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The author, FoHE,
Inventory Expert on the
s Senior fscsistant

it
Forestiry Department Inventory Unit that is the gccessny 1o
the Prodect Inventory Unit.

The wWork described was Dfanned, divected and analvosd
~BY bhim between July 138l and May 19B%. In the anciveic, SO
technical support was also provided by Denis Blder, the FAD
Inventory Expert for the Proisct, Membere of the Foreet
Inventory Unit carried out different aspects of the field
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. hEave been
at BB int

b
i
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| fonzl vield takle is  constructe
o e tropical rainforest rone of
Gmstlina piantation i about
temparary  campie plots were
= . Hing were not sredicted,. Ooec
covered by the data, Tha resuite wevre exti
YEAVYE, The following functione were Uesds
~Tree voiume tariff for volumse to
‘Dom top diameter imit.
-Plot volumnes on pict kasai areas,
~Ratios of irse voliumes to Bem top
gianeter on tres volumes to Scm top
diametey zsainset tree diamnster,
> -Ratios of tree voiuses to {Pom top
g digmstey on tree volumes to Scom toop
it dianeter zzainst tree diameter,
G ¥ "
—Reatios of itree voiumes undevrbari on
) tree volumes overkark ssainst tros
disscter,
=FPiot mean diznetser on plat mean hei
for different spacines.,
—Hiotl mean heishie on plot aass for
Site Classes,
~Maximum m.a2.i. on zes far differant
The trese volume tarvif+f ang the volupe
on 38 independent feiiled cample oiots,
s

ratice weve

AVEeErasse maXimum m, 2.1, and stocking wers foul
a/yy, and EBB trees/ha. respectivel!y., Yield ta

presenied for constant stockingse frvom 208 to
erveic wWithin a vield class, Yield jasses 16
ed in & mE/halfvr. clascses,
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As part of the gttivities of ths UNDF/FARO/Forestry
Department project (the Subri Project), Blantatione are being
gstablished at the proiect cite in the  Subri River Forest
Reserve, Studies which have so far Been conducted propose a
planned production of pulp and papey from an indijgencus
tropical mi ¥, sradually Chansinsg to piantation EPECies ZS
these are established to repiace the natural foreset specjes
removed, '

Observations - in the field indicate that of the

plantation species which have been tried on the prodect site;
Cmelina arborea is 1the most prami=ing With respect to jte

fast srowth rates. In addition, it Fufils the reguiremnsnts

fOr & suitable raw paterial for puip,

In this rmaper, an aliempt has bheen made ta pYovide a
Provisianal vield table For the (Bosiina EVYOWIing  on  ths
Brojisct site, Data from temporary cample plote were v=ed,
ferart from the use Of the vield tabhie ipn the Pregaration of a
COmPrehensive management plan  fo7r the slantaticr . it Wil
alsn provide fisures for feasibility studies for the proposed
pule  and Papey mill at Daboass, aboyut 7Em from the sSCuUthern
boundary of the Subri River Foreet Feserve (see map on pase

s
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The Subri River Farest Reserve, in which the 2ctivities
of the UNDP/FEI/Forestry Department (Subri @ Prodect) are
cancentrated, covers an area of about 57.BBB hectsres, It
formse part of the catchment arsa of the Fra River from which
most of  the' water supply for 1he cities of Sekondi and
Taxoradi is derjved (see map on  pase 2. The etucy area
consists of B compartments on the sculhern bouncdary of the

riment ie about 158 hectares,

recerve. The area uf Eth comnga

2.2 FDREST TYPES f

frcordine to th e Claesificaticn by Tavior (4
i€ being used by the Farestry Decartments the n
=4
T

orthern and
ezstern porticons of the Subrj River Forest FReserve <all
within "emlvc?ciﬁuoug forest (Lophira-Tripiochkiton
Fecociation? whilct the rainfarest covers  tho southern and
e;stern cectors, Iﬁ':s Within the latter farmation that theo
ctudy ex falls, '

Fig,. 2% DBpelira -arborea Plantation, Subri River  Forest
Fecserves; Compartments 5 - Pt

2 CQ m‘bﬁ.f!‘m@ﬁi‘ :"‘»fé[‘hf;g,;;
=== Road.

——.e ForeSt ReServg 5’b¥f

e e Ccmparémzn& é&hﬁ.
Ejjﬁ ﬁ&w@hﬂq thsrpq

Stands




2.3 BILVICULTURAL HISTORY

The study area e found ;n a ﬁim%@’ conce
had been subjected to commercial =
reforestation PYOYranme  w
Department in 1972,

W
i

xn;t,atbd by

Untit 1878. the cut and buyn  techrigue was us
preparing . the site for planting, The plantinsg stock was
raised in polythene pots and planted at E.7m % Z.5m and 2. 7m
They were often intercropped with foodstuffe, Do a
resdit of financial constraints and early failures, +thse cut

and  burn method was abandoned in 1977, The failed areas were
heavily invaded by Eupatorium odoratum Which Ccauses the moct
Sericus  weed problem in the area. Clearins and replantins of

SUch sites were dong at & relatively high coste.

In 1877, the Subri Prantation Scheme was gy o
With the UNDP/FAD Proiect —The Development of Forest Ersvsy
Fesources in Bhana. ?F)um Ehig p&int. Tt on f
Wastes, Trom CONVETSion
icorpdrated into the estab!ishment of TIEW CYyORs iVt 2 oy
P v

fective way,

Fryog 1578 the planting prosrammes ha
ot Using wvariations of the  present Sub
Techniaue In this methad: 2 numbey of Juvern;!
feft as standards evenly over the piantation
srveten was agdopted far tho follawing reassons:
= i w avoid the complietse destruction of ingisencds Lres
Epeligs Wwhich have puip and timbey poteantial.
3
b to minimise damagas to T he SENVITonment. and mEinlain
sCofczical diversity.,

T to provide  shade  t0.Yedule the Yapid o Sroptd Aﬁce-f i
Mishly fight demandins Siam Heed (Euoatorium
Celoyatum) Which Yeapidiy colonises any newly Cloarvrsd
area.

The planting stock was aleo Yaisaed in polyithens
before and planted at spacinas of Sm X Zms Sm ¥ Tm
Zm. The voung tress were alen iNnterycroposd wWith
maize and plantaiv. With the latter beins predomin
food Croapss pavticularity the plantain. avre Ussd
controad tThe growih Of weed 28 WSl as to sSupoily Food
pyodiect staff.
Ftout 753 hectares of Omeling hed boon olanted by 1he

evd of ke 19870 planting season,
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antationse on the Subri Project
Jutly and Octobers 18BEl. Eisht
comparinente S—-120. Thes

OfFicers

5 A s s
SOV Rectay

< beze
2=, Hpproximately
arvisd oul the

Y SRECIieS and sos
emtatic line—-plot

108m w 188m,. The
3 ha., (radivs . =
In a ZF2 p

e

The plantation ares was siratified
Clacsoes psing the sxisting siack map. R sys
cempling  design was emploved on & €rid o
cize Of the fixed circular oioi ussd was B,
2. 77mle The sampling intensiity was thus 3%,

. «".""" T
weve {aid Of which 208 pigle
St her plote contained aother
EpsCies GF a variable mixture

In sach plot the foliow
iﬂ
1

=
iii. Ao clizes (from etock mapl,
HEY Fxtent of vrezeneration of Emelina.
Vi Bite characterietice (ig, Siops, asped
cosition on slape:, &nd drainagse condit
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& 4.1 DATAH FROCEEZING
fn efectronic data oro
Orfice of the Inventory Un
The eystem harduars
ZEBZ’ s, operating  ze tweo
kevboard, dispiay, B by
274B—type floopy disceite w
zstorage. and & Microline-BR
paratisl interface.
The main sofiware pac
. ~Di=sc FOR E
- cperatin =
Se ) e
-COGMF(Conversationa
Frosraml)., This is
mutltipte resrescia
Commonwealith Fo
—ENIFTAR (Emaill Non
srosvam aiso &l fow
ihe printer. This
Inventory Officer
Other smatl B
The vaw deta, wWhich we
alen to prepare fifes

“ The "tree volumne tarvi
tefore the pla
December. 18503,

CEEEing sysisem a1 the Takoradi
1 was vesd in the enalysis of the
consistis of Kesearch HMachines

ngependent unite. Eackh unit has a -
25 mEnOry, & twin E-inck IBM
th a & s of
T~-bit

Fagsess vsed were as ol jow:

Wi T O - g, =y = > L - - T

510 and MRLCRD zessemblers, LOF/M

ng fils manacser,
P e e = 5 b o 3P B AR s

{ Graphice and Multiole Resreseion

& COoNErehensive Compuier packase FoOy

n o anaivyeic. It was provided by the
ry Institute, Oxford,
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= the Spiczel Eeglagzcope with a
Jha. s was  the method of  tres
= ensured that the proksgility of
feii{ins was oroporiionsl  to itE




4,1 DATA FROCEEBING

An electronic daeta processing system at  the Takoradi
Office of the Inventory Unit was vsed in the analysics of the
data.

The eyvstem hardeare consisis of Feosearcr Machines
bl y - W . 5 . . _
Sedl’s, operating as two independent unite. Eack unit has a
PO T . B j. . o s, g, s S g . 1 )
keyboard. dispiay, Bk byies  memory, & twin E-inck IEBEM
374B-type floopy disceite with approximatiely 1. o f
storaese: and a Microline-EB porinter connected it
paraf sl interface.

The main corim'r‘ packagss vsed wWerse as ol fow:

ESSIC and MARCRD asssemblers, CF/M
ang fFild manaser,

~SNIFTH 21l Nondinsar Fitting 8igorithm), This
srogran aisc alicws the user 1o input functions, it
—then—to—datear—snid—then-—plot-—the data and £
the printer. Thie was developed by Denie Sider, the
Inventory Officer {(F&O).
T o edit
2isCs, and

. The “tyee volume tariff data wWwas
Eofore the plantation inventory. ( ie,
December. 18E#).

Point <ampifine: gsing the EBpicze! Eolzscope with &
baea! arca factoar of & g m/ha.s was the method of tres
cefection on each piot. This ensured that the probahility of
the sejectiaon of a tree fory fe2iiins was proporiions! T its

) F
h -
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bazal aread. PBn efficient camp!lo Was thereby abiained far the
Tree volume Tregression analve;s 8% the vesidual varisnces are
approximately bpropovticonal to the diameter squared,

Five piote were distributed subisctively in esach of e 5
arsas planted durineg the years 1872-1977. R tota! of 0 piote
Were taid wWith g4 tlees in all being felled snd moasured,
The felled trees were crose—cut into one melre lengths and e
the top diagmeter af each cection  was neasured over and
underbark with a tapes, Esfore Cross—cutting: the total heigsht
of  eacth tree was recorded. The following tree volume tarj4+
Hac 4cn5queﬁtiy Gbiained after the resrescion analve o

V = -0.BE4B1ES + 0. DRBSZESE7D%D

]

wWhere, V voilume averbark to Scm top diameter

above Scm dob. be (CU.m, )

are D = dob,he (om)
(n = 1B4, Coefficient of determination = @, 92
4, 2.2 Stand Volume Eguation ' ) i
A resression of the individual inventory pict volumes
" . ey /
i T he Tespectlive Desal 2T=EE Wags Used 10 predict the stand
Volumes desd in the Yiel Table. The following sguation was
Ghiained:
V = ~E, 8878 + 2, BZ3E5+0
where, V = olat volume sbove Scm dob. b, to Som top diameter,
(cu. m/ha,d
and D = plat Lasal ares above Som d. b, k. (sa.m/bal )

Etand . voiumes Here taken =8 Zerda when predicted as
nesative,
4.2.3 Volumes to Bem and i%cm Top Diametey Limits !
iu
Far ezach of the treez vesed in tho construction of the i
tree volume tariff ( ceo section 4.2, the ratia oFf the
valume to Bom top diameter (VE) on that to Scm top diameter
(VS in addition to the voiume to 1Zcm to diameter (VIZ) on
VS were calculated,
i v €. R = VI/Y
Where, VI = V8 or ViZ
and Vo= 5




e

1%

where, R

2sr by C

1 Z2/VS

A1

|

€
=B, 4Z7LEE B.0.7718335 -B. 6

‘ ivinsg the ratiao s8 a
e diameter, The mode! is given by

ongseauently fitted s

T
" i
i
b i
oy
m

R=a + bD + cDxD
= VE/VS ar VIiZ/VS

= coefficients of the mode!

]

de b, he . (cm)

TEtics wevre eXcluded pefore
fowWing coefficients wWeEre
Te also shown in fies T and

points Wwith zero
fitted. The ol
The respective modelis a

n

Q
oot
G

trees (Coeff.of Det.
i BT (iEd B, 75
8iBE (i€E4 B. 5%

& b
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Fig., 4: Rsatic Curve - Tree volume to {Zcm top dismeter.
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4. 2.4 Volume Unders
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4.5 BTEND MEAN DIAMETER
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For trhe firet Part of the apove equation the foiic
Were obltained: .
b ~W. 481 7ES
Bl = i,41887
B2 = -@. @igyssgy
Cosfficient of cetermination = V. Ty n o=

in
1

@.1%2, p="3

PR e iy

K = ¢ t
HT = Lo rey
E@l = 1,817
Biv=s —i g7
G ==,

T o==p

- K-values tetween ¢ and i were tried with the above
mocel. The value of K ~hich 2zve the (eacst residuzi etandard
deviation (ie, 0, 4) wae then used for the model,
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diameter underkark), Thic is a common approesach in Europe,
hip was foaund maE XK. v

The following sood relations
e Ro [ From the vield ecuaticons a
4.4, 1 for various stackings:

Max. M.A.I. (BE+EI+5TOCKI
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i. encountered on the study &reas
3 ies . hetween Scu.m. fra/yr . and
e wes then divided into &4 cu, m,
e d & YIELD CLARES.

The range of ma
RE indicated in Fi
g . ha/yr.This ran
clasees and each Class

Thue a stand wWith & vield <ciass of 14, has a8 maX.
M, By i of 14 cu.mlikhalyr. The model ahove wWas thehd
incorporated into the heishi-ase (site index) curves to sive
vield ciass directiy instead of site indeX. i mean stockins
of EBB for the area was uced (see Table 12,

e Oof a cstand, one  enterse  the
1 wWith the averase height and ase
nd Teads oOoFf the vieid class
o enter the Appendix at the

To find the vield Cias
Yietd Class Curves (Fis.fl
aof the respective stand &
directiy. This is then uvsed 1

fot
w



Tabie. Within a vield Class, vield tables
d for constant stockines from ZBB  to 1EGR
. Variables intermediate stockines may
erpolation, ;
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o index of site for & and
 wae obtainsd by Uusinsg 1 this
cite inde¥ which when incorporsais the
curves (zge A4, 4.1 i cted
cariicular agse Class,
wesed to predict thE
3 f,% The predeterminsd
=rea  per  hectare =
and mean diamsler end
w DE o+ N
= Lasal area per hectare (so.m/ha. .
05 = etand mean diameter (omld.
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STOCKING MEAN PLETS Y i,
B-=an 156 . =t 2k 2.6
20B-4p0 LB@m 4@ 17,z 13, 8
LEBB-EDD 434 ¥ 3%, 9 e &
ERR-EAR : E74 E1 28, # 78.'3
cEan-10oa 878 = _ 12,4 1.9
1ekB-1208 183 13 e B i P
1260-1420 " 1238 i B. 4 57.9
1483-1600 1453 O .1 180.0

TRELE 2

NUMBER OF PLOTS EY VYIELD CLASSES

PLOTS A CLIM, %

s YIELD CLASS
ig ¥ 18 7.7 7.7
14 ' 5@ Zi.4 23,1
18 4D 17,2 LE, T
il 50 1.4 E7.7
26 2 b ig. 8 SE.E
=0 15 B2 35, B
E S, g =,z 100, @
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e

Mean Yield Cilass ~ 27
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The resvits obtained Trom the vi
recsardedg =84 being of provisional uvseds
Some extent uoan trRe SESUMPLIion that g
Chance of being represented in €5Ch ase
The case in practise Witk temporary oo

Thoush there were more tha 237 plots w:th
thoze plots which contained ﬁﬁgjiﬁa MiXtUres were not
This wes done to eliminate any p ssible effect cf inte

CHESEN SPeCies on tho resuits,

i
T

«t
ol

At ths tinme GF the plantation inventary, the
compariment resgsisters were not  up 1o date, Ins a
STOCKmMEP Which had Een comnpiled a ¥year bBefore was
result  of this e that areas which may have been besten—up
wWould have been difficuit tno digtingsuish From pOOYT si1te=,
sepecial iy if they oCcured in the older eitaznds, The
respecltive sses would also have beon wWronsly assessed, Dus to
The X isience af T e pianting SEssOnsS in 1 he YEAYr
(i.e.May/June and Beptember/Oct 2r), the actual agsées of the
stands used by z2bout 3 monthzs, Bence
the & : & Key indepsndent variable in
any  vigeid b ont K- e uncertainiy which mnay-affoct
the validity of the tabies, Better record kesping wouid have
elimingted this.

The production tarest for The  propossd pulpmill oat
Dabozse accordine to one ctudy ie estimatsed to be ER GED
CUbIC metres of paper per yvear, This ig also calculated o be
eSbivalent to 158, B8P cubic metres of underbark | solid  wood
volume for Bmetina, With & meoar maximum m.a. i, of IZ
m&/ralvr, N & IS-Yyear rvotastion, therefars, the annual
Plenting program will have o extend over 14080 rectares,

Rdeauste data must be coflected From PeEYmansnt
o

piots 10 produce a more fealistic vield table in e
et i Then, the vield table may ke vsed for the etud
With

&% wWell as far Gmejina srowineg on simiiar sites

i i conditions, The table or jts
in anaiveins future inventories, as <or
Projections for production from The whols
ing yvield class maps,

be used
in producing
areads oy for pyoduc

Teviosd as better

The vield tables will be’
FUnctions become avail

able,
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