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ABSTRACT

This project was undertaken to study the effect of various silvicultural treatments and
nutrient combinations on the growth and volume of eucalypts and to evaluate the
nutrient uptake and partitioning in different parts of the plant.

Experimental plots were laid out in the grasslands at Vallakkadavu and seedlings of

Eucalyptus grandis planted over an area of 80 ha. Nine silvicultural treatments viz

three pit sizes of 20cm x 20cm x 20cm ,30cm x 30cm x 30 cm and 40 cm X

40cm X 40cm ; three spacings of 2m X 2m, 25m x 25m and 3m X 3m

and three skinning operations of line, complete and around the plant and 16 nutrient

combinations of Nitrogen (N), Phosphorus (P) and Potassium (K) were tried.

Fertilisers with four levels viz 0, 15, 30 and 40 g/plant of each of the nutrients were
added initially in the pit before planting (June), during north - east monsoon (October)

in the first year and south - west monsoon (June) in the second year with double the

dose of that applied during the first year.

Height was measured at three months intervals during the first year and at six months
interval thereafter upto three years. Girth at breast height (gbh) was recorded at the
end of 36 months of planting and the volume of trees were estimated using a
prediction equation. The relative treatment effectiveness (RTE) and relative economic

effectiveness (REE) were also worked out.

In addition to this, trees, one each with height and gbh close to the mean value in
each silvicultural treatment and nutrient combination, were harvested at the end of 36

months and the nutrient accumulation in different parts was estimated.

Another experiment with high density planting with 1 m X m spacing was also
conducted employing the same 16 nutrient combinations in three pit sizes of 20 cm
X 20cm x 20 cm, 30 cm x 30 cm x 30 cm and 40 cm X 40 cm x 40 cm in completely

skinned plots at Vallakkadavu. The height and gbh of trees were recorded and



volume of trees estimated. The RTE and REE were worked out. The nutrient

accumulation in different parts of the trees was also found out.

In order to evaluate the effect of the best set of silvicultural treatments and nutrient
combinations found out at Vallakkadavu, multilocational trials were conducted with
E. tereticornis seedlings at Punalur and Kottappara. The height of the trees was

recorded at the end of 6, 12, and 24 months after planting.

It was found that there was significant difference in height of E. grandis trees due to
various silvicultural treatments and nutrient combinations. Among the various
silvicultural treatments, 3 m x 3 m spacing, 20 cm x 20 cm x 20 cm pit size and line
skinned treatment was found to be the best in terms of volume, RTE and REE
values. Among the different nutrient combinations, N,P,K; i.e., application of 30 g

N, 30 g P and 15 g Kl/tree or 65 g Urea, 150 g Mussorie rock phosphate and 29 g
Muriate of potash/tree for one application in the first year was found to be the best.
This is equivalent to 72.438 kg of Urea, 166.650kg of Mussorie rock phosphate
and 32.053 kg of Muriate of potash/ ha (for 2500 plants).

The study on the nutrient accumulation at different parts of the trees revealed that the
amount of nutrients in bolewood was two times of that in branches and one and half

times of that in leaves.

The multilocational trials showed that the best set of silvicultural treatments and
nutrient combinations for E. grandis were equally matching for E. tereticornis at
lower elevations. In the high density planting with | m x Im spacing, pressure on
land, the establishment cost and the cost of fertilisers were very high. The RTE and

REE values were considerably lower than those in wider spacings.

The findings are on the basis of observations for the first three years only and
therefore in order to establish the results, the observations will have to be recorded

continuously till the trees are finally felled at the rotation period of seven years.



1. INTRODUCTION

Eucalyptus is a commonly planted tree species in Kerala in all forestry programmes
owing to its wider adaptability, fast - growing habit and high industrial demand. It was
introduced during 1970s on a large scale under plantation programme and there are
about 30,000 ha of E. tereticornis and E. grandis plantations under the Forest
Department (Govt. of Kerala, 1992).

In the existing plantations, the yield varies from one location to another. The average
yield for E. tereticornis was 73 m3ha where as for E. grandis, it was 137 m%ha at
the rotation age of 10-years (Jayaraman and Krishnankutty, 1990). The annual demand
from the pulp and paper industries was 0.30 million tonnes while the available
eucalypt material in 1989-90was only 0.1 12 million tonnes (Govt. of Kerala, 1990).

This reveals that the demand far exceeds the production, whereas the productivity has
declined considerably. In order to meet the demand, it is necessary either to bring
large land area under this species or to make out all efforts to increase the productivity
of the existing plantations. The former is impossible due to many socioeconomic
constraints while the latter happens to be the most acceptable option for future

development of forestry in Kerala, especially where land availability for expansion is
minimum.

Plantation forestry has until recently been practiced with traditional silvicultural
practices. This has resulted in impoverisation of soil fertility and hence poor tree
establishment and growth. Now, more than ever, the importance of an adequate
supply of plant nutrients along with suitably modified planting techniques is
being recognised to ensure efficient crop production. Judicious management of tree
nutrition inter alia advanced planting techniques is an important tool not only to

ensure increased production, but also for sustained productivity over a long period.



Although the importance of fertilisers in Indian forestry was recognised as early as
1910 during dune afforestation programme (Ghosh, 1977), their use could not make
much progress because of low priority given to forestry sector and the general belief
that nutrient cycling in forest ecosystem is inexhaustible and renewable in nature.
Fertiliser experiments in the forest plantations on an operational basis, however, began
only in 1950s.

Studies on the effect of fertilisers on eucalypts showed that growth can be increased
by 50 to 60% (Bonny, 1991; Gupta, 1990). Significant increase in growth of E.
grandis was recorded by the addition of fertilisers (Grewal et al, 1992; Jones and
Dighton, 1993; Krishnamoorthy and Vijayan, 1986; Singh et al, 1991; Valeri et al,
1993 and Wilkins, 1990). Research on fertiliser application showed economic gains
from applying N even to visibly healthy forest stand (Cromer etal, 1993).

It has been reported that biomass production can be increased and the rotation period

reduced with the application of fertilisers in plantations (Bahuguna, 1991; Kane et al,

1992). Schonau (1983) found an increase of 25to 98 mdha over a rotation of 10

years as a result of fertiliser application in E. grandis plantation in S. Africa. An
increase of 73% in total above ground biomass of E. tereticornis due to the addition
of 10and 20 kg of single superphosphate was reported by Gupta and Mohan (1989).

Another finding was that growth depended on time of application, local site conditions

etc (Buck, 1987).

Eucalypts are usually grown as energy plantations which involve the planting of tree
species at close spacing in order to have maximum biomass production per unit area
and adopting economic methods with respect to planting operations (Raizada and
Padmaiah, 1993). This makes it imperative for different silvicultural practices to be
tried out for evaluating their effect on yield.



Chauhan et al (1983) found that tree height and diameter reduced at close spacing.

Best growth at four year old of E. tereticornis was found in 3m x 3m spacing by
Bhatia (1980). It was also pointed out by Schonau et al (1981) that diameter of the

planting pit is more important than the pit depth.

In Kerala, except some sporadic attempts, no systematic work has been carried out to
study the effect of the application of nutrients in combination with silvicultural
treatments on the growth of eucalypt (Alexander and Mary, 1984; Prasad et al,
1984 a,b).

This project was undertaken with the aim of enhancement of productivity in
eucalypts through fertiliser inputs and other cost effective silvicultural treatments.
The objectives were

1. to study the effect of different silvicultural treatments and nutrient combinations
on the growth and volume of eucalypts and

2. to evalute the nutrient uptake and partitioning in different parts of the tree by
destructive sampling.



2 MATERIALS AND METHODS

2.1. Study area

The study was conducted in the grasslands at Vallakkadavu, lying in the Grassland

Afforestation Division, Peerumedu (Fig. 2).
The area was hilly with an average elevation
of 875 m asl and 20-30% slope. The rainfall

was 3,125 mm per annum with an average
minimum temperature of 8°C and maximum

of 37°C. The soil was severely truncated and

belong to skeletal isothermic family of Lithic
Dystropepts developed from Charnockites
rich in biotite mica with occasional gneissic
bunds ( Prasad et al, 1984a).

An area of about 80 ha was cleared in April
1992 and planted with E. grandis in May -
June. The seedlings were collected from
the mother nursery at Uppupara of
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Social Forestry Wing of Kerala Forest Department. The naked seedlings from the
mother nursery were transported to Vallakkadavu and transplanted into polythene

bags.

2.2. Soil status

Fifteen soil pits were taken from different locations of the experimental area and
samples were collected from 0-20,2040 and 40-60 cm layers of soil pits. Analyses

were carried out for soil pH, organic carbon, total N, available P and K. cation

exchange capacity (CEC) as per standard procedures described in ASA (1965) and
Jackson (1958). Soil texture was also determined.




The physical and chemical properties of soils are given in Table 1. The soil was clay
loam and strongly acidic in the surface and loam and medium acidic in deeper layers.
It contained high organic carbon in all the three layers. The ratios of organic carbon :
total N were 14.78, 19.11 and 15.33 in the surface, sub surface and 40-60 cm layers,
respectively. The available P status was very low and the K content was found to be
high. The CEC varied from 13to 16 me/I00g soil.

Table I. Physical and chemical properties of soils in different layers of soil
pits at Vallakkadavu, Kottappara and Punalur

Layers (cm)

Properties 0-20 20-40 40-60
Y, K P \% K P \% K P
Sand % 67 82 84 64 80 82 62 78 81
Silt % 22 10 8 19 11 13 17 12 12
Clay % 21 8 11 17 9 9 21 10 7

Textural Class CL LS SL L LS LS L LS LS

Soil pH 5.4 6.1 6.2 5.6 6.2 6.1 5.6 6.2 6.0

Org. carbon % | 3.40 135 | 148 1721 092 | 081 092 | 0.67

Total N% 023 | 009 [ 010 { 009 { 0.06 | 006 0.06 { 004 } 0.03
Av. P ppm 8 6 5 4 3 3 3 2 2
Av. K ppm 40 20 23 21 12 11 16 9 6
CEC me/I00g 16 21 18 13 17 17 13 15 12

2.3. Experimental treatments

There were nine silvicultural treatments and 16 fertiliser combinations tried. The

different silvicultural treatments and fertiliser combinations are described separately.
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2.3.1. Silvicultural treatments

The nine silvicultural treatments were three spacingsViz 2m x 2m, 2.5m x 2.5 m
and 3m x 3m, three pit sizes of 20cmx 20cm x 20cm, 30cm x 30cm x 30cm

and 40 cm x 40 cm x 40cm and three skinning operations viz line, complete and
around the plant.

They were given the notations as given below.

A1BIC1; AIB2C3; AIB3C2; A2B|C3; A2B2C2; A2B3Cy1;

A3B1Co; A3B2C1 and A3B3C3

where A1, A2and Agwere 2mx2m,25m X 25m and 3mx 3m spacings,
respectively; B1, B2 and B3 were 20 cm x 20 cm x 20 cm, 30 cm x 30 cm x 30 cm
and 40 cm x 40 cm x 40 cm pit sizes , respectively and C1, C2 and C3 were various

skinning operations viz. line, complete and around the plant.

2.3.2. Nutrient combinations

Sixteen nutrient combinations tried for the experiment were four levels, each, of N in
the form of Urea, P in the form of Mussorie rock phosphate and K in the form of
Muriate of potash were applied. The levels were O, 15,30 and 45 g/plant.

The different nutrient combinations were

NOPOKO ; NoP1 K2 ; NoP2K3 ; NoP3K1 ; N1PoK1i ; NiP1K3;
N1P2K2; NIP3Ko;  N2PoK2;  N2PIKg; N2P2K1; N2P3K3;

N3PoK3 ;N3P1 K1 ; N3P2K1 and N3P3
where No, N1, N2 and N3 were Nitrogen ; Pg, P1, P2 and P3 were Phosphorus and

Ko, K1, K2 and K3 were Potassium each @ 0, 15.30 and 45 g/plant.

The quantity of fertilisers added/ha in2 mx2m ,25mx25mand 3 mx 3 m
spacings for three applications are given in Table 2. They were 326, 652 and 978
kg/ha of Urea for 15, 30 and 45 g of Nitrogen/plant, respectively; 750, 1500 and
2250 kg/ha of Mussorie rock phosphate for 15, 30 and 45 g of Phosphorus/plant,



repectively and 288.50, 577.00 and 865.50 kg/ha of Muriate of potash for 15, 30 and
45 g of Potassium/plant in 2 m x 2 m spacing, respectively.

Table 2. Quantity of fertilisers (kg) added/hain different spacings for
three applications

Fertilisers Quantity of fertilisers (kg) added/ha in different
added spacings
Dose(g/plant) | 1mx1lm | 2mx2m | 25mx2.5m | 3mx3m
Urea for N ,
15 1304.00 326.00 208.64 144.87
30 | 2608.00 652.00 417.28 289.75
45 3912.00 ~ 978.00 625.92 434.62
MRP for P
15 3000.00 750.00 480.00 333.30
30 6000.00 1500.00 960.00 666.60
45 9000.00 2250.00 1440.00 999.90
MOP for K
15 1154.00 288.50 184.64 128.21
30 2308.00 577.00 369.28 256.42
45 3462.00 865.50 553.92 384.63

In 25 m x 2.5 m spacing, 208.64, 417.28 and 625.92 kgha of Urea; 480, 960 and
1440 kg/ha of Mussorie rock phosphate and 184.64, 369.28 and 553.92 kg/ha of
Muriate of potash were applied, the former for N and the latter two for P and K,
respectively, each for 15, 30 and 45 g/plant. In the 3 m x 3 m spacing, 144.87.289.75
and 434.62 kg/ha of Urea, 333.30, 666.60 and 999.90 kg/ha of Mussorie rock
phosphate and 128.21,256.42 and 384.63 kg/ha of Muriate of potash were added, the
former for N and the latter two for P and K, respectively, each for 15, 30 and



2.4. Experimental design

The experiment was carried out in a split plot design with nine silvicultural treatments
forming the levels of the main plot factor and 16 nutrient combinations constituting
the levels of the sub plot factor. Both main and sub plot treatments had a fractional
factorial structure. The experiment was replicated five times. Thus there were nine
main plots within a replication. Planting pattern of a single main plot in the whole
experiment is shown in Fig. 2. There were 12,600 seedlings in each experiment. Each
main plot was surrounded by border plants in all sides as shown in Fig. 2.

Under each silviculatural treatment, there were 16 nutrient combinations. One nutrient
combination was applied to three columns with 25 plants in one column. The plants in

the middle column were taken for observational purposes.
2.5. Mode of applicationof fertilisers

Fertilisers were added in the soil pits before planting in June 1992 and at the surface
during north-east monsoon (October-November 1992) in the first year, the latter
around the plant in a furrow 5 cm deep and 10 cm away from the plant, thoroughly
mixed with the soil and then the furrow was filled with soil.

Further application of fertilisers was carried out during the second year, but only once,
with double the dose of that applied in the first year during south - west monsoon
(June- July 1993) in the same manner of the second application in the first year about
15 cm away from the plant.

2.6. Growth measurements
The height of seedlings was measured at the time of planting and at three months

interval during the first year and six months interval during second and third years.

The casualties which amounted to be 15% were replaced in June 1993. The height
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measurements were taken till 36" month and the girth at breast height (gbh) was also

recorded at 36 months after planting.

The mean values for height of trees during second and third years were calculated
excluding the casualties replaced during the second year. The girth at breast height

(gbh) of trees was also recorded excluding casualties.
2.7. Statistical analyses

Height and gbh of trees were statistically analysed through split plot ANOVA
separately for each period in order to evaluate the effect of the silvicultural treatments
and nutrient combinations (Snedecor and Cochran, 1965).

2.8. Volume of trees

The volume of each tree was estimated using the prediction equation reported by
Chathurvedi and Pande (1973) which is

V= -0.0009 *+0.3360 D°H

where V is the volume of trees (m?); D is the diameter at breast height (m)and H is
the height (m).

As most of the diameter values at breast height of the trees were outside the range of
reliable prediction by the volume prediction equation, no statistical analysis was

carried out on predicted values of volume.
2.9. Plant analysis

At the end of the experiment, trees with height and gbh close to the respective
mean values in each silvicultural treatment and nutrient combination were harvested.

The nutrient contents N, P and K in bolewood, branches and leaves of trees in

11



each silvicultural treatment and nutrient combination were found out using the
procedures in Wilde et al. (1972). Nitrogen was determined by Kjeldahl's digestion
followed by distillation method, P by spectrophotometry and K by flame photometry.

2.10. Relative treatment effectiveness (RTE)

On the basis of the volume of trees in control and different treatments, the relative
treatment effectiveness (RTE) was calculated as

(volume in treatment - volume in control)

RTE =100x -
volume in control

where control is NgPgK(g in each silvicultural treatment

2.11. Relative economiceffectiveness (REE)

From the values of relative treatment effectiveness (RTE), relative economic
effectiveness (REE) was calculated as

(cost in control)

REE= RTE x
cost due to treatment

2.12. High density planting experiment with 1 m x 1 m spacing

With a view to study the performance of high density plantation, another experiment
with 1 m x Im spacing in completely skinned area in three pit sizes of 20 cm x 20 cm
x 20 cm, 30cm x 30 cm x 30 cm and 40 cm x 40 cm x 40 cm were undertaken at
Vallakkadavu. For this, seedlings were collected from the mother nursery at Uppupara

of Social Forestry wing of Kerala Forest Department.



The experiment was carried out in split plot design with three silviculural treatments
viz

Im x Im spacing, 20 cm x 20 cm x 20 cm pit size and complete skinning

Im x Im spacing, 30 cm x 30 cm x 30 cm pit size and complete skinning

Im x Im spacing, 40 cm x 40 cm x 40 cm pit size and complete skinning and 16

nutrient combinations as in 2. 3. 2.

The three silvicultural treatments formed the levels of main plot factor and the 16
nutrient combinations formed the levels of sub plot factor. The experiment was

replicated twice. The number of plants in each replication was 1250.

The quantity of fertilisers added/ha is given in Table 2. They were 1304, 2608 and
3912 kg of Urea; 3000, 6000 and 9000 kg of Mussorie rock phosphate and 1154,
2308 and 3462 kg of Muriate of potash, the former for N and the latter two for P and
K, respectively, each for 15,30 and 45 g/plant. The amount of fertilisers added/ha in
1m x Im spacing was 4,6.3 and 9 times of those appliedin2mx2m,25mx25m

and 3 m X 3 m spacing.

Regular observations on height at three months interval during the first year and at six
months interval during second and third years were taken. The gbh of trees was also
recorded at 36 months after planting. The casualties amounting to be 13% were
replaced during the second year (1993). The mean values for height of trees during
second and third years were calculated excluding casualties replaced during the
second year. The gbh of trees was also recorded excluding casualties.

Statistical analyses of the data on height and gbh of trees were carried out using split

plot ANOVA at each period separately ( Snedecor and Cochran, 1965). The volume

of trees was computed using the equation as mentioned in 2. 8 above.
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At the end of the experiment, trees with height and gbh close to the respective mean
values in each silvicultural treatment and nutrient combination were harvested. The
nutrient contents N, P and K in bolewood, branches and leaves of trees in each
silvicultural treatment and nutrient combination were found out using the procedures
in Wilde et al (1972). Nitrogen was determined by Kjeldahl's digestion followed by
distillation method, P by tri acid digestion followed by reduction with ascorbic acid

and read at 660 nm using spectrophotometer and K by flame photometry.
2.13. Multilocational trials

On the basis of year round observation on height of trees, using the best set of
silvicultural treatments and nutrient combinations, multilocational trials were

conducted with E. grandis seedlings at Muthanga and with E. tereticornis at
Kottappara and Punalur in 1993 (Fig. 1).

Three soil pits were taken from Punalur and Kottappara and samples collected from
0-20 cm, 20-40 cm and 40-60 cm layers. The soils were analysed for pH, organic
carbon, total N, available P and K and CEC as per standard procedures described in
ASA (1965) and Jackson (1958). Soil texture was also determined.

The experiment was carried out in split plot design with four silvicultural treatments
viz.

A1B3C2(2 mx 2 m spacing, 40 cm X 40 cm x 40 cm pit size & complete skinning),

A2B2C2 (25mx25m ,,,30cmx30cmx30cm ,, & ,, )
A2B3C1(2.5mx25m , ,40cmx40cmx40cm ,, & line skinning) and
A3BIC2(3mMX3m » ,20cmx20cmx 20cm » & complete skinning )

and eight nutrient combinations viz

NIP1Ko, NP1K2, NIP3Kp, N|P3K2, N3PIKp, N3P|K2, N3P3Kp and N3P3K2
where N1 and N3 were N @ 15 and 45 g/plant; Pland P3were P @ 15and 45
g/plant and Kq and K2 were K @ Oand 30 g/plant.
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The experiment was replicated five times. The experiment at Muthanga was

abandoned due to the damage caused to the site by wild animals, mainly deer.

Growth measurements were taken at six, 12 and 24 months after planting. Statistical
analyses of the data on height were carried out using split plot ANOVA at each period
separately. The mean values of height of trees were calculated during the second year

excluding the casualties replaced during the second year.
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3. RESULTS AND DISCUSSION

Mean values of height, gbh and volume of trees in different silvicultural treatments
and nutrient combinations and in high density planting with 1 m x Im spacing are
given in Tables 3,4,5 and 6. Tables 7,8 and 9 depict of nutrient accumulation in the

various parts of the tree in different silvicultural treatments and nutrient combinations.

3.1. Effect of different silvicultural treatments and nutrient combinations on
height, gbh and volume of trees

3.1.1. Silvicultural treatments

There was considerable increase in the height of trees at different periods in various
silvicultural treatments (Table 3). It was found that maximum mean height at three
months after planting, 15.27 c¢cm, was recorded in A1B2C3 ( 2 m x 2 m spacing,
30 cm x 30 cm x 30 cm pit size and skinning around the plant). Maximum mean
height was recorded in AIBICI (2 m x 2 m spacing, 20 cm x 20 cm x 20 cm pit size
and line skinning) at six months after planting (43.18 cm) and in A3BIC2 (3 m x 3
m spacing, 20 cm x 20 cm x 20 cm pit size and complete skinning) at nine months
after planting (58.51 cm ), 12 (91.13 cm ), 18 (135.62 cm) and 24 months
(165.40 cm) after planting. They were in A3B2C1 ( 3 m x 3 m spacing, 30 cm x 30
cm x 30 cm pit size and line skinning) at 30 months after planting (289.40 cm) and in
A1B3C2 (2 m x 2 m spacing, 40 cm x 40 cm x 40 cm pit size and complete skinning)
at 36 months (356.16 cm) after planting.

The per cent mean height increase varied from 180 to 217 ( at six months after

planting), 25 to 48, 37 to 59, 44 to 67, 14 to 26, 43 to 84 and 9 to 47 at nine, 12,
18.24, 30 and 36 months after planting, respectively.
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The per cent growth increase showed that maximum increase was during three to six
months period after planting (180 to 217%). The increase was not predominant (14 to
26%) during 18 and 24 months after planting.

Mean values of gbh showed that it was highest, 17.62 cm in A1B3C2 (2m x 2 m
spacing, 40 cm x 40 cm x 40 cm pit size and complete skinning) and the lowest,

13.25cm in A1B2C3 (2m x 2m spacing, 30 cm X 30 cm x 30 cm pit size and skinning
around the plant) treatments.

Analysis of variance showed that there was no significant difference between
silvicultural treatments with respect to height at three, six and nine months after
planting. But the differences in height were mainly attributable to the highly
significant influence of silvicultural treatments at 12, 18, 24, 30 and 36 months after

planting. With respect to gbh, the analysis of variance showed nonsignificant
difference between silvicultural treatments (Table 3).

The mean volume of trees varied from 0. 2876 x 102 m3 in A3B3C3 (3m x 3 m
spacing, 40cm x 40cmx 40cm pit size and skinning around the plant) to
0. 4666 x 102 m3in AIB3C2 (2 m x 2 m spacing, 40 cm x 40 cm x 40 cm pit size

and complete skinning) (Table 3). There was considerable difference in the mean
volume of trees due to silvicultural treatments.

3.1.2. Nutrient combinations

In the case of different nutrient combinations, trees in N2P2KI treatment had the
maximum mean height from nine months after planting. The values were 58.30
cm, 88.57 cm,134.61 cm, 161.65 cm, 250.62 cm and 343.14 cm at nine, 12, 18, 24,
30and 36 months after planting, respectively (Table 4). In the third and sixth months
after planting, maximum height was recorded in N2P3K3 and N2P1KO treatments,

respectively. Corresponding values were 14.32cm and 42.32 cm.
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Table 3. Mean values of tree height, gbh and volume in different silvicultural treatments

Silvicultural . Periods (months) / height (cm) ** gbh Volume
treatments* {cm) (x 10m%
3 6 9 12 18 24 30 36

AyB1Cy |13.61 43.18 [5429 (83922 [121.162 |149.128bc |231.11b¢ [ 318920 | 15.04 0.3359
AyB3Cy | 1446 41.18 | 5497 |[85842 |130.74°d | 148793b | 228.64D 320.59 | 16.10 0.3735
A3B,C; | 1429 4160 |5337 (77510 | 125.823b¢ | 15731de | 289.40¢ 316.53b | 14.30 03102
A;B3Cy | 1268 3754 [55.18 |84.842 |123629b | s5608%de | 25096d 356.16¢ | 17.62 0.4666
AyByCy | 13.36 3070 [ 5403 |[85.832 |128.79bed | 15220b0d | 23576bc | 33432¢ {1531 0.3564
A3BjCy | 1334 39.79 | 5851 |91.13% | 135629 | 165.40f 235.70b¢ | 346.42d | 16.92 0.4282
A;B,C3y [ 1527 4290 (5420 (8025t | 130889 | s1.63¢f [ 251.789 33439 | 13.25 0.2901
ApB1C3 | 1446 40.67 | 5663 | 77670 | 129.54bed | 1486320 | 236.41¢ 332.02¢ | 13.79 0.3049
A3B3C3 | 1346 3823 | 5158 |7435P | 121062 | 143.042 [ 219.292 298.34% | 13.95 0.2876

* Ay, Ap,and A3z are 2m x 2m, 2.5m x 2.5m and 3m x 3m spacing; Bj, B> and B3 are pit sizes
of 20cmx20cm x 20 cm, 30 ecm x 30 cm x 30 cm and 40 cm x 40 cm x 40 cm; Cy, Cp and
C3 are line, complete and around the plant skinning

** Values superscribed by same letter in one column do not differ significantly
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The per cent growth increase was 179to 200 ,29 to 43, 46 to 54, 50 to 59, 15to 24,
51to 59 and 37 to 41 at nine, 12, 18,24,30 and 36 months after planting, respectively.

The maximum per cent height increase was observed during three - six months after
planting and least at 18 - 24 months. After that, similar to silvicultural treatments,

there was a gradual and conspicuous increase in the growth.

Statistical analysis indicated that the difference in tree height was attributable to the
highly significant influence of nutrient combinations at nine, 12, 18, 24, 30 and 36
months after planting (Table 4). The N2P2K1 treatment spurred the height even to the

level of 15% over control within 36 months after planting.

As regards mean gbh values, the highest value, 18.64cm was found in N2P2K1 and
lowest in NOPOKO (control) treatments. The per cent increase in N2P2KI over

NOPOKO (control) was 20 (Table 4). Analysis of variance showed that there was no

significant difference between nutrient combinations with respect to gbh (Table 4).

The interaction between the silvicultural treatments and the nutrient combinations

was found to be nonsignificant at each period with respect to height and gbh.

The volume of trees was predicted on the basis of the equation and it varied from
0.3262 x 102m?3in N1P1K3 to 0.4968 x 102m?in N2P2K1 (Table 4). There was

considerable difference in the volume of trees due to nutrient combinations

3.2. Effect of different pit sizes and nutrient combinations on height, gbh

and volume of trees in high density planting experiment
3.2.1. Silvicultural treatments

Mean values of tree height at 36 months after planting were 503.75, 446.15 and

463.73 cm in the three pit sizesof 20cm x 20cm x 20cm, 30cm X 30cm X 30cm
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and 40cm x 40 cm x 40 cm, respectively (Table5). This showed that trees in the
pit size of 20 cm x 20 cm x 20 cm had the maximum mean height followed by
those in 40 cm X 40 cm x 40 cm and least in 30 cm x 30 cm X 30 cm. The values
increased over time and were found to be highest in 20 cm x 20 cm x 20 cm pit size at
three, six, nine, 12, 24, 30and 36 months after planting while at 18" month, it was
in 40 cm X 40 cm X 40 cm pit size. They were lowest at three, six, 24, 30 and 36
months after planting in the 30 cm x 30 cm x 30 cm pit size.

With respect to gbh, trees in 20 cm x 20 cm x 20 cm pit size had maximum mean
value, 15.34 cm followed by those in 40 cm x 40 cm x 40 cm, 14.54cm and 30 cm
X 30 cm x 30 cm,_13.73 cm (Table 5). This showed that there was not much
pronounced effect in gbh due to different pit sizes.

Analysis of variance of data on tree height showed that the differences were mainly
due to the significant influence of silvicultural treatments at nine, 12, 18,24,30 and
36 months after planting whereas there was no significant difference between the
silvicultural treatments with regard to gbh.

The volume of trees predicted on the basis of the equation (Table 5) showed that mean
highest volume (0.4947 x 102m3) was in pitsizeof 20cm x 20cm x 20cm
followed by that in 40 cm X 40 cm x 40 cm (0.4241 x 10-2m3) and least in 30 cm
x 30 cm x 30 cm (0.3766 x 102 md).

3.2.2. Nutrientcombinations
The amount of fertilisers added/hain 1 m X 1 m spacing was 4, 6.3 and 9 times of
those applied in2 mx 2 m, 25 m x 25 m and 3 m X 3 m spacing, respectively. The

height and gbh of trees in different nutrient combinations are given in Table 6.

The mean tree height increased along with the period. The mean tree heights were
highest in N1P3KO at three and six months after planting and at 9 and 12 months, they
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Table 4. Mean values of tree height, gbh and volume in different nutrient combinations

Nutrient ~ Periods ( months)/ height (cm)** gbh Volume

combinations* 3 6 9 12 18 4 30 36 (cm) (x 107
m’)

NgPgKg | 13.54 | 3007 }5087¢ |[7749b |123.433b | 1475080 | 227712 297.462 1554 |  0.3349

Np Py Ky 1402 | 3989 |s5331¢ |[77.80b | 122312 145.302 2305538b | 306.75¢d¢ [ 1612 | 0.3612

Ng Py K3 1390 | 4038 |5320¢ |81.05b | 1276020 | 1s4.07cdef | 24073det | 327888 1624 | 03845

Ng P3 K| 13.64 | 4038 |53.04¢ |79.07P | 125302b | 1509sbcde | 233 57be 303.6620¢d | 1598 0.3543
N; PgK; 1379 | 4146 |5298¢ |8039d | 123902b | 14g272bc | 23275ab 303.43abed | 1579 0.3479
Nj P{ K3 13.88 | 4020 |[54.19b |8324b | 13031bc | 149.90bed | 226642 298.812b 15.24 0.3262
N; Py Kp 1424 | 4059 |55872 |8279b | 126573b | 15545defg | 235090bcd | 306310de | 1620 0.3672
Nj P3 Kg 14.16 | 4090 |{5503P |8299b> | 128703b | 158.68f8 239.616de | 308.32de 16.38 0.3723
Ny Pg Ky 13.89 | 4077 |55.24b [g8239b | i25023b | 156.40d¢fs | 23g.099bcd | 304 143bcde | j6.02 0.3558
N; P; Kq 13.82 | 4232 [56.952 |849228 | 130.00b¢ 154.70cdefg | 240.96d¢ 319.11f 16.85 0.3912
N, Py Ky 1378 | 4160 |5830% |88572 | 13461° 161.658 250.62f 343,14h 18.64 0.4968
N, P3 K3 1432 | 3960 |5478b [8232b |123672b | is1.22bcde | 229 44ab 299.903b¢ | 16,00 0.3511
N3 PgK3 13.64 | 4009 [5426° [80.79D | 1256920 | 54 ,e2bcde ] 2301920 ] 2089420 | 1592 0.3482

N3 P K4 1399 | 4030 [56.683 [85832 |131.67° 155.120°d€te | 236.12P¢¢ | 305.846C€ | 16.41 0.3711
N3 Py K; 13.67 | 4039 (56002 [83390 1289530 | | s,,;bele 1 240960¢ 311.23¢ 17.02 0.3972
N2P2K» 13.80 | 4061 |5524° [84912 | 130.87¢ 15021 DB | 245.60¢1 326.3218 17.98 0.4499

Ng. N1, No and N3 are Nitrogen; Pg, P1, P2 and P3 are Phosphorus and Kg, K1, K7 and K3 are Potassium each @ 0,
15, 30 and 45 g/plant, respectively.

** \alues superscribed by same letter in one column do not differ significantly.
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Table 5. Mean values of height, gbh and volume of trees in 1 m x Im spacing under different pit sizes

Pit sizes Periods (months) /height (cm)* gbh | Volume
(cmd) 3 6 9 12 18 24 30 36 (cm) (x10-2m3)
20 14.78 | 40.90 62.19b | 119.12b | 161.42a | 397.93C | 471.34c | 503.75C | 15.34 0.4947
30 12.91 | 34.75 56.30ab | 10S.202 | 162.73a | 289.15a | 358.56a | 446.152 | 13.73 0.3766
40 1449  37.02 52.302 99.80a | 173.18b [ 330.74b | 374.15b | 463.73b | 14.54 0.4241
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were highest in N3P2K1, Thereafter, they were highest in N3POK3 at 18, 24, 30 and
36 months after planting. The per cent increase in mean tree height varied in various

nutrient combinations in different periods and there was no general trend noticed.

The mean gbh value was found to be highest (15.97cm) in N3POK3 treatment. On a
perusal of the results, it was observed that the values in NOPOKO, N1P3KO0 and
N2P3K3 combinations were very close (14.15 - 14.21 cm ) whereas those in NOP1K2,
NIPOKI NIPIK3, N1P2K2, N2P1KO0,N3PIK1and N3P3K2 varied slightly from the
former three but were very close ( 14.42 - 14.71 cm).

The gbh values in NOP2K3, NOP3K1, N2POK2 and N3P2K1 combinations differed

from the former two groups; at the same time, they were close ( 14.75 - 15.01cm).

The values in N2P 3K land N3POK3 stood aloof from all others (15.90and 15.97cm).

Analysis of variance of data on tree height and gbh showed that the differences in tree
height were mainly attributable to the significant influence of nutrient combinations
from 9 months after planting onwards while differences in gbh were not significant
(Table 6). The interaction between silvicultural treatments and nutrient combinations

was found to be nonsignificant at each period with respect to height and gbh.

The mean volume of trees was predicted on the basis of an equation and it ranged

from 0.3933 x 102 m3 in control to 0.5869 x 102 m3® in N3POK3 followed by

0.5108 x 102 m3 in N2 PO K2 ( Table 6).

3.3. Nutrient contentsin different parts of trees
3.3.1. Bolewood

The nutrients viz. N, P and K accumulation in bolewood fraction of the representative
tree is presented in Tables 7 - 9. Bolewood N was highest, 81 g/tree in A1 B3 C2
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(2m X 2 m spacing, 40 cm x 40 cm x 40 cm pit size and complete skinned plots)
and lowest in A1B2C3 (2 m x 2 m spacing; 30 cm x 30 cm x 30 cm pit size and
skinning around the plant). The amount of N/ha was 81 g x 2145 trees = 173.75 kg.
Bolewood P and K were highest in A2B2C2 (2.5 m x 2.5 m spacing, 30 cm x 30 cm X
30 cm pit size and complete skinned plots) and were 64.2 and 47 gl/tree, respectively.
Corresponding values for one ha were 82.304 and 60.254 kg.

The total N, P and K contentsin Al B3C2 (2 m x 2 m spacing, 40 cm x 40 cm X
40 cm pit size and complete skinning) in N2P2K1 treatment were 190.40 g. On

converting this to hectare basis, it will be 190.40x2145 =408.4089 kg. This revealed

that when the tree was harvested and taken away, large amount of N, P and K were
removed from the site. As the trees become older, increasing amount of nutrients are
incorporated within them. This is due to the increase in dry weight of different parts of
the tree. Hence at the end of 7 years, when final felling takes place, the actual amount
of nutrients removed from the site will be several times of those removed at the third
year. This is with respect to bolewood only

3.3.2. Branches

Nitrogen and P accumulation in branches were highest in A2B2C2 (25 m x 2.5 m
spacing, 30 cm X 30 cm x 30 ¢cm pit size) and in A1B3C2 (2 m x 2 m spacing, 40 cm
x 40 cm x 40 cm pit size), respectively both in completely skinned plots (Appendices|
and II). The highest value for N was 30 g/tree 'while for P, it was 12.48g/tree.
Corresponding lowest values were 14.0 and 6.3 g/tree in A2BIC3 (25 m x 25 m

spacing; 20 cm x 20 cm x 20 cm pit size and skinning around the plant).

With respect to K, it was found to be highest, 59 g/tree in A1IB3C2 (2 m x 2 m
spacing, 40 cm x 40 cm x 40 cm pit size and completely skinned plot) and lowest 39

g/tree in AIBICI i.e. 2 m x 2 m spacing, 20 cm x 20 cm x 20 cm  pit size and line
skinning (Appendix
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Out of the total quantity of branches, quite a large amount will be taken away from the
site for fuelwood. Only twigs and very small branches will be left in the site. Hence
judicious estimation of how much N, P and K will be removed as well as retained in

the site could not be made.

3.3.3. Leaves

Nitrogen and P contents in leaves were highest, 5land 11.2 g/tree in A2B2C2 (2.5 m x
2.5 m spacing and 30 cm x 30 cm x 40 cm pit size) while K accumulation was found
to be highest, 78 g/tree in A1B3C2 (2 m x 2 m spacing and 40 cm x 40 cm x 40 cm
pit size), all in completely skinned plots (Appendices IV, V & VI).

The lowest values for N, P and K'contents were in AIBICI (2m x 2 m spacing,
20 cm x 20 cm x 20 cm pit size and line skinned plots). They were 30 g, 6.0 g and
46.0 g/tree. Converting the highest values to per hectare basis, they were 51 x 2145
=214.55 kg of N, 11.2 x 1282 = 143. 58 kg of P and 78 x 2145 = 167.31 kg of K.
Thus if leaves are retained in the site, considerable amount of N, P and K will be
added into the soil through their decomposition.

The nutrients, N, P and K in different parts of the tree were highest in N2P2K1
nutrient combination ( Tables 7 - 9 and Appendices | - VI). The relative proportion of
the various nutrients differed considerably in different parts of the tree. The N
accumulation in bolewood was three times that in branches and one and half times

that in leaves.
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Table 6. Mean values of tree height, gbh and volume in 1 m X Im spacing under different nutrient combinations

Nutrient Periods (months) / height (cm)** gbh Volume
combinations* | 3 6 9 12 18 24 30 36 (em) | (x 102m3)
Nq Py K 14.05 | 37.13b¢ | 60.36b¢d] 105.566de | 159.73¢d | 209290 | 349.24P | 439862 | 1421 0.3933
Ng P1 K5 13.44 | 31.322 48.012 96.3020 | 160.71¢d | 354.969¢| 412.19¢ | 498.40¢ | 14.42 0.4428
Np P) K» 1420 [ 38.85b¢ [ s55.83bc [ 101.02bcd | 158.780cd | 35965¢ | 470.100 | s502.12¢ | 14.89 0.4651
Nq Pz K 13.32 | 39.525¢ | 59.36bcd] 118.308h1 | 161.41¢de | 394478 [ 48526 | s521.13F | 1475 0.4529
Nj Py Ky 14.67 |33.982b | 47.94a 93,104 154.423b¢ | 289912 | 338782 | 469.10°C| 14.59 0.4308
Nj Py Kz 14.12 | 34.413b | 534020 | 108.26det | 158.940cd [ 387778 | 439948 | 502.14¢ | 14.71 0.4595
Ni Py K» 13.62 | 35.818b¢ | s56.61b¢ | 100.78P¢ | 148.752 394718 | 447208 | 487969 | 14.55 0.4415
N; P3 Kp 1520 | 4121€ 57.900¢ | 10245 | 1513580 | 34331¢ | 408.57¢ [ 493.909¢[ 14.15 0.4275
Ny Py K> 14.00 | 36.793b¢ [ 57.56bc | 105.10cde | 149742 368.28Y | 472.000 [ 548132 | 15.01 0.5108
N, P; Ko 14.09 | 33.383b [ 57.82bc | 109.31ef | 167.34€ 298.260 | 358.82¢ | 444.102 | 14.55 0.4099
N» Py K4 13.17 | 37.81b¢ | 56.70b¢ | 109.74¢t 160.15¢9 | 287272 | 346.272%| 439.152 | 15.90 0.4677
N- P3 K» 14.02 [ 39.095¢ | s6.01bc | 105.51cde | 161.72d¢ | 301.47° | 373.78d | 462.180 | 14.21 0.4087
Nz Pg K3 13.86 | 38.40b¢ | 62.03¢d { 121.06M 178.921 402.600 | 498.861 | 573.14h | 1597 0.5869
Na Py K 14.68 | 37.92bc | 60.55¢d | 113.74fgh | 158.13bed | 34831¢ | 412.866 | 488.139 | 14.62 0.4462
N3 P; K 14.46 | 399" | 65.05¢d | 123721 164.36d¢ | 35192d | 409.42¢ | 473.06¢ | 14.78 0.4426
N3 P3Kj 14.01 [ 35.358b¢ | 5975 | 11462 0 | 159.92¢d | 369.15t | 427.62" | 493.20d¢| 14.71 0.4529

* NO, N1, N2 and N3 are Nitrogen; PO, P1, P2 and P3 are Phosphorus and K0, K1, K2 and K3 are Potassium each @ 0, 15,30 and
45 g/plant, respectively.
** Values superscribed by same letter in one column do not differ significantly
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Table 7. Nitrogen accumulation in bolewood (g/tree) in different silvicultural treatments and nutrient combinations

Silvicultural Nutrient combinations**

treatments* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
AB,Cy 43.0 54.0 510 t 520 | 510 {560 | 520 | 550 |51.0 1450 )62.0 |50.0 |57.0 [56.0 |51.0 |[550
A;B4C, 43.0 51.0 550 | 510|530 |510 | 540 | 650 |52.0 | 660 [640 |560 |51.0 | 430 |52.0 |420
A;BsC, 420 54.0 50.0 | 640 | 510 [540 | 540 {540 | 520 [54.0 {650 480 {59.0 [550 |510 {500
AB3C; 49.0 70.0 790 )72.0 | 680 |730 | 780 (710 |78.0 |60.0 |81.0 [76.0 |76.0 [72.0 |74.0 [70.0
ABC, 51.0 72.0 620 [71.0 | 660 |750 | 640 | 730 750 [{60.0 |79.0 |66.0 |610 |650 [71.0 {740
AsB.G, 51.0 50.0 500 [51.0 {520 [520 | 53.0 ({510 480 |58.0 |61.0 [58.0 |56.0 |50.0 ]53.0 )630
AB.C, 41.0 50.0 63.0 {64.0 | 570 |[520 | 620 | 570 530 [58.0 |650 1620 |640 |56.0 {53.0 |500
ABC 47.0 49.0 570 | 61.0 | 510 [520 | 62.0 {58.0 |56.0 600 (640 |520 {570 [44.0 [47.0 | 420
A3B1C, 440 1530 45.0 | 66.0 | 56.0 [60.0 | 53.0 | 56.0 |51.0 {52.0 |59.0 | 58.0 |56.0 |56.0 {50.0 {500
1mx 1m20cm® | 47.5 520 50.5 j482 (504 |515 | 525 [500 149.0 |50.1 |59.5 |56.0 1492 |49.7 [499 | 504
" 30 " 48.8 62.7 674 [ 594 | 565 [634 | 616 {657 |63.8 |572 [73.0 [564 (544 [547 [61.8 |58.1
" 40 " 479 60.1 62.8 | 57.8 {554 | 616 | 609 [63.1 [61.7 1567 1688 [549 |539 |519 |59.6 |56.3

*Al, Ag,and Azare 2mx2m, 2.5m x 2.5m and 3m x 3m spacing; By, By and B3 are pit sizes of 20 cmx 20 cm x 20 cm,

30cm x 30 cm x 30 cm and 40 cm x 40 cm x 40 ¢cm; Cy, Cp and C3 are line, complete and around the plant skinning .

+* 1= Np Py Ko ; 2=NgP;Kp; 3=NgP7K3; 4=NgP3K;; 5=N|PoK}; 6=N|P1K3; 7=N;{PoK3; 8=NP3Kg; 9=NyPoKy;

10=N7PKg; 11=NyP7K1; 12=NoP3K3; 13=N3PgK3; 14=N3PK; 15=N3P7Ky and 16=N3P3K; where Np, Nj,
and N3 are N; Pg, P1,P7 and Pjare P and K, K1, K7 and K3 are K @ 0, 15, 30 and 45 g/plant, respectively.
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Table 8. Phosphorous accumulation in bolewood (g/tree) in different silvicultural treatments and nutrient combinations

Silvicultural Nutrient combinations**
treatments* 1 | 2 | 3 4 5 6 7 8 9 o | 1n] 2] B]l1]B] B
ABiC, 273 | 48.1 [41.0 [442 |41.6 {332 [358 (377 |[351 |325 |46.8 332 [449 (403 | 338 | 35.1
A,BiC,y 345 [449 | 416 {416 [390 (489 [44.9 (449 [494 (351 |533 |43.6 [37.1 (384 [41.6 | 40.1
A3B;C, 377 {338 {384 (351 [423 (449 |403 |37.7 | 345 |364 |546 | 442 | 358 {364 | 384 | 41.0
AB3C; 403 (475 |579 |572 |46.8 1559 (572|475 [475 |553 | 624 |566 |533 (520 [501 | 53.3
A;B.C; 416 540 (546 }475 |48.1 |50.1 (429 |559 (475 |56.6 |642 [494 [455 (572 |50.7 | 559
A3B,C; 384 455 |39.7 [428 |50.1 |579 |449 |43.6 | 462 | 423 [63.7 | 403 | 429 |50.7 | 429 | 462
AByCs 35.1 |50.1 {488 |462 [416 [46.2 |41.0 [48.8 | 455 |494 | 546 | 442 [416 1397 [ 514 | 50.1
AsB\Cs 37.1 {494 {423 |423 |41.0 |43.6 | 494 |475 433 {31.1 | 533 [41.0 {41.0 |43.6 | 442 | 449
A3B;3Cs 280 | 507 {416 |[50.1 |39.7 |442 [410 449 [462 1475 |533 |559 {494 | 416 (412 | 449
Imxim20cm’ | 364 {423 {377 |[416 |462 [468 |39.0 | 403 | 416 {377 |56.6 |39.0 |38.4 {442 |39.0 | 41.0
" 30 " 403 | 468 [410 (436 |[48.1 | 475 [423 1429 |436 |384 [585 [423 |41.6 |462 [475 { 423
" 40 " 384 449 397 (423 [48.1 |455 (410 [423 |423 |384 [579 |41.6 | 403 1423 [455 | 43.6

* Ay, Ay, and A3are 2mx 2m, 2.5™ 2.5mand 3mx 3m spacing; Bl. B2and B3are pit sizes of 20cm x 20cm x 20c¢m, 30cm x 30
cm x 30cm and 40cm x 40 cm x 40 cm; Cl, C2 and C3are line, complete and around the plant skinning.

1=NpPpko: 2=NgPiKs; 3=NgP2K3; 4=NpP3K|;5=N1PpgKy; 6=N1P;K3; 7=NP7K3; 8=NiP3Ky; 9=NPgK;;10=N3P1K;
11=NpP7K1;12=N7P3K3;13=N3PgK3; 14=N3P1K|; 15=N3P;K} and 16=N3P3K; where Ny, N, N7 and N3 are N;Pg, P1,P2 and P3
are P and Kg, K[, K7 and K3 are K @ 0, 15.30and 45g/plant, respectively.
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Table 9. Potassium accumulation in bolewood (g/tree) in different silvicultural treatments and nutrient combinations

Silvicultural Nutrient combinations**

treatments* | 2 3 4 5 6 ! 8 9 10 | 11 12 13 14 1 15| 16
AB,C, 8.0 120| 140| 120| 100 | 130 120 | 14.0| 150 | 140| 25.0 | 120 13.00 13.0( 12.0f 14.0
AsBqC, 10.0 140| 110| 110 130 100 170 110 | 110 | 180 30.0 | 11.0 140 11.0f 110f 17.0
A-B-C, 10.0 1301 1401 110}t 140}t 1401 1201 11.0 1 120 | 19.0 133.0t 13.0 1101 17.01 1401 11.0
AB;C, 18.0 340 320 ) 330 ) 2901 320 ) 31.0 | 300 | 31.0 ] 33.01450 (340 30.07 30.0} 34.0} 32.0
A:B.C; 17.0 360 310 | 350 | 340 | 34.0 | 340 | 370 | 340 | 33.0|47.0 | 38.0 33.0( 34.0| 33.071 350
AiB, G, 18.0 2101 290 ( 250 | 27.0 | 24.0 | 200 | 28.0 | 29.0 | 21.0 | 34.0 | 24.0 23.0] 220} 23.0{ 240
AB,Cs 11.0 150 180 | 170 150 { 160 [ 17.0 | 150 [.180 | 190290 | 190 16.0| 15.0( 18.0} 16.0
A;B G, 12.0 140 100 1301 110 { 120 | 13.0 | 13.0 (100 | 110|290 | 160 14.0]1 14.0| 10.0{ 150
AsB3C; 14.0 120 120 21.0 70| 210 | 120 [ 210 | 230 | 21.0| 34.0| 21.0 | 11.0] 21.0] 24.0] 18.0
1mxIm20m?3 | 16.0 180| 200| 210 | 210 | 16.0| 180 ] 20.0 [ 21.0 | 20.0| 31.0 [ 21.0 | 22.0| 19.0| 18.0f 22.0
U~ [180 [ 310| 260 310 [ 30.0 [ 280 | 270 | 20.0 | 280 [ 300|380 [31.0 | 30.0| 290] 27.0] 30.0
20 ) 170 | 270 | 230 | 29.0| 28.0 | 25.0 | 26.0 | 250 | 240 | 28.0 ( 35.0 [ 29.0 | 27.0| 24.0| 240| 28.0

* A1, Ap, and A3 are2m x 2m, 2.5m X 2.5m and 3m x 3m spacing; By, B2 and B3are pit sizes of 20cm 20cm x 20 cm, 30
cmx 30cmx30cmand40cm x40cmx40cm; Cy, C2 and C3are line, complete and around the plant skinning .

** 1= Ng Py Kg ; 2=NgPiKp; 3=NgPpK3; 4=NgP3K|; 5=N|PgK|; 6=N{P{K3; 7=N1P3K3; 8=N{P3Kq; 9=NyPoKo;
10=N»yP1Kg; 11=N7P7K1;12=N3yP3K3; 13=N3PgK3; 14=N3P1Ky; 15=N3P7K and 16=N3P3K2 where Ng, N, Np and N3
are N; Po,P1,P2 and P3are P and Kg, K1, K5 and K3 are K @ 0, 15,30and 45 g/plant, respectively.
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3.4. Multilocational trials

3.4.1. Soils in the experimental plots at Punalur and Kottappara

3.4.1.1. Punalur

The soils in the Punalur experimental plots were sandy loam in the surface and loamy
sand in deeper layers (Table 1). They were slightly acidic in the surface and sub
surface layers and medium acidic in the 40-60 cm layer. Organic carbon contents were
low and the ratios of organic carbon: total N were 24.67, 16.20 and 17.33in the three
layers, viz. 0-20,20-40 and 40-60 cm, respectively.

3.4.1.2. Kottappara

With respect to soils in the experimental plots at Kottappara, they were loamy sand
and slightly acidic in all layers (Table 1). Organic carbon contents were low and the
ratios of organic carbon: total N were 15.07, 15.33 and 16.75 in the 0-20, 20-40 and
40-60 cm layers, respectively. The available P contents were very low and K status

was relatively higher both at Punalur and Kottappara throughout the soil profile.

3.4.2. Effect of differentsilvicultural treatments and nutrient combinations on
height

The results of the multilocational trials at Punalur and Kottappara are depicted in
Tables 10 and 11, respectively. The multilocational trials were carried out on the
basis of the results of one year study at Vallakkadavu. The observations at
Vallakkadavu during the periods three, six, nine and 12 months after planting showed
that among the silvicultural treatments, A1B3C2 (2 m X 2 m spacing, 40 cm x 40
cm X 40 cm pit size and complete skinning), A2B2C2 (2.5 m x 2.5 m spacing, 30
cm x 30 cm x 30 cm pit size and complete skinning), A2B3C1( 25 m x 2.5 m
spacing, 40 cm X 40 cm X 40 cm pit size and line skinning) and A3B1C2 (3 mx 3

30



spacing, 20 cm x 20 cm x 20 cm pit size and complete skinning) were found to be the
best whereas the best nutrient combination was N2P2K1. In order to have detailed
statistical evaluation, the following nutrient combinations were tested at the
multilocational trials. They were NIPIKO NIP1K2, N1P3KO0,NIP3K2, N3P1KO,
N3P1K2 N3P3KO0, and N3P3K2.

3.4.2.1. Punalur

It was observed that there was a gradual increase in the tree height in the different
silvicultural treatments and nutrient combinations at Punalur (Table 10). Trees in
AIB3C2 (2 m x 2 m spacing, 40 cm x 40 cm x 40 cm pit size and complete skinned)

showed maximum height till 24 months after planting while in the case of nutrient
combinations, it was in NIPIKO at six months after planting and in NIP1K2 at 12
and 24 months after planting. Analysis of variance revealed that there was no
significant difference between the silvicultural treatments and nutrient combinations

with respect to tree height.

3.4.2.2. Kottappara

The results at Kottappara manifested that trees in AIB3C2 (2 m x 2 m spacing, 40 cm
40 cm x 40 cm pit size and complete skinned) had the maximum height after six
months while it was in A2B3C1 (2.5 m X 2.5 m spacing, 40 cm x 40 cm x 40 cm pit
size and line skinned) after 12 and 24 months of planting (Table 11). With respect to
nutrient combinations, the trees in  N3PIK2, N3P3K2 and N3P3KO0had maximum
height after six, 12 and 24 months, respectively. Analysis of variance showed that the
differences in tree height were not significant due to silvicultural treatments and

fertiliser combinations.

The multilocational trials revealed that trees more or less responded similarly to
various silvicultural treatments. Also, those treatments found most suitable for E.

grandis were equally suitable for E. tereticornis at lower elevations. In other words,
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the observations on E. grandis in the grasslands of Vallakkadavu can be transferred to
E. tereticornis at lower elevations under different agroclimatic conditions.

3.5. Cost of planting
3.5.1. Vallakkadavu

The cost of planting/ha for different silvicultural treatments and nutrient combinations
for two years are shown in Table 12 and Appendices VII & VIII. The cost for planting

operations is divided into pre-planting, post planting in the first year and the total for
the two years. For pre-planting, the cost/ha varied from Rs. 3429/- in A3B3 C3 (3 m X

3 m spacing, 40 cm x 40 cm X 40 cm pit size and skinning around plant) to Rs.5035/-
in A1B3C2 (2 m x 2 m spacing, 40 cm x 40 cm x 40 cm pit size and complete
skinning). For post-planting, the cost varied from Rs 4875/- in A3B1C2 (3 m x 3 m
spacing, 20cm x 20 cm X 20 cm pit size and complete skinning) to Rs. 6910/~ in
A1BICI (2 m X2 m spacing, 20 cm x 20 cm x 20 cm pit size and line skinning).

The planting cost for the two years was highest, Rs. 9460/- in AIBICI (2m x 2 m,
20 cm x 20 cm x 20 cm and line skinning, followed by Rs. 9035/- in AIB2C2(2 m x
2 m spacing, 30 cm x 30 cm x 30 cm pit size and skinning around the plant). The
lowest expenditure Rs. 6100/- was in A3B1C2 (3 m x 3 m spacing, 20cm X 20 cm
X 20 cm pit size and complete skinning ) (Appendix VII).

The cost for different nutrient combinations for three applications alone vaned from O
paise for NOPOKO to 407.20 paise for N2P3K3 ( Appendix VIII). In the case of 2 m x
2m, 2.5 mx 2.5 m, 3 mx 3 m, corresponding values for one hectare were Rs. nil in
all the control plots to Rs.10180/-, Rs. 6515.20, and Rs. 4523.99, respectively.
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Table 10. Mean values of tree height (cm) in different silvicultural treatments and nutrient combinations at Punalur

Silvicultural Tree Nutrient combinations**/ Tree height (cm)
treatments*/ Periods | height(cm) NPiKg | N1P1K3 | NjP3Kg | NjP3Ks | N3P1Kq | N3P1K» [ N3P3Kg | N3P3Ky
After six months 64.20 62.50 56.90 59.00 64.00 62.80 60.20 60.10
A1B3Cy 70.30
AsB>C>o 62.62
ArB3Cy 59.89
A3B1Cy 52.03
After 12 months 86.40 94.40 79.20 81.20 89.80 90.50 85.40 86.10
A1B3Cy 100.40
AsBoCH 89.10
ArB3Cy 83.00
A3B1Co 74.20
After 24 months 131.20 | 14150 } 122.30 | 125.80 | 13420 | 137.20 | 130.60 | 128.60
A1B3Co 149.60
ArB7Co 133.40
ApB3Cy 126.40
A3B1Cy 116.20

* Ay, Aj, and Aj are 2m x 2m, 2.5m x 2.5m and 3m x 3m spacings; By By and B are pit sizes of 20 cm x 20 cm x 20 cm, 30cm x 30cm X
30cm and 40 cm x 40 cm x 40 cm and Cq and C5 are line and complete skinning.

** N1 and N3 are N @ 15 & 45 g/plant; P} and P3 are P @ 15 & 45 g/plant; K and K7 are K @ 0 & 30 g/plant.
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Table 11. Mean values of tree height (cm) in different silvicultural treatements and nutrient combinatations at Kottappara

Silvicultural Tree | Nutrient combination**/Tree height (cm)
treatments* height(cm) | N1P|Kg | NjP1Kp | NiP3Ko | NiP3Kp | N3P1Kp | N3PiKy | N3P3Ko | N3psk2
After six months 74.20 74.00 72.70 73.10 73.60 77.90 71.90 73.00
A1B3Cy 717.00
A2BoCH 74.00
ApB3Cy 70.50
A3B1Cy 70.10
After 12 months 89.80 87.90 90.70 90.40 92.50 94.80 96.10 98.30
A1B3Co 84.30 '
ApB7Cy 97.50
A9B3Cy 102.40
A3B1Co 99.50
After 24 months 153.80 | 153.60 160.00 158.90 163.30 16470 | 166.00 | 162.70
A1B3Cy 128.80
A2BoCo 172.50
ArB3Cy 172.60
A3B1Cy 171.00

* Al, A2, and A3 are 2m x 2m, 2.5m x 2.5m and 3m x 3m spacings; B1, B2 and B3 are pit sizes of 20 cm x 20cm x 20 cm, 30
cm x 30cm x 30cm and 40 cm x 40cm x 40cmand C1 and C2 are complete and skinning.

**NI and N3 are N @ 15 & 45 g/plant; Pi and P3are P @ 15 & 45 g/plant;K0 and K2 are K @ 0 & 30
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Table 12. Total cost of planting/ha for different silvicultural treatments and nutrient combinations

Silvicultural Nutrient combinations**/ cost (Rs./ha)
treatments* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A1BjCq 9460 | 13256 | 15904 | 15108 | 11726 | 15522 | 15874 | 15078 | 15078 | 13990 | 13196 | 15844 | 19640 | 16258 | 15462 | 16962
Ay B3Cy 8119 | 10548 | 12243 | 11734 | 9569 | 11999 | 12224 | 11715 | 11018 | 10510 | 12205 | 14634 | 12471 | 11960 | 12920 | 14615
A3B,C 7903 | 9590 { 10767 { 10413 | 8910 | 10597 | 10753 | 10400 | 9916 | 9563 { 10740 | 12427 | 10925 | 10570 | 11237 | 12414
A1B3Cy 8012 | 11808 | 14456 | 13660 | 10278 | 14074 | 14426 | 13630 | 12542 | 11748 | 14396 | 18192 | 14810 | 14014 | 15594 | 18162
Ay By Cy 6888 | 9137 | 11012 | 10503 | 8338 | 10768 | 10993 | 10484 | 9787 | 9280 | 10974 | 13403 | 11240 | 10729 | 11689 | 13384
A3B1Cy 6100 | 7787 | 8964 | 18610 | 7107 | 8794 | 8950 | 8597 | 8113 | 7760 | 8937 | 10624 | 9122 | 8767 | 9434 | 10611
A{B,Cj3 9035 | 12831 | 15479 | 14683 | 11301 | 15097 | 15449 | 14653 | 13565 | 12771 | 15419 | 19215 | 15833 | 15037 | 16537 | 19185
A3 B C3 8139 | 10568 | 12263 | 11754 | 9589 | 12011 | 12244 | 11735 | 11038 | 10530 | 12225 | 14654 | 12491 | 11960 | 12940 | 14635
A3B3C3 7847 | 9534 ] 10711 | 10357 | 8854 | 10511 | 10697 | 10344 | 9860 | 9507 | 10684 | 12371 | 10869 | 10514 | 11181 | 12358
1 mx 1m20cm3 | 13076 | 28260 | 38852 | 35668 | 22140 | 37324 | 38732 | 35548 | 31196 | 28020 | 38612 | 53796 | 40274 | 37084 | 38492 | 53676
30 14076 | 29260 | 39852 | 36668 | 23140 | 38324 | 39737 | 36548 | 32196 | 29020 | 39612 | 54796 | 41274 | 38084 | 39492 | 54676
40 15076 | 28260 ( 40852 | 37668 { 24140 | 39334 | 40732 | 37548 | 33196 | 30020 | 40612 | 55796 | 42274 | 39084 | 40492 | 55676

* Aj, Aj, and Ay are 2mx 2m, 2.5mx 2.5m and 3m x 3m spacings; By, By and B are pit sizes of 20 em x 20 cm x 20 em, 30 cm x 30 cm x 30 cm and 40 ¢cm x 40
cm x 40 cm; Cl , C5 and Cg are line, complete and around the plant skinning .

** 1=N0P0K0; 2=NpP1Ky; 3=NgPsKy; 4=NgP3Ky; 5=NyPgKy; 6=N|P|K3; 7=N1P2K2; 8=N|P3K0; 9=N2P0K2;10=N2P1K0; 11= N2P2K1; 12=N5P3K3; 13=
N3PgK3; 14= N3P K5 15=N3PyK and 16= N3P3K; where Np, Ny, N; and Nj are N; Py, Py, P, and P3 are P and K, Ky, K and K3 are K @ 0, 15, 30 and 45
g/plant, respectively.
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The total cost for different silvicultural treatments and nutrient combinations (Table
12) showed that the treatment N3POK3 in AIBICI (2 m x 2 m spacing, 20 cm X
20 cm x 20 cm pit size and line skinning) required maximum cost (Rs. 19,640/-) and
the least, Rs. 6100/- was for NOPOKOQin A3B1C2 (3m x 3m, 20 cm x 20 cm x 20 cm,
complete skinning). In nutshell, the cost varied considerably and the effectiveness of
the treatment can be arrived at only through evaluation of the volume produced and
the cost incurred for production.

3.5.2. High density planting experiment

The cost of planting/ha for 1 m x I m spacing are shown in Table 12 and Appendices
VIl and VII. Similar to cost of planting at Vallakkadavu, the cost of planting/ha in
1 m x Im spacing showed that it varied from Rs. 10,000/- in 20 cm x 20 cm x 20 cm
pit size to Rs. 12,000/- in 40 cm x 40 cm x 40 cm pit size for pre-planting. The
planting cost/na for the first year were Rs. 11,988/-for 20 cm x 20 cm x 20 cm,
while for 30cm x 30 cm x 30 cm and for 40 cm x 40 cm x 40 cm x 40cm pit sizes, the
costs were Rs. 12988/- and Rs.13,988/-, respectively.

With respect to planting cost/ha for the two years, they were Rs.13,076/-, Rs.14,076/-
and Rs. 15,076/- for 20 cm x 20 cm x 20 cm, 30 cm x 30 cm x 30 cm and 40 cm x
40 cm x 40 cm pit sizes, respectively. It could thus be seen that there was
considerable difference in the cost between three different pit sizes. With respect to
cost/ha of different nutrient combinations, it varied from O for control to Rs. 40720/-
in N2P3K3 treatment. The total cost for planting/ha also varied considerably. It was
found to be lowest, Rs. 13,076/- in the control in 20 cm x 20 cm x 20 cm pit size and
the highest, Rs. 55,796/- was in N2P3K3 combination in 40 cm x 40 cm x 40 cm pit

size. The per cent increase in cost in the highest was 327 over the lowest one.

Comparison of total cost for planting in2mx2m,25mx25m,3m x 3 mand

1 m x 1 m spacing under the same silvicultural treatments revealed that there was



considerable difference in the total cost. It varied from 207 to about 327% in the 1 m X

1m spacing when compared with other spacings.
3.6. Relative treatmenteffectiveness (RTE)
3.6.1. Vallakkadavu

The RTE values are shown in Table 13. There was no pattern for the RTE values. The
values varied from -12.97 in A2B2C2 (2.5 m x 2.5 m spacing, 30 cm x 30 cm x 30 cm
pit size and skinning complete) to 79.78.87 in AIBICI (2 m x 2 m spacing, 20 cm x

20 cm x 20 cm pit size and line skinned). In the line skinned plots, the RTE values
were higher in 2 m x 2 m spacing and 20 cm x 20 cm x 20 cm pit size (A1BI) while
in the complete skinned plots, they. were higher n 3 m x 3 m spacing and 20 cm x

20 cm x 20 cm pit size (A3B1). In the skinning around the plants, the values were

higher in 2.5 m x 2.5 m and 20 cm x 20 cm x 20 cm pit size (A2 B2).

The RTE values were relatively higher in the line skinned plots than in the other two
silvicultural treatments. As regards pit sizes, 20 cm x 20 cm x 20 cm pit size had
relatively higher RTE values. With respect to nutrient combinations, the RTE values
were found to be relatively higher in the N2P2Klcombination. Among the 16
nutrient combinations and nine silvicultural treatments, N2P2KI nutrient
combination and 20cm x 20cm x 20 cm pit size and line skinned silvicultural

treatments were found to give relatively higher RTE values.

3.6.2. High density planting experiment

The RTE values in 1 m x 1 m spacing and under three pit sizes of 20 cm x 20 cm x
20cm,30cmx 30cm x 30cmand40cm x 40 cm x 40 cm revealed that they varied

from -6.60in 40 cm x 40 cm x 40 cm to 56.46 in 20 cm x 20 cm x 20 cm. They were
higher in 30cmx30cm x 30cm,40cm x 40cm x40cm when compared with
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Table 13. Relative treatment effectiveness (RTE) of different silvicultural treatments and nutrient combinations

Silvicultural Nutrient combinations**
treatments® 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
AB,C, 2397 ] 3978 | 13.14 | 13.87 | 1241 36.08 | 29.73 | 36.17 | 37.01 | 79.78 1522 [ 1445 | 60.60 | 68.08 | 68.34
AzB;C, 15.08 | 2273 1.16 032} 3.00) 19.17 | 2028 | 18.34 [ 30.78 | 5454 | 2968 | 50.70 | 14.28 | 26.02 | 25.38
A3B:C, -157 1 18.11 4 1567 11.09] -1.10| -12.89 [ 10.74 | -2.10 | 11.17 | 33.48 0.13] -1190| 686 3.06( 21.80
AB3C, 17.17 ] 23.69 | 23.63 7.06f -1.10| 1877 | 16.27 8.69 | 41.02 | 39.78 17701 2416 4.01 ] 13.63 | 35.08
AsB.C; 341 -367| 286 -9.10{-1297| 1212 6.08 343 )] 6.14( 19.29 225 -L16( 117 | 1281} 647
AsBC; 25.39 | 16.73 1.90 2.52( 284 1567 | 2475| 1080|2105 71.27 | 17.98 168 [ 15.19] 2673 | 4.70
AB:C; 897] 3.64| -7.06 779 498 2568 | 6.98 6.35 1 24.72 | 52.62 298| 2266 21.60] 41.37 ] 38.15
AsB\C; 9.85] 2262 | 4420 3752 | 1724 | 1593 | 2747 | 28.67 | 26.89 | 67.01 13.88 | 1563 | 23.48 | 29.13 | 57.16
A3B3C, 3991 1643 | 2924 -530|-11.23| 11.72 | 8.21 4.65| 18.67 | 41.92 3.41 -0.70 { 31.81 | 1.20] 16.83
1 mx 1m 20 cm’® 4481 1331 | 1786 | 16.68| 13.20 9.61 | 13.10| 3527 | 097 | 9.85 057 5646 | 1140 945 1334
30 33.17 | 20.83 | 1940 2241 1895 1620 16.60 | 2131 | 6.20) 11.02 | 589 | 4755} 13.74] 13.01 | 11.77
40 3.69) 25.11 ) 2664 1001 ) 19.57| 1320 -6.60| 3753 | 856 029 569 4561 ] 15.68) 1591 | 21.98

*  Af,Ap, and Az are 2mx 2m, 25m x 2.5m and 3m x 3m spacings; By, By and B3 are pitsizes of 20cmx 20 em x 20 cm, 30 cm x
30 cm x 30 cm and 40 cm x 40 cm x 40 cm; Cq, C and C3 are line, complete and around the plant skinning .

** 1= NoP1Kg; 2= NoP2Ks; 3= NoP3Ky; 4= N{PgKy; 5= N1P1K3; 6= NjP2K9; 7= N P3K(; 8= NyPgKsg; 9 = NpP1Kq; 10= NpPoKy; 11=
N5P3K3; 12= N3PgK3;13= N3P K|;14=N3P2K| and 15= N3P3K5 where Ng, Ny, No and N3 are N; Pg, Py, Py and P3 are P and Kg, Ky,
K- and K3 are K @ 0, 15, 30 and 45 g/plant, respectively.
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20cmx 20cm x 20cm (Table 13). Among 30 cm x 30cm x 30cm and 40 cm x
40 cm x 40 cm pit sizes, RTE values were relatively higher in 40 cmx 40 cm X
40 cm. With respect to nutrient combinations, it was found that the values were very
high in N3POK3 combination in all pit sizes.

3.6.3. Comparisonof RTE values in different spacings

On a comparison of RTE values inthe2 mx2m,25mx25mand 3mx3m
spacings and those in 1 m x Im spacing in complete skinned plots in the respective pit
sizes, it could be seen that the values in 3m x 3m, were higher than those in 1 m x
1m while in the other two spacings the RTE values were lower than those in | m x
1 m spacings. The highest value was recorded in N2P2K1 nutrient combination in 3

mx3m,25mx25mand2mx 2m spacings while in the 1 m x 1m spacing it was

in N3POK3 nutrient combination.

3.7. Relative economic effectiveness (REE)

3.7.1. Vallakkadavu

The REE values varied from 0.08 to 57.19, the former in A3B2C1 (3 m X 3 m
spacing, 30 cm x 30 cm x 30 cm pit size and line skinning) and the latter in the
AIBICI (2mx 2m spacing, 20 cm x 20 cm x 20 cm pit size and line skinned) in the
N2P3K3 and N2P2K1 nutrient combinations, respectively (Table 14). In the line
skinned treatment, the values were relatively higher in 2 m x 2 m spacing and 20 cm
X 20 cm x 20 cm pit size while in completely skinned treatment, they were found to
be relatively higher in 3 m x 3 m spacing and 20 cm x 20 cm x 20 cm pit size. With
regard to skinning around the plant treatment, the REE values were higher in 2.5 m x

2.5 m spacingin 20cmx 20 cm x 20 cm pit size.

It could be seen that the REE values were, in general, higher in AIBICI (2mx 2m

spacing, 20 cm x 20 cm x 20 cm pit size and line skinned treatment). With respect to
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pit sizes, the values in 20 cm x 20 cm x 20 cm had relatively higher REE values than
those in 30 cm x 30 cm x 30 cm and 40 cm X 40 cm x 40 cm pit sizes in all spacings
and skinning operations. The values were, in general, higher in the line skinned plots
when compared with those in the complete skinned and skinning around the plant

plots. The values in N2P2K1 combination in all spacing, pit sizes and skinning
recorded the highest values.

3.7.2. High density planting experiment

The REE values in the high density planting experiment in 1 m x 1 m spacing are
given in Table 14 . They ranged from -2.65 in 40 cm x 40 cm x 40 cm pit size in
N1P3KO0 to 18.33in 20cm x 20 cm X 20 cm  pit size in N3POK3. The values in 40
cm x 40 cm x 40 cm pit size were relatively higher than those in other two pit sizes.
They were relatively lower in 20cm x 20 cm x 20 cm pit size than those in 30 cm
x 30 cm x 30 cm. The values in N3POK3 combination were found to record the
maximum in all the three pit sizes followed by N2POK2 combination.

3.8. Comparison of REE values in different spacings

On a comparison of REE values in the completely skinned plots in 2m X 2m,
25mx25m,3mx3mand 1m x 1m spacings, it was seen that they were higher in
N2P2KItreatment in the former three and in N3POK3 in the latter. It was also found
that they were higher in 2 m x 2 m, 25 m x 25 m and 3 m X 3m spacings when
compared with 1m x 1m in the respective pit sizes. It showed that 2 m x 2 m,

25mx 2.5m and 3m x 3 m were relatively better with respect to REE.

Among2mx2m,25mx25m and 3m x 3m spacings, 3m X 3m was found to be
relatively better with respect to RTE and REE values. It could thus be inferred that
N2P2K1 was the most effective nutrient combination with regard to economics while
spacing of 3 m x 3 m, pit size of 20 cm x 20 cm x 20 cm and line skinned treatments
were the most effective silvicultural treatments.
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Table 14. Relative economic effectiveness (REE) of different silvicultural treatments and nutrient combinations

Silvicultural Nutrient combinations**
treatments* 1 | 2 3 4 | 5 | &6 7 ] 8 9 10 11 12 13 14 15
AiB.C, 17.11123.66| 8.23| 11.19| 756| 21.50| 1865122.69| 2502 5719 9.09| 6.96| 3526 | 4165 38.11
ABsC, 11.61] 1507| 0.80| 027| 203| 12.73| 14.05| 1351| 23.78| 3628 | 1647 | 3301 | 9.69| 16.35| 16.32
A3B.C, 129| 1329| 1189| 984| 082 947| 816| 167| 9.23| 2464| 008| 861| 513| 215| 1388
AiBsC, 11.65| 13.13| 1386| 550| 063| 1042 956| 555 2797 | 2214| 7.79| 1307| 229| 7.00| 15.48
A;B,C, 20.15 | 230 188| 752| 830| 759| 399| 241| 456| 1211| 116| 071| 075| 755| 3.33
A3BC, 19.89| 11.38| 062 216| 197| 1068| 17.56| 8.12] 1655| 4865 10.32| 112 1057| 17.28| 270
A:B-C: 6.321 2121 434| 623t 2981 15021 4301 423117491 30831 140l 1293 12981 2260 17.97
A:B,Cs 759 1501 | 3752 31.85| 11.68| 1059| 19.05|21.14| 20.78 | 4461 | 7.71| 10.18| 1598| 18.32| 31.79
AsBC; 328| 1204 | 2215| 470| 838| 860| 6.23| 3.70| 1541 3079| 216| 051| 2374| 0.84| 10.69
ImxIm20m® | 207 | 448 | 655 985| 462| 324 482|1478| 045 | 334| 014] 1833| 4.02| 321| 325
30 | 1596t 7361 7451 1361 696 5741 6391 9321 3011 3921 1511 16621 5221 4761 3.091
40 197] 927 1066 625] 750] 489| -265} 704]| 1936) 382| 154} 1627] 601] 592| 595
' 30cmx

30cmand 40 cm x 40 cm x 40 cm; €y, C3 and C3 are line, complete and around the plant skinning.

** 1= Ng P1Kg;

2= Ny

PoK3;

3= Ng P3Ky; 4=N; PoKy;

5= N1P1K3; 6=NP7K5; 7= NiP3K;

Aj, Ay, and A3are 2m x 2m, 25mlx 25m and 3m x 3m spacings; B, B2 and By are pit sizes of 20cmx 20cmx 20 cm, 30 cm x

8= N2 Pp K2; 9 = NoP1K, 10=

NoP7Ky;11=N7P3K3; 12=N3PgK3;13= N3P1K1;14=N3P7K| and 15=N3P3K2 where Ng, Ny, No and N3 are N; Py, Py, P2 and P3 are P and
Kg, K1, K7 and K3are K @ 0, 15,30 and 45 g/plant, respectively.
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3.9. Comparison of height, gbh and volume of trees in various spacings

The study was a comparative evaluation of different silvicultural treatments and

nutrient combinations taken together on height and gbh and hence volume of trees. A

comparison of the mean height, gbh and volume of trees due to the same nutrient

treatment, N2P2K1, in different spacings subject to the same silvicultural treatment

viz. line skinning in different pit sizes of 20 cm x 20 cm x 20 cm, 30 cm x 30 cm X
30cmand 40 cm x 40 cm x40 cm is given in Fig. 3.

The number of trees/hain I1m X Im,2mx2m,25m x25rm and 3 m x 3 m were
8122, 2145, 1282 and 866, respectively at the end of the experiment. These included
the caualties replaced during the second year. When they were excluded, the
corresponding numbers were 7915, 1986, 1041 and 738. The effective spacing at the
end of three yearswas 1.11m x 1.1l mforImx 1m, 1.15mx2.15mfor2mXx 2 m,
28 mx2.8mfor2.5mx25 mand 3.4mXx 3.4 mfor 3 m x 3 m spacing.

The maximum height of trees, 510.25cm was observed in 1m x | m spacing and
20cm x20cm X 20 cm pit size. Thiswas followed by those 1 m X Im spacing and
40cm x 40 cm X 40 cm pit size and then in Im X Im spacing and 30 cm X 30cm x
30 cm pit size, 413.71 and 412.45 cm, respectively. The lowest value, 370.31 cm was
found in 3 m x 3 m spacing and 20 cm x 20 cm x 20 cm pit size.

With respect to gbh, the lowest 12.01 cm value was recorded in 1 m X 1 m spacing
and 30 cm X 30 cm X 30 cm pit size while the highest 18.52cm was in 2 m x 2 m
spacing and 40 cm x 40 cm x 40 cm pit size. The gbh valuesin 1 m X 1 min all pit

sizes had lower values when compared with2m x 2m, 25mx25 mand 3 m
X 3 m spacing.

As regards volume, the highest value, 0.5895 X 102 m3was in 3 m x 3 m spacing and

20cm x 20cm x 20cm pit size followed by 2 m x 2 m spacing and 40 cm X 40 cm

x 40 cm pit size, 0.5687 x 102m3. The lowest value was in 1 m x 1 mand 30 cm X
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30cm x 30 cm pit size, 0.3965 x 10-2 m3. The lower values for volume in 1 m x 1
m spacing agrees with the findings of Ola Adams (1993) who reported that wider
spacing was different from other spacings in terms of volume of trees.

The quantity of fertilisersadded /hain Im x 1m,2mx2m,25mx25 mand3m
X 3 m spacings were 2608.00, 652.00, 417.28 and 289.75 kg of Urea; 6000.00,
1500.00, 960.00 and 666.60 kg of Mussorie rock phosphate and 1154.00, 288.50,
184.64 and 128.21 kg of Muriate of potash, respectively. In otherwords, the amount of
fertlisers added /ha in 1 m x Im spacing was 4, 6,and 9 times of that applied in 2 m x

2m, 25 m x 2.5 mand 3 mx 3m spacing, respectively.

The RTE values in the above treatments revealed that they were considerably lower in
40,20 and 30 cm? pit sizes in 1m x 1 m spacing . The highest, 71.27 was recorded in

3m x 3 m spacing and 20 cm x 20 cm x 20 cm pit size. When REE values were
compared, it could be seen that the values were very low in pit sizesin 1m x 1 m

spacing. The highest, 48.65 was found in 3m x 3 mspacingand 20cm x 20cm
x 20 cm pit size.

The results revealed that among different spacings, trees in 3 m x 3 m spacing
and 20 cm x 20 cm x 20 cm pit size had highest RTE and REE values and yielded
relatively more volume. On economic and yield basis 3 m x 3 m spacing and 20 cm X
20 cm x 20 cm  pit size silvicultural treatment was found to be most effective.
Among the different skinning operations, line skinning was observed to be relatively
better.

The results on the effect of application of fertilizers on the growth of eucalypts
corroborate the findings of Bonny (1991), Kane et al (1992), Qureshi and Yadav
(1967) Schonau (1983), Valeri et al (1993) and Wilkins (1990). The lower values for
gbh in 1 m x 1 m spacing may be due to the closer spacing and this supports the
observations of Chauhan et al (1983).
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The uptake of N, P, and K and yield manifested that the trees responded maximum to
a particular treatment viz., N2P2K1 in all pit sizes, skinning operations and wider
spacings (2m x 2m,25m x 25mand 3m x 3m). This supports the finding of
Miller (1981) who proposed that prior to canopy closure, tree growth was very
dependent on nutrients from the soil and growth responses to nutrients can be
expected. The uptake also showed that eucalypts is not only a heavy absorber of
nutrients but also as a species which retains much of what it absorbs, thus placing a

high demand on soil nutrient resources.

Considering the effect of different nutrient combinations, it was observed that the
trees in N2P2KI ie., 30 g Nitrogen, 30 g Phosphorous and 15 g Potassium /plant was
found beneficial for increasing the volume. This is equivalent to 65 g of Urea, 150 g
of Mussori rock phosphate and 29 g of Muriate of potash /plant for one application in
the first year. On converting to per ha in 3 m x 3 m spacing, the quantities of
fertilizers required were 72.438 kg of Urea, 166.650 kg of Mussori rock phosphate
and 31.108 kg of Muriate of potash. The total cost for the fertilisers for the first and
second years for three applications was Rs. 2837.05. Thus by applying N2P2KI
nutrient combination at the time of planting, during north- east monsoon period in the
first year and during south - west monsoon period in the second year with double the
dose of that applied in the first year, it was possible to increase the height, gbh and
hence volume of trees.

The results are on the basis of observations for the first three years. In order to
establish the best treatment combinations, height and gbh of trees will have to be

continuously monitored till the tree is finally felled at the rotation period of seven
years.

The study indicated that during the years prior to canopy closure, tree growth was
very much dependent on the current uptake of nutrients. In other words, the trees
fertilised overtook the unfertilised trees during the periods of response. In the long

run, the treated trees are expected to produce more volume than unfertilised trees. It is
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obvious that application of fertilisers is costly and therefore required to be
investigated on economic ground. It should be emphasized that the present situation is
such that food production has been increased several times but there is not sufficient
raw materials for cooking and for paper and pulp industries etc. Hence it would be
wiser to consider application of fertilisers as part of integrated

management for maximising productivity.
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4. CONCLUSIONS

The conclusions are on the basis of observations for the first three years. The study
revealed that

1. the height, gbh and volume of eucalypts ( E.grandis and E. tereticornis) were
found to be influenced by different silvicultural tretments such as spacing, pit
sizes and skinning and by fertiliser applications

2. between different spacings, pit sizes and skinning operations, the trees in 3 m x
3 m spacing, 20cm x 20 cm x 20 cm pit size and line skinned were found to have
maximum height, gbh and volume

3. among the different nutrient combinations,N2P2K1 ie., application of N @ 30 g,
P @ 30gand K @15 g /plant or 65 g urea, 150 g Mussorie rock phosphate and
29 g muriate of potash /plant at the time of planting, during north- east monsoon
in the first year and double the dose during south- west monsoon period was
found to increase the height and gbh significantly.

4. the bolewood retained considerable amount of nutrients. The quantity of nutrients
in bolewood was two times of that in branches and one and half times of that in
leaves.

5. itisaheavy absorber of nutrients and retains most of what it absorbs

6. in order to establish the best treatment combinations, height and gbh of trees
will have to be continuously monitored till the trees are finally felled at the

rotation period of seven years and the volume/biomass estimated.

46



5. REFERENCES

Alexander, T. G and Mary, M. V. 1984. Effect of mussorie phos on the growth of
Eucalyptus tereticornis seedlingsKFRI Research Report 23.7 p.

A S A. 1965. Methods of Soil Analysis. Parts 1& 2. C. A. Black et al. American
Society of Agronomy, Madison, Wisconsin, USA.1572 p.

Bahuguna, V. K. 1991. Recent advances in plant nutritional research and potential
application in the field of forest fertilization in Indian context - a review. Ind.
For., 117: 521-530.

Bhatia, K. S. 1980.The growth of Eucalyptus hybrid (Syn. E. tereticornis) on eroded
alluvial soils of Uttar Pradesh in reltion to spacing, irrigation and manuring.
Indian. For., 106:738-743.

Bonny, L. 1991. Growth of a Eucalyptus grandis plantation following intensive
silvicultural treatments applied in the first six years. Research paper Forestry
Commission of New South Wales. No.12. 19p.

Buck, G. M. 1987. Concepts of resource in agroforestry system. Agrofor. Sys., 4
191-203.

Chathurvedi, A. N. and Pande, G. C. 1973. General volume tables for Eucalyptus
grandis. Vol. 12No.17. FRI New series Silviculture. Dehra Dun, India. 8p.

Chauhan, L., Agrawal, S. P. and Dayal, R. 1983. Studies on the effects of spacing
and application of fertilisers on wood quality in Eucalyptus tereticornis Sm..
Ind. For., 109:901-908.

Cromer, R. N., Cameron, D. M, Rance, S. J., Ryan, P.A. and Brown, M. 1993.
Response to nutrients in Eucalyptus grandis 1. Biomass accumulation. For.
Ecol. Manage., 62: 211-230.

47



Ghosh, R. C. 1977. Handbook on Afforestation Techniques. Controller of
Publications, Delhi.

Government of Kerala. 1990. Forest Statistics. Forest Department, Trivandrum.
Government of Kerala, 1992. Forest Statistics. Forest Department, Trivandrum.

Grewal, S. S., Kehar Singh, Juneja, M. L. and Singh, K. 1992. Nitrogen fertilization

of short rotation and high density energy plantation of Eucalyptus raised on
light textured alluvial soil of North India. J. Trop. For., 8:143-154.

Gupta, G. N. 1990. Integration of moisture and fertiliser management practices for
early growth and establishment of Eucalyptus on a skeletally degraded dry
land. Internat. Tree CropsJ., 6: 123--141.

Gupta, G. N. and Mohan, S.1989. Response of Eucalyptus to moisture and fertilizer
on degraded soil. J. Ind. Soc. Soil Sci., 37: 499-505.

Jackson, M. L. 1958. Soil Chemical Analysis. Prentice Hall Inc., USA. 428 p.

Jayaraman, K. and Krishnankutty, C. N. 1990. A data bank for forestry sector in
Kerala. KFRI Research Report 66.27 p.

Jones, H. E. and Dighton, J. 1993. The use of nutrient biomassays to assess the

response of Eucalyptus grandis to fertiliser application. 2. A fied experiment.
Can.J. For.Res., 23:7-13.

Kane, M. M, Write, J. A. and Lambeth, C. C. 1992. Refertilization increases
Eucalyptus grandis growth on the Popayan meseta: three year research.

Research Report Investigacion Forestal Smurfit Carton de Colombia. No. 144.
21p.

Krishnamurthy, R. and Vijayan, C. 1986. Response of Eucalyptus ‘hybrid (Mysore
gum) to major nutrient elements. In: Eucalypts in India. Past, Present and

Future. Sharma, J. K.; Nair, C. T. S.; Kedhamath, S.; Kondas, S. (eds).
Kerala Forest Research Institute; Peechi; India: 126-131.

48



Miller, H. G. 1981. Forest fertilisation: Some guiding concepts. For., 54: 157-167.

Ola-Adams, B. A. 1993. Effects of spacing on biomass distribution and nutrient
content of Tectona grandis Linn.f. (teak) and Teminalia superba Engl.&

Diels. (afara) in South - Western Nigeria. Forest Ecol. Manage., 58: 299-3109.

Prasad, K. G., Dinesh kumar, Chandrasekharan Nair, T. J., Mohan, S., Madhavan
Nair, J. and Deo, A. D. 1984a. Fertilization in Eucalyptus grandis on
severely truncated soil. I: Growth Studies.Ind.For., 110: 132-141.

Prasad, K.G., Gupta, G.N., Singh, S.B., Mohan, S., Madhavan Nair, J. and Deo, A.D.
1984b. Fertilization in Eucalyptus grandis on severely truncated soil. 11:
Biomass production. Ind. For., 110: 142-149.

Qureshi, I. M. and Yadav, J. S. P. 1967. Use of fertilisers and manures in Forestry.
Proc. 1lth Silvi. Conf. Vol. Il. FRI & C, Dehra Dun. 380-402.

Raizada, A. and Padmaiah, M. 1993. Comparative biomass accumulation in four tree

species in an energy plantation: Effect of sapcing. Range Manage. and
Agrofor., 14:61- 66.

Schonau, A. P. G. 1983. Fertilization in South African Forestry. South Afr. For. J.,
100: 27-31.

Schonau, A. P. G., Verloren van Themmat, R. and Borden, D. . 1981. The importance

of complete site preparation and fertilisingin the establishment of Eucalyptus
grandis. South Afr. For. J., 116:1-10.

Singh, S. B., Pramod Kumar; Prasad, K. G. and Kumar, P. 1991. Response of
Eucalyptus to organic manure mulch and fertilizer sources of nitrogen and
phosphorus. Van Vigyan, 29: 200-207.

Snedecor, W. G. and Cochran, G. W. 1965. Statistical Methods. O xford and IBH
Co., New Delhi. 593p.

49



Valeri, S. V., Aguiar,l. B., Corradini, L. and Alvarenga, S. F.1993. The effects of
phosphorus and dolomitic lime on the production and volumetric conversion
factors of Eucalyptus grandis wood. S. Afr. For. J., 164 55-57.

Wilde, S. A., Voight, G. K. and lyer, J .E. 1972. Soil and Plant Analysis for Tree
Culture. 4thRev. Edn.Oxford & IBH Publ.Co., New Delhi. 113p.

Wilkins, A. P. 1990. Influence of silvicultural treatment on growth and wood density
of Eucalyptus grandis grown on a previous pasture site. Aust. For., 53: 168-
172.

50



APPENDIX |

Nitrogen accumulation in branches (g/tree) in different silvicuitural treatments and nutrient combinations

Silvicultural Nutrient combinations** ]
treatments* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
AB,C, 150 {180 [200 |17.0 {170 [18.0 |190 |200 |19.0 [19.0 }22.0 200|180 |180 |170 | 160
A,B;C, 19.0 [200 [21.0 190 |200 |200 (200 [220 |190 |21.0 {230 {200 (220 (19.0 {200 |200
A;B,Cy 180 |19.0 [19.0 200 |19.0 1200 |20.0 |[19.0 |19.0 [20.0 |23.0 {200 |21.0 (210 |[200 {210
AB;C, 220 [250 250 |260 |240 |[260 |260 [250 [260 [250 |300 {260 |240 (240 |250 |[250
AB.C, 22.0 (250 (260 |230 |240 |260 (250 [27.0 })28.0 |29.0 300 280 |250 [240 |27.0 |230
AsB,C; 20,0 123.0 |24.0 (240 [220 230 |23.0 |260 {250 }[240 |27.0 |230 |250 |230 |240 |23.0
AB,C,4 180 [21.0 [21.0 [21.0 [19.0 [21.0 [220 }19.0 [200 {200 {250 |210 (19.0 [2206 {210 {200
ABC, 140 1190 210 |19.0 |19.0 |19.0 [21.0 [220 {200 |200 |23.0 |[200 [200 |220 |19.0 |21.0
A;BsC, 190 200 {210 [200 |220 [21.0 |21.0 |200 |200 |200 [250 |21.0 |210 (240 |220 [220
1mx1m20cm® | 18.0 [170 [190 |200 [180 180 190 J200 [190 |180 J210 {190 |190 180 [18.0 |19.0
" 30 " 1210 |24.0 [250 [240 220 |23.0 |250 [220 |240 [230 |280 [250 [260 |250 |240 |230
" 40 19.0 [21.0 |23.0 [23.0 {200 {200 (220 |210 [220 (210 {250 |[230 {240 |220 |220 |210

* Ay, A2, and Az are 2m x 2m, 2.5m x 2.5m and 3m x 3m spacings; B}, B2 and Bj are pit sizes of 20cm x 20cm x 20 cm, 30 cm x
30 cm x 30 cm and 40 cm x 40 cm x 40 em; Cy, Cy and C3are line, complete and around the plant skinning .

** 1=NgPgKg 2=NgPKj; 3=NoP2K3; 4=NgP3K|; 5=N1PoK}; 6=N1P1K3; 7=N{PKy; 8=N{P3Kg; 9=NPgK2:  10=N,P;Kg;
11=NpP7Ky; 12=N9P3K3; 13=N3PgK3; 14=N3P1Kj; 15=N3P2K; and 16=N3P3K; where Ng, N1, N2 and N3 are N Pg,P,P» and
P3 are P and Kg, Ky, K and K3 are K @ 0, 15, 30 and 45 g/plant, respectively.



APPENDIX 11

Phosphorous accumulation in branches (g/tree) in different silvicultural treatments and nutrient combinations

Silvicultural Nutrient combinations**
treatments¥* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
ABC, 7.2 7.8 72 78 7.8 72 7.2 9.1 7.8 8.5 7.8 1.2 18 851 72 6.5
AB;C, 6.5 85 8.5 7.2 7.8 78 7.8 85 7.8 7.8 | 9.1 835 72 72| 7.8 7.2
AsB.C; 6.5 8.5 8.5 7.2 7.8 7.2 7.8 7.8 7.2 7.2 9.8 7.8 7.8 78| 72 7.8
ABC, 7.8 104 11.1 11.1 9.8 10.4 11.7 11.1 104 | 11.1 12.4 10.4 981 104 | 104 9.8
ALB.Cy 7.8 10.4 10.4 11.1 938 11.1 104 11.1 1041 11.1 12.4 98 98| 11.1 | 104 9.8
A3B|C; 7.2 9.1 98 78]. 85 10.4 8.5 9.8 9.1 8.5 11.1 9.1 8.5 85| 85 7.2
AB.C; 7.2 9.1 9.1 7.2 8.5 8.5 7.8 8.5 9.1 7.2 10.4 8.5 7.8 851 78 7.2
ABC; 6.3 7.2 78 85 7.8 7.8 7.8 7.2 7.8 8.5 9.1 8.5 1.8 721 78 7.8
As3Bs3Cs 6.5 8.5 7.8 9.1 8.5 7.8 7.8 85 85 9.1 10.4 7.2 8.5 85| 78 7.8
1mx 1m 20 cm’ 7.2 7.2 7.8 7.2 1.2 18 7.2 7.8 7.2 7.8 9.1 78 7.2 78| 7.2 7.2
" 30 " 7.2 78 7.2 8.5 7.2 7.8 7.8 7.2 78 1.8 10.4 7.8 1.8 85| 7.8 7.8
o400 " 7.2 72 7.2 7.2 7.8 7.2 7.2 7.8 7.2 7.2 98 7.8 7.8 78| 7.8 7.8

*

Al.A2, and A3are2mx 2m, 2.5 mx 25 mand 3 mx 3 mspacing; B1, B2 and B3 are pit sizes of 20cm x 20 cm x 20cm, 30cmx 30 cm x
30cmand 40 cm x 40 cm x 40 cm; C1, C2and C3 are line, complete and around the plant skinning.

** 1=NgPoKg 2=NgP|Ky; 3=NgP;K3; 4=NgP3K; 5=N{PgKy; 6=NP{K3; 7=N1PyKp; 8=N1P3Kg; 9=NyPpKy; 10=NoPKg; 11=NoP7Ky;
12=N»P3K3; 13=N3PgK3; 14=N3P1K; 15=N3P2K and 16=N3P3K; where Ng, N1, N2 and N3 are N ; Pg,P1,P2 and P3 are P and Ko, K1,
Ky and K3 are K @ 0, 15, 30 and 45 g/plant, respectively.



APPENDIX I

Potassium accumulation in branches (g/tree) in different silvicultural treatments and nutrient combinations

Silvicultural Nutrient combinations**
treatments* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
AB.Cy 39.0 {430 |400 440 [41.0 1420 1430 [440|41.0 [420 [46.0 |430 |41.0420 [410 40.0
AsBiCy 440 {450 | 480|440 |470 460 [450 | 480|490 (470 |41.0 | 450 {48.0|46.0 |49.0 47.0
AsB-C, 440 {43.0 |44.0 1450 440 [450 [460 [450|44.0 [450 [47.0 |43.0 |42.0)460 |440 46.0
ABsC, 500 | 53.0 |54.0 560 |53.0 [54.0 [550 [56.0]540 |550 [51.0 |59.0 }|540]57.0 |56.0 55.0
AsB.Cs 51.0 | S1.0 [55.0 550 |52.0 530 {540 |54.0 530 |560 [500 |57.0 [|570{560 |57.0 55.0
AiB,C; 48.0 | 500 [51.0]520 1500 |51.0 |530 [510]49.0 |51.0 {540 |510 [51.0]51.0 [4%90 51.0
AB.Cs 46.0 147.0 1500 [ 490 |[48.0 |49.0 [50.0 [48.0 1490 [53.0 |53.0 |[49.0 |148.0|49.0 |49.0 50.0
AzB,C; 46.0 | 470 4701490 {480 |480 |48.0 |49.0 460 ]|49.0 |50.0 {480 |46.0 480 [480 47.0
As3B:C; 460 [500 |510]500 |48.0 |51.0 |500 J500 (510 |500 |52.0 |47.0 [490 (500 |51.0 51.0
ImxIm20cm’ {430 {440 |46.0 {460 [450 }43.0 |450 1440 {440 |450 |52.0 |44.0 [44.0]450 [440 440
" 30 " 460 [460 |49.0 490 | 480 1450 1470 1460 [47.0 1400 |47.0 |47.0 | 450 }49.0 [49.0 48.0
" 40 " 440 (450 |47.01480 |460 1440 | 450 [440 (450 [47.0 ]45.0 {450 |44.0 1470 [460 45.0

Al, A2, and A3 are 2mx 2m, 2.5m x 2.5m and 3m x 3m spacings; B1, B2 and B3 are pit sizes of 20 cm x 20 cm x 20 cm, 30 cm x 30 cm X
30 cm and 40 cm x 40 cm x 40 cm; C1. C2 and C3 are line, complete and around the plant skinning .

** 1=NgPgKg 2=NgP1K3; 3=NpPyK3; 4=NgP3K;; 5=N1PgKy; 6=N1P1K3; 7=N|PKy; 8=N{P3K(; 9=NyPgKg; 10=NP{Kq; 11=NpPyKy;
12=N7P3K3; 13=N3PgK3; 14=N3P1K|; 15=N3P2K; and 16=N3P3K; where N, N1, No and N3 are N Pg,P1,P7 and P3 are P and Kg, Ky,
Ko and K3are K @ 0, 15,30 and 45 g/plant, respectively.



APPENDIX IV

Nitrogen accumulation in leaves (g/tree) in different silvicultural treatments and nutrient combinations

Silvicultural Nutrient combinations**

treatments* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
AB,C, 300 | 33.0 {350]340] 320 ] 350 | 370 1340 | 360 | 32.0 | 40.0 | 340 | 32.0 | 36.0 ] 36.0 35.0
AsBsC,y 310 | 360 |340[360] 340 | 340 | 340 | 340 ] 340 | 340} 41.0 | 340 | 340 | 33.0| 350 | 34.0
A;B.C, 31.0 | 350 | 350340 33.0 | 36.0 | 350 | 3401 36.0 | 330} 420 | 350 | 33.0 | 37.0 | 35.0 34.0
ABLCs 370 { 450 [42.0{ 470 43.0 | 460 | 47.0 | 440 ]| 43.0 | 43.0 | 49.0 | 420 | 450 | 46.0 | 45.0 44.0
AsB.Cy 38.0 | 45.0 143.0|44.0] 420 | 460 | 450 | 440 ] 450 | 420 | 51.0 | 41.0 | 45.0 | 45.0 | 44.0 46.0
AsB,C, 37.0 | 38.0 [41.0[41.0| 38.0 { 390 | 41.0 [ 41.0 [ 39.0 | 36.0| 450 | 36.0 | 37.0 | 39.0 | 39.0 40.0
AB.Cs 310 | 360 |37.0]37.0| 350 | 340 | 340 | 370 36.0 ['33.0 ] 43.0 | 340 | 38.0 { 36.0 | 36.0 36.0
AsBC; 320 | 340 [34.0]350] 340 | 36.0 | 340 [ 340} 340 {340 40.0 | 360 | 350 | 36.0 | 360 36.0
A3BsC; 33.0 | 340 [3601360)] 360 | 39.0 | 370 [ 340 | 360 | 37.0}| 420 | 340 [ 350 | 38.0 | 35.0 38.0
Imx Im20cm’ | 32.0 | 34.0 |37.0]350] 350 | 340 | 36.0 { 360 34.0 | 33.0| 40.0 | 33.0 [ 31.0 | 33.0 | 33.0 34.0
"o30" 350 { 370 |380]|410] 360 | 360 | 390 | 380 37.0 [ 39.0 | 45.0 | 40.0 { 38.0 | 36.0 | 38.0 35.0

" 40" 330 350 |37.0]38.0| 340 | 350 | 37.0 | 36.0 | 36.0 | 38.0 | 43.0 | 35.0 | 37.0 | 35.0 | 36.0 34.0

*

Al, A2, and A3are2mx 2m, 2.5m x 2.5m and 3m x 3m spacing; B1, B2 and B3 are pit sizes of 20cm x 20cm x 20 cm, 30 cm X
30cmx 30cmand40cmx 40cm x40 cm; C1, C2 and C3are line, complete and around the plant skinning.

1=NgPpKg 2=NgP{Kj; 3=NgP2K3; 4=NgP3Kj; 5=N1PgKy; 6=N{P1K3; 7=NP2K»; 8=NP3Kq; 9=NsPgK2; 10=N7P1Kp;
11=N2P2K1; 12=N7P3K3; 13=N3PgK3; 14=N P1K1, %-N311-‘2K1 and 16=N3P3Kj where N, 131, IND ancizN3 are N ; Po,P1,P2
and P3are P and KO, K1, K2and K3are K @ O 15.30 and 45 respectively.

*%



APPENDIX V

Phosphorous accumulation in leaves (g/tree) in different silvicultural treatments axd nutrient combinations

Silvicultural , Nutrient combinations**

treatments* 1 2 3 4 5 6 | 7 8 9 10 11 | 12 13 14 15 16
AB,C, 6.0 651 72 {17121 72| 7.2 7.2 6.5 65| 7.2 72 | 6.5 6.5 6.5 7.2 7.2
A;B1C 6.5 72| 78 178 | 78 | 7.2 72 | 6.5 72| 6.5 78 | 1.8 7.8 7.2 7.2 7.2
A;B,C 6.5 72 )] 65 65|72 ] 78 7.2 6.5 65| 7.2 72 112 | 65 6.5 6.5 7.2
ABsC; 72 1104} 98 | 98 | 98 | 9.1 9.8 9.8 911 104 { 11.1 | 9.1 9.8 9.1 9.8 11.1
A2B.C, 7.8 98 1 104 | 9.1 | 85 | 9.1 104 | 9.1 ] 104 98 | 112 | 9.8 10.4 9.8 104 ] 104
A3B.C, 7.2 78] 78 | 85 ] 85 | 7.8 8.5 8.5 8.5 8.5 98 78 | 85 7.8 7.8 7.8
AB,Csy 7.2 781 72 | 65|72 ] 7.8 7.8 7.2 7.2 7.2 85| 7.8 7.2 7.8 7.8 7.2
A:BCs 7.2 781 712 | 7.2 | 72| 18 7.8 7.2 65| 7.2 781 7.2 7.2 7.2 7.2 6.5
A;BiCs 6.5 851 78 |72 | 72| 7.8 7.8 7.8 7.8 7.8 9.1 7.8 7.2 7.8 7.2 7.2
Imx1m20cm’ | 6.5 721 72 178 ] 78 | 7.8 7.2 7.2 7.8 7.8 9.1 | 7.2 7.2 7.8 7.2 7.2
“ 30" 7.2 85| 91 | 85178 | 85 9.1 8.5 9.1 851104 | 85 9.8 8.5 8.5 7.8
40 7.2 7.8 85 | 78 172 ] 78 8.5 7.8 8.5 9.1 981 91 85 9.1 8.5 8.5

* AL A2, and A3are2mx2m, 25 mx 2.5 mand 3mx 3 m spacing; B1. B2 and B3 are pit sizes of 20 cm x 20 cm x 20 cm, 30 cmx 30 cmx
30 cm and 40 cm x 40 cm x40 cm; C1. C2 and C3are line, complete and around the plant skinning.

** 1=NgPgKg 2=NgP1K3; 3=NgP2K3; 4=NgP3K{; 5=N;PgK; 6=N{P{K3; 7=NP2Kp; 8=N; P3 Kg; 9=N,oPgK»y; 10=NoP1Kg; where
11=NpP7K1; 12=NpP3K3; 13=N3PgK3; 14=N3P1Ky; 15=N3P3K; and 16=N3P3K; where No, Ny, N5 and N3 are ’\% Po.Py,P2 and P3 are P
and K, K1. K2and K3are K @ 0, 15,30and 45 g/plant, respectively.



APPENDIX VI

Potassium accumulation in leaves (g/tree) in different silvicultural treatments and nutrient combinations

Silvicultural Nutrient combinations**

treatments* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
AB(Cy 46.0 151.0 [51.0 |51.0]51.0151.0]51.0 {51.0]51.0 j45.0 540 (470 [52.0 {510 460 |51.0
A2BsC, 50.0 520 [550 |55.0]550)]51.0[51.0 {540]550 |54.0 57.0 [ 520 |52.0 1530 51.0 |[51.0
AsB,C, 49.0 |[51.0 [52.0 |52.0]520]50.0]520 |51.0]51.0 [51.0 560 | 500 |53.0 | 53.0 540 ]51.0
ABLC, 640 |69.0 {730 |69.0]71.0]1720(67.0 |74.0|68.0 |73.0 78.0 [ 740 | 68.0 | 73.0 740 650
A.B.C, 650 750 1740 7207007401660 |69.0[670 {720 77.0 [72.0 | 68.0 | 73.0 73.0 ]69.0
AiB,C; 630 |700 |67.0 |69.0}06.0(66.0[67.0 |67.0]68.0 |69.0 74.0 | 68.0 | 67.0 | 67.0 650 |690
AB,C;s 61.0 620 [620 |610[6401650[620 163.0]66.0 |64.0 66.0 | 61.0 ]66.0 | 60.0 620 |61.0
A:B\C; 540 |58.0 [57.0 {56.0]550]580]57.0 |5601]540 |570 620 | 57.0 | 57.0 | 56.0 58.0 |56.0
A4B+C, 590 650 163.0 620630640650 |620]1660 |64.0 64.0 | 62.0 [61.0 |61.0 63.0 |63.0
Imx lm20cm’ 410 |500 [58.0 [55.0[|480 (540|570 |57.0]51.0 |]63.0 73.0 1600 |61.0 | 58.0 56.0 |57.0
30 " 43.0 520 |56.0 [57.0[49.0]|53.0/59.0 |52.0]53.0 }65.0 750 63.0 [ 64.0 | 59.0 59.0 | S8.0
! 40 " 420 [53.0 {54.0 |61.0]50.0}54.0]560 |54.0]52.0 [61.0 71.0 | 62.0 | 62.0 | 63.0 570 }51.0

* Al A2, and A3are 2mx 2m, 2.5m x 2.5m and 3m x 3m spacing; B1, B2 and B3 are pit sizes of 20 cm x 20 cm X 20 cm, 30cmx 30 cm x
30cmand40cm x40 cmx40cm; C1. C2and C3 are line, complete and around the plant skinning.

**+1=NgPgKq 2=NgP|K2; 3=NgP7K3; 4=NgP3K{; 5=N1PgK1; 6=NP1K3; 7=N|P2K»; 8=N1P3K(;  9=NoPgKs; 10=NyP{Kg; 11=N7P7K1;
12=N,P3K3;13=N3PgK3; 14=N3P K ; 15=N3P9K; and 16=N3P3K; where Ng, N1, No and N3 are N; Pg,P1,P7 and P3 are P and K¢, K1, K5
and K3 are K @ 0, 15,30 and 45 g/plant, respectively.




APPENDIX VII

Cost of plantingiha for E grandis at Vallakkadavu

Silvicultural treatments*

Operations AiB1Cy A1B2LC3 AsB(C3 | AsB2Cy | A3BoCy A1B3Eg_ A3B ]C2 A3B3C3 | A3B3Cy Imx 1lm

20cm> | 30cm> [ 40cm’
(A) Pre-planting ,
1. Raising seedlings 1250 1250 300 800 556 1250 556 556 800 4000 4000 | 4000

(Rs. 1250/2500)
2. Clear knife weeding in 500 500 500 375 500 375 375 500 500 375 375 375
April 1992 (Rs. 500/ha)
3. Collection of sticks 100 100 125 125 135 100 135 135 125 100 100 100
for alignment

4. Cost of alignment 245 245 315 315 350 245 - 350 350 315 210 210 210
5. Collection of pegs @ 8ps 200 200 128 128 89 200 39 - 89 125 800 800 800
6. Labour cost for lay-out 350 350 420 420 455 350 455 455 420 280 280 280
7. Pitting 500 750 320 480 333 1000 220 444 480 2000 3000 | 4000
8. Transport of seedlings 240 240 300 300 360 240 360 360 300 160 160 160
9. Cost of planting 400 400 370 370 340 400 340 340 370 1200 1200 1200
10. Skinning 825 450 288 875 367 875 875 200 528 875 875 875
Total 4610 4485 3566 4188 3485 5035 3755 3429 3546 10000 | 11000 | 12000
(B) Post-planting
1. Knife weeding in Oct'92 375 375 375 188 375 188 188 375 375 188 188 188
2. Spade weeding in Oct'92 500 500 500 250 500 250 250 500 500 - --- ---
3. Knife weeding in Jan'33 375 375 375 188 375 188 188 375 375 — — ---
4. Spade weeding in Jan'93 500 500 500 250 500 250 250 500 500 -—-- —- -
B Total 1750 1750 1750 876 1750 876 876 1750 1750 188 188 188




Appendix VII Contd.

{C) Cost of applying fertiliser 400 400 256 256 178 400 178 178 256 1200 1200 1200
Aldrex.(30EC) and 150 150 96 36 66 150 66 66 96 600 600 600
application
Total 550 550 352 352 244 550 244 244 352 1800 1800 1800
Total for Ist Year 6910 6785 | 5668 5416 5479 | 6461 4875 1 5423 5648 | 11988 | 12988 | 13988
IInd Year
1. Knife weeding in May 500 500 500 375 500 375 375 500 500 188 188 188
1963
(Rs. 500/ha)
2. Knife weeding in Oct, '93 375 375 375 188 375 188 188 375 375 o = ---
3. spade weeding in Oct. '93 500 500 500 250 500 250 250 500 500 — --- ---
4. Knife weeding in Jan. '94 375 375 375 188 375 188 188 375 375 -—- --- ---
5. Spade weeding in Jan. '94 500 500 500 250 500 250 250 500 500 -—- — -
6. Cost of applying fertiliser 200 200 128 128 89 200 g3 39 128 600 600 600
7. Casuality replacement 100 100 93 93 85 100 85 85 93 300 300 300
Total 2550 2250 | 2471 1472 2424 | 1551 1425 | 2424 2471 1088 | 1088 1088
Grand Total 9460 9035 | 8139 6888 7903 | 8012 6100 | 7847 8119 | 13076 | 14076 | 15076

* Al A2, and A are 2m x 2m. 2.5m x 2.5m and 3m x 3m spacings; B1.B2 and B3 are pit sizes of 20cm x 20cm x 20 cm; 30 cm x 30 cm x 30 cm
and 40 cmx20cmx 40cm andC1, and C3 are line, complete and around the plant skinning.



APPENDIX VIII

Cost of planting/ha due to different silvicultural treatments and nutrient
combinations

Treatments™ | Cost/plant Cost(Rs.)/ha in different spacings

(Ps.) 2mx2m | 2.5mx2.5m | 3mx3m Im x1lm
NoPaKg 0 0 0 0 0
NoP1K» 151.84 3796 2429.44 1686.94 15184.00
NgP>K~z 257.76 6444 4124.16 2863.71 25776.00
NoP2K1 225.92 5648 3614.72 2509.97 22592.00
N1PpK 90.64 2266 1450.24 1007.01 9064.00
N1Pi1K7 242.48 6062 3879.68 2693.95 24248.00
N{P»K» 256.56 6414 4104.96 2850.38 25656.00
N1P2Kp 224.72 5618 3595.52 2496.64 22472.00
NsPgK» 181.20 4530 2899.20 2013.13 18120.00
N-P1Kg 149.44 3736 2391.04 1660.28 14944.00
NsP>K4 255.36 6384 4085.76 2837.05 25536.00
NsP3K2 407.20 10180 6515.20 4523.99 40720.00
NaPgK~ 271.98 6798 4351.68 3021.69 27198.00
N2P1K; 240.08 6002 3841.28 2667.29 24008.00
N2P>Kp 300.08 7502 4801.28 3333.89 25416.00
N2P2K» 406.00 10150 6496.00 4510.66 40600.00

* No, N1, N2 and N3 are N; PO,P1,P2 and P3 are P and KO, K1, K2 and K3
are K at 0, 15,30and 45 g/plant, respectively.

** For 2,500 plants in 2m x 2m spacing
For 1,600 plants in 2.5m x 2.5m spacing
For 1,111 plants in 3m x 3m spacing
For 10,000plants in 1 m x Im spacing





