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Toona ciliata Roxb. ex Willd

Volume, Biomass and Carbon Tables for Meghalaya

Introduction

Toona ciliata (Family- Meliaceae) is found naturally across much of South and

Southeast Asia from Pakistan and western China to Indonesia, Malaysia and parts of

Oceania, including Australia and islands of the western Pacific Ocean. On the Indian

subcontinent, 7: ciliata is distributed from caster Pakistan to Bangladesh, North East

including the tropical parts of the sub-Himalayan tract and the Western Ghats (Conn and

Damas, 2006).

Habitat and ecology

In the western sub-Himalayan tract of India, 7. ciliata is found in moist localities,

sheltered ravines, along streams and even in swamp forest, while in the Western Ghats, it

is found mostly in wet evergreen forests. In India, the climate of the natural habitat

‘comprises rainfall from 1100-4000 mm per year and temperatures ranging from about 0-

35°C. The species is frost tolerant, however, sensitive to drought.

Uses of the tree

T. ciliata is mostly grown for its versatile timber, which is used for building

houses, high value goods s ich as furniture, musical instruments and carvings. The

flowers yield reddish dye stuff, while the bark is used to tan leather or to produce string,

Leaves and bark are used in traditional medicine. 7. ciliata is commonly cultivated as an

avenue tree in India (Edmonds, 1995) and as an ornamental and wayside tree throughout

muchof tropical Africa and Asia (Fenton et al. 1977).

Need for volume, biomass and carbon tables

Volume tables are used to estimate the quantity of timber available in the forest or

plantation in terms of merchantable timber yield. The volumeof trees is calculated either

after felling the tree or in the standing form. For volume estimation of standing trees,

mathematical models developed through multiple regression analyses are the most

suitable methods which avoid felling of trees or destructive approach for volume, biomass

and carbon stock estimation in the forest ecosystems. Once developed the volume and

biomass tables can be used either by the ownersof the tree or the buyer to decide on the

value, The carbon tables are useful, if the trees are raised as a part of any project
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involving carbon trading. In Meghalaya, 7 ciliata is available in the forests owned by the
Government as well as the communities and used for different purposes, Therefore, a
need was felt for volume, biomass and carbon tables of this species in Meghalaya,

Methodology (non destructive method)

The following parameters were recorded for development of volume/biomass
equations

|. Girth at breast height (GBH) at 1.37 m above ground level for each individual

tree was measured using measuring tape and converted into diameter at breast
height (DBH) using the following formula:

rthat 1.37 m above ground
(pBny= Siethae abere gow

2, Girth at the baseof trees were measured and converted into basal diameter.
Girth at the base of tree

a4

Height ofeach individual tree was measured using Nikon 550A Laser Range Finder

Basal diameter =

e
e

‘ Diameter at each end point and at the centre Portion of frustum (smaller logs) was
‘measured in standing trees using Haglof Mantax Black Caliper with Gator Eyes and
the height of the lower and upper ends of the frustum were measured using Nikon
S50A Laser range finder, to arrive at the centre of frustum, Stem volume (i) of T:
ciliata was estimated using diameter class wise regression models developed in this
study. The stem volume was converted into biomass (kg/tree) using wood specific
Sravity (0.560 grv/em’) for preparation of regional biomass tables. The stem biomass
was further converted into carbon content multiplying with 0.5 to prepare carbon tables

(kg/tree).

Utilization of volume, biomass and carbon tables

Stem volume tables were prepared considering height and DBH as an independent
variables and volume as a dependent variable in the formof (V=d"h). Volume tables were
also prepared using tree DBH as a single independent variable in the formof (V=a). The
regional volume tables prepared for three diameter classes viz., 10-30, 31-50 and >50 cm
can be used by the Researchers, Academicians, Forest Officials and Farmers toestimate
Volume of standing trees for timber extraction from forest areas and community owned
plantations (Table 1-3). Table 4-9 shows biomass and carbon values (kg/tree) of
Particular diameter and height classes (having diameter class interval of 1 em andheight



class interval of 1 m). Table 10-11 shows the volume, biomass and carbon content

estimated using regression models in the form of (V=d"). The regional yield, carbon

tables and best fit regression models can be used for forest biomass and carbon

sequestration studies as well as developing projects under REDD+ activities, Clean

Development Mechanism (CDM) and National Green House Gas inventories.
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Table1:VolumetableforToonaciliata(10-30emdiameterclass)inm*
(Thevaluesindarkerregionarewithintherangeofobserveddata) Height(m)

ii4213,uw|a5|46171819202122232410_|0.033|0.036|0.039|0.042|0.045|0.048|0.051|0.054|0.057|0.060|0.063|0.066|0.069|0.072
11|0.0400.043|0.047|0.050|0.054|0.058}0.061|0.065|0.069|0.072|0.076|0.079|0.0830.08712_|@.047|0.051|0.056|0.050|0.064|0.069|0.073|0.077|0.082|0.086|0.090|0.094|0.099|0.103
13_|0.550.060,0.065|0.071|0.076|0.081|0.086|0.091|0.096|0.101|0.106|0.111]0.116|0.121Ee140,0640.0700.076|0.082|0.088|0.093|0.099|0.105|0.111|0.117|0.123|0.128]0.134|0.140S[45[6.674|0.080]0.087|0.094]0.101|0.107|0.114|0.121|0.127|0.134|0.141|0.148|0.154]0.161=[16loose0.092.0.0.107|0.114|0.122|0.130|0.137|0.145|0.153|0.1600.168|0.175|0.1833170.095|OL|0.0.121|0.129|0.138|0.146|0.155|0.164|0,172|0.181|0,189|0.198|0.207=18[os0,1:0.126|0.135|8.0.174|0.183|0.193|0.203|0,212|0.222|0.232

219|0.118|6.429|0.140|0.1510,194|0.204|0.215|0,226|0.237|0.247|0,258
=[20|0.131|o.t43|0.15s|0.167M40.208|0.215|0.226|0.238|0.2500.262|0.274|0.286
5[21|0.145|o.iss|6.173|01949.228)0.237|0.2500.263|0276|0.209|0.302|0.315
z22_|0.159|o.a730.2020.2450.260|0.274|0.288|0.303|0.317|0.332|0.3462|_23|0.173|0.189|0.205|0.2210.268|9.300|G315|0.331|0.347|0.363|0.378©|24|0.189|0.206|0.223|0.2400.29226,0.360|0.378|0.395|0.41225|0.205|0.224|0.242|0,261|1354|0.391|0.410|0.428|0.44726|0.222|0.242|0.262|0.282|r0.0.423|0.443|0.463|0.48327|0.239|0.261|0.282|0.304f0.456|0.478|0.500|0.521

28|0.257|0.2800.304|0.3277|0.491|0.514|0.537|0.56129|0.276|0.301|0.326|0.351
1

q6
30_|0.295|0.322|0.349|0.375|0.402|0.429|O14



Table2:VolumetableforToonaciliata(31-50cmdiameterclass)inm?Height(m)
as162021222324252627282930

31_|0,268|6.2869.357|0.375|0.393|0.411|0.429|0.447|0.465|0.483[0.500]0518]0536
320.2860.305,0.381|0.400|0.419|0.438|0.4570.476|0.495|0.514|0.533|0.5520.571
33|0304|0.324‘0.405de0.506|0.527|0.547|0567|0.587|0.608

|34|0323[ogee0.4303|0A0.538|0.559|0.581|0.602|0.624|0.645
€|_3s_|03420.368|0.0456|0.570|0.592|0.615|0.638|0.661|0.684
=|36|0.362[0.386|6.2.|0.530|0.603|0.627|0.651|0.675|0.699|0.723
|37|0382|oaor0.509|0.535|0.560|0:0.637|0.662|0.688|0.713|0.738|0.764
=|38|0.403|0.430baazLosesTosi]x0.671|0.698|0.725|0.752[0.779|0.806
=[39[oaze0.4530.566|0.594|0,622|9.684|0.679|0.707|0.7360.764|0.792|0.820|0.849
5|40|0.446[oaze0.595|0.625|0.6550.833|0.863|0.893,
®[41|0.469|0.500487|0.6880.875|0.907|0.938
3|42[0.492[osas0.656ous|oe2|0.919|0.952|0.984
&|43|0516|os:0.688|0.722|0.7570.963|0.997|1.032|
&|44[0500[0876[0.7200756"i1.008|1.044|1.080

45|0.565|6.6039.783|0.794|0.929|1.055|1.092|1.130
46|0.590|0.6300,787|0.1,8661.102|1.141|1.181
47_|0.616|0.657

1.150|1.192|1.233
48|0.6437.1.200|1.243|1.286
49|0.670|0.715y

1.250|1.295|1.340
50_|0.698|0.74410.9302:1.302|1.3491.395]
(Thevaluesindarkerregionarewithintherangeofobserveddata)
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Table4Biomasstable(kg/tree)forTomaciliata(10-30cmdiameterclass)
it12_1314151624

1018.36|20.03|21.69|23.36|25.03|26.7040.05
u24.23)26.25}28.27|30.29]32:3148.46
22s.n4|31.24]33.64136.05]3a4s

57.67
1333.84}36.66|39.48|42.30|45.1267.69
14398|39.25|42.52|45.79|49.06!52.33

78.50
§[is30|45.06|48.81|52.57]56.32|60.0890.12
=[1699|51.27|BRB!50.81]64.08]68.35|102.53

|3[a7|5505)57:87)eaa0]67521723417717
75

=|18_|sa48|64.88|70.299570Lilcast29.77
2[19|66.27[73.29gag)94.34]9047!909

144.58
=|20[73.43|goo|86.78|93.45|100.13|foa.n0160.20

|_21_|80.95|98.31|98:67|403,03|110.39117.75
176.63

£|22|88.85|96.92]105.00|113.08|124.15|129.23193.85
&[23|97.11|105.94|114.76|123.59|132.49|nai.25211.87

24_|105.74|115.35|124.96|134,57|144.18|153.80s|230.69
25_|114.73|125.16|135.59|146.02|156.45|166.88.219.03250,32
26_|124.09|135.37|146.65|157,94|169.22|180,50|191.78236.90,270.75
27_{133.82|145.99|158.15|170.32|182.48|194.65[20684|;|255.48|267.291.97
28_|143.92|157.00|170.08|183.17|196.25|209.33|222.42274.75|287.83|300.92|314.00
29|154.38|168.42|182.45|196.48|210.52|224.55238.!|294,73.308.76,322.80336.83,
30_|165.21|180.23|195.25|210.27|225.29|240.312552315.40|330.42|345.44360.46|
(Thevaluesindarkerregionarewithintherangeofobserveddata)



Height(m)

5

352.64|374.68|3

3|400.14|438.1isee550.18|



Table6Biomasstable(kg/tree)forToonaciliata(>50cmdiameterclass)
iight(m)

=
1s[16|7|82025|26|27|28|29|30|31[32|33|a|as

si_|$52.74589.621626.471663.3737.0%49)821.2$94.941031831008,6Hf105.54114238179.231216.09125>091299.7
|_s2_|574.65612.94651.27]689.59727.90766.215957.7691.3841072.6911111.001149.31f1187.6312959312642413025
53|596.97]636.77676.56716.34756.14795.9¢994.951034.75;'93.941233.7411273.53)1313,3:a3
54_|619.71]661,02702.34743.68784.94$26.28867.59905.91950,29]991.55)032.850-1239.4211280,731322.041363.31445.99

©55_|612.87]688.73)728.59]771.48#14392fif1242.891285.751328.601371441414.331500.04,
=|56755.3:76844.1{1288,49)1332.931377.361421.79)46¢

Ss782.54828.51]874.6
1334.99380.951426.99f1473,02

||ss|162.58810.24,$57.90]905.56i51]1382.171429.83)1477.5572.8
i3|_so789.10,838,42]887.74]937,06

528sis78206275
:E[60816.08867.0991809960.81:is81.151632.19]68.1

ea843.51]896.29948.hts93127.983891581571.634.2911687,0111739.7
|3|_03]871.39925.8dh1981052.6211307.i1633.85)688.391742.78179724

EL63.899.72,955.9f1237.121293.3:1.505.821.75}1686.98]1743.291799.45]1855.68,
S|64|s70.44998.51]986ssht044.s8.67125140.961799.915,

\65_|897.99]957.761017.621077.4%1257.061316.921795.741855.65975.37]2085.2
66_|995.74987.491049.1357.75041789.71851.4711913.1919749p36,62/200834
61_|954,001017.601081.2.40]1272.0041335.60)399.2018444011908001971.602035.202098.81/2162.41
|6810.48.2111113.72)1.741310,261375,7791441.258041572.316703.3.{1899.8711965.382030.90209641/2161.92227.442292.95

i691079.26146.736211349.08].416531483.981155144]1618.891k,5L158.522225.99229343]2360.8
01110.77)180.19f1249,62)°319.041388.46i.457:851527.31]1596,731666.1221.54p290.97]2360,39]2429.81

(Thevaluesindarkerregionarewithintherangeofobserveddata)



Table7Carbontable(kg/tree)forToonaciliata(10-30cmdiameterclass)Height(m)
217|ig202410.0114.18|15.0216.6920.03,17.16|18.17]19.18|20.1924.23

14.4220.43|21.63|22.83|24.0328.84
6.923.97|25.38]26.79|28.2033.84

ES19.63,29.44[31.07]32.7139.25
E22.53.33.79|_35.67|_37.5545.06=25.6338.45|40.59|42,7251.27228.9443.41|45.82|48.2357.873(1s“1432.4448.66|51.37]$4.0764.88

£9133.13[3615$4.20|57.23|60.2472.29
=20|36.71|40.0560.08|63.41|66.7580.10
=|21|4048|44.1666.23|69.91|73.5988.31
2|_22_|44.4272.69|76.73|_80.7796.92
B(23|as.ssi19.45,78105.9424|52.87|57.67

5.35
|_25_|57.37|62.5899.125.1626_|62.05|'67.69.9135.37
27_|6691|72.9997.32|103.41A:145.9928_|71.96|78.50104.67|My17.75|1:0157.00
29|7.19|84.212.28)E30_|82.61|90.12120.15|12(Thevaluesindarkerregionarewithintherangeofabeerveldata)10



‘Table8Carbontable(kg/tree)forToonaciliata(31-50cmdiameterclass)
(Thevaluesindarkerregionarewithintherangeofobserveddata) 182|2325|26|
3t90.09[ns125.12|130.13295.99133.32|138.6633102.09141.79|147.46
34108,37150.51|156.53
elas114.841

159.50|165.87
S|36121.49168.74|175.49

[3712834178.24|185.37
=[38135.37488.01|195.53

[39142.58198.03|205.96
5/40149.99|208.32|216.65
Sa157.58218.87|227.62
gia165.362238.86B(Sasa250.37|269.63|279.26|288.89
Sas181.49252.07|262,1528232|292.40|302.48
45489.83,253.66|274.20295.29|305.84|316.39
4698.36|2275,58|2:308.56|319.58|330.60
47207.287.61|2322.13|333.63|345.13
48

335.98|347.98|359.98
49

337.62|350.12|362,63|375.13
30_|195.30|208.32|921.34|234.2328.84|364.56|377.58|390.6011



Diameter at breast he

\ 6 
764.43 790.7 343.51] 869.871 896.23) 922.5

25 
789.70, 816.9: 871.39 898.62] 925.85, 953.08
922.20 

954.00, 
985.80)1017.60]1049.40)1081.2



‘Table 10 Volume, biomass and carbon table for Toona ciliata (DBH 10-51 cm)

DBH | Volume] Biomass[ Carbon | DBH | Volume | Biomass | Carbon

(em) | (a) | Che/tree) | Cegftree) | (om) | (mn) | (hpitree) | (hgitree)
wo | 0.049 | 27.42 13.71 a 0409 | 22888 | 114.44

| 0059 | 33.18 16.59 a2 0.436 | 243.88 | 121.94

w | 0071 | 3949 19.74 a3 0.463 | 25936 | 129.68

w | 0083 | 46.35 2.17 34 0492 | 27532 | 137.66

\ ce j 0096 | 53.75 26.87 & 521 | 291.76 | 145.88
i | 0110 | 61.70 30.85 36 0551 | 30867 | 15433

we [ 0.125 | 70.20 35.10 7 0582 [32605 | 163.03

Fama] 0.142 | 79.25 39.63 0614 | 343.91 | 171.96

ie | 0.159 | 88.85 a3 3 0647 [36225 | 181.13

| 0.177 | 99.00 30 | 40 0680 | 381.07 | 190.53

20 | 0.196 |” 109.69 34.85 at ons | 40036 | 20018

mm | 0216 | 12094 | 60.47 2 0.750 | 42013 | 210.06

Mm] 0237 | 13273 66.36 0786 | 44037 | 220.19

23 | 0259 | 145.07 7253 0823 | 461.09 | 230.55

“me | 0282 | 13796 [7898 |, ager | 48229 | 24115

25 | 0306 | 17140 | 85.70 a6 0900 | 30396 | 251.98

2 | 0331 | 18538 92.69 47 0.939 526.11 | 263.06

0357 | 199.92 99.96 a8 0980 | 348.74 | 27437

2% | 0384 | 21500 | 107.50 a oat | S784 | 285.92

| 0412 | 23063 | 11531 50 1.063 | 59542 | 297.71
Bo | 0441 | 24681 |” 123.40 St 1714 | 960.019 |” 480.01

23



‘Table 11 Volume, biomass and carbon table for Toona ciliata

(ke/tree)

Tea 
ea

(OBH 51-100 cm)

2131.88

960.019

998.036 2188370 | 1094.19

1036.791 7245.580 | 1122.79

076.284 7303528 | 1151.76

1116515 7362214 | 1181-11

1157-485 24n1.639 | 1210.82

7199.193 2481.802| 1240.90

1281.639 7542,702 | 1271.35

1284.823 72604341 | 1302.17

1328.746 2666.19 | 1333.36

1373.406 2729.834| 1364.92

1418.805 7795.68 | 1396.84

464.942 7958279 | 1429.14

Ts11.817 7923.609 | 1461.80

1559-431 7980678 | 1494.84

1607.782 5056.484 | 1528.24

1656.872 312a.029 | 1562.01

oy [1706-700 | SISESIi| 159616

o | 1757-266 | saerss2| 1630.67

70 1808570 3531091 | 1665.55

na 1860613 3401589 | 1700.79

2 [sisaes| 956-70 3472.824| 1736.41

| 3512 | 1966915 TS 3544.78 | 1772.40

7a | 3.609 [mat 1010.58 3617-510 | 1808.75

7B| 2707 | 2076165| 1038.08 3690.960 | 1845.48
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Nikon Laser 550A Range Finder: Used for measurement of total tree height,
height at the occurrence of first branch of each individual tree and length of

frustum.

Mantax Black Calliper with Gator Eyes, Make: Haglof Sweden: Used fot

measurement of diameter from a distance with laser beam (diameter

measurement at different height of each tree)

Summary

Toona ciliata is commonly found in Meghalaya, entire North Eastern regior

and other parts of the Country which is used for commercial purpose. Th

report provides the volume tables and biomass tables of the utilizable sten

portion, for use by the forest department, community and dealers in timber

The information on equivalent carbon content is also provided. This is a majo

componentof the above ground biomass and can be used in projects related t

carbon trading.
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