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ABSTRACT

The status of teak and eucalypt plantations in Kerala was assessed with respect to the site
quality distribution and stocking through an objective sample survey and the current
levels of productivity of these crops were ascertained. The piantations of teak and teak
mixed with other species belonging to the Territorial Forest Divisions and the eucalypt
plantations under the management of Kerala Forest Department and Kerala Forest
Development Corporation formed the sampling frame. The plantations were stratified by
regions (Divisions for teak and Circles for eucalypts) and by 5 yearly age groups within
each region. Roughly 18 per cent of the plantations of teak and 8 per cent of eucalypt
plantatiohs were sampled. Measurements were taken from circular plots of 10 m radius
laid along randomly placed transects in the selected plantations.

The extent of teak plantations under reference was 68,797 ha as on 1995, An assessment
of site quality distribution of the area showed that only 5 per cent of the area fell under
site quality class I. Nearly 38 per cent of the area was of site quality class II and 48 per
cent was of site quality class IIl. Around 9 per cent of the area fell under site quality class
IV. About 0.1 per cent of the total area. was estimated as degraded. There was
considerable variation in site quality distribution over the different Divisions. Achencoil,
Konni and Kozhikode Divisions recorded major share of area under better site quality
classes (SQ I and SQ II) whereas Thiruvananthapuram, Kottayam, Wayanad, and Kannur
Divisions had larger area under poor site quality classes (SQ 1 and SQ VY. This in turn
reflectéd in the MAI of commercial volume attained in these Divisions. Kozhikode and
Achencoil Divisions recorded the highest MAIL in the Suale, exceeding 3 m* ha' of
standing  volume including timber and smallwood at 60 years. Kottayam and
Thiruvananthapuram had the lowest values of MAI which were less than 2 m” ha”. At
the State level, the MAI of standing crop worked out to 2.423 m® ha ' at 60 years. A
comparison with potential MAI of 4.968 m” ha' at 60 years under site quality class I with
full stocking as reported in the-All India yield table for teak indicated the wide gap
~ between the actual and potential yield levels. Nearly 86 per cent of the area falting under
site quality classes II and IIT qualifies for improvement.

A study on past records of yield from thinning indicated an average MAI of 1.174 m" ha' for the
State at an average final thinning age of 35 years. Although yield from thinning could not be
estimated precisely due to inadequate data, the yield levels shown are substantially low when
compared to the potential levels. The yield table figure for accumulated yield of thinning at 35
years under site quality class I with full stocking is 5.847 m’ ha™'. The MAI of total yield which
includes main crop and accurnulated yield of thinning at 60 years worked out to 3.110 m’
halin the present study.

Based on basal area ha™, nearly 48 per cent of the plantation area was estimated us under-
stocked. 26 per cent was classed as over-stocked and the remaining 26 per cent carried fully
stocked stands. The corresponding figures based on number of trees were 64. 17 and 19. Among
the under-stocked plantations 33 per cent of the area showed very poor stocking with stocking



ratio less than 0.5. Nearly 88 per cent of the plots showing under-stocking by basal area were
under-stocked by number of trees aiso confirming that under stocking has resulted due to less
than expected number of trees in many stands. The growing stock of teak in plantations older '
than 10 years estimated based on the updated list of plantations in 1996 was 3. 248 million m* of
timber and 1.590 million m of smallwood in 68,651 ha. The estimated total number of trees in
plantations not older than 10 years as on 1996 came to 4.980 miltion in 4,516 ha.

The plantations of site quality I were mostly over-stocked. This was found to adversely affect the.
diameter of trees in later years. Plantations of Jower site quality classes were found heavily
under-stocked resulting in reduced overall volumc However, such variations were not found 10
'affect the height growth of trees.

Compilation of observations on certain management and site features indicated the following.
Plantation Journals were found available only in 51 per cent of the cases at the State level. Signs
of extemal human interference in plantations were fairly common. Presence of loranthus,
climbers, borer attack and water blisters could also be detected in many places. An analysis of the
influence of some factors on crop growth revealed significant effects of human interference.
climbers and Joranthus on the crop growth other than that due to age and stockrno

As on 1995, eucalypts were reported to be grown in 30,64] ha belonging to the Territonal
Divisions of the Kerala Forest Department and KFPC. Nearly 90 per cent of this area carried
stands older than 10 years. Around 20 per cent of the stands have crossed 20 years of existence.
Eucalyptus tereticornis was estimated to occupy around 67 per cent of the area under eucalypts
and Eucalyptus grandis was found in the remaining area. The combined growing stock for the
two species was estimated with the updated list of plantations as on 1996. The growing stock
worked out to1.037 million m” in an area of 28,845 ha. Although the total extent under
eucalypts as on 1996 was 33,054 ha. around 4,209 ha of plantations could not he located in the
field which were mostly in North Nilambur Division.

Based on a survey, the MAI of the seedling crop of E. tereticornis was estimated as 7.653 m’
ha' at 8 years. For the first coppice crop of the same species, the MAI worked out to 2.545 m’
ha' at 8 years. Lack of data on crop age (year of coppicing) was a serious limilation in working
out the MAL of E. tereticornis precisely. Comparison with the potential yield reported in the
existing yield table which is 18 m” ha™" with 1600 trees ha! under site quality class 1 indicated

that current levels are poor both for scedling and coppice crops. Onc ClE:dI‘ reason that could be
attributed was poor stocking,.

For want of data on year of coppicing, no estimate of MAI could be developed for £. grandis
although, measurements were made in a number of sample plots. Past records had shown that |
seedling crop of E. grandis attains an MAL of 10 m* ha” in the State at 10 years. Potential yield

levels indicated by yield table were found to be considcmbly higher. The 1m1xinmm MAL

reported in the vield table for the species was 36 m' ha! ar 10 years with 1600 trees ha! under

site guality class L



Suggestions for proper management of teak and eucalypt plantations in Kerala for
sustained productivity are given. For both species, it is recommended that plantation .
areas above 30° slope be converted to natural forests to avoid erosion and eventual

permanent site deterioration. Both technical and administrative MEAsures [or proper
management of the planfations in the remaining areas arc suggested.

For teak, the technical measures include (1) management of very low produclivity arcas
under SQ TV for polc production under simple coppice sysiem on 2 short rotation of 20-
25 years and (2) management of the remaining arcas for timber production under low
input but officient management system which include appropriate cilvicultural, and site,
nutrient and pest management. '

For eucalypts, technical measures include retention of only those plantations which
satisfy minimum standards in terms of stocking and basal area and managing them with
appropriate silvicultural site, nutrient and pest/disease management, for which guidelines
are given. Use of improved clonal planting material in a phased manner is supgested for
raising future plantations. -

Administrative measures suggested for efficient management of both teak and eucalypt
plantations include systematic matntenance of plantation records. organization of
Plantation Productivity Workshops (PPWs) at Circle and Range levels, monitoring and
evaluation procedures. To facilitate timely availability of funds for various plantation
activities, a Treasury Public (TP) system of cash trapsaction is suggcsted.




PRELUDE

Teak and eucalypt plantations form the major share of the plantations managed by the
Kerala Forest Department currently occupying around 100,000 ha in the State. Tecuk
provides superior quality timber and eucalypts meet a large purt of the pulpwood
requirement of the State. There has been an ever increasing demand lor both these
products over the last many vears. Options for any further incrcase in the land base for
these plantations are limited in the State and hence enhancing the productivity of (he
existing lands under these crops is of utmost importance. Future investment in'this line
has been under consideration by the government for which baseline information of the
current levels of productivity was required. The -present project was taken up with the
objective of evaluating the status of teak and eucalypt plantations raised by the Forest
Department in Kerala with respect 10 the stocking and site quality distribution and thus
assessing their current productivity levels. This was achieved through an objective
sample survey of the plantations concerned. The list of plantations belonging to the
Kerala Forest Department and the Kerala Forest Development Corporation updated o the
year 1095 formed .the sampling frame for the survey. Based on the obgservations made
during the survey, certain guidelines for'future management of these plantations were also
formed. The survey provided information only about the' standing crop. Information on
intermittent yields had to be gathered from records kept by the Forest Department. The
details of the methodology and the results are presented in three parts viz.,

Part1  Productivity of teak plantations in Kerala

PartII Productivity of eucalypt plantations in Kerala

Part TT1 Strategies for enhancing the productivity of teak and eucalypt plantations
in Kerala - '

~ In the history of forest management in Kerala, this is the second major attempt in this
direction. The first major attempt specific to Kerala was that of Chandrasekharan (1973)
wherein a general assessment of the forest resources of Kerala was made including both
man-made and natural forests and the need for making reappraisals from time to time was
indicated. The authors hope that the information contained in this report will be of use in
framing major policies and planning many activities related to the management of teak
and eucalypt plantations in the State.. '

Before embarking on the details of the work gxecuted, some remarks on the study area are
in order here. The State of Kerala is situated on the South Western part of India. Kerala
has an equable climate, the mean day temperature ranging from 20 to 35 'C. The region
receives around 3000 mm of rainfall annually due to the monsoons with a short dry
period stretching from December to March. With the warm tropical climate prevailing in
the State coupled with high rainfull, there is every reason to expect fast rates of growth
for trees in the regicn but is not seen filly realized in managed monoculture systems for
the above crops. The state of affairs and also the reasons for the present status were thus

el gl b
worth investigaling.



PART I. PRODUCTIVITY OF TEAK PLANTATIONS IN KERALA

1. INTRODUCTION

Teak (Tectona grandis L.f.) is indigenous to [ndia. Although teak has been under
planting in Kerala on a plantation scale since 1844, major expansion in area under the
species in the State occurred during the period 1960 to 1980 as part of the Five Year
Plans. Teak thrives best in fairly moist, warm, tropical climate and is best grown in well
drained alluvial soil. Consonant with the fairly high variability in the soil, topographical
and weather conditions in the State, there is o high degree of regional variation in the
productivity of the plantations (Jayaraman .and Rugmini.1993). Traditionally, teak is
grown under rainfed conditions under a least intensive form of management. In Kerala.
teak is worked on a 50 to 60 years of rotation. *

2. MATERIALS AND METHODS -

The list of plantations raised by the Forest Department in each Forest Division as of the
year 1995 was obtained from the concerned Divisions. The plantations of teak belonging
to the Terntorial Circles were separated from the above list. Thus the target population
was 68,797 ha of plantations of pure teak and teak mixed with other species in the State.
‘The teak plantations belonging to the Wildlife and Sociul Forestry Wings and also those
under the control of the Kerala Forest Development Corporation (KFDC) were excluded
from the survey. The plantations belonging to the Wildlife Wing being inside the
Wildlife Sanctuaries, do not fall under the regular management operations as in
‘Territorial Circles. Teak stands of the Social Forestry Wing are of recent origin und are
planted in nonforest areas of limited extent. The teak plantations managed by the KFDC
are also of limited extent.

The survey of the plantations was initiated in April. 1996. The plantations were stratified
by Divisions and by age groups within each Division. The age groups formed were -5,
6-10, 11-15 and so on up to 60 years with reference o the year 1996. Plantations older
than 60 years formed another additional stratum. Roughly 18 per cent of the plantations
were selected at random from each of the strata keeping a4 minimum of one plantation
from a stratum. In each of the selected plantations. plots were marked along a randomly
laid out transect running through the center of the plantation. The transects were mostly
along the longer direction of the plantation. The number of plots varied proportionally
with the size of the plantations. Roughly one plot was taken for every 10 ha with a
maximum of 10 plots in any one plantation. The plots were circular with a radius of 10
m. Mcasurements of girth at breast-height (gbh) of tees, imcasured at 1.37 m ubove
ground level, in the plots were taken. Height (total heighty was measured on a subset of
trecs in the plot using multimeter. Trees having hic largest height,- the smallest height

and three rees o between the range were sclected for mcasuroment of hoight in cach



plot. In the case of young plantations where many plants do not qualify for gbh
measurement, height of all the plants in the plots was measured. Several ancillary -
features of the site like slope, soil condition, incidence of fire, pests and diseases were
also recorded from each plot. In terms of actual area measured, the overall sampling
intensity worked out to 0.06 per cent. )

2.1. Spatial distribution and age structure

The area falling under different Divisions and the age structure of the plantations of pure

teak and teak mixed with other species as of 1995 was generated from the above data
base.

2.2, Site quality distribution

Site quality tevel of each plot carrying stands of age greuler? than 5 years was ascertained
by first computing the top height for each plot and then referring the top height by age
table for teak (Anonymous, 1970). The height-diameter relation for computing the top
height was worked out from the data on height and diameter at breast-height (dbh) of

trees, pooled for each Division. The height-diameter equation fitted was of the tollowmg
form. '

ln(h_—l.37)=a+blnD ' : (nm

where h = Total height of the tree (m)
D = Dbh of the tree (m)
In indicates natural logarithm
a and b are parameters

The proportions of area belonging to each site quality class in different Divisions
and for the State as a whole were then estimated through the formulae applicable to
stratified sampling using ratio estimator. The size of individual plantations formed the
auxiliary variable. The exact formulae used are given in Appendix 1. In addilion to the
standard set of four All India site quality classes, a class of degraded stands and one of-
super quality class were considered in the above computations to caplure the \uumlmn
outside the predefined limits.

2.3, Stocking

Basal area ha™ and number of trees ha' were worked out for each plot carrying stands
above 10 years of age. The stocking status was determined based on basal area ha' and
number of trees ha' as expecied by the yield table for teak {Anonymous.1970). in
particular, the stocking ratio for each plot was obtained by dividing the observed basal
area or the number of trees by the corresponding  basal area or number of tices us
expected by the yield table for the paiticular age and site quality class pertaining (o the

¢



plot. A deviation of 10 per cent on either side from the expected busal area or number of
trees was allowed for fully stocked stands.

Having assessed each plot for the stocking status, the proportions of area belonging to
each stocking class in different Divisions were estimated through the formulae applicubie

to stratified sampling using ratio estimator. The size of individual plantations forined the
auxiliary variable. '

In addition to the above, estimates of growing stock in volume were developed for cach
Division through the formulae applicable to stratified sampling, using ratio estimator
with size of the plantations as auxiliary variable.. For this purpose, estimales of timber
and smallwood volume in each plot were obtained first by upplying the foilowing
equations reporied by Chaturvedi (1973a) on cach tree in the plots and added up to the

plot level. The plot level estimates of volume formed the ohservations at the basic
sampling unit in the sampling scheme.

VT-~00645+02322Dh . (2)
Vo= 0. 1217+0"257Dh S : : (3)
Vs = V-V¢

where Vy = Volume of timber from the tree (mH)
V = Volume of timber and smallwood from the tree (m"‘)
Vg = Volume of smallwood from the tree (m)
D = Dbh of the tree (m)
h =Total height of the tree (m)

Timber refers to wood under bark with diameter greater than 20.32 cm over bark. Woaod
including bark between 20.32 cm and 5.08 cm diameter over bark constitutes smaliwood.
Since the height was not measured on each tree, it had 1o be predicted using equation (1)
developed for each Division. For plantations not older than 10 yewrs. the growing stock
was computed in terms of number of trees. Unlike the estimates of other parameters. the
estimates of growing stock were based on the list of plantations updated to the year 1996.

2.4. Productivity
2.4.1. Main crop
2.4.1.1. Mean Annual Increment (MAI)

One of the measures of .productivity in the case of forest  plantations is the MAIL in
commercial volume. The MAT is supposed to vary with age. site guality and the thinning
schedule tollowed. For a particutar region, the marginai diswibuion of MALover uge
can be obtained by condensing the variation of MAI aver the site quality and stocking
icvels existing in that region.



In a cross sectional survey like the present one. the MAI can be obtained only with
respect to the standing volume in the field for a particular age. Plot specific information
on yield from thinning wil not be obtainable. The existing volume at any age is
technically comparable to final yield which is the sum of the main crop volume and
current year's thinning yield. Since the selected plots need not fall in all the age-site
quality-stocking combinations, a prediction function for MAT was to be developed. For
this purpose, an estimate of commerciat volume (timber and smallwood) for each plot
was obtained through equations (2) and (3). A prediction equation of the following form
was used for prediction of commercial volume at the stand level, after making trials with
a number of models on the data.

mV=a+bA'+chnH+dA ' InH (4

where V = Volume of timber and smallwood ha™
A = Age (year) _ ¢
H =Top height (m)

“In the above equation, top height was used instead of site index because, for a given
age and stocking, the variation in volume. is proposed to be due to variation in top
height which is identical with that of the site index. Site index refers to the top height
projected to a base age. Top height has the advantage of being a direct measure from the
plot without involving a projection on to a base age. The MAI for any age-site quality-
stocking combination can be obtained by dividing the corresponding predicted volume by
age. Since information on stocking is not ulilized in predicting the volume gt any age, the
predictions of volume at any age and particular site quality level would represent the

average position with respect to the variation in stockifig for that combination of age and
site quality level.

Equation (4) was utilized for getting estimates of the expected volume and therefrom
MALI for the age of 60 for the different site quality levels. The age of 60 was chosen
because final felling centers around the age of 60 in the State. The expected MAI for any
particular Division for the chosen uge was then obtainable by taking the weighted
average of the predicted MATI for the different site quality classes taking weights as the
proportion of area in that Division under different site quality classes.

2.4.1.2. Average size and number of trees .

The following equations were additionally fitted to predict the average size of trees
in a stand with respect to dbh and height, for any age, site quality and stocking level.

nd=a+bA' +cinH+dinN (5)
nh=a+bA'+chmH+dIN (6)

where d = Crop diameter (m)



h = Crop height (m}

N = number of trees ha™
A =" Age (year)

H = Top height (m)

N =Number of trees ha™’

Additionally, the expected number ol trees as per the thinning schedule followed in the
region was predicted by estimating the parameters of the following function.

lnﬁ=a+bA"+c|nH' (7

where A, HN are as defined earlier

2.4.2. Yield from thinning s
In order to obtain information on yicld from thinning operations, data were gathered from
Plantation Journals and Felling Registers maintained at the Range Offices of the
Department. Although the data were planned to be obtained from randomly selected
Ranges in each of the Territorial Divisions in the State, data could not be obtained from
some Divisions due to nonavailability of proper records. Also the number of units for
which data were available was few. Hence. the data werd pooled to arrive at a single set
of figures for the State. Individual pluntations formed the basic unit. The data were
classified by the type of thinning like i Mechanical thinning, 1 Mechanical thinning, 1
Silvicultural thinning, TI Silvicultural thinning etc. and the average yield obtained in the
region for each operation were computed by giving weightage to the extent of individual
plantations. The harvested material was of different classes of poles and logs. The yield of
poles was found recorded in numbers in many cases and hence the following conversion

*factors KFRI (1979) were used for arriving at the volume estimates.

42 Class] poles make |1 m’ of wood
8.5 Class 11 poles make 1 m® of wood
14.1 Class III poles make 1 m" of wood
35.3 Class IV poles make ! m” of wood
70.6 Class V _poles make -1 m® of wood
142.9 Class VI poles make | m” of wood

Since the volume of logs was recorded in quarter girth volume the corresponding round”
wood volume was obtained by dividing by 0.785. Later. the mean yield from dilferent
operations was summed up to obtain the total yietd from thinning and then divided by the
average age at final thinning to arrive at the MALI for thinning yield.

2.4.3. Total yield

The MATI of total yield (standing crop + accumulated yicld of thinning} was Found out as
follows.

D



MALI of total yieldlz (Rotation age x MAI of standing crop at rotation age) + {Average
age at final thinning x MAI of thinning yield) / Rotation age. -

2.5. Factors affecting productivity

Information on certain factors related to the management and site features were gathered
during the survey. These factors were slope of the site. human interference in the plot,
presence of climber, loranthus and borer in the plot, etc. The proportions of area under the
different levels of these factors were estimated in accordance with the sampling plan
used, in order to assess their status. For instance. area falling under different slope
classes, different levels of human interference, etc. were estimated. Additionally,
influence of these factms on growth of trees was investigated through analysis of
variance. Basal area ha™' was chosen as the dependent variable in the analysis of variance
so as to avoid any error created while predicting the volume of trees based on diameter
and thus to assess the influence of the factors on the crop more precisely. The basal area
had to be converted to logarithmic scale to break the dependence of conditional variance
of basal area on the corresponding mean. The partial coelficient of determination was
computed for each factor so as to evaluate the relative manmmde of influence of different
factors on crop growth.

2.6. Potential productivity

The above worI\s were mainly directed in estimating the current levels of productivity and
the status of plantations with respect to certain aspecls like stocking and site quality
distribution. A related question is that of comparison of the existing productivity levels
with certain standards available. Information on productivity of teak in other States in the
country is scant. Hence, comparisons were effected in relation to the variations depicted
“in the yield tables for teak (Anonymous, 1970) which was developed based on the data
from all teak growing States in India. The objective of such comparisons was mainly to
assess the current levels in relation to maximum potential productivity possible under
comparable growing conditions. The maximum standing volume observed during the
survey also served as a basis in this regard.

3. RESULTS AND DISCUSSION
3.1. Spatial distributiqn and age structure

The extent of teak plantations in the different Forest Divisions as on 1995 is shown in
Table 1. The plantations of teak and teak mixed with other species were found to occupy
about 68,797 ha in the State as on 1995. Although species like bombax. ailanthus. etc.
are grown mixed with teak, their share in the stand is very smalf cxerting practically no
influence on the growth and yield of teak. The proportion of such miscellaneous species

H N - ) 4 ~ [ Yrv Yvipheer o gmt
including natural regeneration was found to be less than 25 per cont on an average cxccpt



in few Divisions. Teak is grown in all Territorial Divisions. The Central and Southern
Circles held larger shares of the teak area. At the Divisional level, Chalakkudy and
Malayattoor had the largest extent under teak, Kozhikkode had the least extent.

The age structure of the plantations as of 1995 is indicated in Table 2 and Figure 1.
Nearly 72 per cent of the area is below 35 years of age.

During the course of the survey, the list of plantations was updated to the year 1996
including the minor changes that had happened since 1995 and also correcting some of
the carljer entries on year of planting, extent etc. of the plantations. The updated list with
the reference year 1996 is furnished in Appendix 15 along with the summary tables.
However, all the parameter estimates except that of growing stock had to be developed
based on the 1995 list of plantation because that list constituted the sampling frame for
the survey. Once the samples were drawn, changes in the sampling frame would alter the
selection probabilities for sampling units. Nevertheless. growing stock was estimated
based on the revised list of plantations as it is very sensitive Lo the extent ol plantations.

3.2. Site quality distribution .
The estimates of parameters of the height-diameter relation obtained for the different
Divisions are given in Appendix 3. The adjusted R* varied from 0.4807 to 0.9349. Whilc
fitting the height-diameter equations, defective trees like those with broken tops or dried
up stems were excluded. In spitc of such refinements. the variation in height in individual
diameter classes was fairly high. In the data set. the values of height ranged from 1 m 1o
40 m and the values of dbh ranged from 1.05 cm to 81.17 cm. The estimates of height-
diameter relation in respective Divisions were utilized in the computation of top height
from the survey plots taken from each Division and in turn for obtaining the site quality
distribution of area for each Division. ‘

The estimates of the proportion of area in different site quality classes in respect of the
different Divisions are given in Table 3. Some of the best plantations are available in
Kozhikode Division with a unique incidence of 8 per cent area carrying super quality
plantations. Achencoil, Konni and Kozhikode Divisions recorded major share of area
under better site quality classes (SQ 1 and SQ ) whereas  Thiruvananthapuram,
Kottayam, Wayanad. and Kannur Divisions had larger arca under poor site guality
classes.

At the State level, nearly 86 per cent of the area fell in medium site quality classes. The
extremes were rare. |



Table 1. Area under teak plantations belonging to Temitorial Divisions of
Kerala as on 1995

Circlé/ Division Area under - Percentage
teak (ha) of area
Northern
Kannur 1792.47 26
Kozhikode 289.49 0.4
North Wayanad 1490.04 2.2
South Wayanad 3091.29 4.6
Central
Chalakkudy 5778.85 g 8.5
Malayattoor 5758.79 8.5
Thrissur 3604.14 53
~ Vazhachal 551443 8.2
Southern
Achencoil 4779.50 7.1
Konni 4308.25 6.4
Punalur 128995 1.9
~Ranmni 4451.21 6.6
Thenmala 2808.87 4.1
Thiruvananthapuram 656.96 1.0
Olavakkode
Mannarkkad 2046.42 1.3
Nemmara 1145.05 .7
North Nilambur 4047.13 6.0
Palakkad 1900.22 2.8
South Nilambur 5024.68 7.4
High Range
Kothamangalam 497174 7.4
Kottayam : 3535.13 ' 512
Munnar 512.42 0.8
Taral 6RT797.003 100.0)




Table 2. Age structure of teak plantations in Kerala as on 1995

Age group Area Percentage Cumulative
{years) (ha) ol wrea percentage of area
0- 4 '23I1.70 34 34
5- 9 1017.79 5 49
10- 14 4214.92 6.2 1.1
15-19 11610.09 17.2 28.3
;0 - 24 1000!.09_ 14.8 43.1
25-29 9250.71 -13.7 56.8
30-34 10619.19 15.7 72.5
35-39 527498 7.8 80.3
40 - 44 2492.97 37 540
45 - 49 3437.67 5.4 89.1
50 - 54 2511.32 37 92.8
_55 -59 2212.65 33 96.1
>59 2666.95 39 100.0
Unknown 1175.00 -- -
- Total 68797.03 - -
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Table 3. Site quality distribution of area under teak in dilferent Divisions

: Percentage of arei in diftesent site quality classes| Total
Circle / Division _
SC | {1 L v DC
Northcrn
Kannur 0 ( 13 62 25 0 100
Kozhikode 8 38 23 26 5 0 FOU
North Wayanad 0 13 72 15 0 | 100
South Wayanad 0 0 7 75 18" 4] 100
Central
Chalakkudy 0 2 49 40 0 0 100
Malayattoor 0 6 28 6Gd 2 0 00
Thrissur 0] 9 22 | 40 18 o100
Vazhachal 0 2 46 51 ! 0 100
Southern
Achencoil ool istoee | 16 0 o | 100
Konni 0 | 70 29 0 0 FO0
Punalur 0 i 32 63 4 0 100
Ranni 0 0 33 53 5 0 100
Thenmala 0 i 36 57 6 0 100
~ Thiruvananthapuram | 0 0 0| 56 | 39 5 100
Olavakkode
Mannarkkad 0 i 34 46 17 2 HOO
Nemmara 0 3 53 42 2 ) 100
North Nilambur 0 5 56 36 3 0 100
Patakkad 0 7 16 1 57 20 0 100
South Nilambur 0 2 45 42 | 0 100
High Range
Kothamangalam 0 3 30 52 i5 0 100
Kottayam 0 0 3 46 51 0 100
Munnar 0 9 51 38 0 2 100
Overall 0 3 38 48 | 9 0 100G

Note : SC = Super quatity class, DC = Degraded class



3.3. Stocking

Plantations having a stocking ratio between 0.9 and 1.1 were taken as fully stocked.
Considering teak alone, based on basal area, nearly 48 per cent of the plantation area

was under-stocked, 26 per cent fully stocked and 26 per cent over-stocked (Table 4)

indicating that the growth was poor in' many plantations in the State. The corresponding

figures based on number of trees (Table 5) were 64, 19 and |7, Nearly 88 per cent of the

plots showing under-stocking by basal area were also under-stocked by number of trees
confirming that the under-stocking has resulted due to fess than expecicd number of

trees in many stands. The above estimates were obtained excluding the coppice shoots in

" the computation of stocking, '

Based on basal area density, under-stocked plantations were more common in Punalur.
Konni, Kozhikode, Thrissur and Kannur Divisions and this was mostly due o the reduced
number of trees in the stands. The case of over-stocked plantations occurred more
frequently in Mannarkkad, Nemmara and the two Wayanad Divisions. The over-stocking

was found partly due to the presence of larger number of trees in the stand rather than due
to the better growth of trees. - R

Finer gradation of stocking in under-stocked plantations are given in Tables 6 and 7. In
terms of basal ared, 5 per cent of (he plantition areu in the State showed stocking ratio
less than or equal to 0.25 and 11 per cent had stocking ratio between 0.26 - 0.50. Aboul
19 per cent of the area fell in the class of 0.51 - 0.74 and 13 per cent ol the wea had

stocking ratio 0.75 - 0.80. In terms of mumber of trees, the corresponding pereentages
were 5,20,29 and 10.

~The estimates of growing stock of teak in terms of timber and smallwood for plantations
of age greater than 10 years are furnished in Table 8. The plantations under reference
(based on the list of plantations updated to the year 1996) in the State were found to carry
3.248 million m’ of timber and 1.590 million m’ of smallwood in 68,651 ha. The growing
stock of plantations up.to 10 years of age expressed in number of trees is reported in
Tabte 9. In many Divisions, there are no plantations younger than 11 years. The total
number of trees in the State in the age group of 1 to § years worked out to 3.790 million.
The corresponding number in the age group of 6 to 10 years was around 1.190 million.
The combined extent of plantations up to 10 years of age was 4.516 ha.

3.4, Productivitly
3.4.1. Main crop
34.1.1. Mean Annual Increment (MATD)

The equation for predicting the commercial volume inctuding timber and smallwood at
the stand level worked out to be the following. :



InV=08287-139.7739 A" + 1.1629 In H + 46.9783 A In H (8)
(0.5403) (15.2053) (0.1805) (53075) - (Adj. R*=0.5762)

The figures in brackets are standurd errors. The commercial volume lor a given age and
top height combinatien was computable from equation (8). The values of volume as per
the equation (8) for different age and site quality levels are tabulated in Table 10. In
Kerala, commercial volume is usually expressed in terms of quarter girth volume, The
values in Table 10 are converted to quarter girth volume and reported in Table 11 for easy
reference. However, all further discussions are based on round wood volume. A graphical
representation of the volume curves under different site quality classes along with that
reported under the yield table for teak is given in Figure 2. For site quality class I, the
volume of the standing crop was found to increase laster than expecled under the yield
table, initially. This was due to the larger number of trees retained in (hose plantations.
However, the initial .advantage disappeared in the later stages due to overcrowding
resuiting in reduced size of the trees as could be seen in the graphs Tollowing. At 60
years, there was as much as 9 per cent loss in volume compared to yicld table figures
(Table 12). In site quality class IV, the observed volume growlh was less than the
expected due to poor stocking with great losses initially -and around 20 per cent in later
years. In other site quality classes (SQ Il and SQ 1. the loss in volume amounted to
around 10 per cent at 60 years.

.The change in MAI with age under dilfferent site quality classes is discernible from
Table 13. Under better site quality classes MAI attains to the maximum at younger ages
and vice versa in poor site quality classes.

For the computation of regional average, the age at which MAI is to be cxpressed way
~ taken as 60. The volume attained at 60 years for different site quality classes was firs
predicted using equation (8) and the corresponding MAI was obtained by dividing the
predicted volume by 60. The weighted average MAI at 60 years computed for the
different Divisions is reported in Table 14. Considering the values of MAI obtained (hree
productivity clusses were identified viz., MAl <2 m* ha'', MAT of 2-3 m* ha''. MAI >3
m" ha”'. The identity of the differcnt Divisions with respect to the productivity classes is
also indicated in Table 14. Kozhikode and Athencoil Divisions qualified for the high
productivity group. The low productivity group included Kannur, North Wayanad. South
Wayanad, Kottayam and Thiruvananthapuram Divisions. The rest of the Divisions fell
into the medium group but places Jike Nilambur, Konni and Munnar retained thetr
relative superiority within the medium group. The middle group is the one which is
supposed to respond to treatment and holds promise for the [uture.



Table 4. Stocking status of area under teak in different Divisions, based on
basal area ha’! excludmg coppice shoots

Percentage of area in different stocking clusses
Circle / Division : , :
Under Fully Over
* stocked stocked stocked
Northern
Kannur : 70 18 12
Kozhikode 79 17 4
North Wayanad - 18 19 63
South Wayanad 12 18 70
Central s
Chalakkudy - 55 22 23
Malayattoor _ 52 35 {13
- Thrissur 78 12 10
Vazhachal 45 - 27 28
Southern
Achencoil _ | 37 45 18
Konni ' 78 13 9
Punalur 9i 9 0
‘Ranni ) 55 34 11
Thenmala _ 50 38 12
Thiruvananthapuram 5t 32. 17
Olavakkode
Mannarkkad 22 I 77
Nemmara 21 16 63
North Nilambur 45 38 7
Palakkad 52 24 24
South Nilambur 42 26 32
High Range
Kothamangalam 48 22 30
Kottayam : Co2r 23 56
Munnar 24 29 47
Overall , 48 26 26




Table 5. Stocking status of area under teak in differcnt Divisions, based on

number of trees ha™', excluding coppice shoots

Percentage of arca in different stocking classes
Circle / Division ' .
Under Fully Over
stocked stocked stocked
Northern
Kannur 86 10 4
Kozhikode 33 8 59
North Wayanad 67 21 12
South Wayanad 29 37 4
Central ?
Chalakkudy 50 22 28
Malayattoor 65 16 19
Thrissur. - 59 12 39
Vazhachal 61 19 20
Southern
Aéhencoil 85 6 9
Konni 84 12 4
Punalur 99 0 I
Ranni 74 20 6
Thenmala 84 8 8
Thiruvananthapuram 57 25 I8
Olavakkode -
Mannarkkad 26 26 48
Nemmara 23 28 49
North Ntlambur 49 3] 20
Palakkad 60 30 10
~ South Nilambur 49 22 29
High Range
- ‘Kothamangalam 77 14 9
Kottayam 75 14 !
Munnar 52 19 20
Overall | 64 19 17




Table 6. Finer gradations of under stocking in teak plantations in differcnt
Divisions. bused on basal area ha™', excluding coppice shoots

Pﬁummge of wea indifferent under stocking clisves
Circle / Division Stocking ratio
<=0.25 10.26 - 0.50{0.51 - 0.74]0.75 - 0.89
~ Northern |
Kannur 7 27 23 13
Kozhikode IS 24 © 35 9
North Wayanad 0 7 5 6
South Wayanad 0 7 . 2 3
Central
Chalakkudy o 3 13
Malayattoor - 6 13 11 22
Thrissur 15 : 6 30 27
Vazhachal 3 7 25 10
Southern
Achencoil 0. ' 5 23 9
Konni _ 7 27 29 15
Punalur : 15 ‘ 43 24 9
Ranni ] 0 6 24 25
Thenmala 0 12 28 10
Thiruvananthapuram 15 0 0 36
OIavakkode
Mannarkkad 8 10 2 2
Nemmara . 5. | 11 4
North Nilambur 4 9 P [
Palakkad : i 9 8 L4
South Nilambur 3 12 I8 9
High Range
Kothamangalam 7 8 18 IS5
Kottayam 0 5 15 I
Munnar 6 4 8 . 6
Overall 5 ' 19 13




Table 7. Finer gradations of under stocking tn teak plantations in different
Divisions, based on number of trecs ha™, excluding coppice shoots

Pem:nmgc of area indifferent under stacking chases
Circle / Division Stocking ratio
<=025 [0.26-0.50|0.51 - 0.74/0.75 - 0.89
* Northern

Kannur 13 28 40 5

Kozhikode -6 9 18 0

North Wayanad 6 12 34 i5
- South Wayanad 2 8 15 4
Central

Chalakkudy =~ [ | 14 | 2 9

Malayattoor 7 14 22 22

Thrissur , i 17 22 20 0

Vazhachal 3 17 33 8
Southern

Achencoil 2 27 44 12

Konni 3 33 45 3

Punalur 22 35 42 0

Ranni 5 23 - 33 13

Thenmala 6 41 36. |

Thiruvananthapuram 15 i9 - 10 13
Olavakkode

Mannarkkad 12 8 3 3

Nemmara 5 2 9 7

North Nilambur 5 9 23 12
_ Palakkad . 13 16 19 t2

South Nilambur ! 13 27. 8
High Range

Kothamangalam 12 26 23 16

Kottayam 1 26 37 I

Munnar 6 7 20 19

Overall 5 20 29 10




Table 8. Estimated growing stock of teak in teak plantations of age grealer
than10 years belonging to Territorial Divisions of Keraia as on 1996

Circle/Division Timber . Smallwood
(m") (m])
Northcm- _
Kannur 78.964 28.609
Kozhikode 17,337 4,547
North Wayanad 61,748 51.843
South Wayanad 95.108 93.273
Central
Chalakkudy 348,841 132.441
Malayattoor 233,913 138,514
Thrissur 84,097 42,333
Vazhachal . - 203,288 146,798
Southern
Achencoil 284219 113,709
Konni 419917 147,608
Punalur 23,022 18.806
Ranni 255481 95.064
Thenmala 04,172 47,746
Thiruvananthapuram 17.931 11,933
Olavakkode )
Mannarkkad 79.079 39,032
Nemmara 68,064 35,157
North Nilambur 191,151 92 864
Palakkad 117,989 28,614
South Nilambur 212,607 107.311
High Range
Kothamangalam 180.699 96.774
Kottayam 130,090 97.148
Munnar 40,523 19.493
Total 3,248.240 1.590.217




Table 9. Estimated number of trees of teak in teak plantations of age up to
10 years in Territorial Divisions of Kerala as on 1996

Circle/Division ‘Number of trees
Plantations of age Plantations of age
I to 5 years 6 to 10 years
Northern
Kannur — —
Kozhikode —_— —
North Wayanad _ 38,536
South Wayanad - o
Central
Chalakkudy 32,970 _
Malayattoor 122,250 1 .
Thrissur - 178,000 ' g —
Vazhachal ' 253,396 161.369
Southern. .
Achencoil - 271,026 , 55.969
Konni ’ 839. H05 ' ' o
Punalur R , : -
Ranni 608,701 79.495
Thenmala - 504,900 81,128
Thiruvananthapuram 39,105 _
Olavakkode
‘Mannarkkad S —_
Nemmara 891 1,241
‘North Nitambur 407,929 _ - 427939
Palakkad S 204712 30254
South Nitambur 252,845 107,742
High Range -
Kothamangalam — 206,877
Kottayam’ 74,379 —
Munnar _ S
Total 3,790,209 - 1,190,550




Table 10. Estimates of commercial volume (round wood) of teak at difTerent
age and site quality levels

- Age ' Volume of timber and smallwood (m' ha™"
(year)
K SQI SQH SQ I SQIv
10 38 9 .| ) 0
15 114 43 12 2
20 174 78 . 28 6
25 204 105 44 13
30 224 124 58 20
35 236 137 71 29
40 248 153" 83 37
45 254 160 92 . 42
50 261 : 171 101 50
55 263 178 109 55
60 271 184 114 , 60

Table 11. Estimates of commercial volume (guarter girth volume) of teak at dilfer-
ent age and site quality levels

Age Quarter volume of Llimber and smallwood (m” ha’)
{year) —
SQI SQu - SQHI sSQiv

10 ' 30° 7 | : 0
15 89 34 - 9 2
20 137 62 22 : 5
25 160 82 35 10
30 176 97 46 16
35 185 108 - 50 23
40 195 120 65 29
45 199 126 72 033
50 . 205 134 ' 79 , 39
55 206 140 86 43
60 - 213 144 89 <47

3.4.1.2. Average size and number of trees

The equations for predicting the average size of trees with respect to dbh and height werce
the following. :
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10 d=-4.0251-37695 A" +1.0914 InH- 00911 In N (9)

(0.0693) (0.2851)  (0.0178)  (0.0061)  (Adj.R*=0.8918)
Inh= 03072-1.1011 A"+ 1.0131 In H-0.0703 In N ) (10)
(0.0477)(0.1956)  (00122)  (0.0042) (Adj. R* =0.9231)

Table 12. Percentage change in observed commercial volume of teak in relation
to yield table values at different age and site quality levels

Age Percentage change in volume of timber and smallwood (%)
ear : ,

tyean) SQl SQil SQ il SQ IV
10 -63 -88 -97 -100
15 A1 -56 8l -94
20 19 34 .63 -84
25 37 .18 47 T
30 ' 38 | 35 -60
35 27 4 23 - -45
40 17 : 6 -15 -37
45 8 0 S 3
50 1 -2 -8 24
55 -6 6 6 22
60 -9 -10 BN -20

Table 13. Estimated MAT of commercial volume (round wood) of  teak at
different age and site quality levels '

Age MAI of commercial volume (m* ha™h)
(year) -
SQI SQIL SQ il - SQIV
10 3.757 0.914 0.141 - 0.012
15 . 7.620 2.877 0.815 0.135
20 8.698 3.929 1.404 - - 03206
25 8.177 4.184 1.770 (.531
30 7478 . 4,128 1,929 0.670
35 _ 6.755 3912 2.028 0.830
40 6.204 3.832 2.087 0.916
45 5.652 3.563 o 2.054 ().939
50 5219 3.423 2018 0,995
55 4.785 - 3230 : .82 §.000
60 4.508 3.068 1.898 . 1001




Table 14. Estimates of MAI of teak at GO years excluding 'yicld from
thinning for the different Divisions :

Circle/Division ' MAI " Productivity
(m" hal) - cluss
Northern
Kannur 1.826 Low
Kozhikode 3.323 High
North Wayanad ' 1.916 Low
South Wayanad 1.818 Low
Central
Chalakkudy 2.524 Medium
Malayattoor 2.364 Medium
Thrissur - 2.130 s Medium
Vazhachal . 2.479 ) Medium -
Southemn
Achencoil 3,440 High
Konni : ' 2.743 Medium
Punalur 2.263 Medium
Ranni : - 2474 . Medium
Thenmala 2.291 Medium
Thiruvananthapuram 1.503 Low
Olavakkode
Mannarkkad 2.131 - Medium
Nemmara 2.578 Medium
North Nilambur 2.657 . Mcdum
Palakkad 2.088 _ Medium
South Nilambur 2.729 Medium
Higﬁ Range
Kothamangalam 2,193 Medium
Kottayam 1.476 Low
Munnar 2712 Medium
Overall 2.423 Medium




Crop diameter corresponded to the gquadratic mean dinmeter for cach plot. The values
of crop diameter expected under different site quality classes as per the equation (9} arc
given in Table1S. Graphical representation of the equation (9) is given in Figure 3 in
comparison with that of the yicld table. The average diameter of the stands under
reference was mostly in conformity with the yield table except the reduction in diameter
growth due to over-stocking in site quality 1 plantations in later yeas. The lateral size of
logs in teak is of importance and this is not to be sacrificed for the higher volume that
might accrue initially on account of over-stocking.

Crop height for each plot was obtained as mean of predicted tree heights obtained using
equation (10) a tabular presentation of which under different site quality and age levels 1s
made in Table 16. A graphical representation of the values in Table 16 is given i Figure
4 in comparison to thaf of the yield table. There seems to be near perfect agreement of the
fitted height curves in the present case with that expected under the yield table. The over-
stocking or under-stocking do not seem to have affected the height growth and this
confirms the general ~observation that height is less affected by vartations in stand
density.

The reduction in number of trees with increasing = age - was characterized by the
following equation. o )

In N =6.1281 + 15.2603 A™ -0.4224 In H _ ()
(0.2756) (1.2734)  (0.0833) (Adj. R* =0.2462)

The output of equation (1 1) for different age and site quality combinations is provided n
Table 17. A comparison of the fitted functions with that of the yicld table for teak is
given in Figure 5. It can be seen from Figure 5 that the plantations of site quality class |
are slightly over-stocked whereas plantations of site guality 1V are heavily undet-stocked.
Thinning rates in other site quality classes agreed more or less closcly with that proposed
in the yield table.

In the data set used for estimating the parameters of equations {8, (9), (10) and (1), the
ranges of variables were the following.

Variable Minimuni Maximum
A 10 years 78 years
H " d4m 40 m
N 32 trees ha'! 2133 trees ha'
v 3m’ ha' 303 m” ha'!
d 6.6 cm 67.4cm
h 4m 40 m




Table 15. Estimates of crop diameter of (eak at different age and site quality levels

Age Crop diameter {cm)
(year)
SQI SQII SQ Il SQ1v
10 14.9 1.4 7.9 4.9
15 22.4 174 12.5 7.5
20 28.5 22.1 15.8 9.9
25 33.0 257 {8.7 12.0
30 36.9 28.8 21.0 13.6
35 40.1 314 233 15.6
40 433 343 285 17.2
45 45.8 36.2 27.3 183
50 483 38.5 29.0 198
55 50.3 40.4 - 30.7 209
60 52.7 4222 319 22.0

Table 16. Estimates of crop height of

teak at different age and site yuality levels

Age Crop height (m)
(year) : .
SQ1 SQI SQI SQ1vV

10 13.6 10.6 7.6 4.9
15 18.2 4.3 10.6 6.8
20 217 7.1 12.6 8.2
25 242 19.2 14.3 9.5
30 264 21.0 15.7 10.5
35 28.1 224 17.0 11.8
40 - 209 241 18.4 127
45 3t.3 25.2 19.4 13.4
50 327 260.5 204 - 4.4
55 33.7 275 214 15.0
60 35.1 28.6 22| 15.7
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Table 17. Estimates of number of trees of teak at different age and site quality levels

Age Number of trees (no. ha')
(year) ' ‘
SQI SQH SQ SQIV
10 764 846 Yoy 1156
15 421 463 524 625
20 308 339 184 457
25 255 280 316 373
30 224 246 276 325
35 204 223 250 290
40 189 206 230 207
45 178 194 216 251
50 169 184 205 236
55 163 177 , 196 226
60 157 171 18O 210

3.4.2. Yield from tl_;inning

The data obtained from past records on yield from thinning from the different Divisions
were meagure and had to be pooled. In toro, there were 167 plantations from which the
duta were gathered, belonging to Kanour, Kozhikode. Chalakkudy., Malayvattoor, Thrissur.
Vazhachal, Konni, Ranni. Mannarkkad. Nemmara. North Nilambur, Palukkad, South
Nilambur, Kothamangalam and Kottayamy Divisions. '

The average yield obtained from different thinning operations is indicaled in Table |8,
The actual yield levels observed are very low and there is considerabie variation at cvery
operation. The mean value for IV Silvicultural thinning is bused on very ew observations
and therefore is not very reliable. The avernge values of age at which the different
silvicultural operations are carried out in the State are also reporied in Tuble 8. The MALI
worked out for thinning yield cume to 1.174 m" ha'of round wood.

Luack of proper records with the Forest Depactiment was a series limitation in assessing the
yield from thinning. The data on thinning yields ure supposcd 10 he recorded 1o the
Plantation Journal or at least available in Felling Registers. Neither of these records were
available in most cases. Information from other sources like official corre \|1HIH[HILL e
by the Range Officers were inacceessible o us,

3.4.3. Total yield

The MAT of total yieid al 00 years oblaied for cach Division i reported in Table 19,
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Table 18. Yield of teak from thinning at different thinning operations in Kerala State

Type of | Yield from thinning (in® ha™') Age at working (year) Coant
thinning Mean Min | Max Mein Min Max (nwmber)
1 Mech 4439 | 0.073 17.043 7 4 13 57
II Mech 6.029 | 0.783 16.001 10 5 7 34
I Silvi 4095 | 0292 | 16.584 16 10 24 56
I Sitvi 5.660 | 0.100 1§ 28.557 24 12 33 47
10 Silvi 12706 | 2.319 | 30.108 | 31 19 1 43 24
IV Silvi 8.159 | 2.281 13.572 35 28 1 43 ' fH

3.5. Factors affecting productivity

‘Traditionally, teak is grown in the State under rainfed conditions. Other than i planting
and initial tending operations there are very little management inputs. In older plantation:.
cutting of Joranthus and climbers is practiced in places where their incidence iy high.
Extensive studies on high input management for teak are yet to be conducted in e
State. However, the survey conducted presently revealed a few facts. Results  nf
compilation of observations on certain management and site features are furnished in
Tables 20 to 23. All the estimates in these Tables were made in accordance with the
sampling plan adopted for the survey.

The practice of maintaining Plantation Journals does not seem to be very much upheld
in the Range Offices. The Plantation Journals were found available only in 51 per cent of
the cases at the State level. Human interference was high in 17 per cent of The arca and
low in 57 per cent of the area. The signs of illicit felling were detected in 32 pereent ol
the area. Soil condition was good in 95 per cent of the area. Nearly 34 per cent of the fand
was externally devoid of rocks. The visual assessment of the overall condition of ihe
plantations revealed that about 73 per cent of the plantation area is in pood condition.
Incidence of loranthus was high only in 3.8 per cent of the arca. It was found fo oceur in
low intensity in 45 per cent of the area. Climbers were found to occur in high amounts in
11 per cent of the arca. The per cent incidence for fow category in this case was 72 per
cent. Borer attack was high in 3.6 per cent of the area. It occurred in fow levels in 27 per
cent of the area. Water -blisters were serious in 0.7 per cent of the arca but occurred in
low intensity in 40.7 per cent of the area. Majority of the plantation arca (684) was found
have slope between 3 to 15°. About 28 per cent of the area in steep category having sfope
hetween 15 - 30°.



Table 19. Estimates of MAI of teak at 60 years including yicid
from thinning for the different Divisions

Circle/Division ) MAI
(m* ha'h
Northern
Kannur ' 2511
Kozhikode 4.007
- North Wayanad ) 2.600
South Wayanad 2.503
Central
Chalakkudy © 3208
Malayattoor 3.049
Thrissur 2815
Vazhachal ; i 3.164
Southern
Achencoil I R25
Konhi 3428
Punalur _ 2948
Ranni 3.159
Thenmala 2976
Thiruvananthapuram 2.188
Oiavukkode
Mannarkkad 2816
Nemmara 3.263
North Nilambur 3.342
Palakkad 27173
South Nilambur 3414
High Range
Kothamangalam 2.878
Kottayam S 2.101
Munnur 3.396
Overall 3.110




Table 20. Status of teak plantations with respect to certain management and site features

. Feature

Condition
(Percentage)

Availability of Plantation Journals
Human interference

it feiling

Sotl condition

Rockiness

Overall condition

Available
(51.1)

Nil
(26.5)

Nii
{67.6)

Poor
{3.5)

Nil

- (337)

Failed
(4.6)

Nol available

(48.9),

Low
{56.8)

Low
(31.6)

Good
{(95.1)

Low
(61.5)

Poor
(2113

High
(16.7)

High
(0.8)

Very pood
(1.5)

High
4.8

- Good

{73.3)

Very poad
Ly

.3l




Table 21. Status of teak plantations with respect to presence of loranthus and climbers

Loranthus Climabers
Circle / Diviston : :
' Nil Low High Nil Low High

Northern

Kannur 256 | 744 |° 00 | 27 | 693 | 280

Kozhikode 88.9 11.] 0.0 00 1 640 16.0

North Wayanad 37.4 62.6 0.0 225 71.5 0.0

South Wayanad 0.0 100.0 0.0 1.1 -28.9 0.0
Central

Chalakudy 100.0 0.0 0.0 0.0 | 1000 0.0

Malayattoor 76.0 (7.3 6.7 R 68.5 | 28.0

Vazhachal 52.0 48.0 (L0 8.7 745 | 168
Southem -

Achencoil 11.0 89.0 (1.0 5.2 31.7 3.4

Konni 68.4 17.7 13.9 239 723 iR

Punalur 83.5 16.5 0.0 0.0 100.0 (.0

Ranni 84.0 160 | 00 27.8 57.5 14.7

Thenmala 313 | 687 | - 00 0.8 99.2 0.0

Thiruvananthapuram 60.2 398 0.0 43.8 8 | 254
Olavakkode

Mannarkkad 654 34.6 0.0 71.8 28.2 0.0

Nemmara 31.8 68.2 (0.0 281 719 0.0
. North Nilambur 82 89.6 2.2 30.3 6y.7 1.0

Palakkad 18.1 66.0 15.9 28.0 621 9.9

South Nilambur 21.4 57.3 213 0.2 73.7 17.14
High Range

Kothamangalam 90.0 10.0 0.0 17.0 653 | 17.7

Kottayam 49.6 50.4 0.0 24 1 74.5 1.4

Munnar 45.2 54.8 0.0 348 1 570 8.2

Overall eI 4.8 3.8 i7.4 AR, 0.6
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Table 22. Status of teak plantations with respect to horer attack and presence of
water blister '

Borer attack ~ Watcr bhister
Circle / Division
Nil Low High Nii Low | High

Northern

Kannur U934 0.0 (:.6 854 0.0 14.6

Kozhikode 100.0 0.0 0.0 635.0 35.0 0.0

North Wayanad 100.0 0.0 (0.0 53.1 46.9 0.0

South Wayanad 740 26.0 0.0 | 07 99.3 0.0
.Ccntral A

Chalakudy | 64 | 630 |36 {000 | oo | oo

Malayattoor ' 12.1 82.2 5.7 523 459 1.8

Vazhachal , 71.6 22.4 0.0 T34 | 2066 0.0
Southern

Achencoil 75.3 24.7 0.0 493 | 507 (1.0

Konni 87.9 2.1 0.0 16.8 53.2 (0.0

Punalur 89.5 1.0 _ 9.5 99.0 1.0 (3.0

Ranni 04.5 5.5 0.0 63.0 37.0 (1.0

Thenmala 100.0 0.0 1.0 54.5 45.5 tr.0

Thiruvananthapuram 993 0.2 0.0 (1000 0.0 1.0
Olavakkode

Mannarkkad 975 2.5 00 | 432 | S50 | 1R

Nemmara 798 0.2 {1.0 46.3 537 0.0

North Nilambur 82.7 17.3 0.0 1710 200 0.0

Palakkad 100.0 0.0 - ALO 751 218 R

South Nilambur 779 221 0.0 10.6 83.4 0.0

High Range

Kothamangalam 781 219 00 | 672 328 .0
Kottayam 392 60.3 0.0 572 428 i).0
Munnar t00.0 0.0 0.0 2.1 87.9 (1.0

Overall 68.8 27.6 3.0 38.6 40.7 0.7
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Table 23. Percentage of area in different slope classes in teak plantations in

Kerala
Circle / Division Flat Unduluﬁng Rolling | Steep | Verysteep
(%) (%) (%) (%) (%)
Northem
Kannur 0 0 38 62 0
Kozhikade 0 0 77 17 6
North Wayanad 0 0 80 20 0
South Wayanad 0 0 89 I 0
Central
Chalakkudy 3 0 51 . 46 0
Malayattoor 2 5 91 2 0
Thrissur 7 0 54 37 2
~ Vazhachal 5 7 4? 39 2
Southern
Achencoil 0 0 43 51 6
Konni 0 2 68 28 2
Punalur 0 0 33 i7 0
Ranni 0 9 80 i o
Thenmala 0 0 69 30 0
Thiruvananthapuram 0 22 72 6 0
Otlavakkode
Mannarkkad 0 0 68 30 2
Nemmara 0 0 66 34 0
North Nilambur 11 12 48 23 6
Palakkad - 0 I 69 20 0
South Nilambur 11 0 55 34 0
High Range
Kothamangalam 4 7 57 i8 14
Kottayam 0 3 68 |- 28 I
Munnar 7 18 41 30 5
Overall 3 4 63 23 b

Note : Flat(0 - 1", Undulating (1 - 3%, Rolling (3 - 15", Stekp (15 - 30"}, Very
steep (>30") as defined in FAO (1979).
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The results of analyses of variance are furnished in Table 24 and Table 25.

Table 24. Analysis of variance showing the effects of certain site and crop featuses on
yield in logartthmic scale '

Degrees Factor levels Partial coefTici4 Significance
Source of enl of at P=0).05
frecdom ' determination
Age (reciprocal) 1 11 to 77 years 0.1734 *
Number of trees : : :
(logarithm) 1 32 to 2133 trees/ha 0.3559 *
Altitude 1 7 t09%0m 0.0016 ns
Slope ] 0 to 36 degrees 0.0008 ns
Distance to perennial ’ _ 7
water source 2 Om, <i00m, >100m 0.0008 ns
Human interference | Absent, Present 0.0078 *
Climber 2 Nil, Low, High . 0.0098 *
Loranthus 2 Nil, Low, High - 0.0053 *
Borer 2 Nil, Low, High 0.0005 ns
QOverall 817 - : 0.4529 #*

The partial coefficient of determination against each fuctor shows the ellect unique due to
that factor viz., the increase in the overall coefficient of determination by adding the
particular variable in the model after having included all other variables in the model. In
other words, the partial coefficient of determination indicates the degree by which a
variable accounts for the variation in the dependent variable after climinaling the
influence of all other independent variables in the model. Since the effect of cach-facior is
adjusted for the effects of other variables, the sum of the corresponding values of partial

" coefficient of determination will not add up to the total cocfficient of determination of the
mode| with the unbalanced structure of the data.

In the present case, number of trees in the stand was Tound to have the Largest influence
on the stand basal area after eliminating the influence due o age and other site featwres.
For a given basal area and a set of site features, variation duc to age was less prominent.
Since the volume of the standing crop is usually proportional to basal arca, stand density
comes out as a very strong variable associated with yield. The age alone could not
account for a major portion of the variation because there were many plantations in the
data set with very poor stocking due to plantation fatlure resulting in a situation wheee
basal arca was not determined by auge alone to a great extenl. As can be seen from Table
24, only the factors such as human interference, presence of climbers and loranthus were
significantly associated with yield other than age and stocking.

o




Table 25. Parameters refated 1o the different factors affeeting the yiceld of
teak in logarithmic scale

Variable/factor Level Parameter

estimile

Age (reciprocal) contintous -17.61454
Number of trecs

{logarithm) continuous 0.62373

Altitude CONLINUOUS O.0001 |

Slope continuous -0.00220

Distance Near Om -(1L.00677

Less than 100 m 0.02159

Greater than 100 m (L0482

Human interference Absent {.0595]

' Present -00.05951

Climber Nil 0.11285

Low 0.00761

High -0.12045

Loranthus Nil 0.05179

Low 003177

IHigh 0020014

Borer Nil U.U35()_5

Low 0.03057

High -0.06622

The values in Table 25 indicate that age had a positive effect on yield
age had a negative coefficient. For a given nge. the basal area was found o incre:

as the ILLIPIOL | uI'

increase in number of trees in the stanct in a nonlinear fashion. Altitude and \lnpc hal
very slight -effects on yield individuaily, both having negative cffeets on vield with
increase in their levels. Distance (o perenmial water source ulso had nuvh,uhh clleet
although rhe yield levels were tow for stands Yery near Lo water sowree and far sway {rom
water source as revealed by the corresponding paramcter estimates in Table 25 Human
interference when present was found 1o bring down the growih significantly. So was (he
case with climbers. Loranthus was found 1o occur more in hetter plantabions. Only high
incidence of borers could bring dewn the diameter hased predictions of yiekd although not
significantly. However, the diunaging clieet of borers on the wood cannot be neglected.



Referring back to Table 24, it can be seen that the model that included age. stocking and
the extraneous factors mentioned ubove could explain only ubout 45 per cent of the
variation in basal area growih leaving aside the predominant influcnee of soil on growth
of trees which could not be incorporated in the present study, The present anadysis had
also excluded information on certain silvicultural and weathier fuctors associaed with fhe |
planting due to lack of proper data on the history of muanagement of the plamstitions
concerned. For instance a severe drought, intense fire. or damage from wild animals could
bring down the plantation performance drasticadly both in younger and older stages, Thus
any programme on enhancing the productivity 6l plantations s (o give much attention
on the soil and initial tending operations, other than proper stand density manage e
practices,

3.6. Potential productivity

At the State level, the MAT of standing crop for teak was estimated us 2423 m iy ' The
yield table (Anonymous. 1970) indicates an MAT of 4.968 1iv* ha! wt 60 years Tor sile
quality class I under full stocking. The observed maximum volume i the presently
conducted survey was 303 m® ha™' at 58 years with an MATof .2 m  ha' al S8 vears. The
above figures show that there is alinost a doubling ol yield, possible under ifie conditions
existing in Kerala.

The yield from thinning in the State as assessed from the records kept at the Range
Offices was 1.174 m® ha™! with the mean age of final thinning as 35 years. This could be
an underestimate due to inadequaite coverage of the felling sites of teak. Inany case. there
is indication that the thinning yields are very low compared 10 1he vadue of 5,847 m' hy!
at 35 years reported in the yield table lor teak (Anonymous. 19701, corresponding 10 site
quahty 1 under full stocking. '

The site quality distribution of area under teak indicated only 5 per cent of the area as
belonging to site quality class 1. Nearly 86 per cent of area was under sile quality classes
Il and IT which by appropriate measures is possible to be converted (o site quality class L
Not much may not be possible with 9 per cent of the arca Falling under site quality Class
IV. Other than the changes in the site potentiul. one dirccl measure o imtprove the
productivity would be to improve the stocking by number of trees in 63 per cent of the
arca detected as under-stocked. '
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PART II. PRODUCTIVITY OF EUCALYPT PLANTATIONS IN KERALA

1. INTRODUCTION

Eucalypts (Eucalyprus spp.) was introduced in Kerala as a fast srowinye species uselul for
pulpwood. Large scale planting ol £. grandis in the State commenced in the e 19507
as part of the Grassland Afforestation Scheme implemented in the Hieh Ranges situated

“between altitudes 900 m and 1500 m above msl. Later, the planting was extended to -
lower elevations mostly with £ reretricornis. by clear fetling moist deciduons and even
evergreen natural forests. Currently, eucalypts are worked under a rotation ape of 8 years,
Unlike in the case of teak. the Forest Department has contiactual oblipations to pulpwood
industries in the State o supply raw materials of which cucalypts form a major
component. Eucalypts are not usually grown in homesieads and hence production {rom
plantations is of utmost importance.

2. MATERIALS AND METHODS

‘The list of eucalypt plantations raised by the Forest Department in cach Forest Division
as of the year 1995 was obtained from the concerned Divisions. A similur list was
obtuined for the plantations under the control of the Kerala Forest Development
Corporation. Thus the target population was 30,641 ha of £, fereticomis and I wiandis
plantations in the State. For lack of proper records, separate lists could not be prepared for
the two species initially. The eucalypt plantations befonging to the Wildlife and Sociad
Forestry Wing were excluded from the survey. The plantations belonging 1o the Wildlife
Wing being inside the Wildlife Sunctuaries, do not fall under the regular mitagement
operations as in Territorial Circles. Eucalypt stands of the Social Forestry Wing which
arc mostly planted in nonforest environments have heen assessed lor productivity in a
recent survey (Jayaraman et af., 1992).The present survey on cucalypts was initiated in
the month of June,1996. The plantations were stratified by Circles and by age groups
within each Circle. The plantations belonging to the KFDC were merged with the nearest
Territorial Circles. The age groups formed were 1-5. 6-10. 11-15 and s0 on up to 40 years
with reference to the year 1996. Since the rotation age followed for cucalypts in the Stae
has been around 10 years. plantations older than {0 years were mostly coppice crops.
Roughly 7.4 per cent of the plantations were selected at random from cach of the stria
-keeping a minimum of one plantation from a stratum. In cach of the sclected plantations,
plots were marked along a randomly laid out transect runnig through tie center of (he
plantation. The transects were mostly along the longer dircction of the plantation. The
number of plots varied proportionally with the size of the plantations. Roughly vne plal
was taken for every 10 ha with & maximum of 10 plots in any one plantatton, The plots
were circular with @ radius of 10 m. The species grown was noted and measurements of
girth at breast-height {gbh) of trees in the plots were taken. Observitions were mesteicted
t trees having a minimum gbh of 10 cm. Height (toal heighty was measured on o subset
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of trees in the plot using multimeter. Trees having the largest height, the smaldiest heigin
and three trees in between the range were selected for measurement of height in cach plot,
Several ancillary features of the site like slope, sotl condition, incidence of Tire, pests and
diseases were also recorded from each plot. n terms of actual area measured. the overali
sampling intensity worked out to (.02 per cent. ' '

A very serious limitations with the study on yicld of cucalypt plantations was fack ot
proper records in respect of the specics planted and the year of coppieing ol individual
plantations. This affected all estimates venerated from the survey data. The Pivision-wise
estimates of MAI were impossible 16 he developed wilh unknown vear of coppicing.
Even at the State level, the estimate of MAI had 10 he developed through trial and crror
with different possible values for rotation ages. '

2.1. Spatial distribution and age structure

The area under eucalypts in different Divisions and also the dge structure ol the eucalypt
plantations inclusive of both the species as of 1995 was gencriated from the ahove data
base.

2.2. Species composition

In the absence of proper records regarding the particulur species of eucalypts planted. the
species composition of the plantalion arca had 1o be estimated. The species plinted in the
plantations selected for observalions wis nuied amd the proportions of area planted under
each species in different Circles were estimated through ihe formulae corresponding o
weighted estimator for proportions under stravified s'un'lpling {Appendix 1. The arca
planted under each species was then obtuined by multiplying the proportions by the total
area.

2.3. Growing stock

Estimate of growing stock in volume was developed for cach Division (hrough the
formulae applicable to stratified sampling. For this purpose. estimate of commercial
volume ( volume of wood without bark greater than 5 em diameter over bark) in cilch
plot was obtained first by applying the following  cquations reported by Claturyeds
(1973b) and Chaturvedi and Pande (1973) lor the respective species on cich tiee in the
plots and added up 1o the plot level. '

“V, =-0.0015 +0.2401 D)y , il
V, =-0.0030 + 0.2941 D*h ()

where V= Commercial volume of wood [rom the tree (') for B tereticornis
Vo= Commercial volumie of wood Trom Ui tree (m'y for Lograndis
D = Dbh of the tree (n)
h = Total height of the tree (m)
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Since the height was not measured on ull the trees in the plots Tor use in e above set of
equations, it had to be predicted by using a height prediction model based on dbh fitied
for each Circle for the two species.. The height-diamcter relation fitted wis ol the
following form.

mh-137y=a+bmnD (3)

where h = Total height of the tree {m)
D = Dbh of the tree {m)

The plot level estimates of volume thus obtained using cquations (11, {2) and (). formed
the observations at the basic sampling unit for estinution ol growing stock,

2.4. Productivity
2.4.1. Mean Annual Increment {MAI) 2

One of the measures of productivity in the case of fores plantations is the MAT in
commercial volume. In a cross sectional survey like the present one, the MAL cun he
obtained only-with respect to the existing volume in the ficld for a particular age, Sinee
the selected plots need not fall in all the age-site quality-stocking  combinations. a
prediction function for MAI was to be developed. For this purposce. an estinmale ol
commercial volume (wood greater than 5 ¢m diameler over bark) fur cacli ploi vus
obtained through equations (1). (2) and {3) applied an cach tree.

A prediction equation of the Following form -wus used for prediction of commercial
volume at the stand ievel. after muking a number of trials wilh the data.

0 i 1 |

an=a+bA+c(A-An) +d (A-Apr+c(A-AD +1eA - AD (4}

. 1 .
where V= Commercial volume (m' ha )
A= Age (year)

i [
(A-A)= {(A-Aif A> Ay
4
=0l ASAp k=01
Equation (4) belongs to the class of segmented polynomials and was specifically chosen
lo accommodate the changes in growth rate in successive crops on the same site. The
value of k was chosen as that which maximized the fit afier removing siray owtiers. From

the above equation, the MATI for any age was obtainable hy dividing the corresponding
predicted volume by age of the crop.
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2.5. Potential productivily

Having worked oul the cuirent level ol productivity at the State level, comparisons were
to be made with certain standards possible. The values reparted in yield table oy the two
species (Sharma (1978). Pande (1978}) were used to assess the potential productivity
levels possible to be realized under the conditions prevailing in Kerala,

3. RESULTS AND DISCUSSION
3.1. Spatial distribution and age structure

The area of eucalypts in different Divisions in Kerula inchuding that of KEDC iy indicated
in Table 1. The total area worked out o wround 30.641 ha. The age structure ol the
plantations as of 1995 is indicuted in Table 2 and Figure 1. Newrly 90 percent ol the area
curried stands older than 10 years which were mostly in theldr coppice ph se. Neraly 56
per cent of the stands had crossed 20 yewrs of existence

3.2. Species composition

The estimates of area under the (wo species of cucalypts are given in Table 3,
E. tereticornis dominated in all Circles except in the High Range where 75 per cent of the
area was under E. grandis. The relative extent under 1he fwo species cenlered around
6/:33 by percentage with E. rereticomis having the larger share.

3.3. Growing stock

The parameters of the height-diameter relation worked out for the tw species i cach
Circle are given in Appendix 4. The valuesin Appendiy 4 were wtilized for obtaining the
extumate of commercial volume in cach plot,

The estimates of growing stock ol commercial volume of cue: dypts including hoth (he
species considered here are ﬂllnlﬁht,d i Tuble 4. The total growing stock in the State was
estimated as 1.037 million m* of round wood in an area of 78,845 ha. Although the toral
extent under eucalypts as on 1996 was 33.054 ha. the crowmyg slock could be estinned
only for an-area of 28,845 ha. Plantations in the remaining area of 4209 haccould not be
located in the field. al[hout*h those plantations were present in the tist of phantations
updated to the year 1996.



Table I. Areaunder eucalypt ptantations in Kerada as on 1995

Circle/Division Arca under Percentage
Eucalypt (ha) of arca
Northern
Kannur (.00 3.00
Kozhikode 71145 2.2
North Wayanad 654.55 2.14
South Wayanad 2.549.31 §.32
‘Central
Chalakkudy 53.80 0.18
Malayattoor 1,658.50 5.
Thrissur 2.316.45 7.56
Vazhachal 466,32 1.52
Southern
Achencoil {).00 0.00
Konni (.00 0.00
Punalur 1.321.72 4.31
Ranni {80.00 0.59
Thenmala 1006012 J.8
Thirevananthapuram 2.709.66 8584
Olavakkode .
Mannarkkad 24100 0.77
Nemmara v5.56 .31
North Nilambur 3.538.94 11.55
Palakkad 0.00 .00
South Nilambur 201.22 0.66
High Range
Kothamangalam 3336 1.10
Kottayam 4 686.80 15.30
Munnar 1.792 86 5.85
KFDC
Munnar ; I,452.75 474
Punalur 1.908.21 G432
Ernakulam FOSKB.NE G646
Thiruvananthapuram F.578.05 S5
Total 30.6:HERG FO6.00




Table 2. Age structure of eucalypl plantations in Kertula as on 1995

Age group Arca Percemage Cumualative
(years) tha of area percentage of urea
0- 4 1.516.53 4.9 4.0

5- 9 482.39 1.6 0.3
10- 14 2.622.01 8.0 IS
i5-19 8.907.72 29,1 4.2
20 - 24 418491 [3.7 57.0
25-29 7.043.80 230 804
30-34 5.246.02 7.1 : 8.0
35-39 637.50 20 1000}

Total 30.640.38 100.00 --

Table 3. Estimates of area under different species of cucalypls

i Kerala as on 1995

A Proportion of area Areu tha)
Circle o

E. tereticorniy E ograndis | L. tererh, Ly L ovrandiy
Northern 0.871 0.129 34102 5054
Central 1.000 0.000 5.554.2 00
Southern 0.954 0.046 8479 4059
Olavakkode 1.000 0.000 40768 (.0
High Range 0.248 0.752 2.051.2 62190
Overall 0673 0.327 20,6213 10.019.0




Area (ha)

10000

9000 |-

a000;-
7000(- . ]

6000 |-

5000

4000

3000

2000

1000

oL

0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39

Age group (year) .

Figure 1. Age structure of eucalypt plantations belonging
lo Territorial Divisions and KFDC in Kerala as on 1996



Table 4. Estimates of growing stock of eucalypts in Kerala as on 1996

Circle CArea as Arei encountered | Growing stock
an 1996 during cnwncdion
(ha) {ha) (mh
Northern 31419 27237 286,548
Central 5.175.5 T X O 75424
Southern 9.208.8 90564 148098
Olavakkode 4.236.1 7281 1.130
-High Range 11.291.7 120000 - 526,025
Total 33.054.0 288454 1.037.225
3.4. Productiviiy

3.4.1. Mean Annual Increment (MA])

The estimated volume prediction cquation for £ iereticornis at the stand level was the
following. '
[+ |

MV =21955+0.1261 A-2.1854 (A - Ay 0.0222 (A A

3

{

: |
-5.8538 (A - A +0.8661 (A- A} {5
+ +

i |

INN=74641-0.1438 A + 0.4105 (A - A,) +0.1615 (A - Ay)

+

+0.9598 (A - A)) -0.2554 (A - A ()
Where Ay = 10. A, = 24. V and A us delined carlier.

A graphical representation of equations (53 and (61 is given in Figure 20 As can he seen
from the Figure, there is censideruble difference in vield between the seedhing crop and
the coppice crop. The values of volume expected as per equalion (5) are Turnished in
Tuble 5. The MAI worked out based on the fitted cquation came 10 7.653 m* ha ' w8
years for the seedling crop and 2.545 m* ha™ for the first coppice crop Tor the same age,
The MAI value obtained for the second coppice phase was aot reliahle and is ool
reported. A similar study conducted in West Bengal (Anonymous. 1995) indicated an
MAT of 6.5 m” ha' ar § vears for seedling crop of . teveticorniv in Sontherm Benaal.
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Table 5. Estimates of commercial volume and number of tees of Eucalvprus
tereticornis at different age levels '

Stand age Crop uge Volume Nuniber of
stems
(year) ' {ycar) (m’ ha''y (enha
| I 25324 1871
2 2 28.725 1621
3 3 12.587 b4
4 4 36.967 1216
5 5 - 41.937 1053
6 & 47.574 942
7 7 53.970 790
8 8 61.225 68
9 9 69.455 592
10 i0 78792 7 513
11 I 9.829 787
12 2 10.906 801
13 3 12101 816
14 4 13.427 . B30
i5 5 14.898 8dS
16 6 16.531 KO0
17 7 18.342 - 876
18 8 20.351 891
19 9 © 22581 9017
20 10 25055 924
21 tl 27.800 9H)
22 12 30.845 957
23 13 34.225 974
24 14 37.974 991

In the seedling crop, the number of tices was found to decrease from an mitial value of
2500 plants ha at the time of planting to around 500 plants ha'' in 10 years. In the
coppice phase the number of stems was found (o increase slightly over time probably doe
to the increase in the number of coppice shoots .

The data were not sufficient to work oul similur figures Tor E. yrandiy. The ot nunsber
of plots selected for observations in the case of /- wrandis was ST which showed wide
variation in their stand struciure uncxplainable by the maodels fitted. Past studics
(Jayaraman and Krishnankuity., 1990) had revealed that ihe species yiclds an MAT i
9.770 m* ha' at 10 years in the case of seedling crop,



3.5. Potential productivity
3.5.1. E. tereticornis

The present study revealed that £, rercticornis attains 1 MAL of about 7.653 ' ha " 8
years. Sharma (1978) reports a maximum MATLof 18 m' ha'' at 8 years under | quality site
with 1600 trees ha:'. This yield table was established from data collected from the Stales
of Andhra Pradesh. Bihar, Goua, Huriyana. Kerali. Madhya Pradesh, Tamil Nadu,
Karnataka, Utter Pradesh and Wes( Bengal. By any standurd. the current productivity
tevel of the State ts poor. At the end of 8 years, the average number of trees relained iy
just 500 ha'. Hence, poor stocking is possibly one of the reasons for puor yield.

The general expectation is that the coppice yields are as high or better than that of the
seedling crop. The survey indicated a substantially poor MAIL (2.545 m*ha®y for £
tereticornis in the coppice phase. This might De an under estimate becayse the Crop age
had to be indirectly assessed from the duta rather than through, records. Even after leaving
a large margin of error, the vyield levels can be considered as substantially Tow. Multipic
reasons like disease incidence. fire. illicit feliing or plantation failures due fo extreme
weather conditions may be leading 10 the above situation. This aspect needs considerable
further investigations. ' ‘

3.5.2. E. grandis

No estimate of MAI could be developed out of the present survey with respect to
£. grandis for want of adequate data. ‘Although measurements were taken from several
E. grandis piantations; estimates of MAI was not possible 1o be devetoped due 10 lack of
information of crop age or year of coppicing. Jayaraman and Krishnankwty (19900 had
estimated an MAI of 9.770 m* ha' for (he species at 1) vears based on feling records
kept at Range Offices. The maximum MALI reported by Pande (1978) is around 36 m' hy !
at 10 years with 1600 trees ha' under site quality class 1. Data fromy Kerala and Tamil
Nadu had been utilized for constructing the above yield table, The gap between actualiy
realized yield and that of potential seems to be very wide indicating the need for clevising
appropriate measures (o increase the productivity of the plantations.
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PART I1. STRATEGIES FOR ENHANCING THE PRODUCTIVITY OF
TEAK AND EUCALYPT PLANTATIONS IN KERALA

As brought out in Part [ and 11, the productivity of teak and cucalypt plantations in Kerali
18 low as compared to the ali-India figures. The reasons are povr stocking, poor site
management and above all the inability of the Forest Department to carry out
sitvicultural operations in time due to financial constraints. Also, there is no mechanism
by which the performance of the plantations can be evaluated. The measures for
enhancing the productivity can be broadly grouped into technical and administrative
meustres. The technical measures are deall with separitely below Tor teak and cucalypt
and the administrative measures are dealt with commuonly for both the species.

1. TEAK
s

Teak  plantations in Kerala are mostly on areas not casily  uccessible and this Timits
frequent inspections. As most of them lie uphill,  disturbance 10 soil, and intensive
application of fertilizers and chemicals can affect the downstricam ccosystem adversely,
Also, funds available for long-term investments in plantations is limited. Under these
circumstances it is advisable to maintain the teak plantations at low input manageinent,
However, soil and moisture conservation, low level nutrient applicaiion  in nutrient-
deficient younger plantations. loranthus removal and removal of borer wtached trees are
essential measures. |

An analysis of the productivity of the plantations in relation to managenient. points (o
the need for ensuring the quality of planting, stock and timely exccution of silvicul el
operations in order o ensure proper establishment and growth of (he species whichy
seldom recovers from the effects of “ill-treatments”. The above considerations Torm the
basis for suggestions for better management of the teak plantations., described below,

L.1. Management options for existing plantations
One of the major recommendations is on the prmagement of existing plantations.

Based on the resulfs of this study the teak plantations in Kerla can be classilied intn
different categories depending on the slope of the Planted area. stocking. cxient of
natural growth and site quality clusses (Tuble 1), Management options based on (he
condition of the plantations are indicated for different categorics. The manigement
options are uas follows. (1} The plantation in very steep stopes (above 30" nay be
converted into natural forests, as continuation under plantations will lead 1o heavy sail
erosion and eventual site degradation beyond recovery. About 138 per cent ol the
plantation area. amounting 1o about 1000 hu [all under this catcgory (Table 2y, ()
Muyjority of (he plantations prcseitly in SQ 1V e not worthwhile welainimg tor timbwer
production because of the very low productivity. '
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ible 1. Scheme for management for different categories of existing tcak plantalion

(The proportion of area we indicated in hrackei

Condition of the crop Management option for dilferent site quality chisses
Stucking Slope | Misc. I a il v Total
growth
wer-stocked] < 30° | Low Timber Timber Timber Pole
(1.53) (8.1 (9.18) (2.00) (2081
-do - -do- | High Timber Timber Timber - Poie
(0.97) (6.96) (13.90) (293 (24.70)
~do - >=30" | Low -- Natural forest | Nutural Torest Nawral forest
' (0.00) (0.23) (0.01) (0. 3h
-do - -do - | High - -- Nutuwral forest --
' (0.1 (.21
My Sitocked] <30° | Low Timber Timber Tinther Pole :
: (1.45) {7.300 (7.3 (11.85) (1697
do - -do- | High | Timber Timber Timber Pale
(0.25) (3.02) {3.56) (0.97) (7.810)
-do - >=30" | Low -- Natural forest [Nworal forest --
' (0.23) L 0.29) 4.52)
-do - -do - | High -- - Nutural forest --
' (0.11) ()
oi- stocked] <30° | Low | Timber | Timber Timber Polc
o {0.94) (8.86) (9.50) (2.16) (2140
-do - -do- | High Timber Timber ~Timber Pole -
(0.09) (2.34) (3.14) {(1Lum {8 2)
-do - >=30" | Low - Nutural forest | Natueal Torest -
: {0.18) 10.06) (621
~do - -do - | High - - -- --
Percentage of area 5.23 37.05 4785 987 T
ole © Timber = Timber and pole production (pole productivi is through thinuing )

I}

Pole Exclusive pole production on shorter rotation of 20-25 yeurs under
simple coppice system of management

Natural forest = Conversion to natural forest

Miscellaneous growth is regarded as low if the percentage of miscellancous trees in the
plantation is less than 25 per cent of the total: otherwise it i treated as ogh.
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The reasons for their very low productivity require scientifid mvestigation. in ihe
meantime. it is recommended that they may be managed for pole production under sitnple
coppice system of management. Nearly 10 per cent of the plantation arcy amounting o
about 7500 ha fall under this category. {3) The remaining areanay be managed lor timbey
production. The details may be seen in Tubic 1 and 2. Within this catepory, there ae
few plantations with very low stocking cither Jue to dinmage by carpenter worms or Jue
to illicit felling and heavy lopping. They dre-not worth retaining and therelore they may
be felled and replanted,

Table 2. Site quality-wise summary of management options for ek
' plantations of Kerala

Management , Site Quality

options I ] (1 IV Total
Timber 5.23 36.58 | 46.95 T 88.76
Poles - - - 9.86 V.86
Natural. forest - 047 - 0.90 0.01 O 13R
Total 5.23 37.05 47 85 987 100.00

In addition to these recommendations. suggestions on various ot lechniea!
provided in the ensuing sub sections.

Y PR,
HEETHE TR S Wi

1.2. Technical measures in existing and new plantations

1.2.1. Site selection .

The site set apart for plantation may be examined in detail and a treatment map prepared.
Rocky and water-logged areas. gulleys, trec  growth (o he retained, etc.. may he
demarcated in the treatment map. A site with less than 30" slope. 60-80 ¢ sl depth,
low rockiness, low erosion, moderate waterholding capacity and gowl drainage s
regirded as suitable for teak planiing. Water logged  patches in plantations. as i some
areas in Nilambur (eg, Valluvasserry. Kariem Muriem), may be patch-plimted  with
Bambusa bainbos (Chandrasekhara. 1996), '

1.2.2. Silvicultural aspects

Site preparation

I felling is planned before December, most of the smal brimches and leaves Ohy
degraded by termite activity by the time of planting. and 1he practice of stash-burning,

which is preferred mostly for improving accessibility. can be avoided on ceological
considerations. Studies at KFR] have shown that stush burming has no fong-ferm offeo QI
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growth of teak.-On the other hand if slash burning is not carried out. firewood down (o 10
cm  girth, which is burnt for slash disposal, could be salvaged and sold. (Chacko of af..
1991).

Metlod of planting

The method of stump planting may continue (Il the technology of planting root-trainer
seedlings or such other improved methads are ficld fested in Kerala and aceepted.

The present method of planting ol stumps in crow bar holes s advisable o wreas where
the soil is loose. In hard soil. especiully in the second and thin rolations, where soil has
become hard either due 1o laterization or due to trampling by suimals and huan beings,
stumps may be pit-planted. In such CASCS. Pits may Be of 1S em s 15 ey« 20 em size,
The boltom of the pit may be loosened hefore relitling for planting, In practice.
spade with a blade width of 10 cmaand adength of 30 em can be used for this purpose.
While filling the pit. care should be taken to see (hat slightly excess soil remains af the
top to allow for settling of the soil, | :

Preliminary field trials in Maharashtra  have shown good performance of roul rainer-
raised seedlings (Khedhar, 1997). Therefore. s an experimental measare, it s suggestible
that each Forest Division may plant 5 per cent of (heir plinting target with root 4raines
seediings in the first (wo years. The planting rate can be enltanced later depending upon
the performance.

Quality of planting stock

Seeds: Seeds continue to be the husic Propagule for raising plantuions. The seeds may he
used from plantations of known ientity and with abeve-avernge performance, A total of
2500 ha of plantation of 25 to 30 years of age may be cwmarhed for the purpose as Seed
Production Areas (SPA). SPAs shall be well weeded by the month o December o
facilitate seed collection in January-Febroary.

The ‘seeds’ (technically fruits) after collection and calvx removal may be sieved through
a9 mm sieve. Only 9 mm retained seeds” may be used for SOWING (o ensure belger
germination (Indira er al., 1996).

Al present, there are 4 teak clonal seed orchards with a total arey of 35 ha in the Staw,
The number of clones used in these arehards is around 25, This is & narrow aenetic bae,
Therefore, efforts may be taken to establish twoclone banks cach of 2 hu
incorporating about 100 plus trees from Kerala and sl agroctimatic zones n
Karnataka and Tamil Nadu, This will serve as source for bud  wood material lor
establishing clonal seed orchards ({CSO.
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Nursery: A survey in teak nurseries of Kerula tndira e ol 1996) has indicated  1hit
production of plantable stumps per standard nursery bed of 12 m 5 12 m s usitally very
low; maximum was 808. The mean number of plantable stumps for Territorial Divisions
was 409 whereas the overall mean was as low as 202 Use of sceds with poor
germinability, hard nursery soil condition. deluyed nursery operations, aver-crowding in
beds, etc., are some of the reasons for the poor owtput of quality seedtings (Chacho,
1995). 1t is reasonable to expect 520 plantuble stumps - (as against the present
expected number of 1000} per standard nursery bed for which 4 kg [ruits (wilh
mesocarp) may be sown after weathering treatment for 14 days. The [ruits should he
accepted as good for sowing onlv if cutting test provides around 80 percent good
fruits. However, in emergency cases. o lower percentage. up to 60 per cent. inay be
accepted, in which case the seed rate should be increased accordingly. The [ruits shall be
sown in nursery along with first rains in March-April. Most of the fruits germinaie 45
days after sowing. Culling of weaker scedlings may be done during Augusi-September
to avoid congestion in beds. Previous yews' nuesery may be abandoned  alier nsing
stumps for casualty replacement in May-Tune. (Calculaifon of plantahle stumps:-bkp
fruits x 1900 fruitstkg x 40% cermination x 704 post-germination survival 704
retained after culling x 35%plantable stumps =520).

Effort should also be made to standardize seedling production in root-trainers using
compost as a major cormponent of the poling medium. Since this will need burlding up
of infrastructure, centralized nurseries we advised,.

Species mixing

Experience with mixtures in teak plantations in’ Kerala is not encouraging (FAQ, 19835,
Underplanting or interplanting in teak plantations may not be taken up withour  clear
evidence of its success. Past experience does not favour planting of species such uas
Evodia lunu-ankenda. Bombax malabaricus, Swiereniu macrophylla  and  Banthiisa
arundinacea. Plantations underplanted with bamboos are not available for planting (cak
in the ensuing rotation as bamboos occupy the space very aggressively following final
felling of teak (as seen in Puthoor. Thrissur Division). fnstead. patches wnsnitable Jor ek
in plantations may be planted up with bambno as indicated carlier.,

1.2.3. Soil management
Soil conservation measures

Staggered trenches in plantations can slow down the process of soil erosion amd conser e
moisture. Gulleys and ravines in plantations  also need 10 he plugged/stabilized using
brush wood and locally available stones. There cannol be a common prescripiion for
this as the work will vary with the nawre of Lad. Therefore, such measures may be
decided in consuliation with CAPits L suil and inaiatuie Couservation,

[
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Nutrient application

Since the soils under teak vary in nutrients and pH. a unilorm optimum recommendation
for all plantations cannot be made. Soil should be tesied for pH. Organic carbon,
Nitrogen, Phosphorus. Potassium, Calcium and Miignesium before recommendations are
made. However, in degraded second and third rotation sites, 10 g active ingredients cach
N, P and K may be applied in the month of July in the first year, double the above dose in
the second year with the onset of South West Monsoon. Average compoesition of
common fertilizers and manures are provided in Appendix 14,

1.2.4. Pest and disease management

Although there are a number of pests associated with weak. while grubs in nueseries and
defoliators in plantations cause the major damage. White grubs artack teak seedlings in
nursery. The root portion of the scedlings are ealen up wid the seedlings wilt. I the
problems are noticed. remedial insecticidal treatment may he undertaken as recommended
by KFRI (Varma, 1992). '

Defoliation of teak trees by the teak -defolintor (Hvblaea puera) is  common in teak
plantations of Kcrala. Repeated defoliation causes up to' 40 per cent loss of patential
increments in young plantations (Nair. et af., 1985). Although control is effective with
chemical insecticides. it is not advised because of environmental damage: a baculovirus
(NPV) is being standardized by KFRT which may be adopted in future.

No major disease has been noticed in teak in Kerala, except leal spot and bacterial wilt in
nurseries. Recommendations are available from KFRT {or control of these discases. i they
are noticed. -

1.2.5. Loranthus control

The problem of loranthus should be viewed us serious as it can reduce volume
increment and even kill the trees. In plantations of Nilambur. incidence up to 85 per cent
is reported by KFRI About one-fourth of the death. and loss in polential increment up to
44 per cent is observed in pole crops up 10 12 years. Loranthus infestation mostly stars
on plantations of 9 years. the infestation becomes crucial at 20 years. In addition 1o
causing death, loranthus also causes deterioration in strength properties of wood (Ghosh
et al., 1984). Physical removal by engaging tree climbers is (he only practical wiy of
solving it at present. Loranthus removal may be carried oul at least once in two years as
removal of well established clumps from the trees is difficult and ofien amounts o
removal of major branches. and al times the leader irself amounting to formation of forks
(e.g. Punnamattom teak plamation in Chalakkudy Divisiony. As loranthus removad is o
risky job, the trec climbers may he provided with insurance coverage Juring the period of
work. ' '



1.2.6. Research

An analysis of 626 publications on teak during the 10 years of 1985-94 shows that the
share of Silvicultural Research is only 13.7 per cent. On Genetics the contribution is 4.5
per cent. In silvicultural research itself. nearly half of the work is on seed and HUTSUTY.
Studies on growth and yield, mixtures, thinning, spacing and rottion put togeiher
contributes only 25 per cent (Chacko, 1995). There is a need for long term continuous
research efforts on less attended arenas.

2. EUCALYPTS

The present study has brought out the low productivity status of eucalypl plantaiions,
especially under coppice management., in Kerala. Nevertheless. there 1$ scope lor
enhancement of productivity through effective managemeit.

As in the case of teak, most of the cucalypt pluntations. are on  areas 1o casily
accessible. About 28 per cent of them lie on steep slopes and 2 per cent on very steep
slopes. Therefore, disturbance (o soil, and elaborate application  of fertilizers  and
chemicals can affect the downstream ecosystem adversely. Large scale pest and isease
control measures using chemicals are also  not feasible and hence to be timed o
nurseries. Moreover, the availability of funds that can he diverted Tor Tong term
invesimenis in plantations is aiso limited. Under thesc clreumstances, it is advisible to
maintain the cucalypt plantations at medium input fevel with stress on tree HAprovenen|,
Soil and moisture conservation. and nutrient application ‘in nutrient-deficient younger
plantations are some of the specific inputs needed 10 mainain (he sustamability  of
the plantations. The above aspects  forin  the  basis  for suggestions for  henter
- management of the eucalypt plantations, '

2.1. Management options for existing plantations

Eucalypts in Kerala continue to be planted at 2 m x 2 m spacing although studics in
Karnataka suggest that a wider square spacing would be benelicial for (he growih of the
‘ctown shy’ species (Adlard ef of.. 1992). However. this-aspeet needs 10 be exmined
before a decision on change in spacing is made. In order (o classily a plantation cither us
satistactory or failed for the purpose of prescribing MURAgement prescriplions. some
standards will have to be followed. Survival rate for plantations up ta 3 yewrs and basal
area (per hectare) for plantations of 4 years and above ure suggested as pitrameiers of
performance. Since there is no definite basis for suggestng standinds Tor correet survivyl
rates, the standards for survival were fixed as 90, 80 and 70 percent for plantations of |,
2 and 3 years respectively in areus with Favorable sijte conditiuns based on expericnce. A
lower rate may be considered for hostile sites such as thuse sites which are highly wil
prone, frost prone. etc.
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For plantations of 4 years and above, busal area per ha may be measured. For computing
basal area per ha, the following procedure may be followed. Sample plots of 20 m x 20 m
may be laid out at random in the plantations and cach stem (one coppice stool may have -
more than one stem) may be measured for girth at breast height in cm. The carresponding
basal area may be computed using the formula -

basal area of a stem = girth%4n

Basal area of all the stems in a plot may be added up and multiplied by 0.0025 16 get the
basal area per ha in m* Mean of such values over different sample plots in a plantation
may be computed. Tables indicating expected minimum busal area for £ grandis and £
fereticornis are presented in Tables 3 and 4.

Table 3. Minimum acceptable values for stwid parameters
for E. tereticornis plantations

N ’
. Age Number of stems Basal area
(year) ha™! (m? ha'h
4 1031 - 7.754
5 994 9.321
6 957 -H).570
7 922 - 11.528
8 889 12.221
9 856 12,661
10 825 12,898

Table 4. Minimum acceptable values for stand parameters
for E. grundis plantations

Age Number of stems Basal arexn
(year) ha! (ln2 ha''y

4 1031 8.295 -

5 994 11.890

6 957 14800

7 922 17.418

8 889 19.573

9 856 21.237

10 R25- 22392 |




Table 5 indicates that 7 per cent of the euculypt plantations in High Range Circle and 2
per cent of the eucalypt plantations in Southern Circle are on very steep slopes. The
corresponding figure for the State works out to 2.79 per cent. These areas may be
managed under simple coppice system as long as the plantations show vigorous growth
from coppice. Once the coppice vigour is lost, they may be converted to natural forests.
No replanting should be done in such arcas. ‘

Table 3. Percentage of areq in difterent slope classes in eucalypt plantations in

Kerala
Circle Flat  (Undulating| Rolling § Steep | Verysloep

() | (%) (%) (%) | (%)

Northern - - 85.00 1500 | -

Central 1.00 79.00 20.00 ---

Southern - 4.00 58.00 36.00 2.00

Olavakkode - -~ 71.00 § 29.00 ---

High Range — | 100 | 6200 | 3000 | 7.00

Overall 0.21 1.62 67.47 | 2791 279

Note : Flat(0 - 19, Undulating { | - 3“'), Rolling '3 - 159, Steep (15 - 30M. Very
steep (>30°) as defined in FAO (1979).

2.2. Silvicultural aspects
2.2.1. Method of planting

The method planting polypotted seedling shall continue till the technology of planting
clonal root-trainer plants is standardized. Plants may be planted in pits of 30 ¢y x 30 cm
x30cm. - A

Every Forest Division shall make an attempt to plant 5 per cent of their planting target
with clonal root-trainer plants every year. The planting ratc can be cnhanced liter
depending upon the performance:; however the clonal plantation shall be limited to 30
per cent of the total planting area. The number of cloncs used should be large enough to
guard against the disadvantages of a narrow genetic base. -

2.2.2. Quality of planting stock

Experience elsewhere gives clear indication of productivity increase when clonil plants
were used for planting. However, at present. the Department is not well eguipped with



enough clones for multiplication. Therefpre, steps - should be taken (o select sufficient
plus trees of E. grandis and E. tereticornis and establish clonal multiplication garden
at different localities and simultaneously lay out trials to evaluate the performance of
the clones. The clones of E. rereticornis and L. camaldulesis available in the KFR] may
be utilized in the mean time (KFRI has 80 clones, of which 0 are of proven superioriy,”
which can supply 25,000 plants per year). Seeds, however, will continue to be the main
propagule for plantations. Seeds used for raising pluntations should be from known and
superior plantations or proven provenances. For outplanting, four months ok polypot
seedlings or 2.5 to 3 months old root-trainer seedlings could be used for planting.
may be borne in mind thal when seeds are used for propagation, not more  than 19 per
cent of the total germinated become are plantable (Chacko ¢r uf., 1990).

2.3. Soil management
2.3.1. Soil conservation measures

Soil and moisture conservation measures such as gully plughing and trenching may be
needed in some plantations. The specific treatment will depend on the site features and as
such there cannot be a common prescription. Site specific treatiment plan nay be
prepared and implemented in consultation with a Soil Conservation Specialist.

2.3.2. Nutrient application

Any nutrient application should be based on soil analysis. Suil may be lested o soil pE,
Organic carbon. Nitrogen., Phosphorus. Potassium, Culcium and Magnesium.

However, in degraded soil the following adhoc doses are recommended for both 4
fereticornis and E. grandis.

Nutrient dose at planting (per plant):

Element Dos.e (g)
Nitrogen 15
Phosphorus 15
Potassium 10

The above dose of nutrients may be mixed with soil while relilling the pits for planting.
Nutrient dose in the second year {per plant):

Element Quantity (g}

Nitrogen 30
Phosphorus .30
Potassium 15
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Proportion of nutrients in difierent commercial fertilizers and munures e provided in
Appendix 14, '

2.4, Pest and disease management

Termite attack of younger plantations contribute 1o poor stocking. Awong all forest
plantation crops. eucalypts are the most vulnerable 10 allack by termites. Prophylactic
treatment of containerized seedlings with chlorpyrifos. as recommended by KI'RI 1 Varma
and Nair, 1995) should be carried out in the nursery t cnsure satistactory survival.

Eucalypts grown in Kerala are very susceptible to fungal diseases. A number of fungal
diseases are reported from Kerala. Some of them are devastating (Sharma ¢f of., 1985). {n
nurseries, pre and post emergence damping off, web blight. seedling blight. scedling wilt,
root rot, stem infection and leaf spot are the serious ones. Prophylactic (ungicidal
treatments suggested in KFRT information bulletin 6 (KFRI. 1984} should be followed.

®

2.5. Alternative species for pulpwood

There has been a preference for Acacia auriculifiormis by the main pulpwood milt (HNLL.
Mavelloor) due to ease in establishment. better productivity and satisfactory pulp yicld
and quality (M.R. Arvindakshan. pers. comnm.). However: the guestton of aliernative
species for eucalypts needs a separate study.

3. COMMON MEASURES FOR TEAK AND EUCALYPTS

This section is organized into two subsections: (i) general plantation management and (i)
lunds administration. '

3.1. General plantation management
3.1.1. Plantation identity

Al present, the plantations are identified by the year of planting. species and the name ot
the locality and extent. This is quite all right. However. in order 1o Faciine
computerized management of data at State level. allotment  of numbers Tor each
plantation is necessary. '

3.1.1.1. Method of allotment of plantation number
Each plantation shall be known by a number with lour digits. The rumber may start from
0001 and continue up to 9999. A species code for teak in  thice digits (10D may be

prefixed (other plantation species may be given numbers 102, 103, etc.. i tiwe arder of
rmportanice). Thus the first teak plantation may take the seven digit number HHOODT, the
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second plantation 1010002. the third plantation 1010003, v, £ teretivorniy plantaion
may have numbers 1020001, 1020002. 1020003, cc. B grandis plantation will have
103001, 1030002, 1030003, eic.

As soon as a plantation Is established, the matter shall be reported (Appendix 5) 1o -
the Chief Conservator of Forests (D3, who may allot & number in chronological order
irrespective of locality. If a plantation is replaced by another plantation. cither hecause of
tailure or as a result of final felling, the replaced plantation shall bear 4 new number, A
new plantation number will be allotted ay soon as the firse activity  for a plantation
starts viz., site preparation.

3.1.1.2. Method of ensuring allotment of plantation number

The expenditure for different activities shall be udmitted only jf Plamtations bear
plantation number.

3.1.2. Demarcation of plantations

The boundaries of most of the plantations are unclear in the field us they are not clearly
demarcated on ground. :

3.1.2.1. Procedure for demarcation of plantation boundaries

The boundaries may be clearty demarcuted using stone posts of 10 em x 1 e x 45 cm
which are buried to a depth of 36 cm at all survey stations -along the boundiry. and the
above-ground portion of the post painted with . yellow paint. All the stones may be
serially numbered on opposite sides. in the direction of the survey line, using white paint.

3.1.2.2. Survey and preparation of plantation sketch

The plantations may be surveyed (using prismatic compass and chaing and  a skerel)
prepared on a 1:4000 scale in triplicate; one  copy for the plantation jownai
maintained at the Range Office. one copy lor the Divisional Forest Office, and the
third copy at the Section Forester's Olfice. It will be advisable o record e latitude andd
longitude of the survey stations using i GPS (Geographic Positioning Systemi so that
the position of the plantation could be easily incorporated in the GIS {Geographic
Information System) for the Kerata Forests. '

3.1.2.3. Verification of species and area in existing plantations

Along with field survey, Physical verification of the present plantations may be carried
out to ascertain the species and the wrea under eacl species. I some of the
plantations, the originally planied species is cither  replanied Partiatly or Tully with
another species or the area is invaded naturally by some colonivers such as haumboa,



Therefore, this procedure will help to update the position,

The display board may be 60 ¢cm x 45 cm made of 18 gauge Un sheet, TC may be painted
using metal primer and green paint. Over this. the letters may be written using while
paint. ) '

The board may be displayed close to the easily accessible boundary by tying to a tree
in the plantation at 2.5 m above ground. using a plaited Gl wire of appropriate thickness.
This board shall be properly maintained with all relevant information. A certificale
(Appendix 6) to the cffect of maintenance of plantation display board may be Tumished
by the Section Forewter annually in the month of May.

3.1.2.4, Plantation display.board: :

A board containing the following details shall be displayed in a plantation.

Detaits - Method of display

Division A lwo digit number alloned by the 1PCCE
' (e.g. 01.02 .23, 24, etc)
Range ' A one digit number suggested by the DFQO
and allotted by the PCCF
(eg. 1.2.3. 4

Species ‘ Local name
(e.g. Teak)
Scientific (Latin) name
(e.g. VOl Tectona grandis)

Year of clearing the previots plantation (e.z. 1951 F)

Year of planting (e.g. 1952 P)
Rotation R1 for bst rotation

R2 for 2nd rotation
R3 for 3rd rotation

Coppice = C1 for I'st coppice te.g. 1966 C1)
: C2 for 2nd coppice (e.g. 1976 (2
C3 for 3rd coppice (e.g. 1996 (C3)

Thinning T1 for Istthinning (e.g. 1956 T1)
' T2 for 2nd thinning (e.g. 1960 T2)

T3 for 3rd thinning {e.g. 1968 T3)

T4 for 4th thinning (.. 1986 T4)

T5 for Sth ihinning (e.p. 1997 15)

and so on "
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A specimen board for teak and eucalyptus are given as under -

13-2-1010013 Division code - Range code - Plantation code
Kanjirakadavu - Locality
Teak (Tectona grandis) Species
R2 Rotation
1978 F Felling of previows plantation
1979 p ‘ Planting yewr
1983 T1 First thinning
{987 T2 , Second thinning
1994 T3 Third thinning
3-2-1040013 Division code - Range code - Pluntaiion code
Peermade , Locality )
Blue gum(E. globulus) Species
Rt Rotation
1978 F o Felling of previous plantation
1979 P - Planting year
1988 C1 : First coppicing
1997 C2 Second coppicing

3.1.3. Record keeping

Plantation Journals'should be maintained at every Range Office by the Runge Officer. By
linking record maintenance with payments, timely entries in the plantation records can
be ensured. Therefore, the payment vouchcrs for various operations shall bear the
following certificate:

Certified that all entries regarding operations done and  amoun spent
under this voucher/bill have been entered in the Plantation Journal. All the
work under this voucher have been carried out as per technical guidelines.

Range Offiwer

The officer admilting the bills/vouchers (Divisional Foresi Officers) shall cnsuie  the
ahove certificate duly signed by Range Officer concerned, This pracedure will ensure
timely entry of all operations in Plantation Journals and other plantawion records.

Plantation records, especially the Plantaticn Journals. Felling: Registers, Yield Registers,

etc.. are valuable documents providing the history of plantanions. yicld realised, cic..
and as such, they need to be kept under safe custody of the Range Officer. under lock
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and key. An Issue Register (Appendix 7) may be nmintuined to keep track ol the
Plantation Journals and other records taken from its designated place. Since most of (he
Range Offices lack the facility for safe custody of  these records necessary facilities
may be provided for this purpose. ' ' '

3.1.4. Plantation programme
3.1.4.1, Responsibility and authority

The Divisional Forest Officer should be given the responsibility and authoruy 1o
- tnsure success of the plantation. To effeet this. the present system may, be re-examimed.

A_system of acknowledging/rewaiding  the good wark of the stall mav also be
considered.
3.1.5. Calendar of operations s

A calendar of operations for two years (a format for teak is given in Appendix 8) may be
prepared . for each plantation and got approved by the competent authority al Jeast six
months in advance of the first proposed operation. An estimate of work submilicd for
approval shall contain a copy of the approved calendar of operations. AN Tormalitios in
connection with approval of estimate shull be complete al least one month in ads unee
of the proposed date of commencement of work o facilitale timely exceution of
work. If the Divisional Forest Officer is not confident of cnough supply of qruality
planting material, or timely completion of formalities and licld operations necessary or
planting, latest by the first week of April. the plantation work may be deferred 1o (he N K
year rather than doing a sub-stundard work in a hurry.

During the course of the present field survey it hax been observed that moseveral
plantations, there has been considerable delay in carrying out thinnings. Ut is well
recognized that delay in carrying out thinning will affect increment adversely. Therelore,
greater importance must be given (o this aspect.

3.1.5.1. Protection

Protection to plantations from cattle, human beings and lire has (o be ensured lor
establishment and growth.

3.1.5.2. Fencing

In areas of high anthropogenic interference. the younger planiations necd (0 he fenced
using barbed wire or chain links. The watch and - ward of younger plantations should
be ensured round the year during the initial years i1 (he seediimps become established,
Fhis is not effectively done at present,
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3.1.5.3. Fire control measures

Although quantified data is not available on the extent of financial damage caused by
forest fires, it is well recognised that recurring forest {ires do adversely “ailect teak
plantations; the extent of damage may vary depending upon the itensity of lige and
age of plantations. Therefore, measures 1o prevent forest fires nxay he taken by effective
implementation of the prescribed practice of fire tacing before Decenber and
supervision by fire watchers. One fire watcher for 10 ha should sulfice A report of 1he
fire control measures (Appendix 9] carried owt may be submitted by the first week of
Tanuary every year by the Section Forester. A {ortnightly repori vi lire incidence
(including nil report) (Appendix 10) shall be filed by the Forester/fFoiesi Guard at the
Range Office every first and third week of every month during January-May. Every
attempt shall be taken by the staff to contain a pluntation fire whenever detected.

3.1.6. Model plantation ,

Every circle shall raise one model plantation every year treating il as o presticions lask,
This will help to demonsirate various plantation activities. These plantations shall
not suffer set back under any circumstance. '

3.1.7. Plantation rhonitoring and evaluation

Periodic monitoring of plantation performance is necessary for planning on o sustirined
yield basis. At present there is ne mechanism o ensure systematic and seputar plantation
monitoring by which the productivity are measurcd and reported  {Chacko, 19953,
Performance of the plantations may be recorded every year in the montl ol Apri/May to
assess stocking and growth. For this purpese. permanent sample plots shalt be Lid out in
the plantations. The number of sample plots shall be decided i the rate of one per
hectare for a plantation, with a minimum of two and a maximum 10 per plantation. The
form for data collection is indicated in Appendix 11.

A Plantation Evaluation Cell (PECY)-may be created under CCFDY. The PLEC shall be
competent to evaluate the plantation performance based on dat furnished. and also
through field inspections. if necessary. The PEC  shall advise on matiers of plantation
management whenever necessary. ' : : '

3.L.8. Mlantation productivity workshops (PIPW)

Plantation Productivity Workshops (PPWs) may be arganmised at the Forest Cirele fevel
for Divisional Forest Officers, Assistunt Conservators and Range OlTicers. twice a yudr,
during the first weeks of Junuary and June to discuss implementation o various
plantation activities, to updatc (he technical knowledge and also 1o tuke slock of 1he
acuvitles carried out during the preceding six months. The Conservator of Forests. 1f
necessiry, 1ﬁay invite specialists in different aspects of plantation teclmology For this



workshop. A short report of the workshop (Appendix 12) together with decisions niay
be submitted to the Chief Conscrvator of Forests 1Dy The Range OlTicers also inay
organise a half day workshop for Deputy Range Officers. Foresters anel Forest Guards
within one week after the Circle level workshop and provide a repont of the same -
(Appendix 13).

3.2. Funds administration

Under the present system. refease of funds [lor viarious expenditure in the Forest
Department is mainly in three Wilys.

Funds for most of the forestry operations are released from the Government Treasary
through Letter of Credit (LCY issued by the Government once in every quiarter hased on
annual allotment and the quarterly requirements furnished by the Drawing and Dishursing
Officer. However, in the event of financial stringency faced by the Siate Governnent
issue of LC may get upset which inturn aficel the programme of work. amil this has
happened in the past.

- However, in the case of salary payments, a dilferent sysiem is adopted. Amounts fo
salary are drawn against Bunk Cheques for which 1O is mol applicable. This ensores
salary payments in time,

[n certain special category of works, specially those funded by the Government of India as
centratly assisted schemes such as RLEGP, MPCA and WEP. the amount is transferred 1o
the. Treasury Public (TP) Account. The allonment is made by the CCIZCE and the
amounts are transferred by the State Government o the TP Accounts maintiuned
different treasuries by the Drawing and Disbursing Officers. This is similar 1o a Current
Account operated in Banks. The amount once transferred 10 the TP Account is nof
resumed by the Government and therefore is availuble for use in time.

Non release of funds in time is a serious constraint in plantation establishinent i

management. The TP Account system will help in making funds available in time and
therefore, it is recommended for funds related 1o plantation activitics.
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CONCLUSIONS

Plantations of teak and teak mixed with other species in Territorial Foresy Divisions in
Kerala were found 1o occupy about 68.797 ha as on 1995, A study on the statas of teak
plantations in the State revealed that g substantial porlion of the aren (86%) fell in
medium  site  quality classes and the extremes were rare. There was consjderable
variation in - site’ quality distribution over the different Divisions. Achencol, Konni and
Kozhikode Divisions recorded major share of aréa under belter site quality clusses (SQ |
~and SQ ) whereas Thiruvananthapuram. Kottayam, Wuyanad. and Kannur D; visiens had
larger area under poor site quality ¢lasses. This in (urn reflected in the NMAL of
commercial volume attained in these Divisions. Kozhikade und Achencoil Divisions
recorded the highest MAI in the State, exceeding 3 m’ ha't of commercial volume
meluding timber and smallwood at 60 years, Kottayum and Thiravananthapusam had the
lowest values of MAL which were less than 2 " ha”. For the State as a whole. the value
of MAI of standing crop was 2423 mt ha ! ar 60 years. A study on past records of yvicld
from thinning indicated an average MALof 1174 m” ha' for the State with 35 yvears as
mean age of final thinning. The MAT of total yield for teak wt 60 years in the Siate wiorked|
outto 3.110m" ha'. A compurison with the range of values in the All India vield tahic
for teak” indicated that the mean yield for teak is far below that of potential. Almost
doubling in MAI is possible by improving the site conditions and stocking in many
plantations.

Nearly 48 per cent of the Prantations were under-stocked in the State. This swas Jound
mainly due to the reduced number of trees. The estimate of growing stock of teak. in
plantations older than 10 years in the State a$ on 1996 worked oyl (o 3.248 million wm’ of
timber and 1.590 million m® of smaliwood,

A trend to keep better quality plantations over-stocked was detected. This was Tound ta
affect the diameter growth of (rees substantially in fater yeurs. Plantations of lower site
quality classes were found to be heavily under-stocked resulting in reduced overal]
volume. However, such variations were not found 1o atfect the height growth of trees,

Investigations on the influence of certain factors affecting crop growth evenled
significant effects of external human interference. loranthus and climbers ather than thi
due to age and stocking. The analysis also showed imdirectly the predominan( influence ot
soil and the need for proper silvicuttural operations in the successful establishmeny of
plantations. :

As on 1995, eucalypts were reported to be grown in 30, 64| I befonging 10 the Territoriy
Divisions of the Kerala Fores Department and KFDC, Neurly 90 per cent of this men canied
stands older than 10 veurs. Around ) per cent ot the stands have crossed 20 yedrs ol enidence,
E tereticomis was sstimated o veebpy wioid 07 per cent o e area wider cacalvpis and {4
grandts -was found in the renuinimg area. e combined Srwing stock for the hwo SPRICICH Wiy

R Ot I B A TS | L
estinuaica as L0237 sillion v in SN THY
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Based ona survey, the MAIL of the seedling crop of I teresicemis was estimated as 7653 m’
ha' at 8 years. For the first coppice crop of the same specics. the MAF worked out to 2,545 11,
ha' at 8 years. A compurison with the range of values in the existing yield tabie mlicated that
the currently realized yield levels are fur below Lhe potential,

Based on the information gathered on the status ol the planations in (he State,
suggestions on means of thiproving the productivity of teak and eucalypt plantations are
made. For both species. i is recommended that plantation arcas above 30" sope he
converted to natural forests o avoid crosion and eventual permanent site defertormtion.
Both technical and administrative measures for proper management of the plintations in
the remaining areas are suggested. '

For teak, the technical measures mclude (1) management of very low productivity arcus
under SQ IV for pole produciion under simple coppice system on i short rowon of 20-
25 years and (2) management of the remaining areas for timber production  under low
input but efficient management system which include appropriie sitviculturad, and s,
nutrient and pest manage men. '

For eucalypts, technical measures include retention of only those plantations which
satisfy minimum standards in terms of stacking and hasal aren and managing them with
appropriate silvicultural site. nutrient and pest/disease management. for which pridehines
are given. Use of improved clonal planting material in a phased manner is sugpesteyd Tor
raising future plantations. '

Administrative measures suggested for efficient management of both (euk and cucalypt
plantations include systematic maintenance of plantation records, organization  of
Plantation Productivity Workshops (PPWs) at Circle and Range levels, rmonitoring and
evaluation procedures. To facilitite timely availability of funds for various plantation

activities, a Treasury Public (TP) system of cash transaction is suggested.
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Appendix 1
Formulae for ratio estimator under stratified sampling

Let Y, represent the mean of individuals in the 7 ih stratum. The ratio estimutor Tog
Yo = (v /Xy (X / Ny

Estimate of the variance of Y is given by

{j(?{):(l/nl)_—(:/Nl)“}zl . 1Rzy X, + R E‘( J

m il

where ﬁ: =7}~’:/Xt

Ik
—_ 3
Fo= (/) 2y,
=1
e
%= (1/n) X x,
i=l
N, = Number of sampling units in 7 th stratum |
n, = Number of samphing units in the <ample selected from ¢ the stratun;

y, = Value of character y on i th unit in the 1 th stratum

4 = Value of auxiliary character x on the ¢ th unit in the 1 th stratum

X, = Total of x in the ¢ th stratum

The estimates from the different strata are combined using the following formulace.

o~

Y = XN Ne/N) Y

~

k
28% 2 NNV

Estimate of the papulatton mean

where Y
N = Number of sampling units in the population

Il

Note : Although the overall sampling scheme was strutilied two-stage. the second stage
informiation had to be condensed first to the devel ol the (st stage yits helore
applying the above formulae. because of ihie nvandom (in the steict soinses natie
of the samples within each first stage unit.



Appensiic -
Formulae for weighted proportion estimiator under stratified sampling
Let P, represent the proportion of u particular categury for the £ th statum. The weighi.

proportion estimator for P, is

n,

- w
n,
qu
=1

Where ., = | for the category of interest
= () otherwise

P =

Xy = Value for the i th units in the ;7 0 o
rlI
. PS‘: - lei
R < i=1
VIP) = — .
ot n‘ Xr
Z){li
i=1
{ 2

f
g ""Z n, -1

1

u K(Z“.\'H - Iag s,/ nr)'

N,
Xx = zxﬁ
i=|
N¢ = Number of sampling units in 1 th s
n, = Number of sampling units in the sarmple selected from ¢ th shrtuim
The estimate for the different strata are combined using the following

Tormulue

P =

’ -

(x, /X8

ela

k
V) = DX, /X)) VP

P = Estimate of the population proportion

X =2,



Appendix 3. Parameters of the height-diameter rebiion for teah in s -

Divisions
Circle / Division a SEiay “h SEthi | Adj. K
Northern
Kannur 38473 | 60687 | 0.7023 BO455 1 116833
Kozhikode 4.6877 | 02440 | 1.1040 01137 | o603
North Wayvanad 38005 | 10519 | 0.8118 0.0343 1 0.755¢9
South Wayanad 3.6445 | .0497 0.66106 00300 1 .70
Central
Chalakkudy 3.8542 | 0.0289 | 0.6328 | 0.0199 | 0.7086
Malayattoar 39324 | 0.0485 | 0.7595 (L0302 | 0700
Thrissur 43056 | 0.0114 .13 00183 (L0349
Vazhachal 3.8552 1 0.0323 | (.7205 00200 | 117075
" Southern
Achencoil 28096 | 0.6189 | o.ava7 | o280 | usis
Konni , 38282 EXERY N (36720 04200 {7910
Punalur ‘ 37813 | 0.0972 06217 D.0600 0 sn7
Ranni 42215 | 0.0314 1.0O203 00167 1 oz
Thf_:nmala 3.7223 1 0.0500 0.6673 ).0338 A
Thiruvananthapuram | 4.1942 | 0.151% LOSIO | 00923 | oot
Olavakkode
Mannarkkad 4.0283 { 0.0491 (L9234 0.0307 | 1.8375
Nemnmara 37983 | 0.0418 | 0.6505 DO28T{ (b l3n
North Nilambur 40157 | 0.0470 | 0.7908 0.0263 | 1)
Palakkad ‘ 40926 | 0.0278 1 09622 | 00161 | o 19000
South Nilambur 3BI24 10.0356 [ 0.6399 | 00235 | 107615

High Range

Kol!mrmm_gal;lm 38398 | 0.0311 | 6.7473 D20 g0
Kottayam 37980 | 0.0579 | 0.8003 DOIST Houss
Munnar 3.8389 | 0.0350 | 0.680] 00227 1 0803

Note : SE(1) indicates standard error ol L.
a. b refers 10 the parameters of the equation (1




Appendix 4. Parameters of the height-diamicier relation for cacalypts tn differemt Ciicles i
Kerala

Circle 4 SE{a) b SEM) | Adj R

Eucalypius tereticornis

Northern 3.5067 0.0714 1.5671 0.0318 {17386
Central 4.3934 01110 0.9467 (00430 (hiug2
Southern 4.6424 N.0354 0.99704 .0196 (PRRA]
Olavakkode 30144 92208 I.1161 £.0754 s
Highrange 4.3689 13081 09126 ( 0.1358 ( 7iid

Encalvptus grandis
Northern 36074 | 01228 | 0307 | 0060 5376
Southern 43843 | 02777 | 07957 | 01317 07978
Highrange 47372 | 0.1038 | 1039 0.0471 0 O6DG




Appon-iie b
Report of commencement of pli ¢ . 2ivitiey (i quadruglicate)

i) Division

11} Range

1) Section , :
1v) Suggested name of plantation (local pi-.- ~: 2 -
v}  Species to be planted

vi) Total area (ha)

vi1}) Date of commencement of site preprie: s
vm)Remarks {(if any)

Range Officer

- - Range
Cince ngmie with Pin Codke

Farwarded to the CCF (Development) for alfui .o o7 siamtation nwnber

FOLEOT Lot
minchenie

1) Whether the plantation ac:[i»-ily has been

< the plantation raised as per the approve:
55‘?? “emarks (if any)

Dvisional Forest OlTicer
' Py vision

Division Range Plantaiion nunihiy

Plantation No. allotted - L | . [ f 1. J_ _ ] ] I j —[ '

-Chief Conservator of Foresis (Developienty

€ COpPY 16 be returned to the Divisional Porest Officer)




Mﬁ» u'.'\'- iy
flaidiinledtadtity

Orientation training on Integrated Solid Waste Management System

Target group:  Elected representatives and Officials of 53 Municipalities

Purpose: Evolving policy decision and project concept on
integrated solid waste management

Training Date: 2004 April 30; Jute 21 and June 24

No. of training conducted: Three
Number of Municipalities participated: 48
No. of elected representatives attended: 59
No. of officials attended: _ 131

Topics covered

1. Municipal Solid Waste Management (Management & Handling)

Rules, 2000

2. State Planning Board- Plan Guidelines

3. Components of solid waste management system
Segregated collection at source
Street cleaning _
Primary collection
Transportation
Processing of biodegradable waste
Reuse/recycling of non-biodegradables
Sanitary land filling of rejects/refuse
4. Waste processing technologies

a. Technology options

b. Windrow Composting

" ¢. Vermi Composting

d. Biogas generation
5. Awareness and IEC campaign
6. Project implementation & monitoring

@ Hhe e o

Resource persons ‘ '

Sri. V.N. Jithendran, Director, Kerala Total Sanitation & Health Mission

Sri. C.0. Kurian, Former Director, Kerala Total Sanitation & Health Mission
Sri. M. Dileepkumar, Asst. Env. Engineer, State Pollution Control Board
Sri. R.C Sasidharn Nair, TDASAT Co-operative Society Ltd.

Sri. G. Jayachandra, Regional Technology & Training Centre

Dr. K. Krishnakumar, Programme Officer (UPA), Kudumbashree
Dr. R. Ajaykumar Varma, Director, Clean Kerala Mission




CAppesdie

Register of temporary issuc of Plasitadicn

Date

Name Issued 10 Reiom
of the whom for iy
record/
register

Bzsiesarfother Mlantation Records

satthe  Dine ol nitid ol he
szhomn renn Range O
COiET s fauthorised
rersnn




Appendix 8
Calendar of vperation for propaosed plantation
Phuttation number

{To be prepaied in trplicate)

Species Plunling year Rotatiii Division Range Lowtine
Year Month Operation suggested Remark
Fl
Submiited
Name

Desivnimion

Mame
Disivnation



Appendix Y

Report of fire control measures

Plantation nagminy
Certified that
(1} Fire line work has been done/has not been done

tindicate reason i not dopey »

(i) Fire waichers have beei employed/hive noi heen enployed

(indicate reaso it o Jone)

Remarks of Range Officer

Date :

Rimge (e
To

The Divisional Forest Officer

Division
—_—

E
E



Appendix 10

Fortnightly report of firc incidence
(To be submitted on 16th and 151 of every month)

P]nmutionnumbef :[ [ ] l I ’ | l ]

Period Whether there was ainy Ttre during the
(If yes, indicate nature of damage)
I Jan - 15 Jan ' . h
16 Jan - 31 Jan
I Feb - 15 Feb
16 FFeb - 28/29 Feb
I Mar - 15 Mar
t6 Mar - 31 Mar

above period/

' Apr - 15 Apr
t6 Apr - 31 Apr
[ May - 15 May

16 May - 31 May

Date ; Section Foresier

Remarks

Range Oflicer



‘Appendiy {1
Plantation Evaluation Form

Forest Division

Forest Range:
Name of plantation;

Yo of plnting :

- LicS Tame
Local
Scientific
Clantation and piot numbers:

Divn. Code | Range Plantation Plot No. (For
Code number | each pin. Start

o . drom 0O
T N Y

' REE MEASUREMENT IN PLOT - (Total nwmber of trees in this plol = )
'1-Free No. Species Gbh(crir | Heightom) Rs..llln_j~_

[ Continued )

Remarks : C = Coppice, S = Secdlings (< 10um ghh) T
I= Insect damage. B = Butressed

—————

= Tup broken, Iy = Dy,
at base.
* Height refers to total height of trees to be measured on five frees of dilfering sizes,

General remarks |

Date of observation : Name and signatuie of

recorder

Date of inspection Signature, name and achdress -

of the Jnspection Officor




Reinforcement training on Integrated Solid Waste Management System

Target group: Elected representatives and Officials of all Municipalities
Purpose: Capability building to prepare Integrated SWM Projects
Training Date: 2004 May 28, 29, 31; July 19, 21, 23.

No. of training conducted: Six
Number of Municipalities participated: 41
No. of elected representatives attended: 17
No. of officials attended: 69

Topics covered
1. Why an integrated SWM system for a Municipality
2. Components of solid waste management system
Segregated collection at source
Street cleaning
Primary collection
Transportation
Processing of biodegradable waste
Reuse/recycling of non-biodegradables
. Sanitary land filling of rejects/refuse
3. Waste processing technologies
h. Technology options
1. Windrow Composting
J-  Vermi Composting
k. Biogas generation
4. Project budget

@rhe oo op

Resource persons

Sri. M. Dileepkumar, Asst. Env. Engineer, State Pollution Control Board
Dr. R. Ajaykumar Varma, Director, Clean Kerala Mission-




Appendix 13
Report of Plantation Produectivity Workshop at Rn-nge level
Date of PPW
Venue
No. of persons attendexd

Dy.'Range Officers
Forestei's ‘

Forest Guards
Watchers

Others (specify)'

Brief report of the workshop

Date : Stgnatuee of Range Oflieer
ARng



Appendix ‘14

Average Composition of fertilisers and manures

Material

b

Percentage of Nutricnts

Ammonium sulphate
Amnmonium nitrate
Ammonium phosphate
Calcium ammoni u‘m nitrate
Nitrate of soda

Urea

Super phosphate - single
Super phosphate - double
Super phosphate - triple
Muriate of Pbtash _
Musssoitephos

Rock phosphate

Bone meal

Poultry manure

Sheep 'manure

Farm yard maﬁure

Compost

N p
- 20.50 -
33.50 .
L0 20.00
20.50 -
16.50 ]
46.00 .
- 18.00
- 35.00
- 4500
- 20.00 - 24.00
- IR
150 210
£.20-1.50 ;
0.80 - 1.60 =
0.40 (.30
0.50 0.25

Source : KAU (1993)

GO0 o 60K
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