more likely to be seasonal or episodic even in the tropical trees (Koriba,
1958). ‘Teak being a tropical tree, knowledge of the effects of environmental
conditions and age on growth periodicity is essential in view of increasing plantation

programmes in the tropics. Variations in the cambium lead to size variation in the ring

width of wood (Srinivas et al., 1998).

Tt is a known fact that diameter growth of trees is brought about by the
addition of new cells derived from the cambium. The growth of vascular cambium in
woody plants is never continuous even in evergreen species. Rather, there is a

periodicity or rhythm for the growth of cambium with periods of activity alternating

with periods of rest or dormancy (Wilcox, 1962).

As early as 1921, Hartig suggested that the cambium is a biseriate layer of
cells producing wood and. bast cells in opposite directions. Later, Bannan (1962)
' proposed the concept that cambium is a uniseriate initiating row of cells producing
xylem and phloem mother cells on either side. According to Bannan (1955) the
initiating layer is functionally uniseriate. Further, the width of the phloem and xylem
mother cell layer varies with the time of the year, vigour of growth and the cycle of
periclinal division. The cells of the dormant cambium are rectangular in cross section
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and the radial walls are thick and have a beaded appearance. With the onset of activity -
the walls become semitransparent and more. Plastic and the protoplasm changes from
gel to sol state (Wort, 1962). Both periclinal and anticlinal divisions occur in the

cambial zone.

Zimmerman and Brown (1971) reported that tree age influenced the
periodicity of cambial activity. Kozlowski (1971) observed that the width and
structure of the annual ring on trees are closely related to the amount and duration of
shoot growth. Further, cambial activity continued for a lengthier period in the small
rapidly growing twigs or shoots that were, late in completing their apical growth
Radial growth in tropical trees may be annual, semi — annual, irregular or continuous

(Tomlinson and Longman, 1981).

According to Wareing (1951), in ring-porous trees, the first formed vessels
were the widest and there evidence of a high initial supply of auxin. Wort (1962)
explainéd that the change from the production of early wood to latewood may be a
response to a changed level of auxin reaching the cambium coupled with a specific
response to a diminishing hormone supply. Fritts (1976) observed that once the
cambial activity initiated and the size of the active zone established, it usually
. remained more or less of the same size until latewood began to differentiate. He also

stated that the changes on growth associating with increasing age varied from site to

site.

Busgan and Munch (1929) observed differences in both initiation and
cessation of radial growth in conifers. - According to them, in the younger trees
cambial activity began earlier and was prolonged than the older ones. According to
Eames and Mac Daniels (1947) the duration of seasonal cambial activity varied with
- different ages of the plant and plant parts. As discussed by Alvim and Alvim (1978),
tropical species exhibiting rhythmic growth were always asynchronous with regard to
growth flushes when they were young, but showed close synchronism in growth

behaviour when mature,
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Wareing (1951) reported that the presence of a reserve auxin precursor in -
the cambium of the ring porous species that revealed the rapid spread ?Pwide vessel
formation throughout the tree at an early stage of bud development. Amobi (1973)
found in trees in low land rain forests in Nigeria that radial growth started either

during the dry season or at the beginning of the rainy season. However, the bulk of

" the wood formed during the rainy season. In many ring porous specics, cambial

reactivation spread so quickly that it appeared simultaneous through out the tree in

twigs, branches and the main stem. .

The earliest work in teak dates}éck to 1856, when Brandis (1879) reported
that growth rings are annual. Later on, Chawdhury (1939, 1940) and Rao and Dave
(1981) carried out some investigations on the periodicity of cambium in teak. In
contrast to many tropical trees, teak being a ring-porous wood, cambium reactivated

simultaneously throughout the stem.

Larson (1969) found that the diameter growth of trees is brought about by
the addition of new cells derived from the cambium. Knowledge of annual increment/
growth ring formation in trees is essential not only to determine the tree age and
growth rate but also wood production in managed forest stands. In such managed

plantations, forest managers will aim at maximizing wood production by intensiye

silvicultural practices which accelerate the tree growth for early harvesting. Brown

(1971) reported that most of the research on cambial growth and wood production has
gone to the trees of temperate zones. Plant axis grows in girth even after they have
ceased to elongate, because of the periodic meristematic activity of cainbia.
Successive additions of the secondary phloem and xylem derived from the vascular
cambium provide new pathwéys for the transportation of the cell sap and assimilate to

parts of the plant and additional cells for mechanical support to the branching and

“enlarging body of woody plant.

Chawdhury (1940) recorded the time of initiation and cessation of cambial

activity of teak grown in three different locations in India. According to him, local

temperature rather than rainfall was responsible for the initiation of cambial activity.

bl

- -
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Lawton (1972) observed in teak grown in Nigeria that cambial activity began in early
March and continued till November thereafter it probably ceased in December to late
February during the dry scason. Rao and Dave (1981) observed that cambial activity
commenced in the first week of June, reached a peak in July and then slowly declined
in teak grown in Calcutta. Further, they found that the initiation of cambial activity
was associated closely with the opening of the dormant foliar buds in first week of
May. This agrees with the observations of Venugopal and Krishnamurthy (1987)
where they found a month’s interval between the onset of bud breaks and cambial
reactivation. -They found in twigs of three to five year old teak grown in Tamil Nadu
that cambial activity began in July and ceased in March. Tomazello and Careloso
(1997) observed a clear relationship between cambial activity and phenological and
climatic condition in 31 year old teak trees grown in Brazil. It is clear from the above

studies that seasonal variations occur in cambial activity of teak in India.

2.3.2 | Vessel characteristics

Vessels are vertical series of cells with open ends placed one above the
other, forming a continuous tube, like the section of a drain pipe, running in the
direction of the long axis of the tree. Their function is to conduct sap (water and
‘nutrients) from the soil and roots to the crown for which they are structurally well
adapted. The size and distribution of rays and vessels in the hard woods have major
effects on wood quality and utility. The patterns of vessel production are of great
importance in determining the utility of hard woods for a given product (Guiher,

1965). It is a well-known fact that wide vessels conduct large volume of water per unit

time (Carlquist, 1985).

Tewari (1992) reported that in teak, early wood vessel diameter ranges

.froﬁ'x 200-320 pm. Teak vessels are arranged in semi-ring porous pattern. The widest
vessel diameter is 270 pm which occur in the ring porous wood; the most common is

medium size vessel diameter varies from 230-270 pm which occur in semi-ring porous

wood and the smallest ones 230 pm in the semi-diffuse porous samples. Vessels in the

late wood abruptly decrease diameters and ranges between 100-70 um. Vessels in
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early wood of teak is large diétinctly visible to the eye, mostly solitary, oval in outline,
partly filled with tyloses and sometimes with white powdery deposits, gradually
becoming smaller towards the late wood; late wood vessels moderately large to small,

mostly solitary or in radial pairs, round to oval in outline, vessel line of the early wood

zone conspicuous on longitudinal surfaces.

Idu and Ijomah (1998) reported that variations in vessel width are

- significant for identification purposes in closely related species. Vessels are of
importance not only for their primary roles but also for impregnation of wood with
chemicals for preservation and pulping. Vessel width showed significant variation

along the stem vertical axis.

Most of the work pertaining to vessel morphology (vessel diameter, vessel
frequency) was mainly restricted to pith to periphery variatEO}z. The vessel frequency
decreases from pith outwards in Eucalyptus regnans (Dadswell, 1958); l:?;lpalyptus
camaldulensis (Chudnoff and Tischler, 1963); Eucalyptus grandis (Bamber and

\70mphreys, 1972); Eucabzptu:s')dalrympleana (Nguyen, 1977) and Eucalyptus piluaris
Bamber and Curtin, 1974). Bamber et al. (1982) reported that the size of the vessels
have become smaller and less numerous and ray volume increase in the fast grown

trees. Their findings revealed that fast growth appears to affect physiologically active
_cells but not the mechanical cells i.e., the fibres. They also revealed that fast grown
trees had more vessel volume, although there were more vessels in slow grown trees in

eucalypt species. Increase in vessel diameter and decrease in vessel frequency in

Eucalyptus grandis clones as tree age increased was noticed.

‘Akachukwu (1987) found that narrow vessels are of smaller lengths than
wider vessels; the vessel dimensions increase with stem age. An individual vessel can
vary in diameter along its length; the widest portion-in Quercus rubra is nearly wider

- than the narrow portions."gvirs and Fisher (1989) reported that liana vessels are
con'sidered to t;e the longest and widest in the plant kingdom. Anatomical
examination of certain tropical and subtropical lianas has shown that larger diameter

stems tend to have longer as well as wider vessels (Pithecodenium crucigerum)

[l
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Fahn (1990) reported that large vessels are not obligatory in lianas and
quite a significant number possess small vessels, for e.g.: Carissa ovata and Quintinia
Jawkneri have mean vessel diameters of 44 pm and 60 pm, respectively. Such a
reduction in vessel diameter in lianas is compensated by an increase in vessel

frequency so that, the proportion of vessels remains higher on average than in trees.

The presence of small vessels in climbers was also recorded by Carlquist
(1984) for the family Lardizabalaceae in which he found mean vessel diameters of 46
um in Akebia quinata, 47 um in Holboellia latifolia, 52 pm in Stautonia hexaphylla,
67 um in Boquila trifoliate and 87 pum in Lardizabala biternata. Although these
vessels average less in diameter than those of large tropical lianas, vessels of lianoid
Lardizabalaceae are larger i\xyliameter thim/those of shrubby Lardizabalaceae and thus
they follow a pattern (Carlquist, 1988). Rao and Rajput (2001) reported that length and

width of vessel elements in species ranges from 435 — 510 pm and 105 to 415 pm

respectively.
233 Tissue proportion : .

‘éov and Rajput (2001) reported that xylem is cc;lalposed of vessel elements,
fibres and unlignified parenchyma cells. Vessels are exceptionally large, solitary but

'radial and tangential multiples of 2-4 cells. In teak wood vessels, fibres, wood

parenchyma and ray parenchyma is there.

“/éhudnoff and Tischlr (1963) found that in Eucalyptus camaldulensis the
fibre, vessel and parenchyma volumes varied between 47 — 62, 13 - 19, 24 — 37 per

cent and in zother tree it varied between 39 — 40, 11-17, 44 — 49 per cent

. respectively.Davidson (1972) reported that in Eucalyptus deglupta “the fibres and

vertical parenchyma, vessels, and ?were 63.5,27.9 and 10.5 per cent respectively.

’ According to Gill and Onuja (1984) various parameters, such as the
distribution of the tissues, proportion of thin-walled tracheary elements, the thickness
of the fibre walls and their physiological ngture are very important characteristics in
determining the quality of a timber. Tewari (1992) reported that fibres in teak are 900-
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1300 pm long, diameter 15-20 pm, wall thickness about 4 um, septations of uneven
occurrence even with in the same sample, pits with dlameter about 2-5 pm including a

fine border; broadly scattered.

Guiher (1965) observed that rays arc groups or plates of horizontally
oriented parenchyma cells, which run in a radial direction from pith or center of the
log towards the bark or periphery. The size and distribution of rpfs and vessels in the
hard wood have a major effect on wood quality and utility. Barghoorn (1941) revealed
that the decrease in the size of rays with phylogenetic advancement may have been
brought about by changes that took place in the cambium. Carlquist (1975) refers to
' the greater proportion of ray tissues in liana exhibiting normal secondary growth than

in other plant forms.
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MATERIALS AND METHODS

The present investigation to evaluate the growfﬁ characteristics and wood
formation of teak seedlings as affected by nutrient status of nursery beds and sowing
methods was conducted at the College of Forestry, Kerala Agricultural University,
Vellanikkara, Thrissur, Kerala. The experiment was carried out from January 2002 to
December 2002. Geographically, the area is located 40 meters above mean sea level at
10°32° North latitude and 76°26°’ East longitude. The ar;;l experiences warm and
humid climate with distinct summer and rainy seasons. The weather data pertaining to
the experimental period are given in Appendix-I. The soil of the experimental site is
* oxisols. The predominant parent material is metamorphic rock of gneiss series. The
average soil pH was found to be 5.8. The. soils and sub-soils were porous and

extremely well drained.

The experimental materials consisted of seeds of teak (Tectona grandis
Linn.f.) procured from the Research Range and Seed Storage Division, Coimbatore.
Winnowing was done to remove the impurities from the seeds. The seeds were graded
using a 9 mm sieve. In order to obtain good and uniform germination, seeds were

subjected to alternate wetting and drying treatment for a cycle of seven days. The
.tteatment involved immersing the seeds in cold water during nights followed by

drying under the sun during day time. Plate 1 shows an overview of the experimental

plot.

Nursery beds of standard size (12 m x 1.25 m x 0.3 m) were prepared by
clearing the land and ploughing the area. Different treatments were randomly allocated
to each plot in factorial combinations following completely randomized design (CRD)
with 3 replications. The pfetreated seeds were broadcasted / dibbled in the nursery
plots at different-spacements. The seeds were tl_len covered with a thin layer of 'sand

and soil and mulching was given. Different nutrient treatments were imposed there

after.



Plate 1. An overview of experimental plot
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3.1 EXPERIMENTAL DETAILS
3.1.1 Main factor A: Nutrients

1. No nutrient
2.  Cow dung: Cow dung was applied at the rate of 0.4 kg m'z_ (i.e., 6 kg / bed

as basal application)

3. Cow dung and neem cake: Cow dung was applied at the rate of 0.4 kg m™
(6 kg / béd) and neem cake at the rate of 0.2 kg m? (i.e., 3 kg per bed) as
basal application.

3.1.2  Main factor B: SoWing methods

1. Broadcasting: Seeds were broadcast at the rate of 6kg per bed.

2. Dibbling: Seeds dibbled at a spaci'ng of 4 cm (between lines) x 4 cm (within
lines) ‘

3. Dibbling: Seeds~ dibbled at a spacing of 8 cm (between lines) x 8 cm (within

lines)
4. Dibbling: Seeds dibbled at a spacing of 12 cm (between lines) x 12 cm

(within lines)

A total of 12 treatment combinations were involved.

3.2 OBSERVATIONS RECORDED

3.2.1 Biometrical observations

The following biometrical observations were recorded for a period of 8

e

months at fortnightly intervals.

3.2.1.1 Shoot length

~ Shoot length was measured from the collar to the tip of the growing point

using a meter scale and expressed in cm.

'3.21.2  Collar girth
Collar girth was measured with the help of a digital caliper and expressed

in mm.



3.2.1.3 Leaf production

The number of leaves produced by each seedling were counted. "

3.2.1.4 Root length

Root length was measured from the collar to the tip of the longest root and
expressed in cm. This was done at monthly intervals.

3.2.2 Biomass measurements

One seedling belonging to each treatment was sampled at monthly intervals
for estimation of biomass. The shoot and root portion of the seedlings were separated
and the following observations were taken.

3.2.2.1 Fresh weight of shoot

The fresh weight (g) of shoot portion was determined separately using a

precision balance.

3.2.2.2 Dry weight of shoot

After finding out the fresh weight, the shoot portion was dried in ﬁot air oven
at a temperature of 100°C for about 24 hours. The drying and weighing was repeated

till constant weights were obtained.

3.2.2.3 Fresh weight of root

Roots were separated carefully from the plant, washed well and the fresh

weight (g) was recorded using a precision balance,

3.2.2.4 Dry weight of root

The dry weight of root was found out after oven drying the sample at 100°C
for 24 hours. This was repeated till constant weights were obtained.

3.23  Anatomical properties

Thin microscopic sections were taken from the collar region of the seedlings
at monthly intervals to study anatomical properties. Anatomical properties were
studied by taking hand sections (5-10 pm) in the initial stages up to eight months. In




0%

the later stages of development, sections (10-15 pm) were taken using a sliding
microtome (Leica SM-2000 R),/The sections were stained using saffranin. following
the procedure outlined by Johansen (1940) and permanent slides were prepared. The
following anatomical observations were recorded.

3.2.3.1 Tissue proportion

Tissue proportion like fibre, vessel, pyenchyma and ray percentages were
determined by using the method outlined by Rao ef «l. (1995). For this, an eleven-
point ocular micrometer scale was placed tangentially on’the cross section from
permanent mount and the numbered point on the scale was identified and recorded.
The total score of each cell type was obtained by running the slide -from one end to the
other both in tangential and radial direction. The cell type is expressed in percentage.

3.2.3.2 Vessel diameter
Vessel diameter (um) was recorded on the permanent sections using a stage
and ocular micrometer. The vessel diameter was recorded from an average of 10

observations per slide.

3.2.3.3 Vessel frequency
The frequency of vessel was determined from the average of 5 counts on the
permanent sections using a stage and ocular micrometer and it was expressed as

‘number per mm?.

3.2.3.4 Ring width

The ring width was measured using a microscope with stage and ocular
micrometer. The xylem produced was measured from the pith up to cambium and was

expressed in micrometres.
3.3 STATISTICAL ANALYSIS

’ The dafa collected were subjected to analysis of variance (ANOVA) using
SPSS software package to determine differences between treatments. Follow up
analysis was conducted using Duncan’s Multiple Range Test (DMRT) for pair wise
comparison of means. Regression analysis Was carried out to findout the relationship

between anatomical properties and biometric characters.
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RESULTS

Results of the investigations carried out at the College of Forestry,
Vellanikkara with the objective of finding out the best nutrient levels and sowing
methods required for the production of good quality teak stumps are furnished below.
The results are presented in four main sections namely, biometric characters, biomass
characteristics, and anatomical properties. Within each main section, effect of
treatment combination on various characters have been discussed first, followed by the

effect of nutrients and sowing methods, separately.

4.1 BIOMETRIC CHARACTERS

The results pertaining to biometric characters of teak seedlings as affected

by different nutrient levels and sowing methods at different intervals of time are

presented in Tables 1 to 8 and Figures 1 to 4.

4.1.1 Shoot length

The effect of nutrients and sowing methods on shoot length of teak
seedlings are given in Table 1 and illustrated in Figure 1. Levels of nutrients and
sowing methods were.found to vary significantly with respect to the parameter shoot
length. Significant variation was found for this character due to nutrient and sowing
‘methods in the first nine fortnights and then gradually the growth slowed down and
there was no significant difference between the treatment interactions in the last seven
fortnights. Highest shoot length was obtained for the treatment combination of
cowdung 0.4 kg/m?® and 12 cm x 12 cm spacing between seeds (N;S;3) in the first ten
fortnights. In the subsequent fortnights it was found that no nutrient and broadcasting
(NoSo) was the best treatment which was followed by NiS3 (cowdung 0.4 kg/m* and
12 cm x 12 cm spacix;g_ between seeds) and NoS3 (no nutrient and 12 cm x 12 cm
spacing between seeds). Least height growth was obtained for the treatment NS,
(cowdung 0.4 kg/m? + neem cake 0.2 kg/m* and 8 cm X 8 cm spacing between seeds)
in the first eight fortnights. Further periods showed that N,S; (cowdung 0.4 kg/m® +
neem cake 0.2 kg/m? and 4 cm x 4 cm spacing between seeds) had the least height

growth. The best performing ;creannents NoSo (no nutrients and broadcasting) and N;S3

e




Table 1. Effect of combination of nutrients and sowing methods on shoot length (cm) of teak seedlings at fortnightly intervals

1 Treat- | Treatment . Fortnights
ment details 1 2 3 4 5 6 7 8 9 10 T 12 13 14 15 16
No nutrients +
NoSo br?adcaslli)ng 41.90* 52.45° 65.45° 70.90° 75.10° 77.75° 81.10 84.45° 88.65 96.15 98.40 98.70 108.60 11230 | 115.00 116.95
contro
No nutrients +
NoS: | spacing4x4 | 29.55° 3460 | 40.50* | 44.40% | 50.15% | s4.55*¢ | s7.80 60.30 | 62.10™ | 63.65 63.70 63.95 70.65 74.50 7835 79.45
cm .
No nutrients + ;
NoS2 | spacing8x8 | 17.00° 21.70° 26.00° 29.60% 35.30° | 39.35¢ 43.40 44.55% | 47.25¢ | 49.85 | 50.50 50.60 51.95 52.15 53.75 54.65
cm N
No nutrients + -
1 NoS3 spaci;gl'lx 28.65° 37:15% | 4650° | 54.75* | 62.60 | 67.00% 71.85 76.15® | 81.00® | 84.00 86.85 86.30 9520 | 10020 | 10625 109.60
j 12cm . . .
| N\So 'C"“‘,"““g.:g 34.05° 45.45° 4755 | 48.65™ | 48.85% | 49.45% 4920 50.65% | 52.50¢ | 53.45 53.55 53.70 54.95 56.70 | 62.20 63.75
© 1 Cowdung+
NiS; | spacingdx4 | 2925 37.80% | 47.50° | s6.s0° 62.30 - | 64.65* | 66.85 66.90% | 67.35* | 68.50 70.35 70.85 71.25 71.40 71.60 72.25
om ;
Cowdung +
NS, | spacing8x8 | 31.10° 4025% | 48.15° [ s4.15* | 58.95¢ | 60.50% | 63.25 64.40 | 6630 | 68.05 68.30 68.70 71.35 72.35 73.85 74.80
cm .
Cowdung +
NiS; | spacing12x12 | 44.75° 58.70° 65.60° | 71.50° 73.95® | 78.00° 81.85 84.75° 87.75° 89.75 91.30 92.35 95.60 99.20 | 100.90 102.40
cm .
Cowdung +
NS, neem cake + | 32.00° 39.15¢ | 439¢° 49.50¢ | 55.40% | 58.70% 61.25 62.30~ | 65.80% | 66.05 66.15 66.95 68.55 70.75 71.90 72.30
broadcasting .
Cowdunrg +
NS, "‘i;g;“;* 28.25° 31.70° | 33.95° | 35.75¢ | 37.85 | 39.10¢ 41.05 4155 | 42.10° | 4275 43.60 43.70 44.75 4520 | 46.80 47.10
4xdcm -
Cowdung + T
N:S: “‘;’;;k;* 1145 | 14506 | 19.00° [2325% | 2880° | 3260° | 37.45 4145 | 4755 [ 5155 | 5195 | 5210 5545 | 5690 | 57.20 56.00
8x8cm
Cowdung +
N.S; ““sg‘;;i:* 28.70° 34.10% | 39.65° | 43.40% | 47.35% | 5115 54.35 58.10%* | 6.95¢ 65.50 67.15 68.70 79.95 80.60 89.80 92.60
12x12¢em )
F 12.49* 11.20* 11.03* 9.75* 8.03* 6.44* 227" 4.58* 3.91* 3.58NS 3.64S 3.29N8 2.82% 2278 | 1.62M 1.45%%
SEM 0.74 0.90 1.148 1.39 1.65 1.89 4.66 2.41 2.73 3.08 3.15 3.35 4.01 4.61 5.13 5.44
CD (0.05) 2.77 3.37 431 241 2.86 327 8.07 4.18 472 5.33 5.45 5.80 6.94 7.98 888 - 9.43

** Significant at 0.01; * Significant at 0.05; NS - Non significant
Values sharing same alphabets do not differ significantly between themselves at P = 0.05
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(cowdung 0.4 kg/m® and 12 cm x 12 cm spacing between seeds) were at par as is

evident from the Table 2.

Table 2 shows the effect of nutrients on shoot length of seedlings. The
treatments were found to be significant throughout the study period. Cowdung
0.4 kg/m* was the best treatment followed by no nutricnts in the first eight foﬂnigflts.
However, in the last eight fortnights the no nutrients treatment showed best height

growth followed by the cowdung 0.4 kg m™ treatment.

Sowing method were also found to vary significantly with respect to shoot
length (Table 2). The best sowing method during the study period was a spacing of
12 cm x 12 cm between seeds and the broadcast sowing method which were at par.

Least performing treatments were 4 cm x 4 cm spacing between seeds and the

treatment 8 cm x 8 cm which were at par after the initial six fortnights of observation.

4.1.2 | Collar girth

The effect of nutrients and spacing on collar girth of seedlings is shown in

Table 3 and illustrated in Figure 2. Effect of the combination of the nutrients and
sowing methods were found to vary significantly during the six f:c;ﬂnights of initial
observation. However, analysis of variance showed that there was no significant |
' differencg between different treatments after six fortnight of observation. However the
‘best treatment was N2S3 (cowdung 0.4 kg m™ + neem cake 0.2 kg m™ and 12 cm x
12 cm spacing between seeds) which was followed by N;S; (cowdung 0.4 kg m™ and

spacing 12 cm x 12 cm between seeds) which was followed by NoS3 (no nutrients and

12 cm x 12 cm spacing between seeds).

Data furnished in Table 4 shows the effect of nutrients and sowing methods
on collar girth of seedlings. Levels of nutrients were found to vary significantly with
respect to collar girth. The best treatment at the end of the 16" fortnight was the
treatment used as control i.e., no nutrient with a collar girth of 12.882 mm which is
followed by cowdung 0.4 kg m? + neem cake 0.2 kg m? with a collar girth of

10.338 mm. The best performing treatment during the study period was found to be



Table 2. Effect of nutrients and sowing methods on shoot length (cm) of teak seedlings at fortnightly intervals

Fortnight

I 1. 2 3 ) 5 6 7 3 9 10 1] 12 3 14 15 16
Nutrient

1.No
nutrient '
(control) ' | 2928 36.48° 44.61° 4991° 55.79 59.66° 63.54° | 6636 69.75° 73.41° | 74.86° | 74.89 81.60° 84.79 88.36 90.16
2.Cowdung | 34.79" 45.55° 52.20° 57.70° 61.01° 63.15° 72.79° 66.68° 68.48° 69.94° | 70.88° | 71.40® | 73.29% | 74.91 77.14 78.30
3.Cowdung . | - . .
+Neem cake | 25.10° 29.86° 34.13° 37.98° 42.35° 45.39° 48.53° 50.85° 54.10° 5646° | 57.21° | s7.86° 61.43° 63.36 65.95 67.19
F test 28.99* 51.53* 41.65* 34.06* | 22.60* 16.54* 4.60* 9.37* 6.77* 5.65* 5.77* 4.82% 427 3.61 3.179 2.97 |
Sowing methods .

1.Broadcasti 35.98° 45.68° 52.30° 56.35° 59.78° 61.97 63.85° | 65.80° | 68.98° 71.88° | 7270° | 73.12° 71.37° 79.92° 82.73° 84.33°
ng (control) .

2. Spacing 4 29.02° 34.70° 40.65° 4555 50.10° 52.77° 5523% | 5625° | s7.18° 58.30° | 59.22° | 59.50% | 62.22° 63.70° 65.58° 66.27°
cmx4 cm } .

3. Spacing 8 19.85° 25.48° 31.05¢ 35.67° 41.02° 44.15¢ 48.03° 50.13° 53.70° 5648 | 5692° | 57.13° 59.58° 60.47° 61.27° 62.07
cmx 8 cm

4. Spacing 34.03° 4332° 50.58° 56.55° 61.30° 65.38° 79.35° 73.00° 76.57° 79.75* | 81.77° | 82.45° 89.25° 93.33° 98.98° [ 101.63°

12cmx 12

cm

F test 47.81*: [ 52.52% 36.75* | 25.86* 16.27* 12.82* 4.18* 8.79* 7.52* 6.55% 6.92* 6.33* 5.98* 5.47* 5.67% 5.54%
Nutrient vs spacing

F test o 12.49* 11.20% 11.03* 9.75* 8.03* 6.44* 226 ] 4.58* 3.91* 3.58" 3.64Y% 329 2.82 227 1.62° 145
SEM 0.74 0.90 1.148 1.39 1.65 1.89 4.66 241 2.73 3.08 3.15 |. 335 4.01 4.61 5.126 5.44
** Significant at 0.01; * Significant at 0.05; NS - Non significant - i

Values sharing same alphabets within the main treatments do not differ significantly between themselves at P = 0.05

-
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Table 3. Effect of combination of nutrients and sowing methods on collar girth (mm) of teak seedlings at fortnightly intervals

Treat- Treatment Fortnights
ment details 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
No nutrients +
NeSo br?admli)nz 4.84% 5.44% | 691* 753 8.23*® 8.58® 9.02 9.33 9.69 10.41 10.76 | 11.36 11.68 11.88 1225 | 1230
contro
No nutrients + b bod abod
NoS, spacing 4 xdcm | 4-50* 5.17 5.62 6.08 | 6.78 7.90%¢ | 844 | 8844 9.51 10.27 1068 | 11.35 11.77 12.04 1298 | 13.31
No nutrients +
NSt | acing8x8om | 423 | 501% | ssom | sopee | o | ggq 752 | 7956 | 8421 | 946 996 | 10.38 10.46 10.74 1139 | 1152
No nutrients + T
NS spac‘ir;ggzx 4.95% 577" | 7.01® 757 8.60° 9.14° 9.50 | 10.02 10.47 11.29 11.88 | 12.60 12.90 13.37 14.10 14.40
| Cowdung + be ode ode def
NiSo broadeasting 408~ 437 5.04 536 | 562 5.95 651 | 657 6.65 6.93 7.18 7.28 7.31 737 7.64 7.7
NS, spfc‘i’n“;‘f x‘“fm 4.09% 485* | 567 | 621%™ | 7.05% 731%* | 770 | 8.12 8.52 8.84 9.154 | 927 9.31 9.35 9.49 9.53
| NiS,; spfc?,,“g“""s x"‘;m 527* 565 | 623* | 674% | 7.49% 8.04%* 859 | 883 9.29 9.86 10.15 | 10.35 10.86 10.93 1.10 | 11.17
Cowdung +
NiS; | spacingi2x12 | 5612 6.20° 7.16 7.72* 8412 8.95® 9.356 | 9.76 10.22 10.72 10.89 | 11.33 11.72 11.82 ‘12.14 12.35
cm
Cowdung +
NS, neem cake + 3.66° 4.10% | 526 | 555 5.95%¢ 650 | 700 | 721 7.44 7.56 7.78 7.93 8.12 - 8.16 8.40 9.48
broadcasting
Cowdung +
NS | "t | 36t 400 1 an® | aea* | s07% | 553 | 608 | 634 | 654 | 6841 | 698 | 699 7.03 7.07 723 | 723
§ 4x4cm
Cowdung + .
NS, M::'a;':* 3.44¢ 372° | 395 | 434 | 458 5.07° 553 | 629 | 600 | 6848 | 758 .| 843 8.80 9.02 944 | 9.66
8x8cm )
Cowdung +
‘ neem cake + a ~ab o N
N,S3 spacing 5.86° 825 7.03 7.59% 8.20™ 8.80™ 926 | 10.02 10.65 11.38 1203 | 12.82 13.75 13.76 14.53 | 14.96
12x 12cm :
F 3.15* 2.75% | 2.41* 2.32¢ 2.50* 227+ 1.82% | 157 | 1.98% | 1.49% | 1288 | |9 1.51N8 1.26™ 1.23% | 125"
SEM 0.14 0.21 0.19 0.22 0.257 0.27 10.30 0.32 0.35 0.40 0.44 0.49 0.52 055 | 059 0.61
CD (0.05) 0.54 0.80 0.72 0.82 0.93 1.00 1.11 122 1.30 1.51 1.65 1.85 1.94 2.06 220 230

** Significant at 0.01; * Significant at 0.05; NS - Non significant
Values sharing same alphabets do not differ significantly between themselves at P = 0.05
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Table 4. Effect of nutrients and sowing methods on collar girth (cm) of teak seedlings at fortnightly intervals

°

Fortnight
Treatment 1T ] 2 | 3 a 5 6 7 1 8 | 9 10 1 12 13 14 15 16
Nutrient
1. No
nutrient ' 4
(control) 4.63 5.34 6.26* 6.79" 7.50° 8.12° 862 .| 9.04 9.53° 10.36° 10.82° 11.42° 11.70° 12.00° | 12.68° 12.88°
2. Cowdung | 4.77 $23. | 6.03° 6.51° 7.141° | 756 | 8.04* 8.32® 8.67° 9.09% 9.34® 9.56® 9.8 9.87 10.09° | 1019°
3. Cowdung . )
+Neem cake | 4.15 5.02 5.14° 5.53° 5.95° 6.47° 697 | 746 7.66° 8.16° 8.60° 9.04° 9.43° 9.50° 9.90° - | 10.34®
F test 332 | 027 6.41* 623* 7.22% 6.55% 5.38* 3.95* | 4.90* 5.03* 4.85* 432+ 3.71* 4.06* 4.69* 4.09*
Sowing methods
1.Broadcasti : _
| ng(control) | 4.19° | 4.64° | 574° 6.15° 6.60° 7.01° 7.51° 7.70° 793° 8.30° 8.57° 8.85° 9.04° 9.14° 9.43° 9.83"
2. Spacing 4
cmal:«%c: 4.08° 4.68° 5.20° 5.65° 6.31° 6.91° 7.40° 7.17° 8.19" 8.65° 8.94° 9.21° 9.37° 9.49° 9.90" 10.02°
3. Spacing 8
cmiaSeng\ 4.31° 4.9 5.23° 5.69° 6.15° 6.66° 7.22° 7.69° 7.90° 8.72° 9.23° 9.72° 10.04° 10.23* 10.65° 10.79°
4. Spacing '
12cmx 12 .
cm 5.48° 6.73° 7.07 7.63 8.40° 8.96 9.37 9.93* 10.45° 11.13° 11.60° 12.25* 12.79° 12.98° 13.59* 13.90°
F test 9.99* { 724* | 10.4* 9.17* 8.94* 7.93* 5.79* 5.83* 6.33* 521* 442+ 4.88* 5.43* 5.06* 5.08* 4.78*
Nutrient vs spacing
F test 3.15% | 2.75% | 241+ 2.32% 2.50* 2.27% 1.82° ] 1.57™ | 1.98% | 148 | 128 | LI19™ 151 126~ | 1.23° | 125 |
SEM 0.14 0.21 0.19 0.22 0.25 0.27 0.30 0.32 0.35 0.40 0.44 0.49 0.52 0.55 0.59 0.61

** Significant at 0.01; * Significant at 0.05; NS - Non significant
Values sharing same alphabets within the main treatments do not differ significantly between themselves at P = 0.05

~
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cowdung 0.4 kg m™ during the initial period. But in the further period of growth )the

control treatment performed better than the other nutrients.

Levels of sowing methods were found to vary significantly with respect to
collar girth. The best sowing method during the study period was a spacing of 12 cm x
12 cm between seeds with a collar girth of 13.902 mm at the end of the study period.
While considering other sowing methods, the least performing treatment was
broadcast sowing method with a collar girth of 9.83 mm at the end of the study period.

However all the three treatments viz., broadcasting, spacing 4 cm x 4 cm between

* seeds, spacing 8 cm x 8 cm between seeds were at par during the study period.

4.1.3 Number of leaves

Analysis of variance revealed that the treatments differed significantly
between themselves at all fortnigths of observations except in the last three fortnights.
The effect of nutrients and sowing methods on number of leaves produced is shown in
Table 5 and illustrated in Figure 3. The number of leaves produced in each fortnight
varied significantly between treatments during all fortnights. In the first four fortnights
the best treatment was NoSo (control) and in the later fortnights the best treatment was
N,S3. (cowdung 0.4 kg/m2 + neem cake 0.2 kg/m® and a spacing of 12 cm x 12 cm
between seeds). NoSo (control) was the next best treatment with a leaf number of 32.40
at the end of the 13" fortnight. Treatment combinations were non significant from 13"
to 16™ fortnight. Least performing treatment at the end of the 13" fortnight was NS,
(cowdung 0.4 kg/m® + neem cake 0.2 kg/m? and a spacing of 4 cm x 4 cm between

seeds) with a leaf number of 24.8.

Table 6 shows the effect of nutrients and sowing methods on leaf number
of teak seedlings. Levels of nutrients were found to vary significantly with respect to
leaf number. Considering the nutrient, the best treatment was the control treatment
with & leaf number of 35.65 at the end of the study period which was followed by the.
treatment cowdung 0.4 kg/m® with a leaf number of 33.05. The least performing

treatment was cowdung 0.4 kg/m?+ neem cake 0.2 ke/m”® with a leaf number of 31.9,

opp




Table 5. Effectof combination of nutrients and sowing methods on leaf number of teak seedlings at fortnightly intervals

Treat- Treatment Fortnights
ment details 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
No nutrients +
NeSo broadcasting 19.2° 20.8° 21.4® 23.2° 24.4* 25.6° 26.8 282 28.8° 29.6® 30.6° 31.2% 32.4° 34.6 356 35.8
) (control) °
NoS: s;‘a‘;:;‘;“’;‘f ol 12 e | 212® 22.6° 238* | 254° 27.2° 28.0° 29.2° 30.4° 30.4° 32 318 [ 336 | 350 36.0
NS; | gonumients® | 166 | 186® | 196% | 21.4% 26" |22* |24 |66 [272° 286° [ 292* [ 292% |302% |332 | 352 36.4
‘| No nutrients + )
NoSs spacing 12 x 14.8% 16.8* | 17.6% 19.6% 21.0¢ | 224% | 236" 25.2% 26.2® 27.2% 27.8% 28.4% 29.6*¢ | 31.6 33.2. 344
12cm )
NiSe gg;‘f;st"ﬁl; 182 1196 | 200° | 218 | 224% [238% |250* 2622 |268° |284® |284® | 24> 296* | 308 | 322 330
NS, | e | 152 | 1707 [172% | 188 | 196 | 212% | 2187 232% | 23.8% | 24%% | 242 | 252¢ |358% | o7 214 280
Cowdung + ab ab b
NSz | Cing8xgem | 1867 [ 206" | 214 23.2 25.0° 25.6° 266 |26 | 280 294 298% | 304 31.8° | 329 | 349 35.7
Cowdung + )
NiS; | spacing12x12 | 18.8® 20.8° 22.2° 23.2° 24.0% 25.0* 25.6® 26.4° 27.0* 28.8® 29.8% 30.6® 31.4® 339 34.7 355
cm
Cowdung + j
N,So neem cake + 17.6® 18.8% | 19.6™ 21.0* 22.6% 23.6% 24.6® 254> 26.0% 26.6™ 26.6™ 27.4% 28> 28.4 29.6 29.8
broadcasting .
Cowdung +
N:S, "";’;‘;fn"ge T e 164° | 17.2¢ 182% | 194% | 202% | 212 [ 216 | 218 228 23.0° 238¢ | 248 264 | 210 27.0
4x4cm
Cowdung + s
NS | M | nat B2 w1600 |12 | 1se | 106 |2z | ng 23.8% | 242%% | 2527 | 266 | 294 | 302 312
8x8cm
Cowdung +
N»S; "ezgag": * 18.6® 202 | 21.8* 23.0° 24.4® 25.8° 26.6° 28.2° 29.2° 30.6* 30.6° 31.4%® 32.6° 35.6 382 39.6
12x12cm
F 11.09* 1L17% | 11.45¢ | 10.16* | 11.42% 9.22* 8.11* 6.96* 5.40% 5.97* 491* 4.846* | 3.816* | 3.16™| 3408V | 3231™
SEM 0.29 0.29 0.32 0.32 0.33 0.35 0.38 0.38 0.19 0.45 047 | 0507 0.535 0.637 [ 0.707 0.765
CD (0.05) 112 1.11 1.21 1.22 1.24 1.33 1.44 1.48 0.73 1.72 1.80 1.934 2.04 2429 | 2.696 2.918

** Significant at 0.01; * Significant at 0.05; NS - Non significant
Values sharing same alphabets do not differ significantly between themselves at P = 0.05
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Table 6. Effect of nutrients and sowing methods on leaf number of teak seedlings at fortnightly intervals

Fortnight
Treatment 1 2 3 2 5 3 7 g 9 10 T 2 13 iq 5 16
Nutrient
1. No
nutrient .
(control) 17.05* 18.95* | 19.95 21.70° 22.95° 24 40 25.75*. | 27.00° 27.85° 28.95* 29.50° 30.20° 31.00° 33.25° 34.70° 35.65°
2. Cowdung | 17.70° 19.50° | 20.20° 21.75° 2275 123900 | 24.75° 25.85° 2640 | 27.65° | 28.05® | 28.65" | 2965 | 31.15® | 32.30® | 33.05®
3. Cowdung ol . .
+ Neem cake | 15.50° 1718 | 18.30¢ 19.55° 20.90° 22.00° 23.00° 24.10° 24.95° 25.95° 26.10° 26.95° 28.00° 30.00° 31.25° 31.90°
{ Ftest 9.88* 11.79* 7.02* 10.25* 8.07* 8.81* 9.03* 9.48* 7.33* 7.38% 8.71* 6.87* 5.27* 4.59* 4.17* 4.20*
~ | Sowing methods
‘ LBmadcafti 18.33° 19.73* | 2033° 22.00° 23.13° 24.33° 2547 26.60° 2720 | 2820® | 28.53® | 29.00° | 3000° | 31.27° 32.40° 32.87°
ng (control) :
_?..&Spacing4 15.73° 17677 | 18.53° 19.87° 20.93° 22.27° 23.40° 24.27° 24.93¢ 25.73° 25.87° 27.00° 27.47° 29.00° 29.80° 30.33¢
cm x4 cm -
3. Spacing 8 | 15.53° 1747 | 1853° 20.20° 21.60° 22.73° 23.87° 25.13° 26.00* | 2727 27.73° 2827% [ 29532 31.83*° | 3343 | 34.43®
cmx8cm
4. Spacing 17.40° 1927 | 20.53° 21.93* 23.13° 24.40° 25.27° 26.60° 2747 28.87° 29.40° 30.13° 31.20° 33.70° 35.37° 36.50°
12cmx 12
cm
F test 10.52* 1.56* 597+ 6.17* 5.85* 4.94* 3.65* 4.43* 3.57* 451* 5.10* 3.37* 4.24% 4.62* 5.38* 5.78*
Nutrient vs spacing
F test 11.09* 1.17*¢ ] 11.45* 10.16*  [:11.42% 0.22* 8.11* 6.96* 5.40* 5.97* 4.91* 4.85* 3.82* 3.16™ 341 | 323
SEM 0.29 0.29 0.32 0.32 0.33 0.35 0.38 0.38 0.19 0.45 0.47 0.51 0.54 0.64 0.71 0.77

** Significant at 0.01; * Significant at 0.05; NS - Non significant
Values sharing same alphabets within the main treatments do not differ significantly between themselves at P = 0.05
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Levels of sowing methods were found to vary significantly with respect to
number of leaves produced during the study period. The best sowing method during
the study period was the broadcast sowing method with a leaf number of 18.33 at the
initial fortnight of observation which was followed by the sowing method with a
spacing of 12 cm x 12 cm between seeds. Considering the.treatment broadcasting and
the widest spacing of 12 cm x 12 cm produced maximum number of leaves during the
study period and the treatments were at par also. The least number of leaves was
obtained for the lowest spacing treatment 4 cm x 4 cm between seeds with a leaf

number of 30.33 at the end of the study period.
4.14 Root length

Root length showed significant differences at all stages of observations as
" is evident from the data furnished in Table 7 and illustrated in Figure 4. In the case of
interaction effect of nutrients and spacing the treatment NoSo recorded maximum root
length (42.6 cm) and was followed by N,S3 (cowdung 0.4 kg/m* and a spacing of
12 cm x 12 cm between seeds) and NSz (cowdung 0.4 kg/m* and a spacing of 8 cm x
8 cm between seeds) in the first month of observation. The treatment NoS; (no
nutrients and a spacing of 4 cm x 4 cm between seeds) recorded the minimum root
length (23.6 cm) which was followed by N;S; (cowdung 0.4 kg/m? and a spacing of
4 cm x 4 cm between seeds) in the initial month of observation. In the eighth month of
;bsewation the root length was the maximum (85.7 cm) for NoSo (control), which was
followed by treatment N;Sz (cowdung 0.4 kg/m’ and a spacing of 8 cm x 8 cm
between seeds) with a root length of 85.60 cm. The minimum root length of 49.2 cm
was recorded by the treatment NaS; (cowdung 0.4 kg/m2 + neem cake 0.2 kg/m” and
a spaéing of 4 cm x 4 cm between seeds) which was followed by the treatment N,S,

(cowdung 0.4 kg/m® + neem cake 0.2 kg/m? and a spacing of 8 cm x 8 cm between

seeds).

At th; eighth month, the treatments NoSo (control), N;S; (cowdung
0.4 kg/m2 and a spacing of 8 cm x 8 cm between seeds), N;S; (cowdung 0.4 l’(g/m2

and a spacing of 12 cm x 12 cm between seeds) were at par with the maximum root




Table 7. Effect of combination of nutrients and sowing methods on root length (cm) of
teak seedlings at monthly intervals

Treat- Treatment : Months
ment dett:nls 1 -2 3 4 5 6 7 8
N trients + a ) a a 0 2 0)
NoSo |, 1 dg;;;n e aonto) 42.60 50.60 57.40° | 61.40 70.90 76.00 81.30 85.70
NoS; | Ne ""‘j;e;‘;‘:mspacms 34.40° 41.40° | 4520 [ 49.20° | 52.60° 5420 | 56.60% [ 60.30°
NoS; | No "utgin;s;‘spacins 27.70% 31.70°° | 35.40° | 39.86% | 45.50% | 49.00% | 52.60Y | 56.60%
NoS; | No ""‘Ifzfcmls; spacing | 29,107 34.90% | 38.50% | 42.80°" | 46.40% | 55207 | 58.40% | 62.20°
X lacm
N;So Cowdung + 27.00%" 29.50% [ 33.70°T | 36.80T | 38.90% | 4520 | S51.10% | 57.60%
brondcnsling
NS, Cowduns4+ spacing4x | 25.30% 26.90° | 29.70" | 32.20" | 34.40% | 40.00" | 46.40% | 52.70%
cm
NS, | Cowdung + spacing 8 x 35.66°° 40.30° 46.30% 60.70° 62.50° 72.00° 79.90° 85.60°
8 ¢l )
N,S; | Cowdung+ ::aacing 12 37.80° 43.40° 48.20° 57.90° 59.50° 65.50° 72.80° |- 82.90°
12¢
N,S, Cowdu:g-l-n:.em cake | 26.70°% | 35.10° | 42.80% | 47.80" | 49.70°" | 59.30° | 68.60° | 76.80°
+ broadcasting T = T T T r
N,S, | Cowdung+neemcake [ 23,607 30.60°°'| 35.30 42,10 44.10 45.60¢ 47.80% | 49.20
+ spacing . ’
4x4cm del’ cde e de el ol T
N,S, | Cowdung+neemecake [ 27,00 31.80 35.40 39.10 41.10 43.207, 45,908 49.40
+ spgcins
8x 8cm
N;S, | Cowdung+neemcake | 25.90%" [ 30.40%" [ 34.50T | 3880% | 43.007 | 53.30% | 62.90° | 70.50°
+ spacing ’
12x12cm - i
F 33.26* 30.21* | 30.10* | 43.43* | 48.59* | 37.51* | 60.04* | 62.32*
SEM 0.44 0.58 0.67 0.74 0.73 0.86 0.74 0.76
CD (0.05) 1.67 2.22 2.55 2.83 2.78 3.26 2.82 2.90

* Significant at 0.05; ** Significant at 0.01; NS - Non significant
Values sharing same alphabets do not differ significantly between themselves at P = 0.05
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length which was followed by the treatments N,Sg (cowdung 0.4 kg/m* + neem cake
0.2 kg/m2 and broadcast sowing method) then by N,S; (cowdung 0.4 kg/m? + neem
cake 0.2 kg/m’® and a spacing of 12 cm x 12 cm between seeds). The leasvt.performing
treatments were NaS; (c.owdung 0.4 kg/m2 + neem cake 0.2 kg/m2 and a spacing of
4 cm x 4 cm between seeds). and stz'(cowdung 0.4 kg/m® + neem cake 0.2 kg/m?
and a spacing of 8 cm x 8 cm between seeds). The treatments NgSo, (control), N;S,
(cowdung 0.4 kg/m2 and 'a spacing of 8 cm x 8 cm between seeds), N;S; (cowdung
0.4 kglm" and a spacing of 12 cm x 12 cm between seeds) were at par with the
maximum root length which was followed by the treatment I&;So (cowdung 0.4 kg/m*
+ neem cake 0.2 kg/m® and broadcast sowing method) and N,S; (cowdung 0.4 kg/m®
+ neem cake 0.2 kg/m® and a spacing of 12 cm x 12 cm between seeds). The least
performing treatments were N;S; (cowdung 0.4 kg/m” + neem cake 0.2 kg/m* and a
spacing of 4 cm x 4 cm between seeds) and N2S; (cowdung 0.4 kg/m* + neem cake

0.2 kg/m? and a spacing of 8 cm x 8 cm between seeds).

Table 8 shows the effect of nutrients and sowing methods on root length of
seedlings. Levels of nutrients were found to vary significantly with respect to root
length of teak seedlings. When considering the effect of nutrients..on root length of
teak seedlings separately the maximum root length (33.45 cm) was recorded by the
control treatment (no nutrients), which was at par with the treatment cowdung 0.4 kg

“m? with a root length of 31.44 cm at the first month of observation. This trend
continued up to the last month of observation. At the end of the study period the
maximum root length of 69.7 cm was recorded by the treatment cowdung 0.4 kg m™.
Minimum root length of 61.48 cm was recorded by the treatment cowdung 0.4 kg m™

and neem cake 0.2 kg m™ at the end of the study period.

Levels of sewing methods were found to vary Significantly with respect to
the root length. Highest root length of 32.1 cm was recorded by broadcast treatment
which was followed by the treatment spacing 12 em x 12 cm between seeds with
30.933 cm root length in the initial month of observation. Least performance was
observed in the spacing treatment of 4 cm X 4 cm between seeds with a root length of

27.767 cm in the first month of study. However, in the eighth month of observation




40

Table 8. Effect of nutrients and sowing methods on root length (cm) of teak seedlings
at monthly intervals

Months
Treatment 1 2 3 ] 5] z 5 g
Nutrient ’
1. No nutrient 33.45° 39.65° 44.13° 48.32° 53.85° 58.60° 62.23° 66.20°
(control) .
2. Cowdung 31.44° 35.03° 39.48" 46.90° 48.83° 55.68° 62.55° 69.70°
3. Cowdung + 25.80° 31.98° 37.00° 41.95° 44.48° 50.35° 56.30" 61.48°
Neem cake
F test 54.79* | 29.35* 19.58* 13.48* 27.69* 15.94* 15.13* 19.72%
Sowing methods
1.Broadcasting | 32.10° 38.40° 44.63" 48.67° 53.17° 60.17° 67.00" 73.37°
(control) ’
2. Spacing 4 2777 | 32.97° | 36.73° 4117 43.70° 46.60° 5027° | 54.07°
cmx4cm
3. Spacing 8 30.12° | 34.60© | 39.03° 46.55* 49.70° 54.73" 59.47° | 63.87°
cmx8cm
4, Spacing 12 30930 | 36.23° | 40.40° 46.50° 49.63° 58.00° " | 64.70° | 71.87°
cmx 12 cm
F test 8.77* 7.94* 12.37* 9.27* 14.57* 24.21* 50.58* | 65.14*
Nutrient vs spacing .
F test 33.26* 30.21* [ 30.10* 43.43* 48.59* 37.51* 60.04* 62.32*
I SEM 0.44 0.58 0.67 .0.74 0.73 0.86 0.74 0.76

* Significant at 0.05; ** Significant at 0.01; NS - Non significant

Values sharing same alphabets do not differ significantly between themselves at P = 0.05

vee
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the maximum root length (73.37 cm) was recorded by broadcast treatment and
‘ minimum root length (54.07 cm) was recorded by the treatment with the spacing of |
4 cm x 4 cm between seeds. In the last three months, the broadcast treatment and the

spacing treatment of 12 cm x 12 cm between seeds were at par.

42 BIOMASS CHARACTERISTICS

Results pertaining to the effect of nutrients and sowing methods on the
biomass characteristics of teak seedlings at monthly intervals.are presented in Table 9

to 16 and illustrated in Figures 5 to 8.

4.2.1 Shoot fresh weight

Data given in the Table 9 reveal that there is signiﬁcant differencg between
treatments in the case of shbot fresh weight throughout the study period. Figure 5
graphically illustrates the shoot fresh weight of the seedlings as influenced by
nutrients and sowing methods. The treatment NoSo (control) had consistently higher
shoot fresh weight during the initial stages of Qbservation with a maximum shoot fresh
weight of 3.9 g. However during the end of the study period maxjimum shoot fresh
weight of 33.05 g was recorded by the treatment N»S;3 (cowdung 0.4 kg m? + neem
cake 0.2 kg m™ and a spacing of 12 cm x 12 cm between seeds). At the end of the
study period N;S; (cowdung 0.4 kg m? and a spacing of 4 cm x 4 cm between seeds)
recorded lowest shoot fresh weight of 24.85 g at the end of the study period. At this
stage however, the treatments NoSo (control), NiS;3 (cowdung 0.4 kg m™ and a spacing
of 12 cm x 12 cm between seeds), N2So (cowdung 0.4 kg m2 + neem cake 0.2 kg m?
and broadcast sowing method), N2S; (cowdung 0.4 kg m™ + neem cake 0.2 kg m?
and a spacing of 4 cm x 4 cm between seeds), N2S (cowdung 0.4 kg m™ + neem
cake 0.2 kg m? and a spacing of 8 cm x 8 cm between seeds) and N,S; (cowdung

0.4 kg m? + neem cake 0.2 kg m? and a spacing of 12 cm x 12 cm between seeds)

e

were at par.

Data furnished in Table 10 reveal that there is significant difference

between the levels of nutrients on shoot fresh weight of teak seedlings. In the initial

5573



4R

Table 9. Effect of combination of nutri i
{ nutrients and sowing methods '€
weight (g) of teak seedlings at monthly intervals ’ o shoot fresh

Treat- Treatment Montl
ment details onths
NoSo No nutrients + 3;0- 6.54:;)" 10 738' v 72" 58 ‘6 7 8
b'?:::ﬁ‘f)"“ ) | 17. 23.69 28.08° | 30.184° | 31.37°
N,S No nutrients + be od LI
oSt | peingaxdem | 2O 3.80°° 6.17% | 10.82% [ 14.69% | 19.97™ | 25.23% | 26.91°
No nutri ' '
NS | o asen | 2o | 319 562 | 10237 | 14750 | 1863 | 2367 | 258"
NoS, | Nomuemst TT2357 |337% | 03¢ | 10847 157" 12062% [ 238" | 2594
N,S Cowdung + be bed g : )
S0 | e 279 | 426" | 6.29% 11.09°% | 15.24% 19.91% [ 30.18° | 31.40°
N,S Cowdung + c - - 3 < )
1S spacing4l;cg4 . 2.29 3.18° 6.05% | 10.86% 14.57° 20.27" | 23.21° | 24.85°
NiS, [ Cowdingt 2.36° | 3.45% 6.12%° | 10.94%" [ 14.61% 20.51% | 23.49° | 26.41%
N,S Cowdung + b (7 bed n o
153 | ¢ acing l;l;glzc:m 2.88 4.80" 7.18 12.28%% [ 15.78" 20.63% | 25.83%0 [ 31.03°
NS, | Cowdung #neem | 2.86% [ 4.34° T3 | 1243%% | 15399 | 2034% | 30.16° | 3145°
S = br:;adcasting 5 5 .
owdung + neem be bed c bed
1| eake + pacig 3.04% | 4.60 740" | 1256 15607 [ 2036 | 26.74™ | 31.54°
XxX4cm
N,S, | Cowdung+neem be o 67° 90° g =
252 cak:::mms 3.05 5.30 7.67 12.90 15.96" 2148° | 26.94% | 32.07°
cm
N,S, | Cowdung + nee .34° ,01% 8.06° 13.58" b
N R a:(;"_:pacins"‘ 3.34%"° | 5.01 16.95 21.76° 27.689 33.05°
x12cm
F. 2.14% | 7.89* 17.49* | 19.73* 3156+ A"
SE 010 | 016 | 0.5 | 020 0.19 o 13
CD (0.05) 0.37 | 0.60 0.56 0.77 0.71 0.94 1.06 8';;

* Significant at 0.0
Values sharing same a

5; ** Significant at 0.01; NS - Non significant
Iphabets do not differ significantly between themselves at P = 0.05
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Table 10. Effect of nutrients and sowing methods on shoot fresh weight (g) of teak
seedlings at monthly intervals '

Months

Treatment 1 | 3 T3 I ry I 3 ] 3 | - i 2
Nutrient
1. No nutrient | 2.80° 4.23° 7.15° 1241° 17.28° [ 21.83° 2573 | 27.51°
(control)
2. Cowdung 2.58° 3.92° 6.41° 11.29° 15.05° 120.33° 25.68° | 28.65°
3.Cowdung+ [ 3.07° 4.82° 7.61° 12.87° 15.98° [20.99™ [ 27.88° | 32.03°
Neem cake
F test 4.32% 5.62* 11.40* 10.68* 24.05* 6.13* 13.53* 62.03*
Sowing methods v
1.Broadcasting | 3.19* 5.05° - 8.13° 13.76° 18.11° | 22.78" 30.17° 3141°
(control)
2. Spacing 4 2.65° 3.86° 6.54° 11.41° 14.95¢ 20.20° 25.06™ | 27.76°
cmx 4 cm - - - o
3. Spacing 8 2.58° 3.98™ 6.47° 11.36° 15.11° 20.21° 24.70° 28.10°
cmx 8 cm .
4. Spacing 12 | 2.86° | 4.40° 7.09° 12.23° 1624° [ 21.01° [2578° | 3031°
cmx 12 cm
F test 3.90* 5.87¢ - | 13.63* 15.28* 30.55* 12.03* 41.40* 25.84*
Nutrient vs spacing
F test 4.14* | 7.89* 17.49* 19.73* 31.56* 19.49* 3.05* 15.15*%
SEM 0.10 0.16 0.15 0.20 0.19 0.25 0.28 0.24

* Significant at 0.05; ** Significant at 0.01; NS - Non significant
Values sharing same alphabets do not differ significantly between themselves at P = 0.05

o
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stage of study cowdung 0.4 kg m™ and neem cake 0.2 kg m™ nutrient level had the
maximum shoot fresh weight of 3.072 g. This trend continued during most of the
study period. At the end of the study period also cowdung 0.4 kg m? and neem cake
0.2 kg m™ treatment obtained the maximum shoot fresh weight of 32.08 g and the least

shoot fresh weight was obtained for the control treatment (no nutrients).

Observations given in Table 10 reveals that broadcast sowing method had

- maximum shoot fresh weight (3.19 g) which was followed by the treatment with a

spacing of 12 cm x 12 cm between seeds (2.86 g) at the initial month of study. The

least performing treatments were sowing methods with a spacing of 8 cm x 8 cm

between seeds and 4 cm x 4 cm between seeds which were at par during the study

period. At the end of the study period the maximum shoot fresh weight (31.41 g) was
obtained for the broadcast sowing method which was followed by the sowing method

with a spacing of 12 cm x 12 cm between seeds with a shoot fresh weight of 30.31 g.

However, the sowing methods with a spacing of 4 cm x 4 cm between seeds and 8 cm

x 8 cm between seeds were at par.

4.2.2 Shoot dry weight
The data furnished in the Table 11 reveal that there is significant influence

of nutrient and sowing methods on shoot dry weight of teak seedlings. Figure 6

trates the effect of nutrients and sowing methods on shoot dry weight

of teak seedlings. The maximum shoot dry weight of 1.29 g was recorded by the

treatment NoS3 (cowdung 0.4 kg m’? + neem cake 0.2 kg m™ and a spacing'of 12 cm x

12 cm between seeds) at the initial stage of study period. The minimum shoot dry

weight (g) of 0.76 g was found in the treatment NSz (no nutrients and a spacing of

8 cm x 8 cm between seeds) at the first month of study. Analysis of variance showed

significant variation between the combinations of the nutrients and sowing methods on

shoot dry weight of teak éeedlings. At the end of the study period treatment NoSo

(contfol), shoot dry weight of 19.66 g and N2S3 (cowdung 0.4 kg m + neem cake 0.2

kg m? and a spacing of 12 cm x 12 cm between seeds) with a shoot dry weight of
18.547 g were at par. The least shoot fresh weight was obtained for the treatment NoS;

oer
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Table 11. Effect of combination of nutrients and sowiné methods on shoot dry weight
(g) of teak seedlings at monthly intervals

Treat- Treatment Months
ment details 1 2 3 4 5 6 7 8
NoSo I:c:or:;tcn;?it:; 1.25° 2.16° 3.85* | 8.60° 14,75° 1841° 19.12° 19.66
(control) : .
NoS, No nutrients + | 0,80 1478 | 2.17° | 4.98% | 6.16%7 | 12.08% | 13.89% [ 14.94°
spacing 4 x 4 cm
NSz | Nenurients+ | 0,76 0.99° | 2.10° | 3.89% [ sa9" [ 813" | 936 | 10.82
spacing 8 x 8 cm
NoSs3 No nutrients + 0.90°¢ 1.29% 2.17% | 3.95° | 6.057 9.05 [ 10.94° | 12.28°
spacing 12 x 12cm
N;So ggxidc:gg; 1.03%%¢ 1.54%8 | 2.31% | 3.81° 541" 8.05 9.59° 13.42°
N,S, Cowdung + 0.89%4 1.03° 3.14° | 4.86°° | 9.24° 1227%° [ 1327° | 15.40®
spacing 4 x 4 cm 5 3 ] bed 1T 13
NS, Cowdung + 1044 1389 | 3.02° | 5.33 8.96 10.98 14.31 15.63
Spﬂcms x8cm B bede cde dc be )
N;S; Qow?tzmsl ; 1.23° 1.82°¢ | 3.12 5.17 6.72 9.98 14.51 19.22
spacin, Xlzcm
N2So gowaﬁngmem 1.097¢ T35 | 2.76% | 5.157° | 6.84% 10.17% | 1447 | 15.65"
cake +
broadcasting
N,S, | Cowdung+neem | 1.14% T8 | 2.86° | 5.16°* 6.88°¢ | 10.24% [ 14.62° | 15.78™
cuke + spacing "™
4x4cm ) bed cd cd b
N.S; Cowdung + neem | ],23° 1.75° 2.96 522 7.12 " 10.78 14.83 16.21°
cake + spacing . - .
8x8cm ) —cb | 3 07b 6 38b 7.59° 11 B 1) a
N,S; Cowdung + neem 1.29* 1.85 g . . 57 14.98 18.55
ca}(; + lsgm:mg
F e 2.61* 7.02* | 1597* | 1431* [ 96.37* | 58.69* | 65.25* | 65.91*
SEM 0.04 0.06 0.07 0.17 0.13 0.18 0.17 0.16
CD (0.05) 0.15 0.21 0.26 0.66 0.51 0.67 0.65 0.60

* Significant at 0.05;

Values sharing same al

** Significant at 0.01; NS - Non significant

opr

phabets do not differ significantly between themselves at P = 0.05
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(no nutrients and a spacing of 8 cm x 8 cm between sceds) with a shoot dry weight of

10.80 g at the end of the study period.

Table 12 shows the effect of nutrients and sowing methods on shoot dry
weight of teak seedlings. Levels of nutyients were found to vary significantly with
respect to shoot dry weight. The maximum shoot dry weight of 1.19 g at the first
month of study period was observed by the nutrient level cowdung 0.4 kg m*? and
neem cake 0.2 kg m™> Minimum shoot dry weight of 0.98 g was recorded by the no
nutrient level at the initial study period. However at the en'cyi' of the study period the
nutrient level cowdung 0.4 kg m™ and the nutrient level cowdung 0.4 kg m™ + neem

cake 0.2 kg m? were at par with a shoot dry weight of 1592 g and 16.55 g

respectively.

The levels of sowing methods were found to vary significantly with respect
to shoot dry weight. The maximum shoot dry weight of 1.14 g was recorded by the
sowing method with a spacing of 12 cm x 12 cm between seedlings during the first
month of study. It Was followed by the broadcast sowing method with a shoot dry
weight of 1.12 g. The minimum shoot dry weight of 0.94 g was recorded by the
spacing 4 cm x 4 cm between seeds in the first month of the study period. However at
the end of the study period the sowing method with a spacing of 12 cm x 12 ¢cm
between seeds (16.68 g) and broadcast sowing method (16?24 g) were at par. The least

performing level of sowing method was found to be the spacing of 8 cm x 8 cm

between seeds with a shoot dry weight of 14.22 g at the last month of the study period.

4.2.3 Root fresh weight
Data furnished in Table 13 reveal that in teak, the treatments exerted

significant influence on fresh weight of roots except for the seventh month. Figure 7

illustrates the effect of nutrients and sowing methods on root fiesh weight of

| seedlings. At the ‘first month of observation maximum root fresh weight of 3.34 g was

recorded by the treatment combination NoSo (no nutrients and broadcast sowing

method) which was at par with the treatment combination N,S; (cowdung 0.4 kg m™

+ neem cake 0.2 kg m™? and a spacing of 12 cm x 12 cm between seeds) with the root
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Table 12. Effect of nutrients and sowing methods on shoot dry weight (g) of teak
seedlings at monthly intervals

Treatment Months
_ 1 [ 2 1 3 T 4 T 5 T 6 1 7 1 38
Nutrient
L. Nonutrient | 0.93° [ 147° [ 257 535 | o4 192" [1333° | 1443°
(control) ! '
2. Cowdung 1.05° | 144° | 2.90° 4.79 758" 10.32° 12.92° [ 15.92°
3.Cowdung+ | 1.19° | 1.71° [ 291° 5.48 711° 1069° | 1473 | 16.55°
Neem cake
F test 7.14% | .437% .| 5.58* 2955 | 8.04* ~{15.12* 20.87* | 32.63*
Sowing methods
1.Broadcasting | 1.12% [ 1.76" 2.97 5.85" 9.00" 12.21° 14.40° | 16.24°
(control) )
2. Spacing 4 0.94° 1.39° 2.72 5.00° 7.43° 11.53° 13.93" | 15.38°
cmx4cm :
3. Spacing 8 1.01* | 1.37° 2.69 4.81° | 7.09" 9.96° 12.83° | 14.22°
cmx 8cm . .
4. Spacing 12 | 1.14° 1.65° 2.79 5.17° 6.79° 10.20° 13.48° | 16.68°
cmx 12 cm '
F test 2.50% | 5.93% . | L.16% 3.45% | 26.88* 18.71* 7.75* | 24.24*
Nutrient vs spacing
F test 2.61% | 7.02* 15.97* 1431* | 96.37* 58.69* 65.25* | 65.91*
SEM 0.10 0.06 0.07 0.17 0.13 0.18 0.17 0.16
0.01; NS - Non significant

* Significant at 0.05; ** Significant at ( NS
. Values sharing same alphabets do not differ significantly between themselves at P = 0.05

23
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Table 13. Effect of combination of nutrients and sowing methods on root fresh weight

(g) of teak seedlings at monthly intervals

Treat- Treatment
ment details 1 3 3 7 Months
NoSo | No nutrients + [ 3,34° 52° = - 5 . 6 7 8
D eontal) 352 9.64 16.70 22.15 2691° | 28.96 | 30.23°
oo
NoSi [ Mo | 80 | 281° 5.19° 9.78° | 13.77° | 1880° | 2223 | 24.52°
D P R 2908 [ 551° | 1001° | 1422% | 19289 | 2261 | 2501
NS, [ Nomiriens+ | 2.16% 3.19% | 5.83° | 1061° | 1505% | 2007 | 23.60 25'790
12 x 12cm . .
NS, bf:;\j“;ﬁg; 2.70%% [ 41599 | 6.20°° | 10.96%° | 14.70°* | 19.75° | 2998 [ 31.23°
NS, | Cowmss 2215 | 325% | 59% 10767 | 1443 | 200207 | 23.10 | 2457
N;S; spﬁ?ﬁdﬂ‘{lm - 2.31%% [ 3.36%0 6.04% 10.86% 14.53% | 20.36™° | 23.40 | 26.33°
N,S Cowdung + abed abc bed bed b
1S3 s 2.75 4.70 7.08 12.18 15.70 20.63° | 25.70 | 31.85"
xlzcm
NyS, | Cowdung * neem | 2.80%= | 427 722% | 1231° | 15289 | 20.14°% | 3008 | 31.34°
broadeasti '
NS [Covding trem| Z0F% [ 4530 | 732 | 124 | 15427 =
cake + spacing | : : 20.26 26.64 | 31.45°
4x4cm
Cowdung + YL abc 62° 2.80°
N,S, |Cowdung * toer 2.94 5.20 7.62 12.80 15.90% 20.94% 26.80 | 31.94™
8x8cm
Cowdung + neem| 3.27° 39 7.90° 13.52° b
N2S3 cakeu+ spa:ineg 3.27 5.39 16.83 21.66° 26.59 | 33.54°
12x12¢cm
F 3.18% | 5.38* 12.71* | 19.60* 28.78% 19.20*
SEM 0.00 | 0.16 0.15 019 | 0.8 022 030 05
CD (0.05) 0.36 0.60 0.56 0.72 0.70 0.85 114 17096
* Significant at 0.05; ** Significant at 0.01; NS - Non significant

Values sharing same a

oge

Iphabets do not differ significantly between themselves at P = 0.05
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fresh weight of 3.27 g. The least performing treatment combinations were NoS; (no
nutrients and a spacing of 4 cm x 4 cm between seeds) with 1.86 g root fiesh weight.
At the end of the eighth month of study, the treatment N,S; (cowdung 0.4 kg~m'2 +
neem cake 0.2 kg m? and a spacing of 12 cm x 12 cm between seeds) recorded
maximum root fresh weight of 33.54 g and the minimum fresh weight of 24.52 g was
recorded by NoS; (no nutrients and a spacing of 4 cm x 4 cm between seeds). It was
followed by the treatments NoSp (no nutrients and broadcast sowing method), N;Sg
" (cowdung 0.4 kg m™ and broadcast sowing method), N,Sy"(cowdung 0.4 kg m? +
neem cake 0.2 kg m and broadcast sowing method) and N,S,; (cowdung 0.4 kg m?+
neem cake 0.2 kgm?and a spacing of 4 cm x 4 cm between seeds) which were at par.
The minimum root fresh wefght was showed by the treatments NyS; (no nutrients and
a spacing of 4 cm x 4 cm between seeds), NoSz (no nutrients and a spacing of 8 cm x
8 cm between seeds), NoS3 (no nutrients and a spacing of 12 cm x 12 cm between
seeds), NiS; (cowdung 0.4 kg m™ and a spacing of 4 cm x 4 cm between seeds) and

N;S; (cowdung 0.4 kg m™ with a spacing of 8 cm x 8 cm between seeds) which were
at par.

The data furnished in Table 14 reveal that the nutrient exerted significant

(424

influence on fresh weight of roots. The nutrient treatment cowdung 0.4 kg m + neem
cake 0.2 kg m™ recorded maximum root fresh weight (3.00 g) which was followed by
cowdung 0.4 kg m? alone treatment in the first month. The same trend of root fresh
weight continued as the study progressed and .at the end of eighth month maximum
root fresh weight (32.97 g) was recorded by the treatment cowdung 0.4 kg m™ + neem
cake 0.2 kg m™. The treatments no nutrients and cowdung 0.4 kg m™ treatments

were at par during the first four months of the study period and in the seventh month

of observation.

Data furnished.in Table 14 reveal that the sowing methods also exerted
sigr;iﬁcant influence on root fresh weight of teak seedlings. Maximum root fresh

weight of 2.95 g was recorded by the broadcast sowing method which was followed

by 12 cm x 12 cm spacing between seeds in the first month of observation. The

minimum root fresh weight of 2.35 g was recorded by the sowing method of 4 cm x

2
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Table 14. Effect of nutrients and sowing methods on root fresh weight (g) of teak
seedlings at monthly intervals

Months
Treatment
1 [ 2 [ 3 17 4 [ s [ 6 [ 7 T 38
Nutrient
1. No nutrient | 2.34° 3.63° | 6.54° 11.78° 16.30° 2127° | 2435° | 26.39°
(control)

3.87° 6.32° | 11.19° 14.84° 20.19° | 25.55° | 28.49°

2. Cowdung 2.49°
15.86° 20.75™ [ 27.53° [ 32.10°

3. Cowdung + | 2.10° 4.85" 7.51° 12.76"

Neem cake )
F test 8.88* 11.38* 12.43* 11.89* 11.19* 3.92% 19.35* 86.53*

Sowing methods .
1.Broadcasting | 2.95" 4.65° 7.69° 13.32

17.38° 2227 | 29.67° ' 30.93"

(control) -

2. Spacing 4 2.35° 3.53° 6.15° 10.98° 14.54" 19.70° | 23.10° | 26.84°
cmx4cm R N

3. Spacing'8 2.42° 3.85° 6.39° | 11.22° 14.89° 2019 | 2427° |[27.76°
cmx 8 cm 5 -

4. Spacing 12 | 2.73* | 4.43° 6.94° | 12.10 15.86" 20.79° [ 2530° | 30.40°
cmx 12 cm :

F test 237* | 5.42% | 10.67* | 15.86* 24.24* 12.61* | 3923% | 31.19*
Nutrient vs spacin _

F test 3.18% | 5.38% [ 12.71* ] 19.60* [ 28.78* 1920 | 1.79 11.78%
SEM 0.09 0.16 0.15 0.19 0.18 0.22 0.30 0.25

* Significant at 0.05; ** Significant at 0.01; NS - Non significant
“Values sharing same alphabets do not differ significantly between themselves at P = 0.05
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4 cm between seeds. The same trend continued upto the eighth month of observation
with a maximum root fresh weight of 30.93 g in the broadcast sowing method.
However the broadcast treatment and spacing 12 cm X 12 cm between seeds were at
par during the first two months and last month of observation. The minimum root
fresh weight of 26.84 g was recorded by the sowing method with the spacing of 4 cm

x 4 cm between seeds in the eighth month of observation.

42.4  Root dry weight

The data furnished in Table 15 reveal that the nutrients and sowing
methods exerted significant influence on root dry weight of teak seedlings during the

' study period except in the first month. Figure 8 graphically illustrates the effect of

nutrients and sowing methods on root dry weight of teak seedlings. At the second -

month of observation the maximum rdot dry weight of 1.76 g was recorded by the

treatment N,S; (cowdung 0.4 kg m" 2 4+ neem cake 0.2 kg m’ 2and a spacing of 12 cm x

12 cm between seeds) and the minimum root dry weight of 0.92 g was recorded by the

treatment NoS (no nutrient and a spacing of 8 cm x 8 cm between seeds) followed by
the treatment NoS; (no nutrient and 2 spacing of 4 cm x 4 cm between seeds) with 0.95

g eventhough both were at par. NiS3 (cowdung 0.4 kg m” and a spacing of 12 cm x _

12 cm between seeds) recorded maximum fresh weight of 19.17 g and NS, (no
nutrients and a spacing of 8 cm X 8 cm between seeds) recorded minimum fresh
weight of 10.13 g in the last month of observation. The treatments NySo (control),
kg m2 and a spacing of 12 cm x 12 cm between seeds) and

N,;S3 (cowdung 0.4
N,S3 (cowdung 0. 4 kgm’ 2 + neem cake 0.2 kg m’ 2and a spacing of 12 cm x 12 cm

between seeds) which were at par, had the maximum root dry weight.

e data furnished in Table 16 shows the effect of nutrients and sowing

dry weight of seedlings. Levels of nutrients were found to vary

Th

methods on root
significantly with respect to root dry weight throughout except in the fifth month of

observation. The maximum root dry weight of 1.13 g was recorded by the treatment

cowdung 0.4 kg m™ + neem cake 0.2 kgm’ 2 in the first month of observation which
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Table 15. Effect of combination of nutrients and sowing methods on root dry weight
(g) of teak seedlings at monthly intervals

Treat- Treatment Months "
ment details 1 2 3 4 5 6 7 8
NoSo No nutrients + 1.03 1.64%® 2.88% 6.11° 12.83° 15.24° 18.15° 18.94*
broadcasting .
(control)
NS, | Nonurens¥ 17061 | 095 1.66° | 242° | 4537 [ 8897 [11.90° | 13.63°
spacing 4 x4 cm :
NoS; | Nonurenis+ 17068 | 0.93° 1.92% | 3497 | 496 [ 7228 [ 878" [1013°
spacing 8 x 8 cm : -
NoS; | Nemurienws: 17082 [ 112 [ 1997 3.56° | 5.187 | 7.84% | 9.03¢ | 11.03°
spacing 12 x 12cm -
NS, Cowdung + 094 | 147% | 2.22% | 3.71° 533 [ 795% | 8977 [1334°
roadcasting —
NS, Coudung + 086 | 132 | 2.62° | 4.58° 5.96° | 9.35% ] 1250° | 12.99°
spacing4 x4 cm c
NS, | cﬁd;'ns; 097 | 130% | 295 | 528" | 888 [10.88° [1422° [1539°
spacings xecm cde a
N.S; Cowdung + 1.17 | 1L.77° 3.07° 511 [ 6.57% | 9.90%¢ [14.43° [19.17
spacing 12 x12 cm od
NiS, | Cowdung*neen | 103 | 1.50% 267 | 505 | 6757 [10.06™ [1438° | 1549°
ca .
broadcasting : -
N;S; | Cowdwg+neem | 1.10 | 1.59° | 276 511 | 681 [10.16%,, [ 1445° [ 1541°
cake + spacing
4x4cm 1) cd B b -
XS, | Covdung s reem | 116 | 166° 2.87° 5.17 6.87 10.66™ [«14.53° | 16.10°
cake + spacing
8§x8cm b c b b a
N5, | Cowingsmeem | 122 | 176 2.98° 5.26 6.97 11.50 14.85 18.44
calkze + lsgaclng . s
, x 12 ¢m * “[4422* | 84.80* | 93.86*
552 7.50* | 37.40* | 75.40
F 1.85 555 0.07 0.08 0.13 0.16 0.16 0.14
SEM g‘(l): 0.18 025 0.29 0.48 0.62 0.59 0.52
CD (0.05) ficant at 0.01; NS - Non significant

* Significant at 0.05; ** Signi

Values sharing same alphabets do not differ significantly between themselves at P = 0.05
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Table 16. Effect of nutrients and sowing methods on root dry weight (g) of teak

seedlings at monthly intervals
Months

Treatment 1 | 2 | 3 | 7 | 3 | G l 7 I T
Nutrient
1. No nutrient 0.79° 1.15° 2.11° 3.90° 6.88 9.80° 11.96° | 13.43°
(control)
2. Cowdung 0.99* 1.47° 2.71° 4.67° 6.68 9.52° 12.53° [ 15.23°
3. Cowdung + 1.13° 1.63° 2.82° 5.15° 6.85 10.60° | 14.55° | 1636
Neem cake
F test 12.85* | 16.91* | 22.60* 47.50% 0.46™° 7.94* | 51.34* [ 77.17*
Sowing methods
1.Broadcasting 0.10 1.53° 2.59 4.96" 8.30° 11.08"° | 13.83* [ 15.92°
(control)
2. Spacing 4 0.86 1.29° 235 4.04° 5.777 9.47° 1295 | 14.01°
cmx4cm .
3. Spacing 8 0.94 1.29° 2.58 4.65" 6.90° 9.59° 12.51° [ 13.87°
cmx 8 cm . " e
4. Spacing 12 1.07 1.55° 2.68 4.65 6.24° 9.75* | 1277 | 1621
cmx 12 cm
F test 2.72% [ 4.64* 2350 | 13.22* | 37.82* 10:74* | 6.87* | 40.52*

i s spacin
? ;let:tl S— ~iEs 3.92% | 7.50% | 37.40% |7540% | 44.22% [384.80* | 93.86*
SEM 0.04 0.05 0.07 0.08 0.13 0.16 0.16 0.14
NS - Non significant

* Significant at 0.05; ** Significant at 0.01;

Values sharing same alphabets do not differ significantly between themselves at P = 0.05

L)
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was at par with the treatment cowdung 0.4 kg m’2 with 0.99 g of root dry weight. The

minimum root dry weight of 0.79 g was recorded by the treatment no nutrients.

Data furnished in Table 16 revealed that treatment with cowdung
0.4 kg m™ + neem cake 0.2 kg m treatment had maximum root dry weight of 16.36 g
at the end of the study period. The best nutrient combination was found to be cowdung

0.4 kg m™ and neem cake 0.2 kg m> throughout the study period.

Table 16 reveals that sowing methods also had si’%niﬁcant influence on root
dry weight. Levels of sowing methods were found to vary significantly with respect to
root dry weight except for the first and third month of observation. The best sowing
method in the second month of observation was spacing 12 cm x 12 cm between seeds
with 1.55 g root dry weight which was at par with broadcast sowing method with
1.53 g root dry weight. The minimum root dry weight 1.29 g was recorded by the
~ spacing 4 cm x 4 cm between seeds and spacing 8 cm x 8 cm between seeds. At the

end of the eighth month 16.21 g root dry weight was recorded by the spacing 12 cm x
12 cm between seeds which was at par with the broadcast sowing method with 15.92 g

root dry weight. The best sowing method was broadcast sowing method and dibbling

in lines 12 cm x 12 cm between seeds were at par.

(424

4.3 ANATOMICAL PROPERTIES

The results of anatomical observations such as tissue proportion, vessel
diameter, vessel frequency and ring width of teak seedlings as influenced by nutrients
and sowing methods are preseited in Table 17 to 30 and Figures 9 tol5. Plate 2 shows

the initiation of secondary growth in teak seedlings and Plate 3 shows the later stage of

wood formation with periderm.

4.3.1 Tissue proporfion

’ The proportion of various tissues such as parenchyma, vessel, ray and fibre
percentage were measured and analysis of variance was carried out to find out the
effect of nutrients and sowing methods on the tissue proportion of teak seedlings. In




Primary
phloem

Secondary
phloem

Cambium

Secondary
xylem
vessels

Plate 2. Initiation of secondary growth at first month of
observation (T.S. 10x)

Primary
phloem

Secondary
phloem

Cambium

Secondary
xylem
vessels

wood formation with periderm
observation (T.S. 10x)

Plate 3. Later stage of
at sixth month of
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the first month the proportion of vessel and xylem parenchyma were found to be more

compared to the ray parenchyma cells. Gradually when the seedlings matured it was

found that the proportion of xylem fibres increased and that of the other xylem tissues

reduced proportionately for all the treatments. The effect of nutrients and spacing

methods on tissue proportion of teak seedlings are given below.

4.3.1.1 Vessel percentage
Table 17 illustrates the effect of the treatment .combinations of nutrients
wing methods on vessel percentage of teak seedlings. Levels of nutrients and

and so

sowing methods were found to vary significantly in the sixth month of observation. In

the very first month of observation mean vessel percentage was highest (52 %) for the
treatment N;S; (cowdun
seeds) followed by N,S; (co

lines of 4 cm x 4 cm between see

g 0.4 kg m2 and dibbling in lines of 4 cm x 4 cm between
wdung 0.4 kg m™ + neem cake 0.2 kg m™ and dibbling in
ds). The lowest vessel percentage was shown by NoS;3
cm x 12 cm between seeds). As the teak seedlings,

(no nutrients and a spacing of 12
as found reduced. In the first five months vessel

grew up the proportion of vessels W
percentage differed significantly but int

cant difference between treatments. The effect of various treatments on
s illustrated in Figure 9. At the end of the stud;ﬁperiod however

t difference petween treatm

he last three months it was found that there

was no signifi
vessel percentage i
ents with respect to this character.

ffect of nutrients and sowing methods on vessel

Table 18 shows the €
nutrients were found to vary significantly only

percentage of seedlings. Levels of
the first third and seventh m
4 kg m™ rego_rded. maximum
g 0.4 kg m2 + neem €
nt. Vessel percentag

peing 13.28

during onth of study. In the first month of the study
cowdung 0 vessel percentage.of 32 per cent which was at

par with the cowdun

ake 0.2 kg m’ nutrient level with vessel

percentage of 29 per ce e was found more in the cowdung
per cent in the seventh month of

0.4 kg m? treatment the value

observation.
ere found to vary significantly during the first

Levels of sowing methods W
servation (Table 18). The sowing method

three months and last two months of ob
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Table 18. Effect of nutrients and sowing methods on vessel percentage of teak

seedlings at monthly intervals

* Significant at 0.05; ** Signi
Values sharing same alphabets

Months bae

Treatment 1 2 3 2 [ 3 I 3 T 7 3
Nutrient
1. No nutrient 19.44° | 21.15 23.41° 13.79 13.55 11.64 11.60" 10.27
(control) . -
2. Cowdung 3207 | 2207 | 1683 14.63 1358 .. | 9.44 13.29° 10.50
3. Cowdung + 29.33" 22.85 17.02° 12.33 14.10 11.85 10:07" 10'13‘
Neem cake ‘
F test 5001 | o042~ | 17.52* 106 | 0.08™ | 325 [ 446" 0.14™
Sowing methods
1 Broadcasting | 17.91° | 21.62° 22.10° 13.77 13.54 11.37 14.83° 11.57°
(control)
2. Spacing 4 270 | 3387 | 2196 | 13.09 15.12 11.94 10.50° 12.37°
cmx4cm 5
3. Spacing 8 22.07° | 1820° 17.67 14.12 12.55 10.38 9.96° 7.74°
cmx8cm - 3
4. Spaging 12| 25.11° | 14407 | 1461 13.35 13.717 10.24 1133 9.51°
cmx 12 cm
F test ToL.18* | 30.69* | 5.27* 0.12% 0.73% 091% | 6.20% 13.30%

i in
g:::tncnt Vs Spacing v T 108" 2.58* 341+ 160N 223%™ T 1.61™ |
SEM 0.77 1.08 1.12 092 | 087 0.60 0.62 0.40
ficant at 0.01; NS - Non significant

do not differ significantly between themselves at P = 0.05



- NpSo (no nutrients and broadcast sowing

e3

levels were non significant during-fourth, fifth and sixth month of observation. In the
first month of study, the spacingof 4 cm x 4 cm between seeds recorded the maximum
vessel percentage of 42.70 per cent. The minimum vessel percentage was recorded by
the broadcast sowing method with vessel percentage of 17.90 per cent in the first
month of observation. The maximum vessel percentage (12.37%) was recorded by the

sowing method with a spacing of 4.cm x 4 cm between seeds which was at par with

the broadcast sowing method.

While considering the different sowing levels, 'Highest vessel percentage
was found in the 4 cm x 4 cm spacing treatment which is a densely populated

treatment with a value of 42.70 per cent in the first month and in the last month

12.37 per cent.

4.3.1.2  Parenchyma percentage

Table 19 shows the effect of nutrients and sowing methods on parenchyma

percentége of teak seedlings and Figure 10 graphically illustrates the data. Levels of

nutrients and sowing methods were found to vary significantly except for the ﬁﬁh

month. As shown in the Table 19 maximum parenchyma percentage (34.82%) was

observed for the treatment NoS; (no nutrients and a spacing of 4 cm x 4 cm between

seeds) in the first month and lowest (13.97%) was found in the treatment combination

methoid. But in the eighth month maximum

parenchyma percentage (16.85%) was found in the treatment N;S; (cowdung 0.4 kg

nd a spacing of 4 cm X 4 cm between
e last month of study lowest parenchyma percentage was recorded by the

(no nutrients and broadcast sowing method) with a parenchyma

2 a seeds) in the first month of study and

during th
treatment NoSo
percentage of 5.62 per cent.

Table 20 showed the effect of nutrients and sowing methods on
edlings. Levels of nutrients were found to vary

parénchyma percentage of . se

signiﬁcantly during the first, third and fourth month of study. The levels of nutrients

were non significant after fourth month of study. Consideiing the effect of nutrients,
parenchyma percentage of teak seedlings differed significantly in the first month and

’
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Table 20. Effect of nutrients and sowing methods on parench :
seedlings at monthly intervals P yma percentage of teak

* Significant at 0.05;
Values sharing same alp

** Gignificant at 0.01;

habets do not differ significantly b

Treatment : | 5 Months =
1 4
Nutrient - 5 2 | 6 7 8
1. No nutrient 20.53 20.21 17.09 10.91° 11.27
(control) 1085 11.82 1072
2. Cowdun 24.91° 18.73 19.39° 15.81° 13.70
102 | 1948 | 1528 | 1183 | 1347 e 1e T oSz
Neem cake ' ‘
F test 5.40* | 0.57 10.88* 15.23* 2.15™ 0.87" 1.93% 036 |
Sowing methods
1.Broadcasting | 16.88° 16.02° 12.71° 9.66° 10.36° 10.45 11.19° 9,85
(control) )
2. Spacing 4 2635 | 2638 | 2227 13.07° 15.36" 10.92 13.27° 14.76°
cmx4cm
3. Spacing 8 2439° |. 18.46° 19.50° 15.07° 1278~ | 12,73 10.42° 9.90°
cmx8cm : BEE , 5 .
4, Spacing 12 21.01° 16.64° 14.53 13.61 12.76 11.08 13.20° 8.58°
cmx 12 cm | —
F test i | 1722w | 3638 | 8867 3.71* 168 | 3.16* | 26.42*
i spacin 2ee
g?:::ent Vs Spa %0'75* 3.81* 12.50* 3.23* 1.87 9.83* 5.45% 11.63*
SEM 084 | o082 | 052 0.54 0.75 0.54 | 057 0.38
NS - Non significant

etween themselves at P =0.05
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highest (24.91%) parenchyma percentage was for éowdung treatment (24.91%) which
is followed by the treatment cowdung 0.4 kg m? + neem cake 0.2 kg m? (21.02%). -

But when the plants grew up, parenchyma percentage reduced and in the last four

months differences were not significant at all.

The effect of sowing methods produced significant difference between
treatments except at the sixth month of observation (Table 20). The highest (26.35%)
' parenchyma percentage was shown by the sowing method with the lowest spacing of

4 cm x 4 cm between seeds. This trend continued upto the last month. The lowest
parenchyma percentage of 8. 58 per cent was found in the widest spaced treatment with

sowing method of spacing 12 cm X 12 cm between seeds in the last month of

observation.

4.3.1.3  Fibre percentage

Table 21 and Figure 11 show the effect of nutrients and sowing methods on

fibre percentage of teak seedlings. Effect of the various combinations of the nutrients

ing methods were found to vary significantly between treatments except for

and sow

urth month of observation. The highe

the fo
N,S; (no nutrients and a spacing of 8 cm X 8 cm between seeds) which was followed

by NoSo (no nutrients and broadcast sowing method) in the first month. The highest

. fibre percentage (75.12%) was shown by NoSo (no nutrients and broadcast sowing

od) followed by NiS2 (cowdung
(72.68%) in the last month. The treatments NoSo (no nutrient with broadcast

ethod), NoSz (no nutrients an

ung 0.4 kg m2 and a spacing 0

st (57%) fibre percentage was shown by

meth 0.4 kg m’ 2 and a spacing of 8 cm x 8 cm between

seeds)
d a spacing of 8 cm x 8 cm between seeds),

sowing m

N,S; (cowd £8 cm x 8 cm between seeds) were at par.

Table 22 illustrates the effect of nutrients on fibre percentage of teak
t of nutrients on fibre percentage of teak

seedlings. When considering the effec
second, fifth, sixth and eighth months and at

seedlings, it was found non significant at
all other months the treatments significantly differed. The maximum fibre percentage

(47.85%) was shown by the no nutrient treatment in the first month but in the seventh

b
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Table 21. Effect of combination of nutrients and sowing meth
. ‘ ods on fibr
of teak seedlings at monthly intervals & on tibre percentage

Treat- Treatment
et details : 5 3 - Months < _ i
N, No nutrients + g o d S 8
0So b‘:o:técr;szng 56.27 41.94 39.99 61.97 56.05" 67.987¢ 53.03° [ 75.12°
(control) . . .
N.S No nutrients + 320 .38% .74 . abe 2
oSt | e dxdom | o 32% | 36.38 b 39.7 _ 6558 | 5626™ | 6648 | 66.16° | 60.23°
N,S No nutrients + .00° 59.48° 56.88° 64.6. D 0
992 | spacing 8 x 8 cm 57.00 ? - 2 68.85 66.69™1 [ 63.79% | 72.23°
N,S No nutrients + 81% 2.27% 47.49 64.26 be g :
03 spacing 12 X 43.81 5 32.15 58.30° 57.58% | 63.06°
12cm
N,S Cowdung + 49.20% 48.58" 57.52"° 59.78 61.03™ b < -
190 brondcastin 9 r , e _ 1.03 68.54™° 52.36 63.35
N,S Cowdung + . 21.52 38. .70 62.28" 7
! | spacing :x 4cm 17.90 - ) 8 56.43° 62.28" [ 59.35°
N,S,; Cowdung + | 38.09% | 49.71°% [ 36.69 46.70 52.34% 62.65°% [ 62.87™ | 72.68°
spacing 8 x 8 cm " <5 07' 594'5*3? 5634 57 AN -68
N Cowdung + ' 07° . . . 33
1S3 g1 8 27.62 72.43 59.48%° | 64.45°
cm
N,S, | Cowdung+ | 49.107 52760 | 5585 | 67.31 | 58.90™ [ 61.34% 1 6553% | 63.98%
neem cake + ! :
_ broadcasting T v
N;S, | Cowdung+ | 1457 | 26.60° 48.04 5796 [ 48.13° [ 60.80°F | 5933% | 61.72°
neem cake + e : .
spacing an
4x4cm ol I c.d e - -5 ae
N;S; | Cowdung+ | 35.48% [ 42.39 54.54 62.26 | 62.02 63.25°% 170.63° | 71.56"
neem c_ake + .
spacing
. 8x8cm S - - $9.99 —
N,S, Cowdung + | 40.52% | 47.54 61.83 . 61.12 7124® | 70.12° | 69.67° |
neem cgke +
spacing
12x12cm
F 3.88* 3.81* 5.40% 2.19™ 3.42* 4.79% 2.66* 4.20%
SEM 1.09 1.76 148 1.31 1.59 111 1.24 0.81
CD (0.05) 4.17 6.72 5.63 5.?1 : 6.07 4.25 4.71 3.08
0.01; NS - Non significant

* Significant at 0.0
Values sharing same 8

5; ** Significant at
Iphabets do not di

ffer significantly between themselves at P = 0.05
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Table 22. Effect of nutrients and sowing methods on fibre percentage of teak seedlings
at monthly intervals

Months ,,,

Treatment 1 2 3 | 2 3 I ) - :
Nutrient . <
1. No nutrient (control) 47.85° 47.52 46.02 110 58.33 64. ab
2. Cowdung 3343 | 4622|4797 | 5588 | 5646 TR YT
3. Cowdung + Neem | 34.92° | 42.32 5507° | 61.88° | 57.54 64.16 €6.40° | 66.73
cake ]
F test 35.00% | 1.57 6.94* 7.00* 0.23% 171,03 | 5.60* o™ |
Sowing methods 5 ' ) -
1.Broadcasting (control) | 51.52° 47.76° | 51.12 63.02 58.66 65.95 60.31 67.48°
2. Spacing4 cmx 4 cm 22.26°_| 28.1T° 42.04: 6141 55.56 93.24 62.59 60.44°
3. Spacing 8 cm x 8 cm 23.83° | 50.53" 49'37, 57.86 61.07 64.20 65.76 72.15°
4. Spacing 12 cm x 37.32° | 54.96" | 5622 60.20 54.48 67.32 62.40 65.73°
12 cm NT NS
F test Ga54* | 2253+ | 1.91* 1.37 1.78 0.73™ [ 1.66™ [ 18.00*
Nutrient vs spacing
F :letsrt et 3.88* 3.81* 5.40* 2.19 3.42+ 4.79* 2.66* 4.20*
SEM 1.09 1.76 1.48 1.31 1.59 1.11 1.24 0.81

* Significant at 0.05;

Values sharing same alphabets do not

** Signi

Ficant at 0.01; NS - Non significant
differ mgmﬁcantly between themselves at P 0.05

(4473

)
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month, fibre percentage was higher (66.40%) in the cowdung 0.4 kg m™ and neem

cake 0.2 kg m™ treatment.

Table 22 shows the effect of nutrients and sowing methods on fibre
percentage of teak seedlings. Levels of sowing methods were found to vary
significantly during the first, second, third and eighth month of observation. In the
initial three months the best performing sowing method was broadcasting with a fibre
percentage of 51.52 per cent at the first month and the least performing one was 4 cm
x 4 cm with a fibre percentage of 22.26 per cent. In the last month, the best treatment
was 8 cm x 8 cm spacing with a fibre percentage of 72.15 per cent and least

performing one was with a spacing of 4 cm x 4 cm between seeds with a fibre

percentage of 60.44 per cent.

4.3.1.4  Ray percentage .
Table 23 and Figure 12 illustrates the effect of nutrients and sowing

' methods on fibre percentage of teak seedlings. Ray percentage of teak seedlings

differed significantly except at the fourth, fifth and sixth months respectively. The
maximum ray percentage was shown by NoS3 (no nutrients and a spacing of 12 cm x

12 cm between seeds) (25.85%) and minimum was recorded by NS, (cowdung
0.4 kg m™ and a spacing of 8 cm x 8 cm between seeds) (6.07%) in the first month. In
the eighth month the maximum ray percentage was shown by N;S;.(cowdung 0.4 kg

m? and a spacing of 12 cm X 12 cm between seeds) (20.87%) and minimum was

" recorded by the treatment NoSo (no nutrients and broadcast sowing method) (7.95%).

Table 24 illustrates the effect of nutrients and sowing methods on ray

percentage of teak seedlings. The nutrient produced the same effect on ray percentage

of teak see
were found significant except for the fift
the cowdung 0.4 kg m™ + neem cake

dling as that of the nutrient and sowing method combination. All the
treatments h, sixth and seventh months. The

maximum (14.27%

) ray percentage was found in
0.2 kg m’2 treatment in the first month and th

e least ray percentage of 9.59 per cent

treatment in that month. But in the last

wats observed irf the cowdung 0.4 kg m* alone
d by cowdung 0.4 kg m™ treatment

month the maximum ray percentage was showe
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Table 23. Effect of combination of nutrients and sowing methods on ra ercent
teak seedlings at monthly intervals y percentage of

LA}

Treat- Treatment Months
ment details 1 2 3 , 4 5 6 7 8
N No nutrients + 8.89°¢ 14.25%¢ 8.66 11.70 al 0
oSo broadcasting 18.35 12.00 15.47" 7.95
(control) . < 0 80°r
N No nutrients + 6.49 7.53 10. 9.14 13.
oS spacing 4 x 4 cm - n 15.14 9.39° 13.63" . .|
N,S; | Nonutrients+ 7.47° 7.67° 13.27%° | 1206 | 1196 | 1028 | 16.72° 7.96°
spacing 8 x 8 cm . . .
NoS; No nutricnts + 25.85° 16.13° 21.19 11.86 23.33 13.15 14,17%¢ 1 5 84°
spacing 12 x 12cm = . .
NS, | Coviwsr | 1507 Taoa™ | 21227 | 1765 | 1499 | 1250 | 13407 | 13.79%
roadcasting L _ :
NiS, Cowdung + 9787 | 12.00% | 1934 1277 | 1277 | 1997 | 1628° 9.18%
spacing4 x4 cm 5o ’
NS, Cowdung * 5.07° 17.09° 16.47 12.99 19.15 14.78 14,89 10.04%
spacing 8 x 8 cm T T
N,S, |  Cowdumg+ 7.45% | 857 8.21 1133 | 1813 | 1252 | 1338% | 20.82°
spacing 12 x12 cm
N,S, | Cowdung+neem | 17.28" 16.41° 12.34* 11.78 18.95 12.19 1257 | 11.54%
cake +
broadcasting 53
N,S; | Cowdung*neem [ 9.78° 15200 | 1318 | 1578 | 1537 | 14420 1526™ | 1443
cake + spacing
4x4cm
N,S, | Cowdung + neem 13.62° | 13.69™ 10.64% 13.79 9.68 | 12.93 9.98" 12.62%7
cake + spacing
gx8cm
NS, [ Covdungrneem | 164T° | 17.28° 14559 | 1532 | 1553 | 842 | 1165™ | 11.90%
cake + spacing
12x12 : —o7N
F = 19.19* 13.07* 23.99* 1.94% 2.98™ 120 | 2.58* 9.77*
SEM 0.54 0.88 0.48 0.72 0.89 0.72 0.73 0.46
CD (0.05) 2.07 3.37 1.81 '2-7? 333 2.75 2.80 1.76
. NS - Non significant

* Significant at
Values sharing same

0.05; ** Sigmificant at 0.01;
alphabets do not differ

significantly between themselves at P = 0.05
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Table 24. Effect of nutrients and sowing method :
at monthly intervals & $ on ray percentage of teak seedlings

Treatment Months
1 z | 3 [ 4 [ 5 =
Nutrient | 7 8
1. No nutrient 12.18° | 11.40° 13.48° 11.19° 16.8
(control) 83 12.64 13.94 11.35°
2. Cowdung__| 9.59° | 12.98% 16.31 13.68" 16.26
3 Cowdmg+ | 1427 | 1565 | 12.68° 14.17° 14.88 }‘l’gg 14.49 13.46°
Neem cake : 12.37 12.62*
F test 12.50* 3.95* 10.77* 3.32* 0.86™ NS T
Sowing methods 309 1.50 3.52*
1.Broadcasting | 13.75° 14.97 14.07 13.71 17.43° 12.23°
(control) 23 13.81 11.09%
2. Spacing 4 8.68° 11.58 - 14.44 12.56 . 13.97°
cm 5 4 cnga 7 16.51° 13:65 12.41°
3. Spacing 8 9.05° | 12.82 13.46 12.95 13.60° 12.66°
cm x 8 cm 06, | 13.87 10.21°
. ) a
21.nsfal(;r::illz 16.57 14.00 14.65 12.84 19.00 11.37° 11307 AR
F test ST T 060" | 024" | aav | aoe | o012~ | 1628
| Nutrient vs spacing ' - :
F test 19.19* 13.07* 23.99* 1.94% 2.98° 1200 5.58% 9 - +
SEM 0.54 0.88 0.48 0.72 0.89 0.72 " 0.17_
10.01; NS - Non significant : .46

* Significant
Values sharing

at 0.05; ** Significant 8
same alphabets do not

~a

differ significantly between themselves at P = 0.05
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ie. ini
, 13.46 per cent and minimum was shown by the no nutrient treatment of 11 35 per

cent.
While considering the effect of ‘sowing methods on ray percentage of teak )

seedlings the treatments did not show significant difference except at the first, fifil

and eighth months (Table 24). The maximum ray percentage of 16.57 per cen’t wa;
observed for the sowing treatment of 12 cm x 12 cm between seeds and minimum ray
percentage of 8.68 per cent was observed in the treatment with a spacing of 4 cm X
4 cm between seeds in the first month. In the eight month maximum ray percentage of
16.19 per cent was observed in the treatment 12 cm x 12 cm spacing between seeds

and minimum ray percentage of 10.21 per cent was shown by the treatment with
a

spacing of 8 cm X 8 cm between seeds.

4.3.2 Vessel diameter

Table 25 shows the data pertaining to the effect of nutrient and sowing

method combinations on vessel diameter of teak seedlings. Figure 13 graphically
ients and sowing methods on vessel diameter of teak

illustrates the effect of nutr
seedlings. Significant yariation in vessel diameter was observed due to the combined
' effect of nutrient and sowing methods except in the fourth month. Vessel diameter was

found to be maximum (44.57 pm) in the treatment NoSo (no nutrients and broadcast

method) and minimum (27.19 pm) in the treatment N,S; (cowdung 0.4 kg m”

sowing
ake 0.2 kg m” with 2 spacing of 12 om x 12 cm between seeds) in the first

month. But in the eighth month the ves

(cowdung 0.4 kg w2 + neem cake 0.2 kg m™ and a spacing of 12 cm x
eeds) and minimum (36.01
gof §cmX 8 cm between seeds).

+ neem €
sel diameter was maximum (52.79 pm) for the

treatment N2S3
pm) for the treatment NiS2 (cowdung

12 cm between $
0.4 kg m’* and a spacin

Table 26 illustrates the effect of nutrients and sowing methods on vessel

K seedlings. Levels of nutri
offect of nutrients on vessel diameter of teak

diameter of tea ents were found to vary significantly except

for. the fourth month. When analyzing the

d as observed in the
) was due t0 the treatment, no nutrients and minimum was

seedling the same tren combined effect was obtained. Maximum

vessel diameter (37.29 pm
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Table 26. Effect of nutrients and sowing methods on vessel diameter (um) of teak
seedlings at monthly intervals ,

. Months
Treatment 1 | 2 | 3 [ 4 [ 5 [ 6 | 7 | 2
Nutrient
1. Nonutrient | 37.29° | 41.02° | 4449° 40.43 41455 | 41.63° T —
(conteol) 63 43.35 45.42
2. Cowdung 30.18° | 3617 | 41.637 43.70 46.29° 46.67° 38.70° YORYC
3. Cowdung + | 29.83° | 33.65° 38.00° 43.85 46.54° 42.63%5 | 45.69° 28.68°
Neem cake .
F test 25.508* | 16.64* 9.77* 2.5 7.31* 4.77* 15.52* 14.86*
Sowing methods -
1 Broadcasting | 34.71° | 3723 39.87° 39.91° [ 4435 40.23° 42.44° 47.39°
(control) 5 i '
2. Spacing 4 31.19% | 3699° | 43.19° 41.45" 49.04° 47.11° 43.15° 46.17°
cmx4cm
3. Spacing 8 33057 | 34.54° | 4561 45.43° 43.08° 42.28" 38.60° 41.11°
cmx 8 cm - '
4, Spacing 12| 30.57° | 39.02° 36.83° 43.84 42.58° 44.95® | 46.15° 47.11°
cmx12cm '* :
F test 3.91* 3.01* | 10.21* 3.05* 5.78* 4.56* 8.88* 9.27*
Nutrient vs spacin —
F test 2 6.49* 4.20* 5.09* 1.30™ . 4.11* 8.11* 6.95% 5.25%
SEM 0.68 0.75 0.85 0.99 0.87. 1.00 0.74 -
£0.01; NS - Non significant

* Significant at 0.05; ** Significant a

Values sharing same alphabets do not differ significantly between themselves at P = 0.05

lall}
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for cowdung 0.4 kg m™ and neem cake 0.2 kg m treatment with a vessel diameter of
29.83 pm during the first month. But in the eighth month the maximum vessel

diameter was shown by the treatment cowdung 0.4 kg m + neem cake 0.2 kg m™

with a vessel diameter of 48.68 pm and minimum vessel diameter was observed for

the treatment cowdung 0.4 kg m’2 with a size of 42.24 pm.

Considering the sowing method alone, significant difference was shown by
all the treatments. Here also in the initial month the maximum vessel diameter of
34.71 pm was shown by the broadcast treatment which was, followed by the treatment
of spacing at 8 cm x 8 cm between seeds with a vessel diameter of 33.25 pum.
Minimum vessel size (30.57 pm) was found in the spacing of 12 cm x 12 cm between
seeds which was followed by the spacing of 4 cm x 4 cm between seeds with a vessel
diameter of 31.19 pm. In the eighth month, maximum vessel diameter of 47.39 pm

was shown by the broadcast sowing treatment which is followed by the spacing 12 cm

x 12 cm between seeds with a vessel size of 47.11 pm. The smallest vessel diameter of

41.11 pm was shown by the 8 cm x 8 cm spacing treatment which was followed by the

4 cm x 4 cm spacing treatment with a vessel diameter of 46.17 um.

4.3.3 Vessel frequency
Table 27 gives the data pertaining to vessel frequency a;o, mm™2) of the

~ seedlings. Graphical representation of the same is shown in Figure 14. Significant
difference between the treatments Was noticed in the case of vessel frequency of teak

s. Maximum vessel frequency (171.76 mm™®) was found in the treatment N;S;
g 0.4kg m2 and a spacing of 8 cm X 8 cm between seeds), followed by N;Sg
2 and broadcast sowing method) with a vessel frequency of
rvation. Lowest vessel frequency was found in

| seedling
(cowdun

(cowdung 0.4 kg m’

162.85 mm in the first month of obse ;
the treatment NS (cowdung 0.4 kg 2 + neem cake 0.2 kg m™ and a spacing of 4 cm

value of 68.07 mm’> which is followed by NgS; (no

x 4 cm between seeds) with a
2

nutrients and a spacing of 4 cm X 4 ¢cm between 5€
inothe first month of observation. The frequency of the vessels was found to reduce as

the seedlings grew up. In the eight month of observation, maximum vessel frequency

was shown by the treatment NoSo (no nutrie

eds) with a frequency of 79.13 mm"

nts and broadcast sowing method) with a
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value of 160.05 mm2 which is followed by NSy (cowdung 0.4 kg m™ and broadcast
sowing method) with a frequency- of 145.04 mm™2, The least vessel frequency was
found in the treatment NoS3 (no nutrients and a spacing of 12 cm x 12 cm between -

seeds) with a frequency of 54.71 mm™ which is followed by NoS, (no nutrients and a

spacing of 8 cm x 8 cm between seeds) with a frequency of 87.15 mm>,

Table 28 illustrates the effect of nutrients and sowing methods on vessel
frequency of teak seedlings. Levels of nutrients differed significantly except for the
| fifth and eighth month with respect to vessel frequency. The maximum vessel

frequency of 130.41 mm™ was showed by the cowdung alone that in the first and the
minimum vessel frequency of 89.73 mm> was showed b); ':the treatment cowdung +
neem cake in the first month of observation. In the seventh month of observation the
maximum vessel frequency was recorded by treatment cowdung 0.4 kg m and neem
cake 0.4 kg m? with a frequency of 118.69 mm™. However, the other two nutrient
levels, no nutrients and cowdung 0.4 kg m were at par with the vessel frequency

value 6f 105.85 mm and 104.52 mm™> respectively. In the eighth month thefe was no

significant difference between the treatment.

Levels of sowing methods were found to vary significantly except for the

fifth month of observation. The highest vessel frequency (136.77 mm'z) was observed

for the spacing of 8 cm X 8 cm between seeds while the lowest (73.95 mm'z) was for

the sowing method of 4 cm X 4 cm spacing between seeds in tfe first month of

observation. In the eighth and final month of observation the minimum vessel

frequency of 80.44 mm was found for the spacing of 12 cm x 12 cm between seeds

and the maximum vessel frequency was recorded by the spacing 4 cm x 4 cm between

seeds with a value of 131.55 mm™.

4.3.4 Ring width

The data furnished in the Table 29 illustrates the effect of nufrients and

sowing methods on ring width of teak seedlings. Graphical representation of the same

is found in Figure 15. Plate 4 to 12 shows the ring width of the seedlings as influenced

by various nursery techniques at different stages of growth. Significant difference was

observed between treatments with respect to ring width (um) in all the eight months of

!
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Table 28. Effect of nutrients and sowing methods on vessel freque /mm?
teak seedlings at monthly intervals quency (no/mm’) of

Months
Treatment 1 ) | 3 e | S < - -
Nutrient
1. No nutrient | 124.90° 130.91° | 127.29° 122.80% [ 113.72 b 5
Contea) 100.79 | 105.85 105.31
2. Cowdung 130.41° 172.51° | 176.00° 133.02° 127.16 118.89° 13
S Cowdmg ¥ | 8973 | 13133 | 139.2° | 11482° | 119.79 osse i se TiET
Neem cake - .
F test 19.48% | 38.75* | 30.89* 7.15* 221 3.98* 6.82* 055
Sowing methods i .
1.Broadcasting | 129.09" 135.93° | 149.30° 132.70° 119.82 133.76° 128.46" 119.17°
(control) '
2. Spacing 4 75.95° 118.16° | 120.61° 119.85° 130.24 117.63° | 126.22° 131.55°
cmx4cm '
3. Spacing 8 136.77° 163.61° | 172.05° 131.64° 114.29 94.67° 96.44° 89.86°
cmx 8 cm ’
4. Spacing 12 | 118.24° 151.08° | 147.92° 110.01° 116.54 88.13° IR YR
cmx 12cm '
F test 22.07* 18.94* | 1591* 7.44* 1.82% | 15.19% | 35.83* 37.89*
Nutrient vs spacing
F test 5.21* 13.83* | 11.58* 10.75* 12.54% 5.32%00 | 39.66* 13.90*
SEM 4.08 3.13 3.73 2.79 3.70 3.82 2.45 2.77
£ 0.01; NS - Non significant

* Significant at 0.05; ** Sjgnificant a NS
Values sharing same alphabets do not differ significantly between themselves at P = 0.05
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Table 29. Effect of combination of nutrients and sowin .
t - :
toale seedlings at monthly intervals g methods on ring width (um) of

Treat- Treatment
ment details Months
1 2 3 4 5
NS No nutrients + ¢ 6 7 8
‘ broadcasting 43.99° | 102.09° 12 41.968 ¢
0So oadeast 02.09° | 158.1 341.96 485.55 538.678 | 649.46% | 774398
No nutrients + -
NoSi | spacing d x4 cm 0130° | 177.62° | 30835° | 49385° | 634.12° | 742.02° | 883 02¢ | 1129.10°
No nutricnts + . it .
NoS2 | spacing 8 x 8 cm 127.82° | 282.20° 444.05% 539.50 | 674.79° | 824.19% | 1086.35" | 1453.10°
No nutrients + . .
NoS; |, ac‘;n'},“,'z'e,‘:,zcm 124.50° | 325.36" | 41 1.68¢ 576.85° 768.58" 882.08° | 1075.32% | 1325.90°
o .
NS, | Sowdungt | 81.34° Te0.09° | 32453° | 445777 | 531.20° | 654.04° 851.51" | 948.69"
NS, |Cowdums ¥ seacing] g6 40% | 169.09° 346.55° | 46231 | 55029° | 664.83" | 951.12% | 1251.62
NS, || 159.36% | 355.24° 24322 | 61835° | 786.01° | 993.50° | 132497 | 1498.60"
NS, |COumetwais] 175,96 | 350.26° ws22" | 540414 | 678.94° | 89723 | 1082.63" | 1368.50°
Cowdung + ni b
N,S, mke,,b,oadc;f;‘,}g 134.46° | 20713 | 47891° 648.23 775.22° | 866.52° | 1004.64% | 1119.77°
N.S Co»;dung+npem 4 c 460.65° 535 35¢ 6 ¢
1Sy | cake + spacing 83.00° | 301.29° . . 74.39 761.10% | 856.56" | 969.36"
Cowdung + neem
bo bo b 26° b
N,S, cak::ss;:::ins 159.36% | 309.59 525.40 622.26 746.07 848.48° o 1138.34° | 1366.75°
Cowdung + neem
N,S; ca:c;:lsgi:'i‘ns 292.99" | 523.90° | 681.43° 844.11° | 971.15° | 1207.05* | 1390.90" | 1537.60"
F 1‘3‘.21* 12.23* ' 12.33* 42.331" 32.30‘ 41.24* 22.98* 32.25*
SEM ‘ 23.64 33.19 3023 & L 1096 286
CD (0.05) 1721 | 3. ] 23 24.56 37.61 41.79 37.61
5; ** Significant at 0.01; NS - Non significant

* Significant at 0.0

Values sharing same a nificantly between themselves at P = 0.05

Iphabets do not differ sig
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Plate 4. Cross sectional view of the treatment NS,
(no nutrient + broadcast sowing method at
the eighth month of observation (T.S. 40x)

Secondary
xylem
vessels

s sectional view of the treatment NS,
d spacing 4 em x 4 cm
een seeds at the third month of

Plate 5. Cros
(no nutrient an

betw
observation (T.S. 10x)
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Plate 6. Cross sectional view of the treatment NS,
(no nutrient and spacing 8 cm x 8 cm
between seeds at the eighth month of
observation (T.S. 10x)
; Primary
"" ‘_(ll’l‘:;"'..v.c"._ phloem
:"[" el
Ray
parenchyma
Secondary
xylem
vessels

| view of the treatment N,S,
kg m? and spacing 4 cm x
eeds) at the eighth month of

Plate 7. Cross sectiona
(cowdung 0.4
4 ¢cm between $
observation (T.S. 4x)
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Secondary
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Plate 8. Cross sectional view of the treatment N,S,

(cowdung 0.4 kg m? and spacing 8 cm x 8 cm
between seeds) at the second month of

observation (T.S. 4x)

Secondary
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Cambium

Secondary
xylem
vessels

Primary
phloem

Plate 9. Cross sectional view of the treatment N,S,
. (cowdung 0.4 kg m2 + neem cake 0.2 kg m
and broadcast sowing method) at the eighth

month of observation (T.S. 4x)
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ss sectional view of the treatment N,S
(cowdung 0.4 kg m2 + neem cake 0.2 kg m azné
spacing 12 cm X 12 ¢cm between seeds) at the
eighth month of observation (T.S. 10x)

Plate 12. Cro
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2
m™ and a spaci
pacing of 12 cm x 12 cm between seeds) with a ring width of 175.96
.96 pm.

Lowest ri i :

ring width was’ showed by the treatment NoSo {no nutrients and b

. ) : n

sowing method) with a value of 43.99 um which is followed by NS, (cowd roadcast
1 (cowdung 0.4 kg

-2 )
m2 and a spacing of 4 cm X 4 cm be w
tween seeds) with a ring wi
g width of 66.4
4 pm. It can

be seen that differing cambi
ring ‘width in the different treatments applied.

al activity at different stages of growth resulted in varyi
LI A lng

Table 30 shows the effect of nutrients and sowing methods on ri
) o ing width of

ients were found to vary significantly with respect to tl
he

While considering the effect of the nutrient alon
v e . e
m ring width of 167.45 pm was shown b tf i
: y the

teak seedlings. Levels of nutr

anatomical property ring width.
eedlings the maximu
ung 0.4 kg 2 + neem cake 0.2 kg m which was followed by tt

ring width of 120.77 pm. Lowest ring wid)t,h ::

2 with a
atment no nutrients (control) in the initial month of
0

d upto the seventh month of observation. But i
. in

treatment cowd
treatment cowdung 0.4 kgm’

06.9 pm was shown by the tre
observation. The same trend continue
width of 1266.85 pm was shown by the treatment’

the eighth month, maximum ring
e treatment cowdung 0.4 kg m? and

cowdung 0-4 k8 m-2 which was followed by th
neem cake 0.2 kg m2 with a ring width of 1248.37 pm. In the eighth month of
0

observation, the nutrient lone 0.4 kg m? and cowdﬁng 0.4 kg m? +

neem cake 0.2 kg m™2 were on par.

levels cowdung a

Significant yariation between the levels of sowing methods were found
nd.

th of 197.82 pm was
hich was followed by the treatment with 8 cm x 8 cm spacing

width of 148.85 prit- A ring width value of 80.23 um was

x 4 om spacing betwee
th of observation. Similar trend was

found for the treatment 12 cm x 12 cm

Maximum ring wid
spacing between seeds W

between seeds with a ring
he treatment,'4 cm
din

n seeds which was followed

the initial mon

gdcast sowing metho
1 of observation. From the sixth month

py the bro

shown by the treatments upto the sixth mont

onwards slight increase in ring width was shown by the 8 cm x 8 cm spacing
nth of observation maximum ring width of 1439.49 pm was

treatment. In the ]ast mo
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s and sowing methods on ring width of teak seedlings at

Table 30. Effect of nutrient
.+ monthly intervals e
_—_/ "
T Months
reatment 1 4 | 5 3 | = .
Nutrient __.___,___________-______—c——
1. No nutrient 96.90° 221.82° | 330.52° 488.04 640.76° | 746.74° | 923.54° [ 1170.62°
control ~ ’
————-r"'—————r‘—————-r‘
2. Cowdun 120.77°__| 260.92 389.38__| 516.71 636.61° | 802.40° | 1052.56* | 1266.85
3 Cowdung + | 16745 357.08° | 536.60° 662.49° PoLTT [ 92079 [ 1097.6° | 124837
Neem cake I B )
| Neemcake L ——r—
F test 2214 | 85317 S5 10r | 20731 | 125397 9615+ | 4533* | 17.88*
Sowin mcthods_________,_ﬂ____—_,__r—_,___-r——___——;f
l.Broadcasting 86.60° 189.44 320.52 478.65 597.32° 686.41° 835.20° 947.62°
control __//______——____ A
2. Spacing 4 80.23° 216.00° 371.85° | 497.17° 619.60° 722.65° 896.90° 1116.69°
cmx4cm _._-——s-——-—-———-r'——————r" -
3, Spacing 8 4885 | 31568 | 27089° | 59337 735605 | 888.72° | 1183.22° | 1439.49°
cmx 8cm L
4. Spacing 12 197.82° 399.84° | 5121 1 653.79° 806.22° 095.45° | 1182.95' | 1410.67°
emx12cm ______-——-___—————_-————“"/
F test L__J_G_l?:——le_Ly_*——_}Qiis-:—— T72084* | 117.13* | 191.00% 142.19* | 289.85*
Nlltricnt vs SPACilh : 16.43* 40.03* 30.30* 41.24* 52.08% 3
L . 6.08 531 6.449 T556 e
 Significant at 0.05; * Siguificant at 0.01; NS - Nov significant '
ame alphabets do not differ significantly between themselves at P = 0.05

Values sharing S
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found fot the treat
ment 8 cm x 8 cm spaci
pacing between seeds whi
ich was followed b
y the

of ri i .
ing width (947.62 pm) was found in the broadcast treatment

4.4 RELATIONSHIP
BETWEEN AN
BIOMETRIC CHARACTERS ATOMICAL PROPERTIES  AND
Relationshi )
elatxc;rrlshlp between selected pairs of anatomical properties such
. . . as

equency and ring width and biometri¢ characters such as V‘;SSCl
shoot

length, collar girth, leaf number and root length was studied using re i

. . T .

F.rom Figure 16 it can be seen that the relationship between shoot lg ession analysis

diameter was positive with an R? value of 0.0482." Figure 17 i:;gth and vessel
icates that the

relationship between shoot length and vessel fre
quency was positive and
weak. Figure

18 reveals the relationship betwee

and weak.

diameter, vessel

ows a positive relationship with anatomical properti h
ies suc

Collar girth sh
gative relationship with vessel diameter

as ring width and vessel frequency and a ne
t can e relations

295). Figure 20 illustrates the relationship

2
R? value of 0.1058). Figure 21 reveals the

b and rin width which i o .
g which is positive with an R? value

From Figure 19 i be seen that th hip between collar girth and v 1
€sse

diameter Was very wea
between collar girth and vesse
nship between the collar gi

k' (R* value of 0.0
| frequency (

relatio

of 0.199.
d that the number of leaves produced had a negative

" .
R? value of 0.0174 (Fig. 22). From Figure 23
duced had weak positive relationship with
hip between leaf number

It was foun

relationship with vessel diameter with an
it was found that the number of leaves pro
vessel frequencys 2 oaiye of 0.1141. The relations
in Figure 24, Leaf number shows a weak positive

and ring width is Pf
£0.1564.

relationship with ring
¢ relationship between the biometric

h

s very
gth and vessel frequency had a very

Figure 27 it is also noted that there
th with an R? value of 0.0009.

Jiameter W2 weak with an R? value of 0.0069
en that root len
:0013. From

gth and ring wid

also be s¢€

From Figur
.11 an R? value of 0
en root len

poor relation betwe

1 shoot length and ring width which was negativ
e
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DISCUSSION

Traditionally, teak plantations of Kerala are raised from ;Sfumps d
produced

y . .

are f i i i
ound to yield better seedlings suited for making stumps. Hence, in thi
: : , in this study,

nutrie i : .
nt and sowing treatments were imposed in a factorial combination t
: ation to study the

differe in bi i cl :
nces in biometric characters, biomass characteristics and anatomical
ical properties

of nursery seedlings. In most of the charact
e seen that nutrients and sowing methods have

ors P .
studied significant differences among

treatments Were observed. Thus it can b
iderable importance in the production of good quality teak stumps The sali
. The salient

of the studies are discussed here u

cons

findings

nder.

5.1 EFFECT OF NUTRIENTS AND SOWING MET -
EFFECY OERS . THODS ON BIMETRIC

acters such as shoot length, coll;r girth, number of leaves

Biometric char
ificantly as was evident from the statistical

h differed sign
was found that N,S3 (cowdung 0.4 kg m? + neem cake

) was the best treatment

produced and root lengt

analysis of the data. It

2 kg m2 and seeds dibbled at a spacing of 12cmx 12 cm

0
f leaves produced and root

com

lengt

also

ot length, collar girth, number 0
nutrient and sowing methods were considered separately
m cake 0.2 kg m’? was the best

bination in terms of sho

h.. When the effects of
wdung
ibbling in lines of 12 ¢

0.4 kg m’ + nee

it was found that co
nt combination and d m x 12 cm was the best sowing

for getting good resu

haracters.

nutrie
Its with respect to these ¢

‘method
£ area could be considered as important criteria for

t, diameter and lea
¢ of seedlings- Si d in Anogeissus
y Tripathi and Baj

ximum shoot lengt

Heigh

measuring Vvigou

pendula seedlings b

milar results were also obtaine
pai (1984). In the present study, the seedlings of

1

) of 116.5 cm in the nutrient combination of

teak recorded a ma
cowdung 0.4 kg m’
of 12 cm X 12 ¢
e trend in height

-2 .
2 and neem cake 0.2 kg m and the sowing method, dibbling in
een
when a mixture of soil, vermiculite and

m at the end of sixteenth fortnight. Ani (1992) also observed a

growth in teak
Th

lines
positiv .
cowdung Was used as potting media. The height growth of Eucalyptus urophylla



- par with the broadcasfing tre

a4 .

seedlings wa
s found to be maxi i
maximum in pure latosol and that of Maesopsi
Sis aminii W
as

. . 3 . l . -
y b )- he

‘le

S
S

y bet
may be the reason for the better performance of teak seedlings. Sowin I

12 Cm y i

dibbling in lines of 12cmXx
t
atment. Bahuguna ef al. (1990) also reported that heigl
1ght,

coll i [
ollar dlalneter and number of branches in 150 day old seedli
Dis

cytisoides were best in dibbling treatmen
e also reportsd by Bahuguna ef al. (1989); Bahugun
; guna ef al.

d Lal et al. (1999) in tropical tree seedlings in the

ts at the same spacing used in this study

Similay 0 ervations wer

(1992); Maithani et al. (1992); an
nursery while Islam and Siddiqi (1987) re
ported that seeds sown b
y broadcasting
gave

significantly better performance than dibbling in Sonneratia apetale n
. ursery.

With regard to collar girth, the seedlings of teak showed a trend .
to that of height growth. At nd slmost
the treatment N,S3 (cowdun
m x 12 cm). The treatment NS,

the end of the study the maximum collar girth of

similar

14.96 mm was recorded by 2 04 kg m? + nee

0.2 kg m™ and seeds dibbled at @ spacing of 12 ¢ m cake
-2 + neem

(cowdung 0.4 kg ™ cake 0.2 kg m” and seeds dibbled at a spacing of 4 cm
zm) had the minimum collar girth of 7.234 mm at the end of sixteenth fOrtnigh:
irdar et al- (1998) observed better collar girth and shoot growth in the case o%

edlings as @ result of addition of vermicompost to soil. He also
potting media on Vigour index of Acacia nilotica_and found that
omposted tank silt,

_ Addition of cowdun
responsi

dirachta indica s€

Aza
ated the effect of

evalu
farmyard manure and sand in 1:3:1 ratio

propoﬁion of
g can improve soil physical properties

an equal
ble for better growth in media

promoted i

e and this may be
_has an insecticidal property; hence the soil insects which
white grubs,

will improve. Neem cake is also a

sttacks the teak i tages such as termites and cut worms will
i he. seedlings
performance of teak seedlings
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Wider spacing also increased growth performance of individual seedlings

which is expected. In similar studies Tewari (1992) reported that dibbling seeds at tl
e

e : ~ -
spacement of 10 cm x 10 cm gave higher germination and survival percentage than

because of higher frequency of small diameter plants in

broadcast sowing. Further,
f useable plants will be obtained in

sowing plots a greater percentage o

broadcast
ts. Line sowing also has the advantage of

dibbling at 8 cm X 8 cm espacement plo
obtaining uniform sized stumps and more planting stocks.

Number of leaves produced by the teak Séécilings at the end of sixteenth

fortnight had a maximum value for the treatme .
gl nt N,S3 (cowdung 0.4 kg m 2 + neem

cake 0.2 kg m? and seeds dibbled at a spacing of 12 cm x 12 cm). NoS; (cowdung
0.4 kg m?2 +neem cake 0.2 kg m-2 and seeds dibbled at a spacing of 4 cm x 4 cm) is
per of leaves.

treatment with least num
meter treatments differed signiﬁcantly upto thirteenth fortnight. The reason might

ue to the fact that plants with higher rate of leaf growth Izr?)ably had a higher
and growth potential (Wierland, 1985). :

the It was found that with respect to this

para

be d
photo synthetic"évfﬁciency

ak seedlings also varied signiﬁgantly as a result of nutrient

Root length of te
ot combination was N2S3 (cowdung 0.4 kg m”

owing methods. 'I:h_e

+ neem cake 0-2 kg m2 and seeds dibbled at a spacin

putrient was cowdung 0.4 k8 o + neem cake 0.2 kg m’
pect to this character. Similar results

bbling in lines of 12 cm X
dersh (2001)-

and s
gof 12cmx 12 cm) and the best

2 and the best sowing method
i 12 cm with res
also reported bY A

5.2 EFFECT OF NUTRIENTS AND SO
CHARACTERS

were
WING METHODS ON BIOMASS

tudy revealed signiﬁcant differences between tréatments
rusal of the data reveal that teak

eights. A close pe
th combination effects and main effects.

0.4 kg/m® + neem cake 0.2 kg/m®

The results of the s
ddry W
fferences in bo
owdung
) while considering the combined effect

. with regard to shoot fresh an

eedling recorded significant di

The best performing treatment Was N,S;3 (¢
eeds

with spacing of 12 cm X 12 cm petween S
.o methods at the end of the study period. Considering main
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effects separately,
asting followed by dibbling in

2
cake 0.2 kg/m” and the best sowing method was broadc

lines
of 12 cm x 12 cm. In the case of shoot dry weight also significant differe
ence

between treatments was found. N
. N;S; (cowdung 0.4 2
g 0.4 kg/m? + neem cake 0.2 kg/m” with

cing of 3
gof 12 cm X 12 cm between seeds) was the best performing treatment Simil
; 2 . Similar

spa
and dry weight of teak seedlings.

trend was found in the case of root fresh

Biomass production 15 function of photosynthetically- active radiation

(PAR) (Hazara and Tripathi, 1986). It is presumed that effective utilizati f
ation O

e solar energy and also the availability of ample supply of nutrients may be tt
> ay be the

availabl
r the better performance of seedlings. There was a positive relati hi
ionship

otosynthates present in the stem and development
1l defined in the present study also. The

reason fo
stored carbohydrates Of ph
pect is we
teak seedlings with respect to root weight were

between
of healthy root system. This as

ments that proved superior in

so. T
the level of photosynthesis and the translocation of

treat
having high shoot weight al

be due to the variability in
hoots to the roots.

he difference in root biomass between treatments may

photosynthates from the §
EFFECT OF NUTRIENTS ~AND SOWING METH
ANATOMICAL PROPERTIES ODS ON

ed on the anatomical changes t

5.3
hat took place in the first

The study focuss

k seedlings. gs related to anatomical

The salient findin

year of the growth of tea
characters ar¢ discussed here under.

Tissue proportion

5.3.1
ssels, parenchyma, fibre, and ray

The proportion of various tissues like ve
differed signiﬁcantly due to i f nutrients and sowing methods as

well as dué to the effect of nutr

nteraction effects 0

jents and sowing methods separately.

5.3.1.1 Vessel percentageé

ortion of vessels varied from 15-52 per

period, the prop
Is reduced gradually and at the end

In the initial study
t in the later stages the proportion of vesse

cent. BU
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of eighth month of study the vessel percentage varied from 6-15 per cent. Thi b
. This may be

. .

yma cells occupying its space. Bhat (1998) reported that

parenchyma and ray parench
£ vessels and a high percentage of cell wall

juvenile teak wood has low percentage 0

with short fibres, in comparison with mature wood.

5.3.1.2  Paren chyma Percentage

The proportion of parenchymai cells varied from 13-35 per cent in th
W or (<]
and as the tissue matured from juvenile stage the proportion of

initial study period
e end of the study period. As the

parenchyma cells reduced from 5-16 per cent by th

ures the propoﬁional wood parenchyma cells reduces and wood

juvenile tissues mat
fibres will be produce

percentage as the study

d. This may be the reaso

progressed.

Fibre percentageé

5.3.1.3
dlings varied from 14-56 per cent in the

percentage of teak see
dit gradually increase
s significant differenc
may ‘be due to fact that as juvenile cells mature, the

distributed an
s supporting this fact.

The fibre
first month of study an d to 59-75 per cent at the end of the study

iod. There also exist

e between the treatments. The increase in

per

the fibre percenfage
d lignifies to form fibres’/Priya and Bhat

schelerenchyma cells are
(1 997) have also reported similar result

5.3.1.4 Ray percentage
d cells which does the function of radial

pheral tissues. Ray parench
ried from 6-25 per cent and at the end

Rays are rectangular shape
yma cells varied

terials t0 the peri
cantly and in the first month of study it va

signifi
7.20 per cent:

of the study it varied

Vessel diameter
nds placed one above the

. 5.3.2

like the section of 3 drain pipe, running in the

0 for the reduction of parenchyma
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nutrients) from th i ts t cr f
e soil and roots to the crown for which they are struc -
C turally well

adapted. In teak seedlin i
gs )vessel diameter significantly differed between th
n the

treatments. It wa
s also found that vessel diameter first increased upto third
ird month and

later on it s ion in di W
howed a -reduction 1n diameter in the late™wood ves |
A sels and then it

increased sli i
ightly. This may be due to the good availability of water and nutri
utrients.

It is a well know i
ell known fact that wide vessels conduct large volume of
of water per

unit time (Carlquist, 1985). The maximum vessel diaméter of 52.79

b . . pm was

y the teak seedlings at the end of the study period in the present investigati r";?’rded
igation. Tewari

992) reported that in teak, ear
t narrow vessels are of smaller lengths than wider
er

A kachukwu (1987) found tha

~ yessels; the vesse?mensions in
upta et al. (1999) also.

ly wood vessel diameter ranges from 200-320
-320 pm.

crease with age. Similar results as seen in this stud
study

were reported by

5.3.3 Vessel frequency
antly differed due to the combined effect of

Vessel frequency also signific

ds. In the first

nutr
2
0230 mm . But subsequently vessel frequency reduced to

varied between 70 mm™ t
ut 50 mm” to 160 m? by the end of the study period. Similar results w
ere

ient and sowing metho three months of growth the vessel fre
quency

abo
r the reduction may be due to the

orted by ‘6hauhan et al.
the xyl

size the vessel frequenc
n the frequency of vascular bundles and

(2000). The reason o
em parenchyma, xylem fibres and ray

rep
growth of the cells in
parenchyma expands in
by the frequency reduce

fibrous percentage with 1

em region. As xyl
y distributes in a wide area and there

s. A similar decline i
ncreasing in age was also noticed in bamboos.

5.3.4 Ring width
cedlings contains the epidermis, pericycle

_The primary structure of teak S
pith. The yascular pundle lies towards the centre and is

d fibres and wood

dles disappears @

ular pbundles and
parenchyma. As the teak seedlings grows

vasc

sed of yessels, woo
nd secondary thickening happens in the

compoO

the primary yascular bun
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' relationship wi
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gs' . y

secondar i
y xylem production can be demarcated by measuring the ring width. T
idth. The

xylem o
y r wood parenchyma of secondary wood usually becomes thick walled and
an .

lignified. The xylem elements i.e., vessels an
e roots to the leaves, whereas wood or xyle
m

d trachieds, aid in the conduction of

water and mineral salts from th
d in the storage. The wood fibres give mechanical

parenchyma are living tissues ai
support to the plant body (Pandey, 2001). "

Ringwidth also differed significantly due to the combined effect of
ec

well as due to °

he treatment N2S3 (cowdung 0.4 kg/m? + neem

12 cm between seeds). It was observed that

jated in the first month of

nutrients and sowing methods as the effect of main factors individuall
idually.

Maximum ring width was recorded by t

cake 0.2 kg/m2 with spacing of 12 cm X
tion in seedlings was init

hth month'of observation significant amount of wood

vascular bundles were present and they

secondary xylem produc
observation itself and by the eig

had formed. In the initial stages
gradually secondary thickening started.
width increased and collar

d seedlings earlier.
dlings show prolonged period of

the primary
As the cambium divides fast in the rainy

girth also increased. This may be the reason
Similar results were reported by Rao
cambial activity

season the ring
for achieving stumpable size
and Dave (1981). Young teak se€€
ared to mature trees.

when comp

54 RELATIONSHIP BETWEEN ANATOMICAL PROPERTIES AND
BIOMETRIC CHARACTERS

g width, vessel

onship between anatomical characters such as rin
ters such as shoot length, collar girth
’ bl

tric charac
jed. Results showed that shoot length had very

s. Collar girth showed weak

The relati

size and vessel frequency and biome

hip with anatomical propeﬂie
idth and vessel fre

relations
quency had weak negative

weak positive

positive relatio
oduced showed a positive

nship with ring W

th vessel size. Num
d vesse

ber of leaves pr

l’elalionship wi
| frequency and a very weak positive

th ring width an
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relationship with vessel diameter. Root length showed a very weak negative

relationship with all the three ana’;omical properties viz., ring width, vessel diameter

and vessel frequency-.

be thus seen that anatomical properties ring width and vessel

It can
y related with the biometric characters such as collar girth and

frequency is positivel
Jeaf number. This may b

collar girth in plants- an
ynthates for translocation t

e due to the fact that ring width directly influences increase in

d the large qumber of leaves produced accumulate

photos hrough the vessels.
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2. Biomass character’

4, Fast gro

5.  Tissue prop

SUMMARY

y’ el‘ala

Vellanikkara,
as affected by nutrient status of nursery beds and

wood formation of teak seedlings
methods. Seedlings were raised

Randomized Design and the
were taken and statistical analysi .
ysis of the data was d :
ne. one. The characte
IS

sowing in nu
rsery beds of standard diamensions in a

Completely
observations
studied included, biometric, biomass and anato

summarised here under.

vari . . g
arious biometric, biomass and anatomical

mical propéities. The salient results are

The treatment NZS cowdung 0.4 kg/m® +
3 ( g g/ neem cake 0.2 kg/m’ with a spacing“

12 cm between seeds)

racters such as sho

of 12 cm X is the best treatment combination in terms f
0

biometric cha

ot length, collar girth, number of leaves

produced and root length.
istics were superior in the treatment combination N-S
293

2 4 peem cake 0. 2 kg/m 2 with spacing of 12 cm x 12 cn
1

wdung 0.4 kg/m
e cornbmed effect of

n seeds) while th
best jevel of the nutrient Was found to be co

0.2 kg/m2 The best sowin
dibbling in lines of 12 cm X 1
Ring width was superior for
0.4 kg/m2 + neem cake 0- 2 kg/m
The best nutrient le vel was cowdun
g method was di
wing seedlings
yessel freqttenc
ortion var ied sig

percentage and

nutrient and sowing methods, the
wdung 0.4 kg/m2 + neem cake

o be broadcasting followed by

(co
betwee

g method was found t
2 cm between seeds.
the treatment combination of NS3 (cowdung
cm between seeds).

2 yith spacing of 12cmx 12
g/m’. The best

g 0.4 kg/m’ + neem cake 0.2 k

fl12cmXx 12 cm.

pbling in lines 0
d vessels compared to the slow growing

had larger size
y was found to b

mﬁcantly throu

sowin
ones. The o low for fast growing seedlings.

gh out the study period. In the initial
percentage were more and fibre

period vessel
t the end of the study penod the

percentage and ray percentag



102

vessel percentage and parenchyma percentage declined and fibre percentage and

ray percentage increased.
By imposing the best nutrient and sowing method treatments as found out from
present study, good quality vigorous stumps can be produced in a short

the

period of time.
In the initial period of growth, vessel percentage and parenchyma percentage
s the seedlings grow up the second

and ray percentage increased.

was more and a ary thickening started and as a

result the fibre percentage

s o ar =
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APPENDIX-I

the study area during the experimental period

Weather data of
] .

Month | Rainfall Rainy Mean Mean Relative Relative | Mean
(mm) days max. min. humidity | humidity | RH

. temp- temp. (morning) | (evening) (%)

/,_(iQL’_,LLC) ]
Jan 2002 0 0 32.8 22.7 79 45 )
Feb 0 0 34.3 22.4 71 38 50
'March 16.22 2 36.2 24.1 g5 0 =
(April | 5080 ___5,,_,,3,@/ 24.8 86 55 7
May 308.40 7 | 326 ggg gg % 27_
June 533.50 - 22 _____g,g_g--—-,____ﬁ-r——__f o7 = 82
. b L »
July 354.20 21 /Es'.?’ﬂ/ﬂﬂ o7 o z
August _ 506.60 189 "/37’/23-0 % = %
Sept | 124.00 3 :
Oct 387.70 19 /19;&/,,23’_;3’— gi 74 83
N 22.10 3 /,llé/...-zi'f‘——— » 60| 71
T)%:V———__T—E/Oi 503 22.1 72 45 45
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ABSTRACT

ut at College of Forestry, Kerala Agricultural

An experiment was carried 0
the best nutrient levels and

Vellanikkara with the objective to evaluate

University,
production of good quality stumps based on
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mical propertles of the seedlings W1th particular reference to wood formation due
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ent nutrient and sowing methods were randomly

ambial activity. The differ

to ©
andomized design.

allocated following completely

From the experiment, it was found that the best nutrient and sowing

binations were N2S3 (cowdung 0.4 kg/m® and neem cake 0. 2 kg/m® with

method com
2 cm X 12 cm between seeds). In terms. of biometric characters and
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large and vessel frequency

vessel diameter Was
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spacing of 1
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growth characteristics as wel
present study it was
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