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6.3.1 DISTRIBurroN OF FOREST ~ TYPES 

Twelve forest types were recognised and 'differentiated 
for recording in field forms in ground sampling. These types 

t. have been listed and criteria for their determination in the 
field, described in chapter I, Volume II, para 1.4.1 (inst~­
ctions for filling up columns 17.18 of the P.D .F.). In aerial 
photographs all these 'types could not be recognised. Only six 
categories (which include a;1.l the twelve types recognised in, 
the ground sampling) could be recognised and delineated in 
photointerpretation. The twelve forest types (ground sampling) 
have been re-grouped into six categories (photo-interpretation) 
as l.Ulder: 

SI.No. Ground Fores t Type Sl.Ne .. Photointerpretation Type 

1 .. Chir 1 Chir 

2. Kail 2 Kail 

3. Fir an.d spruce 3 Fir 

4. Tsuga ) 

5. 
) 

Larix ~ 4 Mix,ed coni fers 

6. Junipers ) 
) ... -..-- ~-... ---- .-

7. Mixed conifers ) 

8.· Conifers mixed with Broad leaved mixed 
broad leaved with conifers 

9. Upland hardwoods ) 
) 

1O .. Oaks ) 
) 

6 Broad Ie El"'7ed 

11. Low land hardwoods ) 
) 

12. Sal ) 

6.3.2 A possible matching of the forest types recognised 
on the aerial photographs with the correspondi 'fg -type s as per 
clasSification of Champion and Seth (1968) is as under; 
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Sl.No. Photointerpretation type Champion and Seth r s 
Forest Ty-:-:e 

1 • Chir 
~ 

9/C1 b 

2. Kail 12/2 sl 

3. Fir and Spruce 13/c6 

4. Mixed coni fers ) 
1~/C2 

·5. Broad leaved mixed ~ 12/C3 a 

with conifers ) 

6. Broad leaved 8B/C1 
11B/C1 

."" 
7. Alpine pastures & scrubs 15' /C1 

15/C3 

6.3.3 The distribution of total area of forests into diff­
erent forest types as recognised on the aerial photographs is 
as Under. 

SI. 
No. 

1. 

2. 

3 . 

4. 

5. 

6. 

7. 

8. 

Table 

DISTRIBUTION OF FOREST AREA BY FOREST TYPES 

Forest Type 

Chir 

Kail. 

Fir & Spruce 

Mixed conifers 

Broad leaved mixed 
with. conifers 

.Uplan d and low land 
hardwoods 

Total Tree forest 

Alpine pastures 

Blanks 

Total Forest Area 

Area 
(ha) 

74,829 

16,615 

104,418 

44,687 

100,697 

482,880 

Percentage of total 
forest area 

8.2 

1.8 

11.5 

4.9 

11 .1 

5'3.2 

!324,~~ 90.7 

8.1 

1.2 

73,205 

11 ,238 

908,569 100 .. 0 

" 



-----------
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. 
6.3.4 On detailed checkjng of the resource maps, c€rtain 
mistakes were detected in map sheet Nos.78 M/4 and 78 M/11. 
The area figures were recomputed on the ba~is of ~orrected 
copies of resource maps. Accordingly, som~ minor changes in 
the table under para 6.3.3 above, had to be made. The revised 
(correct) distribution is given in the following table. 

Table 

DISTRIBDrrON OF FOREST AREA BY FOF.EST TYPES(CORRECTED) 

Sl. Forest Type 
No. 

1. Chir 

2. Ka11 

3. Fir & Spruce 

4. Mixed Conifers 

5. Broad leave-a mixed 
with conifers 

6. Upland and lowland 
hardwoods 

" -Total Tree FOrest 

7. A1pine pastures 

8. Blanks 

Total Forest Area 

Area 
(ha) 

74,845 

16,615 

104,446 

44,687 

100,888 

482,639 

824,120 

.- ·73,205 

11,245 

908,570 

percentage of total 
forest area 

8 .. 3 

1 .. 8 

11 .5 

4.9 

11 .1 

5'3.1 

90.7 

8.1 

1.2 

100.0 

6.3.5 The effects of these changes in the area figures, 
on distributi on of total number of stems and~~rowing stock 
have been worked out at + 0.008% and - O.001t9% r_respectively 
which are inSignificant. The ca1culations of number of stems, 
growing stoc~ etc. in the subsequent ~hapters are based on 
area figures .. given in the table under para 6.3.3. 

6.3.6 The---land use pattern by catchments 1s given in the 
following table. In this table for each catchment, the per­
centages have been expressed as those of total geographical· 
areas after excluding areas under aerial gaps and clouds. The 
distribution of forest area by forest types as given in the 
table of para 6.3.3 has been taken as final for working out 
the figures in the following table. Changes as per para 
6.3.4 were not made due to the reasons stated in para 6.3.5. 
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6.4.1 FOREST TYPES AND RESOURCE MAPS 

The map on opposite page (scale 1:2,50,000) shows 
the land use pattern .including distribution of forest types 
over the project area as obtained by .interpretation of aerial 
photographs. Since the photographs pertain to aerial photo­
graphy dating back to 1956-58, the present land use pattern 
might be different from that shown in the map, at many 
places. The map may therefore have to be up-dated after 
carrying out fresh aerial photography. 

6.4.2 Resource maps on 1:50,000 scale survey sheets 
(16 sheets in all) have also been prepared for detailed mana­
gement and logging plans. 
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CHAPTER-VII 

GROWING STOCK 

7.1 .1 GENERAL 

The growing stock has been assessed by computation 
of volume of each tree, tallied at a sample point, using the 
selected local volume equations. Volume per ha by species .and 
diameter classes at all the sample pOints was calculated. The 
estimate of volume per ha by species and diameter classes for 
each forest type or group of forest types was made by averaging 
of all the sample pOints falling in that type. The product of 
estimate of volume per ha and the area of the forest type gives 
the total growing stock for the type. 

7.1.2 The trees tallied at each sample point were clasSified 
by species and diameter classes. An assessment of stems per ha 
by species and diameter classes for each sample point was made 
on the basiS of basal area. Averaging the figures for all the 
sample pOints in a forest type, nUmber of stems per ha in the 
type was obtained. Total numb'er of stems in each type was 
compiled by multiplying per ha figures with the total area of 
the fa-est type. 

7.1.3 General and local volume tables for some important 
species were constructed. ... 
7.1.4 The 1fMethodology" for computation of growing stock, 
number of stems and construction of general and local volume 
tables has been described in Chapter IV, Volume II. 

7.2.1 NUMBER OF STEHS PER HECTARE 

The species and diameter class-wise distributi on for 
different forest types are given in APPENDICES 1.1 to 1.6. The 
grouping of species have been described in para 7.2.3. 

7.2.2 The distribution of total, number of stems by speeies 
and diameter classes for the survey area is given in 
APPENDIX 2. 1 • 
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7.2.3 Broad leaved species have been grouped according to 
their present commercial value. as defined in Royal Govt. of 
Bhutan) Forest Depart.llJent.' s Notification No.TIF-45179/7-365 
dated 1-5-74. The' number of stems per ha have als 0 been 
calculated for each group.of ~species. The groups are: 

of 

., ' .. 
2.~. 

J. 

4. 

GROUP -·A 

Betula spp. 

,.Juglans, re gi a 

Michelia spp. 

. 5. 

Morus laevigata 

Ph<?ebe goalparensis 

T~erminalia myriocarpa 6. 

GROUP - B 

"1. Acer spp. 

2. Ailantus grandis 

3~ Altingia excelsa 

.4. Amoora wallichii 

5... cedrela -spp. 

6. Cinnamomum cecicfJdaJ2hne 

'7-. ' :nuaban'ga sonneratioi des 

8. phoebe hainesian.:l. 

9'. Salmal:i'a mal8,baricum 

10. schima wall1chii 

11. Tetrameles nudiflora 
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GROUP - C 

1. Acrocarpus fraxinifolius 

2. Albizzia spp. 

3. Alnus spp. 

4. Bucklandi a populne a 

5. castanopsis spp. 

6. Machilus spp. 

GROUP - D 

1. Bischofia javanica 

2. Garuga pinnata 

3. - . Lagers troemia 12arviflora 

4. P012ulus spp. 

5. prunus ,spp. 

6: Pterospermum acerifoliurn 

7. Quercus spp. 

8. sterculia villbsa 

9. S~zigium spp~ 

GROUP. - E 

1.. . Aes culus punduana 

2 • Amoora rohi tuka 

3. Cinnamomurn tarnala 

4. Engelhardtia spicata 

5'~ Ficus spp. 

6~ Kydia calycina 

7. MaCaranga ~. 

8. ostodes paniculata 

9. Rhododendron spp. 

10. Symplocos spicata 

11: Vitex:"'hetero12hylla 

12. Mi.scellaneous spp. 
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7.2.4 An abstrnct of number of trees per ha (for each 
coniferous specien and broad leaved species in groups) 
separately for each type are given in the follol'.ring table. 

- •. i ~". .. 1 -i- -. 

- 0"": -

I ~~ .1 r~ 
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7.2.5 The diameter class-wise distribution of stems of 
coniferous species in each type was compared with correspon­
ding figures for normal forest from yield tables ':l.fter 
applying· suitable reduction factors. stnce yj (:;ld tables are 
for pure crops . and coniferous species occur in mixture in 
project area, the figures had to be reduced in proportion to 
their basal areas. For broad leaved species, a general study 
of·their distribution was made because yield tables are not 

. available for quantitative comparison. The distribution ccm­
parison with phase I is given in the follo'\'ling table: 

Table 

COMPARISON OF PER" HECTARE DISTRIBUTION OF 
STEMS IN DIFFERENT FOREST TYPES IN 

.PHASE I & PHASE II & . III 

Forest Type Species No.of stems/ha 

Chir Chir ·Below 30 em dia 

Above 30 cm dia 

Total 

Kail Kail Below 30 cm dia -
~ 

Above 30 cm dia 

Total 
, ...::....-- -

Fir & Spruce Fir & Below 30 cm dia 
spruce 

Above 30 em dia 

Total 

i·71 •283 
,.110-

30.370 

101.653 

303.617 

18.073 

.. 321.690 

77.321 

94.207 

171.5'28 

77.774 

33.225 

110. 999 

165.059 

25.625 

190.684 

103.586 

115.405 

218.991 
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Forest Type Species No. of stemc/ha 
Phase I Phase II & III 

'-' 

Mixed Conifers Conifers Belovl 30 em dia 192.076 166.514 

Above 30 em dia 63.119 71.926 

Total 255.195 238.440 

Broad- Below 30 em dia 361 .766 530.288 
leaved 

Above 30 em dia 15.844 21 .135 

Total 377.610 551.423 

'Total' Below 30 em dia 553.842 696.802 

Above 30 em dia 78.963 93.061 

Total 63'2.805 789.863 

Conifers mixed Conifers Below 30 em dia 198.652 48.233 
with Broad-

." leaved Above 30 em dia 4-0 .844 35.695 

Total 
-_._, .~~ 

239.496 83.928 

,-Broad- Below 30 em 
leaved 

dia 360. 178 981.768 

Above 30 em dia 57.054 62.084 

Total 417.232 1043.852 
~ 

ITotal Below 30 em dia 558.830 1030.001 

Above 30 em dia 97.898- 97.779 

oj 
Total 656 '~728 1127.780 

Hardwood Conifers Bel.ow 30 em dia 16.670 1.075 

Above 30 em dia 5.868 1.5'62 

Total. 22.538 2.637 

Broad- Below 30 em 
leaved 

dia 652.489 595.478 

Above 30 em dia 97.348 81.5'15 

Total 749.837 676.993 

'Total' Below 30 em dia 669.159 5'96.553 

Above 30 em dia 103.216 83.077 

Total 772.375 679.630 
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The following general inferences 'may be drawn: 

(1) 

(ii) 

In "Chir typen the overall sto cking·-'of Chir is 
deficient and lower diameter class88 ~re poorly 
represented. 

In "Kail type tl , the distribution and overall 
stocking of Kail is unsatisfactory. 

The area under 'Kail' in phase II and III 
is however insignificant - 1.8.% of total 
fore'1t area. The corresponding figure for. 
Phase I is 10.~. ~ 

(iii) In uFir and Spruce" type occurrence of mature 
and overmature trees o"f F '.r and Spruce is 
appreciable but proportion of stems in lower 
diameter classes is low. 

Occurrence of other conifers (Kail, Tsuga, 
.Junipers) in this type is insignificant. 

Among broad J.·eaved species Rhododend:r...9!l 
occurs in large number constituting 49.3% 
of total number of stems occurring in the 
type. Trees .of this species above '60 cm 
dia are however not found. 

Betula and Acer are among the "~other impor­
tant broad leaved species -which:;o'cc:ur in 
this type. ' '. 

(iv) In uMixed Conifers type If. Ts.uga and Junipers 
mo~tly occur among the coniferous species and 
their distribution is s atis factory. Rhododendron 
is the mos t· dominant among broad leaved species 
in this type also constituting 26.~ of the 
total number of stems. 

(v) In "Conifers .Mixed with Br9~d Leaved typert 
Picea,: Larix ~and ~Cupressus are totally abs ent. 

Other conifers do occur -but their number. 'par;" 
ticularly in lower diameter 'classes is very 
small. 

. 
Except for Acer, Betula and castanopsis none 
of the broaa-Ieaved species of known econom~c 
importance are found in the type. 

'The maximum number of stems are of Rhododendron 
and miscellaneous species which constitute 
31.3 and 45.7% respectively of t.otal number. 

(vi) In '!Hard Wood type lt occurrence of coniferous 
species is almost negligible~ Overall stocking 
and dis~Fibution of broad' leaved species are 
satisfactory. 
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7..3.1 VOLUME TABLES .. 
, As' explai~d in First 'Repo~:t;;_ (p.43), general and local 

volume tables were construct~d for' chir, f.i r , tsuga" larix, 
kai~, spruce,' birch, maple,~ ;juniper ,~- oaks and miscellaneous 
hardwoods. -For this report~ '1',239,..trees-of different species, 
in different diameter cl?s~s (abov,e' 10.,cm dbh (ob) were 
s elected at random-, not on1.Y, in the :ar~a 'but also in the 
southern belt •. Details of tree's fel':J..ed ,are,. ~ ven in para 
2.2.1 of 'Vo~ume II. This was done to construct well represen­
ted Ge~er.~~ Vo~~e. T§lbles -J%9F ~he ",:Yar.~?'f~, sp~c?;es an4 also to 
obviate the neeess~ ty of fu:.rther f.elUngs --, :f.'Q~ ,phase IV area 
for the construction of-!' General VOJ.tu.i1e' T.abies: --'The procedure 
adoI?:te,d for c0l?-<l:uci!:1,!lg. ~<:?+.ume~ s~1f~e~, data,lJ,r<?c~s9in? and 
details of volume e;qlJat~OI)~. u~~d have ,:~b~rn:-'descr~bed ~n 
Chapter II & IV of ' Volume :rI -: • " -l-: ~ ' .1, 

, 

7.3.2 The felled tree" data colle:eted for PhaSe I and colle-
cted now for. .Phas'e 'II &~t:i:rhas .,b een" used -" foi construction of 
General V6lume,rrab~~s "by - zp~'rgi~g , ,~Q,. r~processirig· "where 
necessary. Toe Ge~ra1 Volume Tables der~ved now can be used 
for whole of" "Bhutan.. " \ , "', 

... :t., / . " . '.i" 
GENERAL VOLUME TABLES 

! 

The data base used for construction-of' General Volume 
Tables for different specie~-'is as follows: r ~r ,-' -

A. Species for which merged data of Phase I & 
Pha~e II & III has been used. __ .-

..... 
1 .. Pinus roxburgh:ti 

2. Picea s12inulosa 

3 .. Abies dens a 

4., Acer species 
,.. " ~ 

The- ,general volume ta8_les fQr these s'pecies are given 
in APPENDICES 3 .. 1 to 3.4 . 

B. Species for whi'ch felled tree data from 
Phase II- &' III' has' been used: 

5-. castanopsis spp .. 

6. Micheli'a spp. 

?.. Termin'alia )nyriocarpa 
r 

8. Phoebe goalparensis 

9.. Amoore. rohi tuka 
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10. Ailantus grandis 

11. Tetrameles nudiflora 

12. Machilus spp. 

13. Symplocos spicata 

14 •.. Salmalia malabaricum 

15. sterculia villosa 

16. Engelhardtia spicata 

These species were differentiated for this report 
because of their economic importance and wide occurrence in 
the area and Phase IV. No data had been collected for these 
species in Phase-I due to comparative sparse distribution. 
They were lumped in 'Miscellaneous hardwoods' in Phase-I. 

General Volume Tables of these species are given in 
APPENDICES 3.5 to 3.16. 

C.. Species for which Phase-I-General Volume 
Tables have been used: ' 

1? Pinus wallichiana 

18. T·suga brun'oniana 

19. Quercus species 

20. Betula species 

21. Miscellaneous hardwoods 

These species occur sparsely in Phase II & III and 
their felling was not considered necessary~ For Rhododendron 
speci es which occur abundantly in Phas e II & III, tt was con­
sidered neqessary to have separate local voltime tables. 
These were based on general volume table of 1'Miscellaneous 
hardwoods .It 

The general volume tables for these species are 
. given in APPENDICES 3 .17 to 3 .21-. 

7.5.1 LOCAL VOLUME TABLES 

The data base for construction of Local Volume Tables 
was as follows for different species: 
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A. Species for which sample tree data of 
Phase II & III was used. 

1. Pinus roxburghii 

2.. Abies, densa 

3. Acer spp. 

4. castanopsis spp . 

.j' "5. Michelia spp. 

6. Machilus spp. 

7. Symplocos spicata 

8. Pinus wallichiana 

9. Tsuga brunoniana 

10. Quercus species 

11. Betula species 

12. Rhododendron spp. 
.~~:-

13. Miscellaneous hardwoods 

For Rhododendron spp. and Miscellaneous hardwoods 
sample tree data collected for this report was used for 
construction of Local Volume Tables. 

B. Species for which felled tree data and 
sample tree data were used because sample 
tree data was not considered adequate: 

14. picea spinulosa 

15~ Phoebe goalparensis 

16. Engelhardtia spicata 

7.5.2 The Local Volume Tables derived are givenn the 
following table. Data for other species was not considered 
adequate for construction of Local Vol~e Tables. 
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7 .. 6.1 VOLUME PER HECTARE 

The underbark volume of each tallied tree was computed 
from local volume equation. The computation of volume per ha 
by species and diameter classes and total volume per ha irres­
pective of species an<;i diameter classes was done by using 
volume .-ot: each tallied tree. 

7.6.2 The volume per ha by species and diameter classes for 
each forest type or a grQup or forest types was assessed from 
the estim~tes of alL sample points falling in that type. 

7.6.3 The distribution of volume per ha by species and dia-
meter classes, above 10 c~ diameter, in different frrest types 
are given in APPE"tII'D ICES 4. 1 to 4 .. 6 . 

7.6.4 An abstract of volume per ha for ,each coniferous 
species and broad leaved species in groups, separately for 
each. forest tY1?e .is given in the following table: 
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7.6.5 The figures of volume per ha as given in APPE1mICES 4.1 
to· 4.6 were compared with those of normal growing stock from 
yield tables after applying necessary reduction f'1.ctors as 
described in para 7.2.5. Comparison was also done with corres­
ponding figres of Phase ~-area. In doing so volume of trees 
of 5-10 cm- &ameter class In Phase I was ignored because volume 

. ..-lttlder th·is class has not been ccmputed for this report. 

7.6.6 The following inferences may be drawn: 

(i) In IIChir Typelf , chir constitutes 86.4% of the 
total growing stock which is much higher than 
corresponding figure 70.1% in Phase I. 

(ii) 

The volume of Chir is maximum in 40-50 and 
50-60 cm diameter classes. 

The volume per ha in this type (91.451 m3 ) is 
low but is higher than that of Phase I area 
(80.94-0 m3) • 

In IlKail TypeU 

ha and is 71 .2~ 
ponding figures 
70.8%. 

volume of Kail is 70.706 m3 per 
of the totalVolume. Th~ corres­
for Phase I are 47.315 ~ and 

The propor·tion of Spruce and Tsu@ among 
conifers is adequate. . 

Other conifers and broad leaved species do 
not contribute much to thB growing stock. 

The volume of conifers is high in middle 
diameter classes (30-40,4-0-50 and )0-60 cm). 

The total voiume (99.263 ~ per ha) though 
low is much higher than that of Phase I area 
(66.838 m3 per ha). 

(iii) In "Fir and Spruce Type lf , Fir contributes 
maximum volume (83.a;& of the total volume) • 

The volume of coniferous species in higher 
diameter classes (above 40 em) is quite high.-

The statement given below indicates that 
volume (total and of conifers) is much higher 
in this area when compared· with that of 
Phase· I area: 

Total Volume 

Volume of coni­
ferous species 

phase I 

m3 ;ha 

352.683 

307.538 

Phase II & III 
m3/ha 

449.055 

397.475 



I 

(iv) 
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In ltMixed Conifers Type lt , T9%g a contributes 
miximum volume which .. is 53. Cl - of thf -': ~tal •. 

The -volumes of coniI'ers and broad leaved 
species are 83.9 and 16.1 _percents respect­
ively • 

The volume in higher dianeter classes for 
coniferous spp. is quite appreciable. 

The comparison of stockings with that of 
phase I area is as under: 

Total volume 

Volume of coni-. 
ferous sp~cies 

Phase I 

m3 /ha 

269.110 

222.520 

Phase II & III 
~;ha 

337.522 

283.119 

(v) In "Conifers Mixed with Broad Leave Type", the 
percentage by volume of conifers is 46.5 Which 
is lesser than that of phase I area (49.4%). 

Among conifers Tsuga and Abies contribute 
maximum volume. 

Total volume (conifers and broad leave taken 
together) is maximum (26.3%) in 80 ern and 
above diameter class. 

The contribution of lower diameter classes 
i.e. 10-20 and 20-30 cm is also quite appre­
ciable (28.6/a). 

The total volume per ha (299.253 n?) is 
higher than that of Phase I area (238.871 m3). 

(vi) In rfHard lioods Type lf , the volume contribution .of 
conifers is almost negligible (3.qg as compared 
to 8.3% in Phase I area). 

Total volume (234.787 ~ per ha) in this type 
is a~so ~ow in comparison to that of Phase I 
area (267.967 m3 per ha). 

The contribution of 80 em and above diameter 
class is maximum (23 .2%) . 
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TOTAL VOLUME AND PRECISION 

Total volume and prec~s~on derived for ~ach type are 
given in the following table: 

SI.No. 

1 • 

2. 

3. 

4. 

5. 

6. 

7.8.1 

Table 

TYPE-WISE Tor AL VOLUME WITH ERROR PERCENT AGE 

Forest Type Total Volume Standard 
(000 m3) Error % 

Chir 6843.3 7.68 

Kail * 1649.;2 21.71 

Fir & Spruce 46889.3 3.83 

Mixed C on;_ fers 15082.9 8.02 

Conifers mixed with 
broad leaved 

30134.'2 9.90 

Hardwoods 113377.9 3.16 

All Forest Types 213976.8 _..", 2.44 

* The area under this type is only 1.8% of 
the total forest. area. Very few (64) sample 
points were taken in this type. 

TarAL GROWING STOCK 

. APPENDICES 5.1 to 5.6 show the estimated total volume 
by 'species and diameter classes in ! OOO! m3 in di fferent forest 
types. Diameter class-wise break-up of this total growing 
stock is given in APPENDIX 6.1. The following table gives an 
abstract of total estimated growing stock by species and 
species groups for the entire area. 
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Table 

TOTAL GROWING STOCK IN SURVEY AREA 

Species 

1 

Abies densa 

Cupressus spp. 

J"rm1perus spp. 

Larix griffithii 

Picea spinulosa 

Pinus roxburghii 

Pinus wallichiana 

T axus bacc ata 

Tsuga brunoniana 

TarAL FOR CONIFEROUS SPP. 

Betula 3pp. 

Juglans regia 

Michelia spp. 

Morus laevigata 

Phoebe goalparensis 

Terminalla myriocarpa 

TarAL GROUP r A1 (BROAD LEAVED) SPP. 

Growing stock 

2 

46304-.3 

116.8 

890.6 

41.6 

2661.1 

7724.2 

2600.7 

1237.6 

17279· 7 

78856.6 

7536.6 

124.4 

5043.1 

429.1 

1006.0 

176.2 

14315.4 

% 
3 

21.6 

r.i 

0.4 

1.2 

3.6 

1.2 

0.6 

8.1 

36.8 

3.5 

0.1 

2.4 

0.2 

0.5' 
0.1 

6.8 .. . 

Contd .•• 



1 

Acer spp. 

Ailantus grandis 

Altingia excelsa 

Amoora wallichii 

Cedrela spp. 

" CinnamomUt"!1 cecicoodaphne 

Duabanga s onneratioides 

Phoebe hainesiana 

Salmalia malabaricum 

Sch1ma wallichii 

Tetrameles nudiflora 
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TorAL GROUP fBr (BROJID LEAVED) SPP. 

Acrocarpus fraxinifolius 

Albizzia spp. 

Alnus .pp. 

Bucklandia populnea 

Castanopsis spp. 

Machilus spp. 

Tar AL GROUP 'c' (BROAD LEAVED) SPP. 

Bischofia javanica 

Garuga pinnata 

Loagerstroemia parviflora 

Populus spp. 

Prunus spp. 

Pterospermum acerifolium 

2 

7327.6 

90.5 

768.9 

99.4 

507.4 

413.6 

166.1 

1440.3 

123.3 

2256.3 

25.0 

13218.4 

64.9 

318.0 

1855.2 

728.9 

2939.1 

77'+7.6 

13653.7 lit 
< 

114.3 

170. I 

"108.r) 

143.8 

157.9 

72.0 

3 

0.4 

0.2 

0.2 

0.1 

0.7 

0.1 

"1 .1 

6.2 

0.1 

0.9 

0.3 

1.4 

3.6 

6.3 

0.1 

0.1 

0.1 

Contd •• 



1 

Quercus spp. 

sterculia villosa 

Syzigium spp. 

TOTAL GROUP 'D I (BROAD 

Aesculus punduana 

Amoora rohj_ tu.l{a 

C innamor..~':':)1 tarr a'~a 

Engelhar:l:tia spicata 

:?icus Sf'p. 

Kydia c?-lycina 

cs-to1.es paniculat a 

Rhododendrc~ sp~. 

SymplocoS spic Etta 

Vitex het~rophylla 

Miscellaneous spp. 
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LEAVED) SPP. 

2 

36743.7 

206.6 

157.4 

37873.8 

906.1 

210.6 

413.1 

1081.3 

1199.9 

15'5.0 

707.5 

370.7 

11290.5 

1194.5 

86.7 

38443.3 

3 

17.2 

0.1 

0.1 

17.7 

0.4 

0.1 

0.2 

0.5' 

0.6 

0.1 

0.3 

0.2 

5'.3 

0.5 

18.0 

TarAL GROUP tE' (BROAD LEAVED) SPP. 56059.2 * 26.2 

- ",/ ~otal Broad leaved spp. 135120. '5 * 

Tot~l for cnnifers & broad leaved 213977. 1 * 
spp. 

100.0 

* Difference as compared to Appendix 6.1 is due to 
the rounding off. 

( 

~ 
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7.8.2 The species-wise estimate of total growing stock in 
different c~tchments is given in APPE~IDIX 7.1. 

'Cull' as used in the Report includes n ot only holl­
owness but all the defects like knots, callus formation, 
tWisted or spiral grain and damage by pathological, ent omolo­
gical, climatic or biotic agencies including ,fire. In order 
to assess the occurrence of 'cull' and the degree of cull 
in different species, data was collected from trees felled 
for Volume Studies. (Please refer to Field Manual of Volume 
& Cull Studies). Cull data collected for Juniper~ spp., 
Larix griff'ithii, Pinus wallichiana, Tsuga brunoniana, Betula 
spp., Quercus spp., and MiScellaneous hardwoods, in Phase I 
f'ellings was used, as fellings of these species were not done 
for this Rep_ort. 

The percentage of trees having cull, irrespective 
of the quantum of 'cull', in different species was found to 
be as under: 



" 

Specie_s 

Abies densa 

Juniperus spp. 

Larix griffithii. 

picea spinulosa 

pinus roxburghii 

Pinus wallichiana 

Tsuga brunoniana 

Betula spp. 

Michelia spp. 

phoebe goalparensis 

Terminalia myriocarpa 

Acer spp. 

Ailanthus grcn diS 

salmalia malabaricum 

Tetrameles nudiflora 

castanopsis spp. 

Machilus spp. 

Quercus spp. 

sterculia villosa 

Amoora rohi tuka 

Engelherdtia spicata 

symplocos spicata 

Miscellaneous hardwoods 
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percentage of 
trees hav~n g 
cull 

~ 

75.8 

56.0 

51.2 

30.6 

19.3 

17 .. 9 

37 .. 2 

48.0 

85.1 

91.2 

75.0 

84.9 

79.6 

90.2 

67.4 

70.7 

91.0 

62.6 

97.3 

79.2 

67.5 

69·6 

56.0 

Remarks 

Figure of percentage of 
cull taken from Phase I 
report. 

-do~ 

From phase I report. 

-do-

-do-

From Phase I report. 

From Phase I report. 



7.9.2 Cull factors were derived from detailed m~asurements 
on the felled trees of different diameter classes. These are 
shown as cull volume expressed as percentage of total gross 
volume (under bark) in Appendix 8.1. phase I cull f~ctors 
have been .used for pinus wallichiana, Tsuga prunoniana, Quercus 
species, Betula species, Juniperus species, Larix griffithii 
and misc. hard woods. For cupressus species and Taxus baccata 
average Phase II & III figures of all the conifers except 
Abie~ ~ensa have been used. 

7.10.1 NET GROWING STOCK 

The net growing stock for different species and 
3p~~ies groups in ~11 forest types, over the entire survey 
d~G~, after deduction of cull, works out as under: 



- 72! -

Table 

GROSS AND 'NE~ TarAL VOLUME BY SPFCIES 

Species 

1 

Abies densa 

Cupressus spp. 

.Juniperus spp. 

Larix griffithii .. --. 
" 

pic.ea spinulosa 

Pinus roxburghii 

Pinus waliichiana 

Taxus baccata 

Tsuga brunoniana 

Total conifers 

. 
.B etula s pp • 

. 
Miche.:ia spp. 

• Phoebe goalparensi~ 

<. T erminalia myrioc arpa 

Rest of the Group t A' 
species 
Total Group 'A' sp~. 

Acer spp. 

Ailant'u.:o grandis 

S almalia malabaricum 

Tetrameles nudiflora 

Rest of the Group 'B' 

, 000' rr? 
Gross Culr--- N'3t Percentage 
Volumo volume Volume of c'.l.ll 

2 3 

46304.3 15879.9 30424.4 34.3 

116.8 5.0 111 .8 4.3 

890.6 231.6 659.0 26.0 

41.6 0.4 41.2 1.0 

2661.1 396.1 2265.0 14.9 

7724.2 167.1 7557.1 2.2 

2600.7 54.3 2546.4 2.1 

1237.6 85.5 1152.1 6.9 

17279.7 924.6 16355.1 5.4 
----------------~-----------------------
78856.6 17744.5 61112.1 22.5 

----------------------------------------
7536.6 298.2 7238.4 4.0 

5043.1 65.6 4977.5 1.3 

1006.0 33.9 972.1 3.4 

176.2 2.3 173 .9 1 .3 

553 .. 5 110.1 443.4 19.9 
---------------------------------- ._----
14315.4 510.1 13805.3 3~6 

-------------------------------_. 1---- --

7327.6 404.5 6923.1 5.5 

90.5 1 .3 89.2 1.4 

123.3 2.4 120.9 1.9 

25 .. 0 "' .. 1 23.9 4.4 

1055.7 4596.3 18.7 563'2.0 ----------------------------------------species 
1465.0 11753.4 11 .1 

Total Group tBI spp. 13218.4 ----------------------------------------
Contd ••• 
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Contd .• 

1 2 3 4 

Castanopsis spp. 2939·1 124.6 2814.5 4.2 

Machilus spp. 7747.6 722.6 7025.0 9.3 -
Rest of the Group 'e' 2967.0 lt78.3 24-88.6 16.1 
species. -------------------------------------

~otal Group te t spp. 

Quercus spp. 

Sterculia villosa 

13653.7* 

36743.7 

206.6 

1325.5 

3647.9 

19·2 

12328.1 

.~. _· .. u 

Rest of the Group 'Dr " 923.5 132.9 790.6 14.4 
species. -------------------------------------

Total Group 'D' spp. 37813 .8 3800.0 34073'.8 10.0 
-----------~-------------------------

Amoora rohituka 

, Engelhardtia spicata 

Symplocos spicata 

Rest of the Group 'Et 

210.6 

1081 .3 

1194.5 

53572.8 

9.6 

?3.4 
" 
20.3 

7025.4 

201.0 4.6 

1057.9 2.2 

1174.2 1.7 

46547 .4 13.1 
species -------------------------------------
Total Group' Et spP'. 56059.2* 7078.7 

~Total Broad leaved spp.135120. 71< 14179.3 

Total Broad leaved 
and Conifers' 213977. 1 * 31923 .8 

48980.5 

120941.1 

182053.2 

* Dif'f'erence as compared to Appendix 6.1 
is due to rounding off adjustments. 

12.6 

10.5 

14.9 
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7.11.1 BARK VOLUME 

Bark percentages were derived from the felled trees 
data. Data of Phase I was used for four species ana. one 
species group for Which no fellings were done. Figures of 
Phase I have been used for Larix griffithii also. Average 
figures of a11 conifers except Chir, have been adopted for 
cupressus spp .. , Taxus baccata and Juniperus spp. 

7.11.2 Bark volume expressed as, percentage of under bark 
volume by species and diameter classes has been given in 
APPENDI X 9. 1 • 

7.11-.3 The total bark volume for different species works 
out as: 



- 7'5 -
Table 

TOTAL BARK VOLUME FOR DIFFEREtIT SPECIES 

Species 

1 

Abies densa 

Cupressus spp. 

J'W1iperus spp. 

Larix griffithi! 

Picea spinul.osa 

Pinus.roxburghii 

Pinus wallichiana 

T axus baccata 

T suga brunoniana 

Total conifers 

Betula spp. 

Mlchelia spp. 
Phoebe goalparensis 

Terminalia myriocarpa 

Rest of the Group 'A' spp. 

Total Group 'A' species 

Acer spp. 

Ailantu s grandis 

salmalia malabaricum 

Tetrameles nudiflora 

Rest of the Group 'B' spp. 

Total Group 'B' species 

Gross volume Bark volume 

2 3 
46304.3 6707.3 

116.8 ., 9.2 

890.6 15'2.5' 

41.6 10.1 

2661.1 366.2 

7724.2 1~07.4 

2600.7 308.5 

1237.6 196.9 

17279.7 2822.0 
---------------------------

78856.6 11790.1 
---------------~-----------

7536.6 

5043.1 

1006.0 

176.2 

55'3.5 

7327.6 

90.5 

123.3 

942.8 

643.4 

125.7 

23.3 

79.5 

1814.7 

887.6 

11.3 

30.5 

25 .0 3.3 
__ ~22~~Q _________ ~§1~1 ___ _ 

13218.4 1794.0 

Contd ••• 
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Contd .... 

------.. ~--------------------------=---------'\ 2 --3 

Castanopsis spp. 

Hachil us spp. 

Pest of the Group 'C' spp. 

2939.1 

7747.6 

2967.0 

1020.8 

1057.3 

4~6.(-, 

--

---------------------------
13653·7* 

._. 

Total group 'e' species ----------------------------

Quercus s'"Yp. 

sterculia villosa 

Rest of the Group 'D' spp. 

Total· Group 'D' species 
... 

Amoora rohi tuka 

~ngelhardtia spicata 

Syrnplocos spicata 

Rest of the Group IE' spp. 

Tetal Group fE' species 

Total Broad leaved spl. 

Total for broad leaved 
and conifers. 

36743.7 

206.6 

923., 

6449.1 

,2.1 

144.1 
---------------------------
37873 .8 6645.3 

---------------------------
210.6 26.8 

1081.3 134.2 

1194.5 161.6 

53572.8 8398.7 
--------------------------

8721 .3 
-------------~------------

135120.l5* 21510.0 
----------------------------

213977 .11 .~ 33300.1 

¥ Difference as compar~d with Appendix 6.1 
is due to rounding ~ff adjustments. 
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CH.APTER-VIII 

RATE OF GROWTH 

8.1 .1 INCREHENT 

The periodic increment for coniferous species was 
assessed on the basis of STF (Sample Tree Form) data. During 
ground sampling radial increment at breast height of conifer- . 
ous sample trees was recorded for the last 10 years and 
20 years respectively. On these basis, annual increment 
percentages of basal area for each diameter class for the last 
10 years and again for 10 years previous' to that were calcula­
ted for Abies densa, ficea spinulosa, Pinus roxburghii, Pinus 
wallichia.na ana. Tsuga brunoniana. The mean of the two has been 
taken as annual increment percent. The increment figures of 
Phase I report have been used for Larix griffithii. The details 
for computation are given in para 4.13.4 and 4.13.5 of Volume II. 
Since adequate data was not available for other coniferous 
species and incre~ent figures were not computed for Phase I, 
the figures of Abies densa (having minimum increment among 
coniferous species)were adopted f_or these species. 

8.1.2 In the absence of any additional data, the figures 
of annual increment percen.t~ges :of_b?:¢al area arrived at for 
Phase I report for broad leaved species have been used for this 
report. The figu~es for var~ous g~oups of broad leaved species 
(as described in para 7.2 ~3) ,~a'y_E? b,eell adopted on 'che assump­
tion that increment behaviour of -all the species j_ncluded in 
a group is similar. Since increme.pt data of none of the 
species in group B and E were available, the figures of Group D 
(Quercus spp.) which has minimu'TI increment h ave been adopted 
'for" B and~~E·~ g~oups. 

8.1.3 The basal area annual increment percentages for trees 
of di·fferent species and group of speci'es in different diameter 
classes are given in the following table'. . . 
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8.2.1 CROP BASAL AREA INCRE~lliNT 

The basal area (per ha) figures for different species 
and groups of" species are given in Appendi ces '10.1 to 10.6. The 
tree basal area increment pe+centages (table in para 8. 1 .3) 

·have been converted into crop basal area increment percentages 
by giving weightage to basal area in each diameter class, f or 
all the species and species groups in each forest type. 

8.2.2 The crop basal area increment percentages are given 
in the following table. 
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8 .. 3.1 PERIODIC ANNUAL INCREMENT 

The crop basal area increment percentages 3.lso repre­
sent volume increment percentages for diff~rent species and 
species groups in different forest types. The periodic annual 
increment per ha by species and forest types, calculated from 
per ha volume figures (para 7.6.4) are given:in the followin.g 
table. 



Forest 
Type 

CEIR 

- f~ -

Table 

PERIODIC ANNUAL INCREMENT I HA BY FOPEST T¥Pfll§. 

Species 
Group 

Conifers 

A 

B 

c 

D 

E 

Species 

Pinus roxburghii 

]v.Iichelia spp. 

Duabanga sonnera­
tioides 
Salmalia malabaricum 

Schima wallichii 

Total Group B 

Albizzia spp. 

Castanopsis spp. 

Total Group C 

Quercus spp. 

Sterculia villosa 

Tot al Group D 

Ficus spp_ 

Macaranga spp_ 

Rhododendron spp. 

Miscellaneous spp. 

Total Group E 

Volume/hc. 
3 (m ) 

78.993 

0.189 

0.288 S 
) 

0.187 ) 
) 

0.779 ) 

1.254 

0.362 ) 
) 

2 .5Y-4 ) 

2.906 

3.618 ) 
) 

0.125 ) 

3 -743 

0.239 ) 
) 

0.119) 
) 

1 .721 ) 
) 

2.287 ) 

4.366 

Total Broad leaved spp 12 J...t-58 

Total Conifers and 
Broad leaved spp. 91 .451 

Crop 
volUme 
Lncrement 
percent 

3.00 

2.51 

1 .548 

0.002 

0.009 

0.006 

0.023 

0.038 

0.101 

0.115 

0.091 

0.003 

0.094 

0.010 

0.005 

0.075'­

m.100 

0.190 

0.439 

1 .987 

C ontd •••. 
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Contd •• 

Forest Species Species Yolume/ha Crop pAI/ha. 
Type Group , ~ . ....... 

(m3 ) volume em3 ) increment 
percent 

KAIL Conifers Pinus wallichiana 70-.706 2.74- 1.937 

Larix griffithii 0.299 1 .01 0.003 

picea spinulosa 10 .402 2.57 0.267 

Tsuga brunoniana 5.452 l ' .51 0.082 

Total Conifers 86.859 2.289 

A Betula spp. 0.561 7.20 0.040 

B Acer spp. 1.245 5.66 0 .070 

D Populus spp. o .281 ) 0.006 
) 2.19 

Quercus spp. 6.580 ) 0.144 

Total Group D 6.861 0.150 

E Rhododendr~n spp. 0.838 ) 0.036 
) 4.29 

Miscellaneous spp. 2.899) 0.124 

Total Group E 3.737 0.160 

Total broad leaved 
spp. '"i2.404 0.420 

Total conifers & 
broad leaved spp. 99.263 2.709 

. FIR & Conifers Abies densa 372,.821 0.74- 2.759 
SPRTJ'0E 

Picea spinulosa 9.559 1.76 0.168 

Pinus wallichiana 0.350 3.81 0. 013 

Tsuga brunoniana 11 .756 0.53 0.062 

Cupressus spp. 0.255 ) 0.004 
) 1.61 

Juniperus spp. 2.734 ) 0 .044 

Total conifers 397.475 3.050 

Contd ... 
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Forest. Species Species V ol:urne /ha Crop pAI/ha 
Type Group Cm3 ) VollJme err? ) increment 

percent 

A Betula spp. 12.901 3.68 0.475 

B Acer spp. 6.384 4.93 0.3 15 

D Prunus spp. 0.804 ? .93 0.048 

E Rhododendron spp. 20 .. 269 ) 1 .141 
) 5.63 

Miscellaneous spp. 11 .222 ) 0.632 

Total Group E 31.491 1 .773 

Total broad leaved 
spp. 51.580 2.611 

Total conifers and 
broad leaved spp. 449.055 5.661 

MIXED Conifers Abies densa 35.524 0.65 0.231 
CONIFERS 

Larix griffithii 0.819 0.48 0.004 

Picea spinulosa 31 .061 1 .17 0.363 

Pinus wallichiana 17.525 1 .73 0.303 

Tsuga brunoniana 181 .901 0.75 1.364 

Cupressus spp. 2 .016 ) 0.031 
) 

.Juniperus spp. 9.646 ) 
) 

1.55 0.150 

Taxus baccata 4.627 ) 0.072 

Total cr")nifers 283.119 2.518 

A Betula spp. 11.736 3.82 0.448 

B Acer spp. 10.954 3.65 0.400 

c Alnus spp. 0.482 ) 0.043 
) 9.01 

Machilus spp. 0.290 ) 0.026 

Total Group C 0.772. 0.069* 

Contd .... 
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Forest 
Type 

Species 
Group 

- 8?, -

Species VoJ_1.lme/ha 

Cm3 ) 
Crop 
Vol une· 
increment 
percent 

P.AI/ha. 
(~) 

,----------------------------------.----------~-------------------

D 

E 

Populus spp . 

prunus spp. 

Quercus spp. 

Total Gr01,lp D 

Aesculus punduana 

Cinnamomum tamala ... 

Rhododendron spp. 

o .2tf4 ) 
) 

0.698 ) 
..; ) 

2.350 ) 

3.292 

0.257 

0.596 

15.078 

Symplocos spicata 0.686 

Miscellaneous spp. 11.032 

Total Group E 27.64-9 

Total broad leaved 54.403 
spp. 

Total conifers and 
broad leaved spp. 337.552 

CONIFERS Conifers Abies densa 
MIXED 

45.681 

14.402 

4.l f-78 

66~851 

0.964 ) 
) 

WITH Pinus roxburghii 
BROAD-
LEAVED Pinus wallichiana 

A 

B 

C 

D 

T s uga brunoniana 

.Tuniperus spp. 

Taxus baccata 

Total conifers 

Betula spp. 

Acer spp. 

castanopsis spp. 

Quercus spp. 

6.898 ) 

139.274 

31 .183 

25.896 

5.596 

14.374 

2.31 

4.85 

o ~ 7LJ-

2.54 

1 .. 49 

0.58 

0.89 

3.19 

3.87 

2.93 

0 .94 

0.006 

0.016 

0 .054 

0.076 

0.013* 

0.029 

0.731 

0.033 

0.535 

1 .341 

2.334 

4.852 

0.338 

0.366 

0.067 

0.388 

0.009 

0.061 

1.229 

0.995 

1.002 

0.164 

0.135 

Contd ••• 



Contd .• 

Forest 
Type 

Species 
.nrou::> 

E 

HARDltJOODS A 

B 

- as; -

Species 

Aesculus punduana 

Rhod.odendron spp. 

Miscell~eous spp. 

':!:'O-GLi.l Group E 

Volume/ha 
( m3 ) 

0.938 ) 
) 

36.726 ) ) , 
45.266 ) 

82. c'30 

Total broad leaved 159.979 
spp. 

Total conifers and 299.253 
bread leaved spp. 

BetuJ_a spp. 5.208) 
) 

u1;lglans regia 0 .. 258 ) 
) 

Michelia spp. 10.4-14 ) 
) 

Crop 
Volume· 
increment 
percent 

4.75' 
_--

P \.I/ha 

( m3 ) 

0. 045 

1.744 

2.150 

3.939 

6.235 

7.464 

0.119 

0.006 

Morus laevigata 0~888) 2.29 
) 

0.239 * 
O.02C 

Phoebe goalparensis 2 ~082 ) 
) 

Terminalj~ myriocarpa 0.365) 

Total Group A 19.215 

Acer spp. 

Ailantus grandis 

Altingia excelsa 

Amoora wallichii 

Cedrela spp. 

Cinnamomum aecicoda­
phne 

Du~banga sonneratioi­
des 

Phoebe hainesiana 

sc·"}..malia malabaricum 

Schima wallichii 

Tetrameles nudiflora 

Total Gr ',up B 

7.336 ) 
) 

0.187 ) 
) 

1 .590 ) 
) 

0.205' ) 
) 

1 .051 ) 
) 

0 .. 856 ) 
) 
) 

0.299 ) 
) 

2.981 ) 
) 

0.226 ) 
) 

4.553 ) 
) 

0.052 ) 

1 .76 

0.048 

0.008 

0.440 

0.129 

0.003 

0.028 

.0.004 

0. 0 19*' -

0.015 

0.005 

0. 052 

0.004 

0 .080 

0.001 

0.340 

Contd ••• 
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Forest Species Species Volume/ha Crop PJ .. I/ha Type Group 
(m3 ) Volume 

(m3 ) increment 
percent 

o. 134 ~ 
. 

C Acrocarpus fraxini- 0.005 
folius 

) 
Albizzia SP'J. 0.60? ) 0.023 

) 
Alnus spp. 3.797 ) 0.147 

) 
Bucklandia p0pulnea 1 .509 ) 3.86 0 .058 

) 
castanopsis spp. 4.524 ) 0.17) 

) 
Machilus spp. 16.017 ) 0.618 

Total Group C 26.583 1.026 

D Bischofia javanica 0.237 ) 0.004 

Garuga pinnata 
) 

0.352 ) 0.006 
) 

Lagerstroemia. parvi-~ 0.223 ) 0.004 
flora ) 

Populus spp. o .265 ~ 1.82 0.005 

Prunus spp. a .088 ~ 0.002 

Pterospermum aceri- o .150 ~ 0.003 
folium 

) 
Quercus spp. .72.090 ) 1 .312 

) 
Sterculia villosa 0.409 ) 0.007 

) 
Syzigium spp. 0.325 ) 0.006 

Tot al Group D 74 .139 1 .349 

E 1lesculus punduana 1.657 ) 0.053* 
) 

Amoora rohi tuka 0.437 ) 0.014 .. ) 
Cinnamomum tarnala 0.801 ) 0.025 , 

) 
Engelhardtia spicata 2.240 ) 0.071 

) 
Ficus spp. 2.448 ) 

3.16 0.077 
) 

Kydia calycina 0.321 ) 0.010 
) 

Hacaranga spp. 1· .448 ) 0.046 



Contd ••. 

Forest 
Type 

Species 
Group 

-38-- -

Species 

Ostodes pan1culata 

Rhododendron spp. 

Symplocos spicata 

TTi tex heterophylla 

Miscellaneous spp. 

'Total Group E 

Volume/ha 

( m3 ) 

0.767 ) 
) 

9.649 ) 
) 

2.412 ) 
) 

0.180 ) 
) 

66.272 ) 

88.632 

Conifers Abies densa 2.460 

0.212 

0.750 

0.322 

2.281 

0.160 ) 

Picea spinu10sa 

Pinus roxburghii 

Pinus wal11chiana 

Tsuga brunoniana 

) 
.Juniperus spp. 

Taxus baccata 0.697 ) 

TGtal conifers 6.882 

Total broad leaved 227.905 
species 

Total conifers and 234.787 
broad leaved spp. 

Crop 
\ "olume 
:_nc.cemen t 
;)ercent 

3.16 

0.54 

1 .27 

1.34 

2.12 

0.57 

0.76 

PAI/ha 
(~) 

0.024 

0.305 

0.076 

0.006 

2.094 

2.801 

0.013 

0.003 

0.010 

0.007 

0.013 

0.001 

0.005 

5.956 

6.008 

* These figures have been adjusted to avoid contradiction 
with the figures of the group total. 
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8.4.1 R arAT ION 

The exploitable diameters for conifers and broad leave d 
species considered suitable are 60 cm and 40 em respectively. 
These have been proposed after studying the present utilization 
patterns. The same dia~meters w~re adopted in Phase I report 
also • 

. 8.4.2 The ages corresponding to these d~ameters as read from 
age-diruneter curves from Phase I and/or Phase II & III data 
are given in the following table: 

Table 

ROTATION AGE FOR DIFFERENT SPECIES 

Species 

Abies densa 

Larix griffithii 

Pieea spinulosa 

Pinus roxburghii 

Pinus wallichiana 

Tsuga brunoniana 

Juniperus spp. 

Taxas baecata 

cupressus spp. 

Betula spp. 

Populus spp. 

Quercus spp. 

Age to reach 
exploi table 
sizes (in years) 

163 

232.0 

173 

76.5 

144.0 

166.0 

242.5 

213.5 

x + 55 

X + 48 

X + 91.6 

Rotation 
(in years) 

160 

160 

160 

90 

140 

160 

160 

160 

160 

80 

80 

80 
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8.4r3 For broad leaved species the correct age ~denoted by 
. 'X' in the table above) of the crop at the time of formation 
of sample plot was not known, it was not possible to estimate 
correctly the age corresponding to the exploitable size. 
Hence a common rotation of 80 years which is on higher side 
for all the broad leaved speCies, except Quercus spp., is 
considered suitable. The management for Oaks will ultimately 
aim at maximum volume production and a shorter rotation of 
80 years for tnese species be a step in the right direction. 

\,. 
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CRAPI'.ER - IX 

_lce ESSIBLE GnD WING STOCK 

9.1 .1 CRIT IRIA. FOR o PERABLE/INOP cll{'IBLE CLt.sSE§ 

The criteria for present classification of forests 
into .physically operable and inoperable categories, Kere 
again discussed with -the ?orest Department of Royal Government 
of Bhutan with reference to Phase II 8:: III areas \]Tlder survey. 
The Director of forests~ Forest Department, Royal Government 
of Bhutan did not propose any change in the criteria for the 
present classification, and rightly so, because hardly any 
significant development had taken place in the transport ation 
methods or facilities~and other factors affecting the physical 
or economic accessibility of forest areas under survey. 

9.2.1 The following criteria have been used for classifica-
tion of forests into physically operable and inoperable forests : 

9.3.1 

1. Forest areas above 4000 metres elevation have 
been classified as inoperable. They will remain 
so for quite some time. 

2, Forest areas above 600 slope have also been 
classed as inoperable since Working in such 
areas will be extremely difficult~ 

3. Forest areas under Wildlife Sanctuaries a n d 
National Parks have also been classified as 
inoperable as no commercial forest ,..rorking is 
to be permitted in these areas. 

4. There are no areas in the area 'U.YJ.der survey, 
which have to be excluq,~d on account of their 
proximity to borders of Bhutan. Such areas 
have been excluded vIhile select ing the areas 
for survey. 

OP.ERABLE AREA 

Areas of ' forests s:Ltuated above 4000 metres elevation 
and forest areas having slopes above 600 (but situated below 
4000 metres elevation) were calculated on the basis of propor­
tionate weightage to the inventory sample points falling in 
these ar'eas. Areas of Game Sanctuaries and National Parks, 
were calculated from the map Sheets. 
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9.3.2 The following table shows inoperable and operable 
forest areas, calculated on the above basis: 

Table 

InoRerable and operable tree forest area 

ba 

+:> 
(/) 

(llcr'l 

'g ~ . p. 
Forest Type Ocr'l 0 m cd 

'H • S S+:>rl !3=+-> (j) 

-.0 ::It/) (j) 0'.-10 ~ (j) 0 0.0 Sri+-> 
ID rd 0 a 0 CtlQ)ri 
h h o Q) a IDa 0,ord rl ro 
.prd ...:r'g ...:r '8~ Ctl r-i 

P. C :>. s +-> ~ ~s (J) -P ~.p CD 'M h 0 
P • .-1 I 0 • .-1 :> .G ct1 0 E1 h 

.p 0 O-P r-i-PO .p ::1 0 CD 
o h ~~ ~~~ ·M.p 0 P. 

E-I'H ::::. C)...:t- o 

Chir 74,829 9,782 9,782 65,047 
. 

Kail 16,615 260 260 16,355 

Fir-Spruce 1,04,41B 3,018 3,022 1 ,057 7,097 97,321 

Mixed Conif'ers 44 ,687 812 365 1 ,177 43,510 

Broad leaved 
mixed With 
conifers 

1,00,697 26 26 1,00,671 

Upland & l..ow-
land hardWoods 4,82,880 386 48,174 27 48,587 4,34 ,293 

Total 8,24,126 3,4~ 62,050 1,475 66,929 7,57,197 

9.3.3 The catchment-wise break up has been worked out on the 
basis of' proportionate distribution of sample points over total 
(operable and inoperable) area. The proportion of operable 
area has been assuned to be same as that of' tbe total area. 
Based upon this presumption, the distribution of operable area 
into catchments and forest types has been worked out and is 
given in the following table: 
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9.4.1 .ICC ESSIBLE GRO WING STOCK 

Based on the operable areas given in para 9.3.2 
deta.:j_led calculations were made for gro\oTing stock in the 
accessible areas for "each type and species. This growing 
stock has been referred to as 'Accessible Growing Stock'. 
The detail.s have been given in APPENDICES 11.1 to 11.6 and 
12.1. An abstract of the fAccessible Growing Stock' is 
given below: 

Species 

Abies densa 

Cupressus spp. 

Juniperus spp. 

Larix griffit~ii 

Picea spinulosa 

Pinus roxburghii 

Pinus wallichiana 

Taxus baccata 

T suga brunoniana 

Total conifers 

Betula spp. 

Juglans regia 

Michelia spp. 

Morus laevigata 

Phoebe goalparensis 

Terminalia myriocarpa 

Total Group 'A' 

Volume 
( '000' m3 ) 

43496.075 

112.534-

852.309 

40.525 

2543.951 

6913.841 

2543.618 

1198.452 

16868.366 

7176.368 

112.048 

4535.021 

385.654-

90l:t- .198 

158.518 

13271.80? 
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SRecies 

ker spp. 

Ailantus grandis 

Altingia excslsa 

Amoora wallichii 

Cedrela spp. 

Cinnamomum cecicodaphne 

Duabanga. sonneratioides 

Phoebe ha:t-nesiana 

Salma1.ia malabaricum 

SChima wallichii 

Tetrameles nudiflora 

Total. Group 'B t 

Acrocarpus fraxinifolius 

AJ..hizzia s pp • 

Alnus spP. 

Bucklandia populnea 

Castanops~s spp. 

Hachilus sPP. 

Total Group 'C r , 

Biscnofia javanica 

Garuga pinnata 

Lagerstroemia parviflora 

Populus sPp. 

/ Prunus sPP. 

Volume 
('000' m3 ) 

6911.220 

8.1.213 

690.527 

89.030 

456.442 

371.755 

148.?,86 

1294.626 

110.314 

2028.007 

22.583 

12204.303 

58.195 

28+.991 

1669.983 

655.347 

2693.578 

6968.689 

12330.783 

1~.927 

152.872 

96.848 

130.300 

146.834 
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Species 

Pterospermum acerifolium 

Querc us s pp • 

Sterculia villosa 

Syzigium spp. 

Total Group 'D' 

.oosc ulus pund uan a 

Amoora rohi tuka 

Cinnamomum tamala 

Fngelhardtla spicata 

Ficus spp. 

Kydia caJ..ycina 

Macaranga spp. 

Ostodes paniculata 

Rhododendron spp. 

$ymplocos spicata 

Vitex heterophylla 

Miscellaneous spp. 

Total Group IE' 

TOT AL BRO AD LEAV ED SPP. 

TOT AL FOR CO NrFERS AND 
BRO Jill LEAV ED SPP. 

Volume 
( '000 r m3 ) 

65.143 

33200.434 

18).758 

141.145 

34222.261 

825.233 

189.785 

373 .800 

972.8,16 

1078.695 

139.407 

636.598 

333.103 

10642.033 

1077.361 

78.172 

35106.753 

51453.756 

123482.910 

9.4.2 The average growing stock for operable area 
(7,57,197 ha) works out at 261.56 n0 per ha. 
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C HAFT .EL-X 

ANNUAL CUT 

10.1.1 GBN:ERAL 

The annual cut has been calculated on the accessible 
growing sto.pk. The cut has been calculated for each species 
in each forest type, on considerations of system of management 
likely to be adopted for the species, growing stock (total and 
its distributi"on among various diameter classes), rate of 
growth, rotation, felling cycle etc. 

10.2.1 FORMULAE USED· FOR DEI'ERMINING ANNUAL CUT 

Hanzlik's formula with modifications to suit different 
condi tions of crops has been used to calculate the annual cut. 
One formula has been applied for a particular species, occur­
ring in all forest types. 

10.2.2 The modifications of Hanzlik's formula for applying 
to different species are:-

(1) For Chir and Kail:- Since stocking of these 
species, particularly in Chir and Kail tYpes, 
is poor and lower diameter classes are also 
poorly represented, the increment is proposed 
to be retained. The mature and over mature 
stock can, however, be removed within a reaso­
nably short period. The following fcrmula has, 
therefore, been applied for these species: 

(ii) 

Annual cut Vm 
::: n 

Where Vrn ::: Volume of growing stock 
above exploitable size 
(60 crn dbh) 

n ::: 30 years 

For Fir, ~ruce and other conifers:- The stock­
ing of Fir and Spruce in hFir-Spruce Typelt 

is fairly satisfactory. The occurrence of cull 
in fir is quite high. Accordingly the 
following :formula has been applied: 
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Annual cut = I Vrn +-n 
Where I = JvIean annual inc rement 

of growing stock 

Vm = Growing stock (volume) 
above exploitable' 
size (60 e m dbh) 

n = 30 years 

(ili) For broad leaved species;- The cull in 'these 
species is low. A large number of broad 
leawed species have not known industrial or 
other. use at present. Retention of larger 
sized trees, till such time. as they can 
economically be exploited, f"s therefore, 
considered desirable. The formula in the 
following form has been used on these consi­
derations: 

AnnucU cut = 
Where I = 

I + 
Vm1 

n 

Mean annual increment 
of t he growing stock. 

Volume of the over 
mature trees i.e. over 
one diameter class above 
the exploitable size 
(i.e. above 50 em dbh) 

Vm, VnLt and I :- The values of Vrn (growing stock 
above exploitable size), and Vm

1 
(over mature 

growing stock) have been ~termined from the tables 
of total volume in '000' m) by species for operable 
forest area as given in APPENDICES 11.1 to 11.6. 
The details of exploitable size and rotation p roposed 
to be fixed are given in para 8.4.1 and 8.4.2. 
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10.3.2 The urI (Hean annual increment of growing stock) has 
been calculated by multiplication of figures of P.lI/ha as 
given in para 8.3.1 and total operable forest area under the 
"relevant forest type (para 9.3.1). 

10.3.3 The values of LrVmU (for coniferous species), IIVm1 t1 

(for broad. leaved species) and 1lI" :for different s p ecies 
in different forest types, calculated as explained in para 
10.3.1 and.10.3~2 above, are given in the follovTing table: 
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10.4.1 A ;NUAL CUT 

The annual cut for diff"erent species in different 
forest types have been calculated on the basis of the formuld.o 
given in para 10.2 .. 2. RcdlJ.ction on account of cull has also 
been done frC'm the total gross annual cut. For doing so, the' 
weighted cull percentages, for coniferous species (above 60 cm 
dbh) and broad leaved species (above 50 cm dbh) were also 
computed. 

10.4.2 The species-wise annual cut, under different forest 
types and total under all types, is given in the following 
table~-It may be stated that the annual cut has been calculated 
on tho presumption that· the. total growing stock above exploi­
table size will be removed within 30 years. The annual cut 
after expiry of 30 years may, therefore, go down cons1derab~. 
The total available volume for industrial purposes has been 
calculated separately vide para 13.3.1 and 13.3.2 ~f the report 
wherein it has been stated that total potential cut m~ not be 
explited due to lack of infrastructure. 
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CHAPT.::iR-XI 

11.1.1 

study of the existing infr2structure, logging 
methods~ equipments, techniques and cost~ is important for 
finding out the possibilities of regular supplies of large 
quantities of wood at economic costs tc main markets/indus­
trial sites. These studies also determine the 'stumpage' or 
'royalty' on trees. The main objectives of' these studies were: 

(i) to ascertain the present delivery costs 
of available wood from operable forests 
to maLn markets/industrial sites. 

(ii) the possible improvement in logging and 
means of transport of vlcod to make it more 
economical. 

11.1.2 ICase Studies' wereiUndertaken to arrive at average 
cost of logging and transport at present price level. The 
actual cost of raw material delivered to the definite market/ 
industriU sites will depend besides royalty, on location of 
deli very sites, the labour rates -and producti vi ty, markings, 
terrain conditions, logging methods and techniques used, 
off-road and o:p,"7,J?oad dtstances inVolved, as~ortment required 
by the market ~ - the regional development of technology and 
local socio-economic factors. 

11.2.1 EXISTING INFRASTRUCTURE 
i ~ OIl ",-'Tl. ' 

'( a) Roads: Details of existing roads are g'iven in 
paras 3.5.2 &.3.5.30, Averag,e, roaq. densi1jy,. ~or Bh.utan,works 
out to. 0.1+7 1m/.ha:o, Prese:q.t +ong distance,~. t;rans:port to mar~et/ 
industrial. s'~tes is by i,ilotor tr~nsport uSi'ng ·the existing ... ad . . .' _. . . ' . ~ .'- .. _ .. 
. ro . s, • .J.. • :. II 'j .... 

\t~? ~2 I" .cp) Rivers :;: $:.vers·· and s.treamk';in ~the suh,e~ .. : .a~e?-",: 
have been detailed in para 3.5.8. These are not being utili­
zed for timl;:l~r trBl?sport .•. F9r\,soft W09ds t,hep~, c.an be ntili­
zed for timber traJ)sportl by improving. lflillOS requi;-ed :for 
improvements int- ~hE!s~, \ rivers, 9F9- st;re§-ms hav~. b~en estimated 
in para 3.5.9. . 

~ . 
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• 
Cross cutting 

Rolling of logs including 
path m nking 

.,-!:' 

Loading l.nto·truc'ks 
! '" \~.~ ;t,/. ~ . . - ~ 

Unloading from trucks 

N - _' 
~: 

t .,. _. 
Jj" .. • -

,-

Nu 
~ . 

~. :...; 

''Nu bO/m3 /km " ' 

.• r~u ":~7i~~~ ~ . > 
:~ • ._,,:r .... ~ 

.!;. .... ,.". ,:,.c. J~ .tJt'· ... ' ,~ 

Nu. 91m3 . -,.:<" ""J:, 

t. J 

* Varies' from Nu 501 - .t,o 140/' -
according to sizo. 

11 ~4I.2_ ;. The .abov~ -costs are ... :1)as·oo 'on onJ.:y .one> case study. t f­

available. :in 'the area.' However the cost factors be.ve been' 
cross' checked'"with similar, data from outside survey ;area: and 
can be taken as· fairly representative for: ithe survey: area. '" 

...,; I 

~ .Jj .' , 
, ~ ) 



11.4.3 It must be mentioned that logging on any app reciable 
scale has not yet been done in the area. Very few ,trees are 
felled, at a time, in a particular site. Few saw mills have 
allotments of trees for felling near the roads and within short 
distance from the mills. Thus' the costs are not yet fully 
developed and have not yet rec_ched an equilibrium. Theref9rc', 
it must be appreciated that the logging costs quoted above may 
not be verJ accurate for future planning. 

J' EFffiAIN CLASSI¥IC~~ON 

Characteristics 'of soil (texture & stoniness), 
altitude, slopes and slope distances have an important bearing 
on the type of vehicles and attachments that would be required 
for transport or timber/wood. The data collected is given and 
analys ed in the follo\<Ting paras 0 

11.5.2 (a) Soil Texture: ,Soil data for 1532 plots (out of 
1961 forested plots) 'tITUS rocorded and was analysed for soil 
texture classification for the purposes of logging. It was 
found that 99% of the area bas clayey loam to sandy soil and 
only 1% ot: the area has clayey Soil. There ,\'ias- no plot fall­
ing in the 'pebbles' or 'without soil' class. In clayey soil 
it may be difficult to use rubber tyre vehicles, specially 
~uring the rainy season. The soil texture, may become a deter­
mining factor, in the usc and choice of ground vehicles even 
when degree of slope and off road distance \-1arrant it. The 
soil texture may warrant the use of belts or chains with 
rubber tyre v0hicles or use of crawler type of machines may 
be necess ary . The clayey loarns and sandy s oils do no~ pas e 
any problem for normal vehicles. 

11 .5.3 (b) Stoniness: The dElta anc-.J.ysed show that about: 

- 64% 

-2?fo 

of tho area has less than 3Cfo of the 
surface covered with stones and 
boulders* and poses no prob~em for 
vehic~es. 

of the area has stones and boulders 
covering 30-6C% of the surface; 
vehicles can be used with some difficulty. 

of the area has stones and boulders 
covering 6q% and more or the' surface 
and makes the use of vehicle perhaps 
unec onomic aJ. • 

* stones and boulders have been defined as 
having diameters above 25 cm and weighing 
above 40 kg. 



11.5.4 (c) Altitud~: Variation in energy out put at various 
elovations has to be kept in mind for calculating the effici­
ency of machines. study and analysis of altituie data of 
1961 sample points (total forested area) reveal that about: 

21% of tho area lies upto 1500 m above m.s.l. 
This does not involve appreciable effici­
ency loss of a reciproc ating engine. 

35% of the area lies bet\Teen altitudos of 
1500 to 2500 m. In this range tho reci­
procating engine loses upto 25% of its 
efficiency. 

43.5% of the area falls bebveen elevation of 
2500 to 4000 m. Here the engine loses 
its efficiency appreciably. 

0.5% of the area lies above 4000 m and bas been 
defined as rin-operable'. 

11.5.5 Cd) Slopes; Forest areas above 60 0 (173%) slope 
have been classes as 'in-operable'. Slopes a nd slope distances 
affect the construction of roads and determine the type of 
machine required. Use of special adoptations can enable the 
use of' ropeways, skidders and cranes on s lopes b eyond the 
normal range for which these r'opmfays and cable cranes are 
designed. In Ganada~ skidders have been used for down-hill 
transport upto 31° slope (6Q%) under Saguecy System 
(Bjerkelund, 1971) whereas under Swiss conditions t1;1e skidder 
is not used beyond 140 slope (25%) (Wettstein? 1971). 

11.5.6 .Analysis of the data fl'om 1961 sample points gives 
the following percentages for slopes and alti tude distribution 
of the total forested area. 
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Table 

PERCENTAGE AREA DISTRIBUTION IN SIDPES AND ALTITUDINAL 
CLASSES 1FROM 8JJ1PLE . POINI ,Df.TAl 

m above m. s .l. 

A l t i t u des Total Slope 
1500 2500 upto lIDove 

1500 to to 4000 2500 4000 

00 
_ 20° 

(below 
36.4% ) 

1.73 3.41 7.50 0.21 12.85 

200 
- 30° 

8~26 (36.5 to 4.44 13.77 0.15 26.62 
57".?/o ) 

30° - 60 0 , 

(57.8 to 
173.2% ) 

12.49 19.54 20.24 0.15 52.42 

liliove 60 0 

( above 
173.2% ) 

2.45 3.62 2.04 8.11 

,Total 21.11 34.83 43.5'5 0.51 100 

From the above table. it can be seen that:-

in 8.11% of the area on acc ount of slope, and 
in 0.5'1% of the area on account of altitude, 
no ope'rations are possible. 

in 52.27% (52.42 - 0.15) of the area cable cranes 
can be nonnally used. In this area upt'o 450 slope 
gravity ropeways can also be used. 

in 26.47% (26.62 - 0.15) area gravit y ropeways 
can be used. 

in 12.64% (12.85 - 0.21) of the area ground 
machines can be used. 
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11.5.7 Cd) Slope Lengths: For analysis and study of slope 
lengths, the information was gathered from topo map sheets by 
recording the area, the average slope and average slope length 
of the hill fact having the c~uster centre. This informat ion 
for slope area of 898.2328 km was analysed and t h e proportions 
arrived at were applied to the 'operable forest area'. The 
distribution, thus arrived at of 'operable f orest area! into 
slope, and slope length classes is given in the following 
table: -

Table 

DISTRIBUTION OF 'OPERABLE FOREST AREA' INTO SLOPE AND 
~~LENGTH CLASSES (FPOM l"';AP SHEETS) 

Slope 
classes 

0 0 _20° 
(below 
36.4% ) 

20°-30
0 

(36 .. 5 to 
57.7'/0) 

30°-45
0 

(57.8 ,to 
100%) 

450-60
0 

(100.1 to 
173.2%) 

Total 

Slope length (m) 
--=U~p~t-o--~3~0~1~~5~0~1~----1~0-0-1~---A~b~0'-7e---- Total 

300 to to to 2000 
500 1000 2000 

Area 4.17 13.64 158.78 601 .74 471.58 1-249.91 

% 0.1 0.2 2.1 7.9 6.2 16.5 

Area 30.14 49.50 583 .11 1872.79 761 .16 3296.70 

% 0.4 0.7 7.7 24.7 10.0 43 .. 5 

Area 8.74 61.66 731 :48 1755.68 393.20 2950.76 

% 0.1 0.8 9.7 2,3 .2 5.2 39.0 

Area 41.94 32.66 74.60 

% 0.6 0.4 1 . 0 

Area 43.05 124.80 1515.3 1 4 2 62.87 1625.94 7571.97 
% 0.6 ~ .7 2().1 56.3 21.4 100.0 

It may be seen from this table that of t operable 

forest area' 

_ 43.5% falls in 20°_30° slope class followed by 
39% in 300 -45° slope class. Gravity ropeways 
can be used in 30°-450 slopes also. 

_ 56.3% has slope l engths 1001-2000 m followed by 
above 2000 m (21.4%) and 501-1000 m (20.1%) 
lengths .. 
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1 i .6.1 OFF ROf.D TRl'JJSPOru DISTL}CE 

It is the distance from the working site to the main 
landing from .-.There the material is transported by major or 
long-distance transport methods, which can be trucks, river 
fIc:. .Lng or rail t!'ansport, etc. In the present case tvlO 
possible modes of major transport i.6. road and riv3r are con­
sidered. Therefore, distance to nearest motorable road. and. to 
nearest perenn1.a]_ stream (except in case of he.rd wood forests) 
has been studied • 

. 1 ~ , 
11.6.2 (8) La§tahce to the nearest road: Distance to the 
nearest existing ~~. was measured in a ~traight line from the 
map sheet and cla~s.if!.ed into 7 classes. This was further 
classified into th~ sLope classes. The percentage of the 
'operable f:)rest' area thus arrived at, in different orr road 
distance a.nd slope class es, are given in the following table:-

TablE} 

pmCEtITAGE OF OPffiJillLE MEt. CL1.SSIFIED INTO OFF ROt.D 
- TRl'..NSPORT II STAi't!FS ,Jill 8LOPZ CL!.BSEB 

Slope Cla.3s 0°_20° 20°_30° 30°_60° Total 

ru_stance 
of'.f road ( % operable area ) 

(1m1) 

1 1.39 2.00 3.5"5" 6.94 

1-3 2.00 3.77 5".5"0 11.27 

3-5' 1 .17 31.11 6 .. 22 10.50 . 

5"-7 1.44- 2.89 4.83 9.16 

7-10 2.05 4.39 5.94 12.38' 

'10-15 2.50 5" ~ 10 10.33 17.93 

~5" 3.44- ~J ~72 20.66 31.82 

Total 13.99 28.98 57.03 - , 1QQ.OQ· 
'. I : ! 



The average weigh'Jed off road transport distance 
works out to about 11 KIn (-t::"king average distance 
of last class as 20 Km). f~Iowing a winding factor 
of 1.? to 2.0 (average 1.75') the actual off road 
transport works out to 19.25 Km or say 20 Km. 

The road net work is very poorly developed; only 
6.94% of the area has less then 1 KIn off road 
transport whereas 31 .82% of the are2. has more 
than 15 Km off road transport distance. 

Maximum area - 20.66% - falls in the slope between 
300 -600 having off road distance more than 15 KIn 
followed by off road transport class of 10 to 15 KID -
10.33% in the same slope class. 

11.6.3 (b) Distance to the nearest erennial river or stream: 
The horizontal-dis ances to the nearest percnni river or 
stream were measured in a straight line for 733 sample plots, 
in soft wood forests (41.4% of tree forest area). From the 
analysis of data it was found that : 

73% of sort wood forests are wi thin 1 Km from 
s tream/ river. 

25% of soft wood forests are within 1-3 K!1l from 
stream/river. 

2% of soft wood rorests are .... Ti thin 3-5 KID from 
stream/river. 

Note: 58.E!fo hardwoods were not considered for 
the study. 

11.6.4 It may be seen that the soft wood forests are within 
. economic reach of rivers and streams and sui table for "\0[ ater 

transport or 1 chutes I using water can be utilized for their 
transport. The average \feighted off road transport for soft 
wood forests comes to 1 KID. An average winding factor of 2.25 
has been presumed as the stream banks are generally vertica~ 
or steep. The average distance to-the nearest river or stream, 
therefore, works out trr 2.2? Km or say 2.5 Km. 

11.6.5 It was also seen, from the study of slopes t that 
most of th~ area, with a distance of less than 1 Km rrom the 
river, lies in 300 -600 slope and carriage to river bank will 
not pose any problem. The streams were not studied by the 
Proj ect from the point of vie\v of floating end would need 
to be surveyed berore taking a decision for floating of timber. 
By and large, all the streams can be used for floating, as 
demonstrated by the Project in Ha Chu. 
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11.7.1 RO AD DI or ANC ES 

There are two types of roads (i) ltkacha" and 
(ii) upaccall • uKachau roads are un-metalled roads and 
IIpaccall roads are.metalled and mayor may not be black topped. 
The total distance for road transport ("kache" and " p acca") 
to the main market/industrial site has been found for each 
cluster and weighted aver~ge worked out to 197.8 Km or say 
200 KIn. Out of this about 70 Km is on Ilkachatl rOed C"nd about 
130 KIn on upacca" .road. It has been seen that 16.6% of the 
area is between 4)-75 Km from the mnin m~rkets/industrial 
sites ~nd 23.~ is 305 to 405 Km from the market. 

11.8.1 PRES ENT LANDED CO ST S 

Based on the logging costs and existing average 
loff road' and ton roed' distances, described in the foregoing 
paras, the present (1977) landed cost of timber in log form, 
to the main markets/industrial sites would, excluding royalty, 
works out as under: I 

1 • 

2. 

3. 

4. 

5. 

6. 

7. 

Felling 

Cross cutt:ing 

'off road t transport 
log rolling -
20 Km x Nu 60/Km 

Loading into trucks 

'On road' transport 
200 Km x Nu 1/Krn 

Unloo.ding 

Overheads 

Total 

cost/m3 

Nu 9.00 

Nu 9.00 

-
Nu 1200.00 

Nu 27.00 

Nu 200.00 

Nu 9.00 

Nu 27.00 
---

Nu 1481.00 

Note: 1. Average sawing costs are Nu 75/m3 have 
not been considered 1 as very little 
sawing is done in situ at present. 

2. Though rivers and streams can be used 
for floating of coniferous timber as 
demonstrated by the Project, yet these 
are not being utilized for t he purpose. 
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11.8.2 The costs are prohibitive ond no market or industry 
can afford it. T.hus, either more roods are to b e constructed 
or only forests along roads and near market cem be" "lOrked. 
And this is what is being done or is possible, at present • 

IMPRDV]}1ENT IN I_OGGING TECHNIQUE? • 
The existing logging practices hnve bee n describe d 

in paras 11.3.1 to 11.3.3. These logging operations can be 
spli t as follovTs: 

A. stump 0Eerations: Manual S aI-l, axe or power chain 
or combinations thereof can be 
used for felling,'limbing, 
topping and cross cutting. 

Alternatiye 

I 

II 

III 

B. Conversion: 

There can be three alternatives: 

felling Limbing _Cr9 ss cutting 

Saw Axe Saw 
) 

.Axe Axe Saw 

power Chain power Chnin Power 
Saw Saw Saw 

I No conversion of logs 

II Logs can be converted into 
scantlings or o t her sizes 
in situ by pit sa10Ting or 
frcJDe-i aw s • 

Chain 

III Logs collected at the main 
landing and sawn· by portable 
saw mills before long distance 
transport. 

C. Off-road Transport: Considering classification and 
characteristics of terrain, 
this can be by 

D. On-road Transport: 

E. Londing & Unload­
ing. 

I tractors 
II gravity ropeways 

III cable cranes 

For the present all 'on-road' 
transport will be by motor 
trucks. River floa.ting is 
viable alternative for conifers. 

It can be either cra ne of self 
loading trucks or by self pro­
pelled londers or manually. 

-
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11.9.2 The local techno-economic and social considerations 
will determine the technology for each operation or sub-operation. 
This involves decisions, having far reaching consequences and 
repercussions on the local socio-econcmic set-up, pnd should be 
made at the highest ~evel, keeping in view the Government policy, 
the intensity of operations and the time factor when the decisions 
are being made. 

11.10.1 DEVELOPMENT OF TIMB:HR TRANSPORT 

For reducir~ the landed costs and to make extraction 
possible from forest areas away :from the present road net 'I."ork, 
(i) a net work of roads has to be developed (ii) impro~ed and 
modern I off-road' transports and techniques have to be used and 
(iii) water transport through rivers and streams have to be 
developed/improved and utilized for softwoods. 

11.10.2 (i) Development of road net work 
• 

Para 3.5.2 gives the present (1978) details of existing 
roads in Bhutan which gives an average road denSity of 0.47 m/ha. 
Details of roads in the survey area are given in para 3.5.3. 
In para 3.5.4 it has been suggested that for the time being a road 
density of 2 m/ha may be aimed at. This would involve construction 
of 135D Km of :road. as a component of national roads and fBeder 
roads. In Phase I Report it has been pleaded that construction 
and maintenance of roads to open inaccessible areas and hinter 
lands cannot and should not be ~ortised only on the wood expected 
to be extracted but should be considered as general development 
expenditure. Additional forest roads made solely for the transport 
of timber may be debited to the Forest Department Budget. The 
development of road net work to achieve a road density of 2 m/ha 
will open up vast areas of forest and reduce cost on the 'off-road' 
transport of wood. 

11 .10.3 (ii) 'Off-road Transport' 

(a) Trucks - Even when a road density of 2 m/ha has been achieved 
for the country, as suggested, 'forest roads' for transport of 
timber wi thin the forest areas shall have to be constructed. 
The road transport by trucks, with a winding factor of 3, wi thin 
the forest areas should not be more than 2 Km. This gives a road 

- density of 3.75 m/ha in the forest areas (s~set, 1967). To 
realise the available yield from 7571.97 km of operable area 
about 1325 kID of forest roads would be needed. 

- 2 
(b) Tractor Transport - About 1250 krn (para 11.5.7) of operable 
area have less than 36% slope and are fit for tractor transport. 
Average tractor skidding distance should not be more than 0.5 km. 
In these areas fair weather roads, class II or III types truckable 
roads have to be constructed to keep the tractor skidding distances 
within 0.5 km. The traffic on these types of roads will be mostly 
uni~directiona1 and the steeper gradients are acceptable. 
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Therefore ,the winding factor will be 2.00 to 3.00 or 2.5. Since.: 
the areas have gentler slope a winding factor of 2 will suffice. 
The road density of 10 m/ha is required for tro.,ctor transport. 
Consequently about 6.25 m/ha of roads, beve to be made in the 
area of operation or about 780 km of tractor ronds would be 
required in operable area. 

(c) Gravity Ropeways - About 3300 kn? of' operable area has 
slopes between 36 to 5~ whbre gravity ropew8Ys ce.n be used. 
The utility of gravity ropcwDYS have been de', t~onstrated by the 
Project and these are being extensively used by the Depa.rtment 
and forest lessees, saving on labour and costs of II off":"" Toad 
transport .If The local people are also picking up tho techniq uo 
of ,.,orking these gravity ropeways. 

(d) Cuble Cranes - Cable crane can be used for areas having 
slope from 57% to 173%. Slopes above 173% are being treated 
as in-accessible. lv1cdium distance cable cranes, with tran.sport 2 
distances upto 1000 metres are considered useful. About 2200 km 
of the operable forest areas having slope lengths more than 
1000 metres are suitable for cable crane transport. The Forest 
Department with help :from UND Project is experimenting with 
different cable cranes and getting the sta:ff trained in the use 
of these cable cranes. ~ 

11.10.4. (iii) Water Transport 

Floating trials were conducted by the Project from 
onakba to Chukha in Ha Chu and partly in Hang Chu. Ha Chu 
was selected for the trial because it was considered as an 
impossible streams :for floating of timber. EXpert f~oating 
tecbniQi::'..ns, along wi tb imported labour expert in fl08.ting and 
loc8~ labour demonstrated it successfully that even in Ha Chu 
floating of timber is possible. In other streams like Paro, 
Wang Chu, Sankosh, Manas and its tributaries, the floating 
will be much e8sier. The Chukha Project authorities have been 
requested to allow passage of timber over or through the 
Chukha Dam so that timber can be floated in Wang Chu, down­
stream of Cbukha. For transport of soft wood on large scale, 
use of water ways and techniques using water as means of 
transport would be the cheapest method for bringing the 
converted or semi-converted timber to the market or industrial 
sites. Side streams and the Elain rivers would need improve­
ment works ror making the floating easier. 
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CBAPT}£R-XII 
r 

DEIvIAND AND MARKEl' STUDLES 

OBJECTIVES 

The study 'i,1as carried out: 

(i) 

(ii) 

(iii) 

MB:I'HODS 

to quantify the present (1978) level of wood 
removals and psttern of wood cons~ption 
by various users. 

to forec~st the level and trends of wood 
consumption in the year 1983 and 1988 for 
the survey area. 

to assess the potential demand for industrial 
wood in the markets outside survey area (both 
in lower reaches of Bhutan and timbe r distri­
bution centres in Assam bordering Bhutan). 

The details of methodology and procedure erlopted for 
the study are given in Chapter V - Volume II of the report. 

12 ~3. \ WOOD PRODUCTION 

Due to lack of infrastructure, remote location and 
absence of wood based industrios, large scale commercial exploi­
tation of wood and other forest produce has so far not been made 
in the survey areCl. The present production Llostly caters to the. 
timber and firewood needs of the local populatj_on find develop­
mental requirements of the Government departLlents. vlood produc­
tion figures were available mostly in "the for:n of number of 
trees without species break~up. On tt8 basis of average out­
tu:rtl. in the worked areas of survey 2.rea, a volufae factor of 
3 m5 /tree has been adopted for deriving the volume figures. 
Considering the proportion of poptuation distribution in differ-

- ent vegetation zones and location of worked areas, the contri­
bution of coniferous 2~d broad leaved species to the total timber 
production is assumed to be 3® and 7C1o respectively. 

12.3.2 Large quantitie·s of fuelwood are removed for meeting 
the domestic requirements of tho local population" But only 
nGgl~gible quantity has appeared on records. The proportion 
of coniferous and broad leaved species is assW:1ed to be 20% 
nnd 80% respectively for firewood. 

12.3.3 Total produ~tion:- Average annual qu~~tity of wood 
harvested is 59,128 m. The agency-wise details are given 
in tho following table: 
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Table 

AVERAGE ANNUAL PROIDCTION OF WOOD & BA1-1BOO IN SURVEr AREA 

( Average of 1974-75 tc 1977-78 ) 

Agency Broadle3vGd 
(7OJ~ ) 

~:J3 (WRE) 

Conifers Total 
(3OX;) 

------------------------------------------~------------
A. TIMBER 

1. Forest lessees/ 
Contractors. 

2. Concessicnists 
( recorded) 

3. Govt. Departments 
(direct :fren 
Forest Deptt.) 

4. Special permits 

5. Free grant 

6. Miscellaneous 
removnls 

TOTAL 

15542 

17355 

2737 

2514 

131 

109 

6661 

7438 

1173 

1078 

56 

46 

22203 

3910 

3592 

187 

1.55 
-------------------------------------

38388 16452 54840 
------------------------------------------------------ - -----

B. FUELWOOD 
(recorded) 

3430 
(80';& ) 

858 
(20/0 ) 

4288 

------------------------------------------------------------

TOTAL (A+B) 17310 59128 
------------------------------------------------------_--_--

C. B1J1BOOS 34846 Ncs 
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12.3.4- Niner Fcrest Prcduce:- -Apart frem timber, fucl"lifCed 
and bambcos; certain minor forest produces are annually removed 
from the area. Ex:cepting brunbccs, other miner ferest pre-duces 
are sold in the form of '}1ahals' en annual or biannuru. lec.s 0 • 

The details are given in the follolrTing table :--

Table 

AVERAGE ANNUAL PRODUCTION OF I,ITNOR FOREST PROOOCE 
IN. SURVEC iRE!'.. (lYERl.GE OF 19740-75' to:; 1977-785 

Sl.Ne. Prcduce 

1 • Cane 

2. l,gar weed 

3. Resin 

4. Daphne bark 

5. Dal chini .. 
6. Katha 

t) 
,~ 

7. Timur t ( 

8. pipla /' 

9. Kulki 

10. Mugita 

11 • Lac 

12. Bee wax 

13. stones & Boulders 

14. S~nd, Chips & Gravels 

15. Brocn 

16. Thatch 

Quc.nnti ty 
(tonnes) 

330.3 

2.4 

18.0 

2.9' 

33.2 

5.0 
0.1 

f 16.5 

1 .5 
0.5 
0.6 

1 .7 

5697.0 

111 .0 

336.5 

59.5 
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12.4.1 \tJOOD CO NSUI1PT 10 N 

In the absence of any large scale organised timber 
harvesting agency in the area, most local consumers extract 
the timber allotted/sold to them directly from forests. The 
following categories of -..rood consumers are recognised. 

12.4.2 Local Population: 

(a) House building and repairs:- Survey area has 
"Tide Tange of altitudes ranging from 240 m to 5123 ill' above 
m. s .1. Winter is severe in most portions and certain locali ties 
experience occasional snow falls. The pattern of house build­
ing in Byka.r, Tongsa and Shemgong districts is similar to 
areas of Western Bhutan. In Mongar, Tashigang and Schumar 
districts, the houses are comparatively of smaller size. In 
Chirang district, the house pattern is distinctly different 
from other areas. 

Depending upon the location of the village to the 
type of forest, the species preferences for house building and 
repairs differ from one region td the other. Blue pine and 
Chir pine are most commonly used species for construction 
purpose in cOniferous region whereas in broad leaved zone, 
Champ, Bonsom, Chilaune~ Jhikri e~c., are preferred. Spruce 
and Castanopsis are preferred for roof Shingles. As in 
Western Bhutan, there is large ~bnversion wastage due to the 
practice of rough dressing of ti~ber by axe that is in vogue 
in most parts. \ 

To assess the qUantity'o~timber used for construction 
of houses in various locali ties of survey area, a sample survey . 
was conducted covering 154 samples representing all patterns 
and sizes of houses. The details of method adopted fo.r the 
study can be seen in Chapter V - Vo3ume II of report. The study 
revealed that on an average, 35.3 m of timber is used for . 
construction of a house. In the lower reaches, bamboos are 
used in increased proportion for building houses. On an 
average 625 bamboos are used per house. In Bykar district the 
average consumption is 65 mj /house while the consumption in 
Chirang district is the lowest I'lith 15 m3/house. 55% of the 
houses are single storeyed and the double storeyed houses 
form 41%. Only 4% of the houses fall under more than two 
storeyed category. 

It is assumed that the, average life o.f a house is 
about 50-60 years. Enquiries revealed that roof r epairs take 
place on a 5 year cycle. Major ,repmrs , like replacement of 
rafters, planks etc. are generally undertaken at 10 yea rs 
interval. 



In the absence of statistics regarding annual house 
construction activity, the requirement of timber for house 
construction and repairs is derived from the aver~e quantity 
of timber sanctioned to villagers in the ranges covered by 
survey area. -Study of last 4 years' records of the Range 
Offices of the survey area shows th2t on an avernge, 1936 
persons are aJ.lotted trees for house building Dnd repairs 
annually. Number of big sized trees and poles allotted 
annually to concessionists are 7660 and 2460 respectively. 
The average number of treGs and poles allotted to e2.ch conces­
sionist works out to 5. The total quantity of timber ar,lnually 
consumed for house construction and repairs is 24,793 m5(WRE). 

(b) Agricultural Implements:~ The most commonly 
used species for agricultural implements are pyrus, Chilaune 
and Oaks. The number of agricultural hO'useholds in the survey 
area was estimated to be 65088 in tho year 1978. Tho annual 
consumption of wood for agric~tural implements worked out 
on this basis comes to 8590 ~ (WRE). Study conducted over 
183 house-holds in survey area revealed that on an average, 
ea.ch agricult1lral house-hold requires O.'i32 m.) of '>lood for 
ngr1cuJ. tural "implements. 

(c) Fuelwood:- v.lood i$ the most commonly used 
domestic fuel in the survey area. The practice of making 
charcoal is not pre·".ralent in the are~. Electricity is a~Tailable 
only in two small towns and is used only for lighting. Hinta.er 
consumption of fuelwood in the upper p8.rt s of the survey area 
is considerably high for heating tho houses. 

A detailed study covering 183 representatiye house­
holds was carried out to determine the daily per capita fuelwood 
consumption. The study ''las conducted both during winter and 
summer months covering more or less equal number of samples 
in each season. Taking into consideration the incroased winter 
consumption, the average per capita consumption of fuelwocd is 
7.3 kg/day •. Tho annual per capita consumption works out to 
2.66 tonnes or 3,_19 mS. Oaks and Castanopsis are :the mos:t 
preferred species for fuelwQod. Survey results indic ate that 
Castanopsis spp., Oaks, Mixed Brond leaved spp., and .Coni:fers 
are used by 8.2 2,.1,46.5 and 20.2 percent/household r e spe9-
ti voly. About 64-% of th(~ households have given preference for 
Cast~nopsis spp. Dnd Caks. Only 12% (mostly living in conife­
rous zonc)households have given preference for coniferous fucl­
wood. With the exception of Bykar district, the population of 
most parts of' tho:; survey area use broad leaved specie s. The 
present a~nual consumption based on the e~timated populDtion of 
4,33,925 1S 11,54,240 tonnes (13,85,088 m )., 

The recorded production of fuelwood in survey area 
is a small fraction of the consumption calculated on the basis 
of population. This enormous difference is due to the fact that 
removals made by rural population have not come on official· -
rocords~ ~ , • 
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12.4.3 ..:>aw lvti_~ls and Wood WJrking ~ndustries:- There is only 
on~ saw.mill--rBlue Point Saw l~ll ~t Korilla) in the survey area. 
Th~s ~t annually consumes 1500 ~ timber from survey area. 
The mill mostly caters to the timber requirements of Government 
Departments in the Eastern Bhutan. There is no wood working 
unit in the survey area. 

12.4.4 Free Grantees:- Flood and fire victims get timber 
free of royalty. Such instances are not maw in the area. The 
totaJ. annual consumption of timber is 187 ~. 

12.4.5 Government Departments:- Government Departments 
consume 6536 m3 of wood annually. They obtain their requirements 
~hroueh forest department and also from saw mills/forest lessees. 

12.4.6 Total Consumption:- The estimated RIlnual consumption 
of tiQber and fuelwood at present is 41,606 m5 and 13,85,088 m3 

re·spectively. 

':rhe proportion of coniferous and broad leaved species 
j_n the timber consU!Iled under various consumption categories 
except agricultural implements is assumed to be 3010 and 7C% 
respectively. In case of agricultural implements the entire 
requirement is placed under broed leaved species on the basis 
of finding s of sample survey. Fuel wood consumption of conifers 
.~and broad leaved species is in the proportion of' 2010 and 8C% 
respectively (based. on sample survey findings). The details 
are given 'in the following table: 

Table 

AVERAGE ,ANNUAL CONSUI\fPTION OF TIMBER AND FUELWOOD 

S.No. Consumption Category 

A. TIMBER 
1. House Construction and 

repairs (Concessionists) 

2. .Agr~cuJ.tural implements 

3 . Sa'i.v- IvJill Industry 

4_ Government Departments 

5 . Free Grants 

Total Timber (1 to 5) 

Conifers 

7,438 

\ -
4-50 

1 ,961 
56 

~ (WRE) 

Broad­
leav8d 

17,355 

8,590 
1,050 

4,575 
131 

Total 

24,793 

8,590 

1,500 
6,5'36 

187 
------------------------------

9,905 31 ,701 41 ,606 
-----~----------------~--------------------------------------

B. FUELWOOD 2.77,018 1,108,070 1,385,088 
-------------------------------------------------------------

TOTAL (A + B) 1,139,7711,426,694 2.86,923 
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FORECAST OF FUTURE DEMAND 

Important factors that help in forecasting the demand 
at a future date are population growth, increase in per capita 
disposable income~ relative prices of timber and its substitutes, 
change in technology and consumer preferences. In the absence 
of time series data and cross sectional data for most of these 
variables, accurate forecast of future demand is difficult. 
At present, there is no industrial activity in the survey area. 
In view of land locked condi tion of area, sparse distribution 
of population and low per capita. income, technologic al innova­
tions and consumer preferences would have no effect on demand 
projections for near future. Since the future demand of wood 
for house construction, agricultural implements, fuelwood, etc., 
are mostly dependent on increase in population, number of houses, 
number of house holds, number of cultivators etc., projections 
for future are made considering these factors only • 

. 
Projections for a short period of 10 years are consi­

dered sufficient in the absence of sufficient data. Demand 
projection has been made for the year 1983 and 1988. 

12.5.2 Population Estimates:- As per the statistics pUblished 
by the Royal Government of Bhutan (1977 - -Central statistical 
Organisation), the total population of Bhuten in 1977 was 1.10 
millions with an annual rate of growth of 2.1 percent. Bas~d 
on the average denSity of population of 27.5 persons per Km 
with due weightage for higher density of population in Eastern 
region (Tashigang and Mongar districts), the estimated present 
and projected population. of the survey area is as under:-

1978 

1983 

1988 

Population 

4,33,925 

4,81,440 

5,34,160 

12.5.3 Wood for House Construction and Repairs:- Assuming that 
the number of persons per houso hold (six) remains the same, 
the number of houses required for population will be:-

Year 

1978 

1983 

1988 

No. of' houses 
reguired 

72 ,320 

80,240 

89,027 

Number required during 
Five Year period. 

7,92 0 

8,787 
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AsSULling that:-

(i) During the period 1983 and 1988, the average 
annual number of houses to be constructed would 
be 792 and 878 respectively (only 5Q% of the 
annual increase in the number of' bouse holds 
are expected to construct hous~s); 

(ii) the level of consumption of timber of 35.3 m3 
per house for construction would remain same 
as at present; and 

(iii) only 1C% of the timber required annually for 
house construction is needed for house rep~irs, 
the projected demand will be as under: 

m3 (WRE) 

Year 
Now Construction Rep2irs 

Broad- Conifers Broad- Total 
Conifers leaved leaved 

1983 8387 19570 839 1957 30,753 

1988 9298 21695' 930 ,2169 34.,092 

12.5.4 Wood for Agricultural Imploments!- Over 9C% of the 
population comprises of agricUlturists. During next 10 years 
there may not be much change in this pattern. Based on the 
estimated agricultural house holds in the year 1983 and 1988 
and assuming that 9C% of the people continue to practice 
agricultur~, the demand for wood for agricultural implements 
at 0.132 m5/house hold would be: m3 (WRE) 

Year 

1983 

1988 

No. of. agricultural 
house holds 

72,216 

80,124 

Wood requirement 
(Broadleaved spp.) 

9,530 

10,575 



- 139 -

12.5.5 Fuelwood: - .As suming that the population '\-Jill be the 
only factor affecting the consumption of fuelwood and alternate 
domestic fuel will not be used and the per capita consumption 
pattern remain same, the future demand for fuelwood has been 
worked out and given as under: 

m3 <\.-IRE) 

Year Conifers Broadleaved Total 

1983 307 ,351 1,229,404 1 ,536,755 
(12,80,630 tonnes) 

1988 341 ,009 1 ,364,035 1705,044 
(14,20,870 tonnes) 

12.5.6 Saw Milling Industry_~- Saw milling industry is in 
the initial stages of development. With the progressively 
increased development projects undertaken by the Governmen t 
through Five Year Plans, the industry is likely to grow at a 
'fast rate to cater to the constructional timber requirement 
of survey area and adjacent areas. Keeping in view the outlays 
during the last 4 Five Year Plans? timber requirement of saw 
milling industry is expected to grow at the rate of 5% per annum. 
Accordingly the future demand from this sector would b~ as 
follows: 

1983 

1988 

, 

Conifers Broadleaved 

575 1 ,340 

733 1,712 

m3 (WRE) 

Total 

1 ,915 

2,445 

12.5.7 Free Grants:- The present level of consumption is 
negligible and does not provide any indication of future 
requirement. The future requirement is roughly estimated by 
assuming an annual increase of ~. 

Year Conifers Broadleaved 

62 145 

68 160 

Total 

207 

228 
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"12.5.8 Government Departmen'~s:- Under Five Year Plans of 
Royal Government of Bhutan, increased financial outlays are 
me.de for developmental proj eets to be implemented by Government 
Departments. This vlOuld involve progressively increased use 
of wood for construction purposes. Assuming the annual rate 
of growth of' 5'%, the v-lOod requirement bas been worked out 
as under:-

Year Conifers 

"2,5'02 

3,192 

Broadleaved 

5,838 

7,448 

rn3 CvmE) 

Total ---
8,340 

10,640 

12.5.9 Total Demand Forecast for Timber and Fuelwood:-
The total d

3
emand for '-lood in the years 1983 and 1988 would be 

1,587,500 m and 1,763,024 m3 respectively. The details are 
given in the following tables:-
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Table 

Sector-wise Projected Demand of Timb~and 
Fuelwood 

m3 (VIRE) 

Year Sector Conifers Broad Total 
leaved 

.. ~-----

1983 House building & 9,226 21 ,527 30,7')3 
Repairs 

Agricultural Imple- 9,530 9,530 ments 

Saw Milling Industry 575 1 ,340 1 ,915 

Free grants 62 145 207 

Govt. Departments 2,502 5,838 8,340 

Fuelwood 307,351 1 ,229,404 1 ,5'36,755 

Total 319,716 1 ,267,784 1,587,5'00 

1988 House building & 10,228 23,864 34,092 
Repairs 

Agricultural Imple- 10,575 10,575 ments 

Saw Milling Industry 733 1 , 712 2,445 

FreE. Grants 68 160 228 

Govt. Departments 3,192 7,448 10,640 

Fuelwood 3~1 ,009 1 ,364,035 1 } 705 ,044 

Total 355,230 1 ,407,794- 1 ,763 ,024 
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Tanle 

Total Projected Demand of Timber and Fuelwood 

Kind of wood 

Conifers 

Timber 

Fuelwood 

Total 

Broad lea.ved 

Timber 

Fuelwood 

Total 

Con!fers & Broad leaved 

Timber 

Fuelwood 

Total 

1978 

9,905 

277,018 

286,923 

31 ,701 

1,108 t 070 

1 ,139,771 

41,606 

1,385,088 

1 ,426,694 

Yea r 

1983 

12,365' 

307,351 

319,716 

38,380 

1 ,229,404 

1 ,267,784 

50,745 

1 ,536,755 

1,587,500 

m3 ('vJRE) 

1988 

14,221 

341,009 

355,230 

43,75'9 

J ,38+,035 

1,407,794 

57,980 

1 ,705,044 

1 ,763,024 
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12.6.1 "-'IMBER :t-'IARKEI'S 

At present, there is no timber market in the survey 
area. Even in the Southern parts of Bhutan Phase IV area 
adj acent to Assam state of India, there is no establi-shed 
timber mprket. Off and on, some timber transactions take 
place at Gaylegphug. Most of the timber from SULrvey area is 
d_ irEic~l& sen.t to J:imbfp' mar~~ts of ~ssam and is further eeIMlr~~o'JIi~b;ee!l!'ld. 
c:~br~L.wC'i'~l tt; c~'V' p\C\~ v- \ wdto... 
12.6.2 A survey covering timber markets cmd wood based 
industries in the adjoining districts of Goalpara, Kamrup and 
Darrar~ of Assam was c~rried out. This survey has_ revealed 
that out of 2,39,100 mj timber exported, as per 1976-77 records, 
from the~e three districts. Bhutan timber contributed 
33 ,64-0 m.) • 

12.6.3 Study of last four years' eXP9rts records of s~rvey 
area and adj acent

3
p arts? 1,vi thin Bhutan , indicated that on an 

o;ITerClge, 55,000 m of t~mber and 19,400 m3 of fuelwoc..d is 
exported annually through Goalppra, Kamrup and Darrang d~stricts 
of Assam. Some limited quantity of fuelwood that enters Assam, 
mainly from foot hills of Bhutan, is loca..lly consumed in _nearby 
towns. At present, only 3.6% of timber entering Assam market 
:from Bhutan is from survey area and the rest is from t he forest 
areas located- south of the survey area Hi t hin Bhutan (Phase IV 
area). Excepting a negligible quant ity of about 260 mj conifers, 
the bulk of timber exported comprises of miscellaneous broad 
leaved species. Only about 6% of wood entering Assam timber 
markets from Bhutan is in sawn form. 61% of the timber comipg 
into the three districts of Assam from Bhutan -is further d":/~\·lltl.~tc.l._ 

• to various wood consuming regions in India. About 55% 
of Bhutan timber from these Assam mC1rkets 
finds entry into Calcutta. The remaining material g oes to 
other destinations in BihC1r, U.P., Raj asthan etc. 9C% of Bhutan 
timber exported through Assem to various destinations is 
transported by rail and the rest by road. 

12.7.1 WOO D BASED I NDU STRI ES 

Results of a surveY"of \vood based -industries both 
wi thin Bhutan and in the adjoining areas is as foll ows:-

(a) Industries located south of surveX area within Bhutan 
Wood based industries located in the foot hill of 
Bhutan consume about 11,700 m3 of timber annually. 
Industry-wise details are giv8n below: 

(i) Saw Mills:- There are four saw mills locat ed in 
border towns (two at Gaylegphug, one each at 
Samdrup Jongkhar and ~apharn) with an annual 
intake of about 7000 m timber. At present, 
the entire timber conswned by these units is from 
outside survey area. 
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(iii) 
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Veneering/Plywood Indust£Y:- There is only one , 
unit (Druk Veneering Industry) located at \ 
Gaylegphug. The annual wood requirement is 
about -42.00 m3 • Till recently this unit was making 
tea chest veneers and selling them to plywood 
ind ustri es of We st Beng al • With the rec ent 
addi tion of a cold press unit, the ind listry has 
started making tea chest plywood also. At present~ 
the wood supply is obtained from foot hill 
forests. But, with the depletion of conventional 
plywood species in the nearby areas, the industry 
will have to partly depend on the forests of 
survey areas for future supplies. 

Match Industry: - The Pelri Match Factory at 
Gaylegphug requires about 500 mj of wood annually. 
So far, the unit was depending on the forests 
located close to the industry for wood. The main 
species constmled are Salmalia malabar-l.cum and 
ldlantus grandis. With the depletion of match wood 
species in the foot hills, the industry \vill have 
to depend on species like Machilus spp., Buklandia 
populnea, S;y:mplocos spicata etc. found in good 
proportion in the survey area for its futUre 
requirements. 

(b) Industries located in Assam area Goalpara, Kamrup 
and Darrang ~stricts 

Wood based industries :in th_e .th.r~e -~stricts of 
Assam consume about 218 000 mj timber annually. 
Bhutan contributes 10.5% of the total intake. Wood 
requirements of various industries is briefly given 
below: 

(1) Saw milling Industry:- There are 150 saw mills 
in the area. Total annual timber consumption 
is about 212,000 mj. About 9.3% of the require-

- ment is met from Bhutan timber. 46% of the wood 
handled by saw mills is sal and 54% consists of -
miscellaneous hardwoods and soft wood species. 
At present, only 6C% of the installed capacity of 
saw mills is being worked. Amongst other factors, 
non-availability of required quantity of timber is 
an important factor contributing to the low utili­
zation of the installed capacity. As the demand 
for packing cases and miscellaneous hardvlOods from 
Calcutta is very high, the saw mills located clQse 
to Bhutan areas can take in additional 20,000 m? 
timber of miscellaneous hardwoods annually from 
Bhutan. 
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Veneering & Pl~uod Indust!:¥:::' There are three 
veneerlng 'lmlts(2 at Bongalgaon and one at 
Borgong) and one tea chest plywood unit at Dhubri. 
The most preferred spe9ies is Chilaune. Other 
speci e s us ed are Ivlandane ~ Behere ~ Hatipaile, Kc:dam, 
Gokul ~ Chakrasy etc. Lended cost of timber ranges 
fromHs.280 to Rs .350 per mj. The total ~nnual 
requirement of "lOod by this industry is about 
8500 m3. All the unj_ts are experiencing difficulty 
in procuring the required quantity of wood from 
Assam forests and are looking for alternate sources 
of supply. Only about 800 rn3 of Bhutan woed is 
consumed by the veneering industry of Assam. 
Apart from the veneering/plywood units located 
within the three districts where study ha.s been 
conducted, there is one plywood industry 
(Meghalaya PlY'V'Qods Ltd., Barnihat) located in 
MeghalaYkl- (near Gauhe.ti) which requires about 
14,000 m.) of wood annually for rnanu:fa.cturing both 
commercial. and tea chest plyv,focd. The industry is 
looking for additional sources of timber for 
increasing th.G intake. The industry can pay upto 
Rs.420/- per m.) of ,"'ood. 

Match Industry': - There are two uni t.$ with a total 
annual \V'ood requirement of 26,250 m.). As.sam Match 
Company at Dhubri consumes about 24,000 mj annually 
whereas the match splint factory at Bijni consumes 
only 2,250 m3. Main species used are Bernal and 
Odal. A small q lanti ty of l(hasi pine from 
Meghalaya. is also being used.. The landed cost of 
wood is about Rs.280 per m3. Assam Match Co., is 
interested in Chir pine ~ Pipli ~ Kawla & Kharane 
species which are found in good proportion in the 
survey area. At present, Bhutan timber is not 
being used by Match Industry of Assam. 

(iv) Katha IndustrY:- There 
ing Units which consume 
catechu wood per annum. 
to fUll capacity due to 

are three KPtha Manufactur­
about 480 m.) of Acacia 
The units are not working 

shortage of wood. 

(v) Hardboard Industry:- There i~ <-,ne unit at Gauhati 
which ccnsumes about 34,000 m.) of fuelwood of 
miscellaneous species. The average landed cost of 
wood prG}ently. procured by the industry is 
Rs.6.00/m • 

(vi) Paper Industrr:- Ashok Paper Mi.ll is located at 
J"ogigcpa near Goalpara. 1;10,000 tonnes of 
Bamboo is consumed annually. The industry has 
started trying mixture of baoboos and some of the 
hardwoods and pines. Some of the coniferous wood 
of survey area can be absorbed by this industry. 



12.8.1 

- 146 -

(vii) Miscella.."Y1eous Industries:- This category includes 
small scale industries like cart wheel, motor 
body building, carpentry, 'ltlood craft, photo frame 
etq., w~ich consume weed to the extent of about 
4,200 ~ (sawn form). There are 180 such small 
units in the three districts. These Units do 
seccndary conversion by obtaini-ng savTn woed from 
saw mills. ' 

TIMBER Ml\RKEI'S OF ASS.A}1 

The average recorded annual production of wood in the 
seven forest~divisions in Goalpara, Kamrup & Darra ng districts 
is 158,000 IDJ (average ef three years). Apart from thiS, large 
quantity of timber coming from Bhutan, Heghalaya, ArunechaJ. 
Pradesh and private lands is handled by the timber markets. 
The important tinber markets in Goalpara district B.re Kokrajhar, 
Bijni, Sapatgrarn, Bongaigaon, Dhubri, Goalpara and Gosaigacn. 
Most of the timber frc-m Sarbhang, Phipsoo and Gaylegphug areas 
of Bhutan finds entry into Kokrajhar, Bijni, SapatgrroJ and 
Bongaigaon timber markets. Udalguri, Tangla, Barpeta Road, 
Palasbari and Gauhati are the importClnt timber markets in 
Kamrup district. .tlliout 75% of tir:lber handled in markets of 
Udalguri and Tangla is from Diapham and Samrang ranges of 
Bhutan. Tejpur, Rangapara & Dhokia Juli are the major' timber 
lllurkets in Darrang district. Very little Bhutan tinber enters 
the timber markets of Darrang district. 

12.8.2 187 prorunent timber oerchants and forcst lessees were 
interviewed. The study royeals th8.t en an average-4 278,000 m3 
of round woed and 66,500 m.:S of sawn wood (95,000 Ll..J vlRE) is 
annually handled in the timber mar}:cots of the three districts 
of l~sa.I:l This includes 153,000 mJ (WRE) fron Hcghalaya and 
21 ,000;;3 (WRE) from Arunachal Pradesh. The average selling 
prices (1977) were as under:-

Species Price (Rs. per ~2 
Rouna ~ 

Sal 770.00 

375.00 

910.00 

450.00 

440.00 

12.8.3 Amongst organized sector~, Railways get ab out 49,000 ~ 
of ti&lber annually (abcut 46 ,000 oj in sleepcr form) frcm the 
three districts. out cf the acceptable species for sleepers by 
Railways, the survey area has fairly good proportien cf Abies 
densa, h1tingia excelsa, C2stanopsis species and TerminaIia 
.QYrioca~a. f~ the price offered by the Railways for sleepers 

Pine (Khasi pine) 

other species 

is norm 1y higher than the general market price, it may be 
advantageous to enter into agreement with them for bulk supply 
on sustained basis. 
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12.8.4 Oil Refinery ~.md Petrccher:1icals Ltd., csDing up at 
Dhaligacn (near Bcngaigaon) requires l8rge quantity cf ccnstruc­
tional timber. Developing marketing strategy can help in selling 
large quantities sf sawn WQod of miscellane0us tiraber species 
to this industry froD survey area during constructional stage. 
Saw milling industries at Gaylegphug area can play an important 
role in meeting this supply. 

12.8.5 Gaylegphug and Samdrup ~ongkhar h8~e potentialities 
to develop as iDportant tiL1ber oarkets·. Both the plBces are 
located close to rail hea.ds fc:;r long distant rail trarl.spcrtation 
to the consumption centres in Eastern and Northern India. 
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WOOD BAL.t1Nj ES 

tlWoed b elances" are th8 quanti ti es cf' wo d t hc.t arc 
available fer industries cr export fr r )r.l the area, (.If\ter rjGcting 
the local dernnnd of the people and after catering tc develsp­
ment requirenents of the existing industries. 

13.2.1 POT ENT IJJ. liliNU AL CUT 

Tbe sumLlary of potential annual cut as calculated in 
para 10.4.2 is given belm.r: 

Table 

POTENr rIlL l..NNUfJ. CUT 

'000' r.? Selid Vol U1:1e (ub) 

SpeCies Gre-ups Gress f..nnual cut Cull V clUr::lo Net annual cut 

Conifers 1912.708 570 •831 1341 .877 

Brcadleav cd 

Group A 564.308 4-0.506 523.802 

Group B 499.728 67.144 432.584 

Group C 690.091 71.084 619. 007 

Group D 1339.370 91.599 1247.771 

Group E 2363.618 449.692 1913.926 

Total Broad 
leaved spp. 5457.115 720.025 4737.090 

Total Conifers 
and Broad leaved 7369.823 1290.856 6078.967 

spP. 
--
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13.2.2 The net potential anuual cut cf 6078.967 thousand rr.2 
represents the net solid volume under bDrk in the fore st. 
In order tc calculate tho wocd b21cmccs it \-Till be necossary 
to ccnvert" this vGlume to log VC1U1TIe (WRE). 'Tho less in folling 
8.nd cress cutting_, including tho VGluno left in ·tbe f'::)rost in 
tho shape of stUr:JP, breakage during. f,elling 2nd eLf rend 
cnrri8ge, is estimated to be roughly 1-5~~ cf thG stnnding v')luT:1e. 
Therefr::-,re, the net log vclume will be as fc·llcws: 

Species Groups 

Conifers 

Brcadleaved 

Group I .. 

Group B 
Group C 

Group D 

Group E 

Total Broad 
leaved spp. 

Total Ccnifers and 
Broad leaved sPp. 

. . 
Table 

NEI' lDG VOLUHE 

'000' 

Net Ccnversicn 
annual losses i.n 
cut fores t 

1341 .877 201 .282 

523.802 78.570 
432.584 64.8$.8 
619.007 92.851 

1247.771 187.166 
1913.926 287.089 

4737.090 710.5q4 

6078.967 911.846 

13 .3.1 LVLILf2ILITY OF WOOD 
~ 

0 3 (ub) 

Net WRE 

1140.595 

445.232 
367.696 
52~.156 

1060.605 
1626.837 

4026.526 

5167.121 

With the existing infrastructure and market trends, 
eccnomic extractirn of 60 40 and 30 percents cf the tr_tal 
volume cf potenti8l annua cut of conifers, grsup H 1~1I, HB" and 
ItC tt

, "DII & 11 E't of bread leaved species respec tively is c c nsidered 
feasible at present (1978). 

13.3.2 With further developments 0f r Gad net 'Vlc,rk, river 
improvenents and modern l ogging techniques, the eccnemic ext r ac­
tion (in terns of percentages of total potential annual cut) 
may incroase to 70, 50 and 40 in 1983 and 80, 60 and 50 in 1988. 
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13.3.3 It would be cf interest to [lonti'-;n thnt pGrccntagc 
figures for eCGnoLlically feasible extracticn were te.ken ns 60 
and 40 fer the base year 197? fer conifers and bread leaved 
sp~cios respectively in the first report. The corresponding 
figures for the years 1980 and 1985 were n80 and 60" and 
H100 and 80" respectively.. It hn.s, hO"lever, bl..lGn (bserved that 
level cf extraction has not risen as w~s expected. 

13.3.4 Based on the presumpticns, in para 13.3.1 and 13.3.2 
above, the avnilability of woed in 1978, 1983 Dnd 1988 has boon 
worked out as under: 

Table 

AV JJ. LABI LITY OF WOOD IN DIFF BRENT YElRS 

Species Groups 

Conifers 

Brooo leaved 

Group ]'.. 

Group B 

Group C 

Group D 

Group E 

Total Bread leaved 

Total Conifers and 
Broad leaved spp. 

13.4.1 DEMJ..ND 

, 
spp .. 

'000' n? (WRE) 

Year 

1978 1983 1988 

684.357 798.416 912.476 

178.093 222.616 267.139 

147.078 183.848 220.618 

157.847 210.462 263.078 

318.182 424.242 530.3 02 

488.051 650.735 813.418 

1289.251 1691 .903 2094.555 

1973.608 2490.319 3007.031 

The tctal projected deBand fer timber and fuel weed 
has been given in table under para 12.5.9. It is estimated 
that about 2?% of the requirenent of fuel wood of both conifers 
as well as bro?d leaved species is presently met out of dec..d 
and fallen trees, branches of csnifors and twigs etc., which 
do not ferro a part sf the growing stock and, therefore, have 
not been included in the calculation of annual cut. For the 
purpose of calculation of wood balances, the fuel wood demand 
has, therefore, been reduced by 25%. 
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13 .4.2 From the generC1~ observaticns on utilisatirn of 
broad leaved species, it has been assumed that consumption 
of timber of species in groups A, B, C, D and E is in the ratio 
of 6:6:4:1 :3. The ratio of fuel wood of specie3 ip these group s 
bas been estimated as 1:1:2:6:10. ' 

13.4.3 Demand of timber and fuel wood to be met from the 
annual cut for the years 1978, 1983 and 1988 has been re-estimated 
after reducing 25% for fuel wood and. applying the ratios. The 
details are given- in the follovTing table:-· 

Table 

DEHAND OF TnmER AND FUELWOOD TO BE MEr FROH THE ANNU AL CUT 

! 000' m3 (WRE) 

Species Group 

1 

Conifers 

Timber 

Fuelwood 

Total 

Broad' leaved 

Group A 

Timber 

Fuelwood 

Total 

Group B 

Timber 

Fuelwood 

Total 

1978 
2 

9.905 

207.764 

217.669 

9.510 

41 .553 

51.063 

9.510 

41 .553 

51.063 

Year 

1983 1988 
3 ----------~---

12.365 

230.513 

242.878 

11 .514 

46.103 

57.617 

11.514 

lt6.103 

57.617 

14.221 

255~757 

13.128 

51 .151 

64.279 

13.128 

51 .151 

64.279 





WOOD BALANCES 

The wood balances have b~en .arrived at from figures 
of "availability of v-roodll and Itpresent and projected demandll 
as given in tables under paragraphs 13.3.y. and 13.4.3 respec­
tively and are given in the following table: 

Species group 

1 

Conifers 

Available 

Demand 

Surplus 

Broad leaved 

Group A 

Available 

Demand 

Surplus 

Group B 

Available 

pemand 

Surplus 

Group C 

Available 

Demand 

Surplus 

i· 

Table 

WOOD BAL.lU'IJCES 

1978 

684.357 

217.669 

466.688 

178.093 

51 .063 

127.030 

147.078 

51 .063 

96.015 

157.847 

89.445 

68.402 

Year 

798.416 

242.878 

55'5.538 

222.616 

57.617 

164.999 

183 .. 848 

57 .. 617 

126.231 

210.462 

99 •. 881 

110.5'81 

r 000 I m3 (WRE) 

1988 

912.476 

269.978 

642.498 

267.139 

64.279 

202.860 

220.6H~ 

64.279 

156.339 

263.078 

111.055 

152.023 



1 

Group D 

Available 

Demand 

Surplus 

Group E 

Available 

surplus 
/ 

Total Broad leaved spp. 

Available 

Demand 

Surplus 

Total Conifers and 
Brc;>ad leaved spp.' 

Available 

Demand 

Surplus 

- 151+ -

2 

318.182 

250.900 

67.282 

488.051 

420.283 

67.768 

1289.251 

862.754 

426.497 

1973.608 

1080.423 

893.185 

3 4 

424.242 530.302 

278.534 309.096 

145.708 221.206 

650.735 

466.784 

183.951 

813.418 

518.076 

295.342 

1691.903 2094.555 

960.433 1066.785 

731.470 1027.770 

2490.319 3007.033 

1203.311 1336.763 

1287.008 1670.268 

13 .5" 2 The available quantity shown in t he above table 
includes underbark volume down to 5 em. diameter over bark. 
The demand is inclusive of fuel wood which can mostly be 
met from the small sized material. The surplus volume will 
therefore, mainly constitute bigger sized material. 

13.5.3 The entire material cannot be extracted in log form 
due to difficulties in transportation etc. Moreover, conver­
sion at site is suitable for coniferous species for convenience 
in transport by river. It is presumed that economic conver­
sion at site is feasible to the extent of 70, 60 and 50 percents 
of available volume in respe'ct of coniferous species -in 1978, 
1983 and 1988 respectively. As regards broad leaved speCies, 
conversion at site of 20% of the available volume is esti­
mated for all the years. 
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13.5.4 The loss in conversion at site for all the species 
(conifers and broad leaved) is es timated to be 40% of the. 
WRE volume. In addition, loss of 5% in the volume of coni­
ferous species can take place in transport by rivers. 

13.5.5 The net quantities of wood available for industries 
have been worked out after giving allo~.,.ance for loss in 
conversion and transport by river as described in p~ras 13.5.3 
and 13.5.4 above and are given in the following table. 

Table 

WOOD AVAILABLE FOR INDUSTRIAL USE 

Species group 

Conifers 

Broad leaved 

Group A 

Group B 

Group C 

Group D 

Group E 

Total Broad leaved spp. 

Total Conifers and Broad 
leaved sPp. 

1978 

326 

117 

88 

63 

62 

62 

392 

718 

10001 m3 (Rounded off) 

Year 

1983 1988 

412 504 

152 187 

116 144 

102 140 

134 204 

169 272 

673 947 

1085 1451 



,.CHAP~:ER-XIV 

INDUSTRIAL INVESTIGATIONS AND POSSIBILITIES 

11t.1.1 INVESTIGATIONS 

During the Phase I survey various woods from Bhutan 
were tested at Forest Research Institute, Dehra Dun to ascer-

. tain their properties for different end uses. The results 
of such tests have been detailed in Phase I Report. It was 
observed that the properties of Bhutan woods are no different 
than the properties of same species growing in India that have 
been tested already. Since the main species~ occurring in 
Phase II & III, had already been tested, it was considered 
not necessary to have the tests carried out on the same species 
from Phase II & III area. Noreover for the time being more 
~han sufficient data and information was available for Bhutan 
woods for setting up of wood based industries. Any specific 
test on any wood that may be required can be got carried out 
n.t the Forest Research Institute, Dehra Dun (India), at a 
short notice. The available data and information has been 
utilized for the following paras. 

14.2.1 POTENTIAL 

The analysis of surve~r results shows that species 
available in central and Eastern Bhutan are very Similar to 
North-Western Bhutan. The estimated availability of major 
species and groups from the survey are for industrial uses 
(possible cut minus local demands) during 1983 and 1988 have 
already been given in para 13.5.1. The following table gives 
the suitability of different species/groups and their availa­
bility: 

Table 

AVAILABILITY OF DIFFERENT WOODS FOR INDUSTRIAL USES 
(cf. para 13.5.1) 

, 000 I m3 l;1RE 

Speci es/ Suitable Availabili ty in 
Species group for 1983 1988 

2 

1 • Coniferous T.C .Ply 555.538 642.498 

2. Broadleaved 

Grou2 A 

Betula spp. Ply ) 

.ruglans regia Ply 
) 
) 

Mich0lia s1212. Ply, ) 
pencil ) 164.999 202.860 Morus laevigata ) 

Phoebe goalEaren~ ) 
) 

Terminalia myriocape Ply ) 
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1 2 3 4 

(~rou:Q B 

Acer spp. pencil, ) 
Shu ttle,) 
Bobbins ) 

Ailantus grandis Pencil ) 
) 

Altingia excelsa ) 
) 

Amoora wallichii Ply ) 
) 

Cedrel"". spp. ) 126~231 156.339 ) 
Cinnamomum cecicodaphne ) 

) 

Duabnnga Ply ) 

Sonner2.tioides ) 
) 

Phoebe hainesiana ) 
) 

S2.lm8.li2. mnlabaricum Match ) 
) 

Schima wallichii Ply ) 
) 

Tetrameles nudiflor2. ) 
) 

Grou12 C 

Acrocar12Us Ply ) 
frnxinifolius ) 

) 
Albizzin spp. Ply ) 

) 

Aln~ spp. Pencil ) 
) 

Bucklandia populnea ) 
) 110. 5"81 152 .023 

Cas tffi10psis spp. Sports ) 

goods ) 
) 

Machilus spp. Pencil ) 
) 

Group D 

Bischofia l.g~i£~ 
) 
) 

Ga~_gg pinnata ) 
) 

Lar;erstroemia ) 145.708 221 .207 parviflora ) 
Populus spp. Pencil ) 

~ pru~ spp. 
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1 2 3 4 

Grou12 D (Contd. ) 

.t'teros12crmum ) 
acerifolium ) 

) 
Q.uercus spp. Agriculture ) 145.708 221 .207 

Ir.lplements. ) 
) 

sterculi'l. villos a ) 

, ) 
s;}rzigium spp. ) 

r'rou12 E 

Aesculus I?_undurula ) 
) 

Amoora rohituko. ) 
) 

Cinnmnomum tamala ) 
) 

Engelhardtia spic3.t~ ) 
) 

Ficus spp. ) 
) 

Kydia calycinu ) 
) 

HacarangR spp. ) 
) 183.951 295.343 

Ostodes }2ar1iculata ) 
) 

Rhododendron spp. ) 

Szmplocos Spl.£i2-,i.£. 
) 

Pencil ) 
) 

Vitex heterophzlln ) 
) 

~liscellaneous spp. ) 



14.3 .1 EXISTING WOOD-BASED INDUSTRIES IN CENTRAL & 
EASTERN BHUTAN 

There is considerable scope for development of wood­
based industries even iOn the Central and Eastern Bhutan. 
Forests of these regions can supply raw mat€?rial for different 
industries on a sustained basis. Lack of infrastructural 
development and consequent high costs of wooc_ extraction thro­
ttles the growth of industries. In addition the pO\1er supply 
is another bott~enec~~ Hith the result the _::.evelopnent of 
wood-based industries has been able to contribute t.:) the 
development of areas, in spite of vast resources. At present 
only the following industries based on forest products exist 
in the area:-

1. Saw mill at Sa~drup Jongkhar 
2. Tashi Rosin & Turpentine Factory, 

Samdrup Jongkhar. 
3. Blue Point Saw Mill, Korilla 
4. Swiss Dairy and Forestry Project - Hand 

Sawing unit, Bay-akar. Pbwer operated Savl 
Mill has not been installed so far by Swiss 
project for want of electric power. 

5'. Druk Saw Mill and Veneering Industries, 
Gaylegphug. 

In addi ti on to the above, there are a number of 
village sawers and furniture makers. 

LIKELY SITES FOR WOOD BASED INDUSTRIAL UNITS 

Considering existing availability bf land, electric 
power, transportation facilities and availability of other 
inputs the following places appear to be suitable for diff~ 
erent types of wood based industrial units:-

14.4.2 Samdrup Jongkhar 

It is located at the foot hills and is very close 
to Assam border. The nearest railway station 
Rangia, is about 50 km. There. is ample flat land, 
which can be made available for industries. The 
electric power which is presently being drawn from 
India wil~ be able to feed new wood based indus­
tries. There is a small river in which sufficient 
water flows throughout the year to meet the 
requ1.rements of the industries. The place is 
ideal for setting up a plywood unit. 



14.4.4 

14.4.5 

14.4.6 

14.4.7 
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Konglwn 

The town is about 160 km from Samdrup Jongkhar. 
The power is drawn from Tashigang Power Station. 
The peak capacity of Tashigang Power Station 
is 750 KW and can be increased. At present only 
160 KWH is being produced. for local cons.umption. 
Some flat land is available around the town which 
can be utilised for setting up small saw mill. 

Limithang 

The place is about 300 km from Samdrup Jongkhar 
via Tashigang. It is situated at the bank of 
Songer river. Flat area is available for indus­
trialisation. There is no problem of water through­
out the year, as two big rivers namely Sir~ Chu and 
Soner Chu have sufficient water throughout the year. 
The river Siri Chu can also be used for flc.J.ting of 
timber. Monger Power Station is producing 1+40 KWH 
of power at present. The capacity of Mong~r Power 
Station can be increased to feed industries. A small 
plywood unit and a small unit producing~emcn grass 
oil can be set up. 

Singu:r: 

The place is situated at the height of 2,730 m. 
There is ample of flat area for industries. Water 
lequirements can easily be met from the loca~ 
streams which are perennial. There is no electric 
power available in the area. However, 'there is 
enough scope for- setting up small hydro-, :lectric 
power stations at different places. Singur is 
about 330 kIn from Samdrup .Jongkhar via T .. ashigang .. 
It is an ideal place for setting up a plywood unit 
producing commercial ply from soft wood resources. 

Ura and Tangsbi Valley 

The places are situated at the height of a~out 
3,000 mo. These two places are also possible sites 
for setting up saw mills. 

Bhumthang (Bayakar) 

Bayakar is about 410 km from samdrup Jongkhar V1a 
Tashigang and about 330 km from Gaylegphug via . 
Tongsa. FT0 n Thimphu the place is around 330 km. 
The town is Situated at the bank of Bhumthang 
river. The height of town is 2,600 m f:com the sea 
level. There is a Swiss Dairy and Forestry Project. 
The Project has a hand saw mill which is exclusively 
saWing the timber for their own use. However, small 
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fraction of sawn timber is also being supplied to 
the local population. The Project has got power­
operated saw mill, which has so far not been 
in~talled, due to hon-availability of electric 
power. The Project obtains wood from Bapatithang 
forest area by gravity ropeway. About 10 km 
towards Ura, there is UNDP Project (Yak and Sheep 
Development Project). They have also their own 
generator by V{hich Project's electricity demcnds 
are ~et with. ' 

The whole area is excellent and has ~L~ost flat 
terrain and ideal place for any new industry ~ 
Considering the type of species available in the 
area and availability of land etc., the place may 
be considered even for a bigger wood-based unit 
like Pulp and Paper. A 50 tonnes/day cab19-insula­
tion paper plant ~l.(.)U)_d be ide?l for the place, 
provided the road~. are w·idened to facili t,ate trans­
portation of heavy---pulp and .paper machineries.. The 
present cost of transportation of goods by tTuck. 
fran Gaylegphug tr.-·Bayakar is ,about 1 .05 Nu per 
kilogram. 

Mangde Chu 
-, 
\ 

\ 
Tbe place is situated on the confluence of Ri-ver 
Tongsa and Burunda. The distance from Gaylegphug 
is on1:'r 130 km. Not much of plain area is availa­
ble bu~ sufficient area is aVailable- for setting 
up a s!'llall saw mill. There. is no electric power, 
but cal easily be produced locally. 

Gayleguhug 
, 

The town is situated at the foot-hills near Assam 
border. There are two major wood-based unitfi viz. 
Pelri Hatch Factory and Druk Saw Mil.l and Ve-neering 
Industrres. The power is obtained from India for 
\mee~ng the requirements of the industries and local 

population. The place is ideal for setting up ,any 
la~g~ scale wood-based industry. 

14.4.10 Sarbhang 

This town is also situated at the foot-hills near 
ASS am border. Electric power is _. obtained from india 
for local consumpt~nn. This is also an ideal place 
for setting up large scale wood-base~ lli~it when 
Damphu is connected to Wangdiphodrang"by road as 
suggested in Phase I Report. All pre-requisites 
for industries are. _aVailable in the arcc: .• 
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1lt-.5.1 I~rnDIATE INDUSTRIAL POSSIBILITIES 

Establishment of some of the wood industries based 
on the basis of existing facilities will enhance the economy 
of the nation and help to improve the standard of living of 
the people. Based on the available resources in Phase II & III, 
the following wood-based industries may be possible in imme­
diate future after feasibility studies are done. 

14.5.2 Integrated Half Wrought Unit:- This unit can manu­
facture pencil slats, shuttles and bobbin blocks. Based 
on the available information on forest resources the half 
wrought unit of about 6 tonnes per day -capac:lty can easily 
be set up. The unit will use 3 tonnes/day wood for pencil 
slats from which 600 gross pencil slats of 6 ply can be 
produced. . . ' . 

The -species suitable for penc:L 1 slat and shuttle 
and bobbin viz. Maple, castanopsis and Celtis austraj.is 
are available in sufficient quantity within phase II & III 
areas. The major species vmich~are ' suitable for pen~il are 
s~mplocos spicata, Ailantus grandis, Juniperus spp., Alnus 
spp. Machillus spp., POTIulus spp. etc. 

The capital required for setting up such a lLl"lit will 
be around Nu. 2 million. 

14-.5.3 . Saw Milling, manufacture of furrLiture and pa .. ::klng 
cases: - A rumber of saw mills ~an easily be set up on the 
basiS of existing aVailable forest resources. The it3ms Which 
can be manufactured from the avaiLable species in Pha~e II & 
III are household and office furniture and fruit packing 
cases & shooks. It is suggested that a wooden packing case 
manufacturing vnit at selected location may be set up. 
The capital required for a unit manufacturing 60,000 packing 
cases per annum would be approximately Nu. 1.5 lakhs. 

,. 
1~.5.4 Plywood Unit:- The major species suitable for plywood 
as recommended by' I .S.I. are available in Phase II 8- III in 
subs,t,'antial quantity, as may be seen from t h e table under para 
1lt-.2.1. Commercial and tea-chest quality plywood can be -'f... 
manufactured from the resources available. ~ 

The ideal location for~setting up of plywbod factory, 
based on Phase II & III- resources are samdrup Jongkhar, 
Gaylegphug and Bayakar (Bhumthang). In the former two loca­
tions all necessary facilities for setting up of plywood units 
are available. However, transport of ply logs from forest 
areas will pose some problem. In Bhumthang at present the 
facilities are not availabl~for establishing industries. 
However, in near future this may be an ideal location for 
the industry. 
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A plywood unit producing more than 10 m sq.m. can 
easily be set up at the proposed locations. The capital 
required for setting up an economical unit of 5 m. sq. m. 
\lIill be around Nu. 2.5 crores. 

14.6.1 FUTURE POSSIBILITIES 

The following industries may be considered for 
future planning as· and '."hen the infrastruc'ture facilities 
are developed and enough electric power becomes available. 

14.6..2 Fibre Board:- Fibre board can be manufactured from 
the waste. wood available from plY'i>lood and saw milling indus­
tries. A minimum 50 tonnes/day capacity will be economical 
and will require about Nu.150 lakhs as capital. :A list of 
fibre board machinery suppliers is given below: 

1 .. Mis International Trading Corporation, 
G.P.O. Box 378, Calcutta-1. 

2. Mis Project Machine Tools Co. pvt., Ltd., 
Bell Building, Sjr P.M-. Road, BombaY-I .. 

3. Mis Reliable Machines Tools Company, 
31, Canning Btreet, calcutta. 

4 .. Mis Siempelkanp & Company, t-fasch;iner 
Fabrik, Krefeld, West Germapy~ 

5. Mis J.M. VOith, Gm DH 7920 - Heidenheim 
(Brenz) , Germany. 

6. Mis Beeker & Van Hillen, Krefeld, west 
Germany. 

7. Mis Karlstadt Hekanika ltlorkstad, Sweden. 
8. Mis International Design Corporation, 

3824, South Pine street, 'Tacoma, 
vlashington - 98411. U. S .A. 

14.6.3 pulp and paper:- Forest resources from Phase I, II 
& III areas can be used. for the manufacture of speciality 
papers like cable insulation, sack kraft etc. These papers 
require mostly coniferous wood. The capital required for 
setting up such a unit will be around Nu.40 crares. Detailed 
feasibility report is, however, necessary to be carried out 
for such industries. 
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CR AbTER - XJT 

J:NVEST~lENT __Mg OMf.1EJID AT IONS 

15.1.1 GENERAL 

Forests of Central and Eastern Bhutan have enough • 
resources of wood to feed small, medium and large sIzed wood 
based industries as stated in the previous chapters. However, 
ha~resting of such large quantities ·of wood requires heavy 
investment in building up managerial.. s::Cills and man-power, 
purchase of machines, construction of roads and development 
of transport systems. 

15.1.2 Silvicultural skills and organisation to regenerate 
the harvested areas and to plant more areas are necessary con­
committants of wood harvesting on sustained basis. 'Ihis also 
needs expertise to study the proble~s and evolve techniques 
suitable for local conditions and workers to execute t.he 
regeneration progr~~mes. utmost caution is advocated to handle 
these problems against any hurried cutting of forests without 
proper solution of regeneration and silvicultural problems. 

~ 

1).1 .3 The exparlsion of the Department of Forestry I..as to 
precede the forestry development, harvesting of wood and setting 
up of big 3ized industries. 'I.le forests have to be properly 
demarcated and brought under scientific management plans. The 
Forest Department would need professionally trained foresters 
and skilled vlOrkers to handle the forestry developr1ent. plans 
and wood harvesting. 

15.1.4 ! pre-investment I study of the planning and investment 
calculations presented in this report are of macro-level where 
problems are dealt with on over-all basis. The time horizon 
for macro planning is generally 25 years and may go upto the 
rotation age of forests, say 100 years or more. The detailed 
or micro-level planning can be done with the help of data 
presented, calculations done, back ground and principles 
discussed. The final decision of alternative technology to 
be used are left at the discretion of the local manager, who 
will have to keep in mind the policies of the Royal Government 
of Bhutan, the local cultural, socio-economic and technological 
conditions and help avail.able at the site. ' 

15.1.5 The report discusses the· possibible investments to be 
made in presently accessjble areas for timber extraction on 
rational basis. The investment for various machines and ' 
requirement of man-pm:er have been discussed. Information for 
other possible points for timber extraction and setting up of 
\vood based industries can be interpolated or extrapolated as 
required. 
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15.2.1 .' INVESTMENT CALCULATIONS 

For calculations of investment requirement, operation­
wise details of tools/machines necessary, their cost (1978-79 
level in Indian markets), average annual out-put (production) 
of each tool/machine and manpower needed for h2,ndling tb,em, 
have been worked out and are given in the follmJing table. 
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15.2.2 It was not possible to ascertain the ec on omic life 
of the individual tools/machines and the depreciation shall 
have to be calculated at thf' time of the capj_tal j_nvestmcnt, 
depending on the quality of the tools/machines available 
and the c'ondi tions under which these have to be used. 

15.2.3 Depending upon the total available vol~e, volume 
. propos ed to be extracted, the ass ortrnent required and the 
technology and transport to be utilized, the t ot 8.1 investElents 
and requirement of manp0v.ler can be calcu lated. ':'he training 
of managers, supervisors, technicians and skille,i &: semi­
skilled labour shall also have to be planned before hand while 
taking up any logging project. 

15.2.4 Costs on management, supervision and wag~s have to 
be provided for as working capital. 

15.2.5 The area and total growing stock of t h e l' operable 
forestslt work out at 7,57,197 ha (para 9 • .3 .2) and "'!9Eh052,581 m3 
(para 9.4.1) respectively. The average growing st .Jck of opera­
ble forests is, therefore, 261.56 rn3/ha. 

15.2.6 It has been estimated in para 13.3.4 that in the base 
year 1978> 1,973,608 m3 of wood in round C~~ oe availabl~, 
after all~wing 15% conversion losses. This equals to 2.3 
million mj standing volume in the forests. To extract this 
vollliIle after the requisite infrastructure has been built u p 
and managerial and supervisory skills are ~Tailable, the 
estimated capital investment and manpower are given in the 
following table. 



- _..=l,~& -
r~ 
rl 
rl 
..-l 0 0 (\) CO CO 00 
~ ...:t- O 0' N \D N 
(I') ...- -...0 C"-- ['... C\J 'I..r\ .... 
I 

~ ~ 
C"-- "" 

~ 
CI) 

rl 
0 '"CI 
0:>' <l) 

+> .-1 rl 

~ 
rl or-! rl ['... 0 0 N (\/ C"-- ...-

F-tal 85:g ['. 'I..r\ (\') CO ,- ~ 

0;::1 ,- .,-- ,- CO ('I) 

0 c.-..~ ((JCIl 
.. 

p.. ( . ...- C\I 

~ 
'dS3 
<l) 

~ 
~ F-t (I') 

.~ <l) '"CI 

~ 
;:::is:: (}) 0 CO Lr'\ 0 N C'\l C"- :1= 

§ O'H r-l ~ CO ('I) Lr'\ ('I) CO ...--
(L) .0 rl C"-- C\J ...- ,- ,- 00 ('I) 

0 hO • ...-1 r. 
.. .... 

((J :;3- ro ..!>:! ['... "" ...- 0' 

~ 
i .. 8 en 

..,-

r.x. '1 

H 0 .3 

::c 0 r-l 0 CO '\.c\ 0 \D C\J (\j (V) 

p.. ('j ~ cD ..::I- 0 'lr\ 0' 0 C\J 

..a: s @ -p ['... (\j C\J 0"- 0 0 ~ C\J 

~ 0 .. r. .... .. 
\3 ~ IE-t ['... 0' ...- ,- 0 .,--

~ 
..-- ("(") 

H 
H 
,_:: 

U) H 
H ~ I 
0 Irl -0 CYJ 

(l) E-l . 1m 0 C"- O' 'lr\ 0 \D 0 0 C"-

r-l C\I I..f..)O . ...:t- eo C\J (\j 0 l.!\ 0 \.1"'\ ....:t 

.g ~ I 00 UJ, (V) 0"- N l.!\ 0 (\j Lf"'\ co 
~ E-;-P:; ... .... ... 

E-l Z 

I+> 

..- 0 ..- CO C\J ..:t-
f:il H 

...- ._- ['. 0 

tI) E-t 
... 

~ 

~ 
I L') N ('I) 

::c I 0 
0 I 'J 

§5 ~ 
p.. ~ I ,.{:l 

~ t§ () . 
roCll (Y) 0 0 0 0 0 0 0 

r.:r... Ii< f:ilP::; I \.1""'\ 0 0 0 C- o 0 

~~ 
J C\J 0 0 0 0 0 

~ 
.... 

'lr'\ 0 co 0 0 

HI~~ I (V) ['... 0 'I..r\ .... 

P~ 
...- ...-

~ls '"CI 
Q) 

~!~ 
HH 0 ..::l- t!'-. 0 C\J C\J ['. 

m·ri ...::f- ...:t- (\') \.1"'\ rr) co ,.... • 

~g 
(\J ['... \D ....- ...- ..- 00 

~I ['. ..::I- ...-
E-;I z~ 

~I I - ,,-.. 

~! 
ro ro 
(}) (J) 

H. 
fJ) H F-t 
~ro cd 

-.. 
01 ~~ 

:;to) (l) 

~ 
Q),.-I CIl,.-l 

L') Ul .,--F-t §'1a (l)..o 

(l) ~ tI) "-,,ro fJ~ s:: ro p:;F-t 
'r-! tI) (l) U) Q) '.:1) F-tG> 
,.{:l 01 Hoi >,p., up., 
0 ~ ~ 0..0 +>0 0 UJ 

ctl -pro • ...-1 Q) ~ ,.-I 

~ 
:;:::$ +> oF-t :>~ rl* (.) ro 

Q) § F-t . ro (l) ro_::j' .grr) e +> 
Ul l><; 0 F-tA F-t....:t 0 

,.-I ~ Z Pi E-;O ~...__. 0"-" E-; E-; 

0 
0 • • • • • 

E--I ...- N (Y'J ..:t- 'I..r\ \D C"-



- 169 -

15.2.7 The table in the above para would give an idea of 
magnitudes o:f the various problems. The requirement of man­
power'l in spite of' the possible mechanization alone would be 
a problem that shall have to be tackled and may slow down all 
the forestry operations for utilization of available wood. 
In this table the use of tractors, gravity ropeways and cable 
cranes have been provided according to the result s of sttrlies 
conducted for "Accessibility and Cost" (Chapt er XI - Volume I). 

15·3.1 JNVESTNENT ESTIHATES 

Based upon the disc ussions in the prec~ding paragraphs, 
the estimates for total investment required in various sectors 
of forestry by 1988, to realize the available yield with proper 
scientific management of the forests of the area under report, 
have been worked out and are given in t h e follovrilig table: 

Table 

INVESTNENT REQUIREMENT , UNDER VARIOUS FOIVillTRY_S.m::;TOPB 

Sector 

Training of staff 

Survey & Demarcation 

Preparation of logging 
& regeneration plans 
River improvements 

Construction & maintenance 
of buildings 0 

Construction & 
of -

maintenance 

(a) Pucca Roads 
(b) Forest Roads 

purchas e of logging & 
other machinery incl u-
ding trucks etc. 

Regeneration & planting " 

Investment 
Nu Million 

3 

3 
3 

1 .5 
4 

220 
110 
300 

12.5 

657 

Pe r iod 
(years) 

5 
5 
5 

5 
8 

8 
8 
8 

8 

8 

Average annual 
investment 
'Nu million 

0.6 

0.6 
0.6 

0.3 
0.5 

27.5 
13.8 
37.5 

1 .6 

83.0 



·15.3.2 As suggested in para 11.10.2 the expenditure on cons­
truction and maintenance or new roads which are required for 
general area development may not be charged entire'ly to the 
forestry sector. 

15.3.3 The purchase of logging and other machinery provides 
for maximum possible mechanization, as can be antiCipated. 
However, in spite of the possible mechanization, adequate 
manpower would be reqUired. The estimates of manpower reqUire­
ment' are given in the table of para 15.2.6. 
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APPENDIX 13.1 (VIDE P AHA 2.7.1 OF THE REPORT) 

A GLOSSARY OF LOCAL NAMES OF COtvIMON PLANTS WITH THEIR 
BOTANICAL EQUIVALENTS 

Trees 

Local Name 

Agar 

Ajhar, .T~rul 

Akhan~ 

Am 

Amari, Lali 

Amaro, Amara 

Ambake, Jamune 

Angare 

Archal 

Arkaula, Amkhola 

Arupate 

Athor 

Badam 

Bahuri Kath 

Bajrath 

Bandre, Lemtem 

Bange 

Barahar 

Barkaunle 

Barrar 

Behera, Barra/Burna 

Bepari 

Bhadrase 

Botanical Name 

Aquilario agallocha 

Lagerstroemia flosreg1nae , 
Alangi urn s pp. 

Mangifera spp. 

Amoora wallichii 

Spondias mangifera 

.Tarnbosa formosa 

Phoebe hainesiana 

Antidesma diandrum 

Quercus spicata 

prunus nepalensis 

Artocarpus spp. 

Sterculia alata 

Mars denia spp. 

Quercus semis errata 

Gynoc ardi a s pp • , 

Berchemia floribunda 

Ficus bangalensis 

Casearia gbmerata 

Artocarpus lakoocha 

Terminalia belerica 

Ostodes paniculata 

Elaeocarpus varunua 
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Local Name 
, 
I , 

--~~--~------------------------~ 
Botanical Name 

Bhalayo/Bakimlo 

Bhalu lCath 

Bhelkor 

Bhelu 

Bhojpatra/Birth 

Blue pine 

Bogipoma 

Bohari 

Bola, Kimbu 

Bonsum 

Buk 

Buradhoyaro 

Burance 

Champ 

Chaplash 

Chatiwan 

Chhalegach, Gendhillipoma 

Chikrase ~ Bogipoma 

Chilaune ~ Gogra 

Chinde 

Chir 

Chiwari 

Chunyel, Thekra 

Cyprus 

I 
r 

Rhus griffithii 
semecarpus anacardium 

T almuna hodgs oni 

Trewia nUdiflora 

Tetrruneles nudiflora 

Betula spp. 

Pinus excelsa 

Chuckrassia tabularis 

C ardi a obliqua 

:rvrorus laevigata 

Phoebe goalparensis 

Quercus spp. 

Lagerstroemia parviflora 

Rhododendron spp. 

Hicheli3. champaca 

Artocarpus spp. 

Alstonia scholaris 

Dysoxrlum hamiltonii 

ChUckrassia tabularis 

Schima wallichii . 
Hacropanax sPp. 

Pinus roxburghii 

I BasSia butyracea 
1 Nellosma simplicifolia 

Garcinia tinctoria 

Cupressus spp. 



Local Name 

Dabdabe 

Dalchiwari 

Dewa 

Dhuna 

Dudhe Lampati 

Dudhila 

Dumri 

G run aT 7 l(hamar 

Ganserai 

Gante, Bandre 

Gayo/Gaumbha, Kuhir 

Ghoge Champ 

Gineri 

Gobre 

Gobresall 

G-odgudal 

Gogun 

Gokul 

Gokuldhup, Dhuna 

Guenylo 

Haldu 

Halonre, 

Ha re 

Harra 

Hatipaile 

Hemloclc 

T . '_, al 
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Botanicar-Na.me 

Garuga Finnata 

Elaeocarpus aristatus 

Artocarpus lakoocha 

C ,":1l1arium sikkimense . 
Litsaea spp. 

Ficus nemoralis 

Ficus glomerata 

Gmelina arborea 

Cinnamomum cecicodaphne 

Dynocardia odorata 

Bride lia retusa 

Magnolia spp. 

Premna bengalensis 

Echinocarpus sterculiaceus 

Abies densa 

sterculia villosa 

Saurauia napaulensis 

Ailantus gr9.11dis 

Canarium sikkimense 

C allic8.rpa a rborea 

Adina cordi folia 

Odin_a wodi e r 

Drypetes lancifolia 

Terminalia chebula 

Pterosper mum a cer ifolium 

Tsug a brunoniana 



Local Name 

Hallock, parlisaj 

Holure 

Ja..'1lllluna, Jarnun 

.rarul 

Jhankri Kath. 

Jhikri 

Jhingni 

Jua 

Juniper 

Jutuli 

Kabra 

Kadam 
I,.. 

K?kur 

Kalikath 

.. 

Kalipal)enle 

Kanjal,. Uriarn 

Kapasi/K~p.ari 

Karan 

Kathal 

Katus 

Kawla 

Khair 

Khamari 

Khanakpa 

Khanium 

Kharane 

. .;r-· :--Botanical Nai:.le 

Terminalia myriocarpa .. 
Lannea coromandelica 

Syzigium spp. 

Larix griffithii 

Phoebe lance olata , . 

Altingia excelsa 

Eurya japonica 

Lannea corornandelica 

.Juniperus spp. 

Altingia excelsa 

Ficus benjamina 

~thocephalus cadamba 
\,0._--,._- ..... - ""1. ... ' 

Acacia lenticularis 

S~rcosperma arb oreum 

Litsaea oblonga 

Bischofia javanica 

Acer spp. 

Adina cordifolia 

Artocarpus spp. 

Cas tanopsis spp. 

Machilus spp. 

Acacia catech u 

Gme lina arborea 

Evodia spp. 

Ficus cunia 

symplocos spicata 

o· 



- A-130 -

--Local Name Botanic al Nar.1e 

-------------------------~~~~--------

Khar! 

Khhira 

Khokan/Khoku 

Kholme 

Khorsane 

Kimbu 

Kubinde, pichala 

Kulir 

Kumbhi 

Kutmero 

Labar 

Labshi 

celtis tetrandra 

Holarrhena antidyGen·'~erica 

Duabanga s rmner at::., oi des 

.symplocos spica~a· 

Cinnamomum caudatu:71 

Morus laevigata 

Kydia c alycin a 

Bridelia retusa 

C areya ?:l'borea 
"'-...j 

Litsaea' polyanth a 

l.- ·:~:tcus elastica 

-r Firmiana colorata 
l Pterygota alata(Sterculi~t) 

. __ .... _'.- __, _ ____,. ___ ~ ·__: .. --..... ·l·,, ·-A·lat.a-w~ . -- ._- ..... -,-.... 
+ t # 

_Lahasune~ __ , ____ --.;.... .. --~.---_.... . .... ·J..·Amoora .. r.ohi tuka· 

L<l.k~; chilaune 

Lali ... ., 

Lali,k_~:ram_ c ..... "" ... 

~amp?te 

Lapqpa_J 

Lapql+i (Phal) 

'..,'-. ,. 
~ J .• 

Latl:l+ Kath 

Latho~, sam 
Lati mauwa 

t.etar/Lathar 

Maina;· Bhelu 

r . 

AmQo:ra wal1ichli ' 1. ," 

~en.odi,ctYOJ:l eXGe18um ·, 

D_p-aJ?W1ga ;8 onn.ers bi oi des 

Qr,qtQJl .t:t:glium 

Mac:pilus, edulis 

La~~x griffithii 

QloChidion thO!)1S oni 

Artocarpus chaplasha 

G loc hi di on 9. s.s ~m::' cu::: 

Artocarpus ch.a :rlasha 

~ 'retram~les, n.udif'~cra 
r . , ,' . " 



Local Name 

Malagiri, Gonserai 

Malata 

Mandane/Mondaney 

Mango, Am 

Mauwa 

Maya (Kath) 

Morange 

Nn.geswar 

Nebharo· 

Qdal 

Okhar 

pahenle 

Pakasaj 

panchpate . 
panchphal 

panisaj 

parari 

patpate 

Phalame 

phaledo 

phurse champ 

Pipli 

Pi tali, Bhel.kor 

pipalpate 

porna 
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Botanical Nome 

Cinnanomu~ ~8cicoQaphne 

Macaranga spp. 

Acrocar~us fraxinifolius 

MangiferQ sylvatica 

Engelhardtia spicata 

Eriobotrya bengalen~t~ 

Laportea crenulata 

Mensua ferrea 

Ficus hookeri 
Ficus roxburghi1 

Sterculia vil.lo~a 

J"uglahs regia 

Neonsucles griffithii 

Terminalia tomentosa 

Vitex heterophyl~a 

Dillenia indica 

T erminalia myri.ocarpa 

stereospermum chelonoj d.es 

Meliosma sirnplicifolia 

Myrsina semis errata 

Erythrina indica 

Michelia spp. 

Buckl.andia populnea 

Trewia nudiflora 

Populus glaucea 
sapiu.r.l eugeniaefoljoum 

cedrela spp. 



Local Name 

popular 

putll 

Rajbrikhn. 

Rakat Chandan 

Ritha 

Rohini 

Sain 

sal 

Salla 

Sain 

sa."l1gata 

Sani 

sarla 

satisalo 

satpati 

seti, J'utuli 

Seto-Odal 

Sidha, Sida 

Simul, Simal 

Sindhre 

Sinkauli, Sinhal 

Siris 

Sissoo/S1ssna 

Sonalu 

Swami 

Tanki 

Tarsing 
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Botanical Name 

Populus spp. 

Acer laevigatum 

cassia fistula 

Daphni-phyllum h1~alayense 

sapindus detergens 

Mallotus spp. 

Terminalia tomentosa 

Shorea robusta 

Tsuga brunoniana 

Betula alnoides 

Duabanga sonneratioides 

Artocarpus spp. 

Pinus roxburghii 

Dalberg1a latifolia 

Aesculus punduana 

Altingia excelsa 

Firmiana colorata 

Lagerstroemia parviflora 

salmalia malabaricum 

Mallotus philippinensis 

Lindera pulcherrima 

Albizzia spp. 

Dalbergia sissoo 

Cassia fistula 

Ficus spp. 

Bauhinia spp. 

Beilschmiedia spp. 



Local Name 

Tartari 

Teak 

Tejpat 

Tengre 

Thali 

Thulo pahenla 

Toan t Perna 

Uri am 

utis 

Walnut 

Yew 

Assamlata 

Basak 

Chltu 

Dhuptita 

HarCli Kath 

Mechia sag 

Morange 

pipla 

Sisnu 

,Taraphul 

Titapat 

r r 

SHRUBS 

Botanical Name 

Dillenia pentagyna 

Teet-ona grandis 

Cinnamomurn tamala 

Tsuga brunoniana 

Turpinia pom1fera 

Litsaea spp. 

cedrela toona 
Cedrela febrifuga 

Bischofia javanica 

Alnus nepalensis 

Juglans regia 

Taxus baccata 

Eupatorium odoratum 

Dichrod febrifuga 

Clerodendron infortunat~~ 

Ph~ogacanthus thyrsiflorus 

Morinda citrifolia 

Murraya Koenigii 

Laportea crenulata 

Piper spp. 

Girardinia palmata 

Cofrea bengalensis 

Artimeala vulgaris 



Local Name 

Tarika 

Bhalubans 

Choyabans 

Gopebans 

Phaling 

Bau 

D ebre lahara 

Kurkus 

Pani Lahara 

. - . A~ 1"34 -. -

I 
. , 
.. . -to 

PALM 

BAMBOOS 

GRASS 

CLIMBERS 

prfoen::':'x rupicola -

Dendrocalamus sikkimcnsis 

Dendroce.lamus hamiltonii 

C ephalostachyum capi tatum 

pseudostachYlli~ polymorphum 

pollinia ciliata 

Spatholobus roxburghii 

Millettia auricalata . 
Smilax macrophylla 

Vi tis lati folia 




