For example, if the dominant soil unit is Haplic Arenosols and the associated soil is Gleyic
Arenosols, this will be represented by the symbol ARh-ARg. Simitatly, if the dominant soil unit is
Orange Ferralic Arciosols and the associaled soit is Yellow-orange Femalic Arcnosols, this will be
represented by the symbo! ARo(Q)-ARo(Yo). 1f the dominant soil unit is Haptic Arcnosols, the
associated soil is Orange Ferralic Arenosols, and mixtures are Yellow-orange Ferralic Arenosols, this
will bo fepresented by the symbol ARh-AR0(Q)-ARo(Yo). '

Soil in the study area is mostly coarse-grained and (he topography in the area is relatively gentle.
Therefore, the symbol for soil texture and slope will be Ja. “-1a* is suflixed afler the soitunit symbol.
Because the soif textire and slope for the area are the same, the indication for the soil texture and stope
has been omitted entirely.

{2) “Disiribution of sail type

. The distribulion of each soil type inside the aréas where Mukusi forests are distributed is given

- below: .

Orange Ferralic Arenosols (ARO{O)) A soil type which is the most widely distributed type inside
the study arca. This soil type is found in most parts of the Nalwama, Lwangula, Lonze, Kazu, Namena
and Kalama forests ifi the Mulobezi and Machili zones in the northeast area, the Lumino forest in the
central arca, the'Kate_me,' Katemazana and Zungubo Forests in the tinid-west area, and the Samatela, -
Sisisi, Simungoma-West, Kasiki, and Monze Forests and Buhunda woodland in the southwest area. In’

some parts, this soil type is associated or mixed with Yellow-orange Ferralic Arenosols (ARo(Yo0)).

Reddish Femalic Areniosols (ARo{R)) are distributed in the study area in the Kanyanga and Nanga
forests in the northeast area where clevation is relatively high, the Sijulu forest in the central area, the
Kayumbwana, Lumbornba and Kangubu forests in the slightly lower part of the central area, and the
Sichinga forest on thé edge of the plateau in the southwest area. - .

' Yellow-ordnge Ferralic Arcnosols (ARo(Y0)) are distributed in the study arca in the Mululwe
forest, the Samatela woodiand, the Sikubingwa and Simungoma-East forests bordering the distribution

- area of Orange Ferralic Arenosols in the mid-west and southwest arcas. Insome ateas, this soil type is
© . associated or mixed with Orange Ferratic Arenosols (ARo(O)) or Haplic Arenosols {ARh).

" Haplic Arcnosols (ARh}are distribited in this study area in the Situmpa forest in the Machili 76n¢

 of the northeast and in the Nanyota and Malavive forests bordering the distribution area of Yellow-
' ofange Feiralic Arenosols and Orange Ferralic Arenosols in the mid-west and southwest arcas. Insome

parts, this soi type is associated and mixed with Orange Feiraic Arenosols or Yellow-orange Ferralic
Areiosots. : » _ :

" Albic Arcnosols (ARa) are distributed in this study area in Dambos where Mukusi forests are not

: 'dis{ribuie_:d'pr in grasslands in river channel areas. A typical soil profife of this soil type is the Namakwa
‘Dambo in the mid-west area. Albic Arénosols are distibuted in various parts of dambos and river
. chainel ateas. However, this soil type is associated in most of the areas with Gleyic Arenosols (ARg).

. Asin Albic Areiiosols, (_)‘léyi(_: Arenosols (ARg) ate distributed in gqas;slands in dambos, fiver
channel areds, plains of wide lowlands and other areas. The typical soil profile of this soil type can be

" foundin Kangubu plainiin the central arca. In soié pauts, this soil type is associated or mixed with Albic

Arenosols, but is associated with Ferralic Arenosols or Haplic Arenosols around it.

226, Overall study of results of the soil survey

-~ “The soil survey of areas with Mukusi forests showed that the main soil types in the study area are
Ferratic Arenosols and Haplic Arenosols. Furthenmore, Ferralic' Areriosols widely distributed in the
area can be classified into three sublypes in accordance with the color of the subsoit. Soil maps have
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been prepared based on these criteria, The soil of Mukusi foresfs if the highlands is pattially inixed in
river channet areas, dambos and plains, which are lowland aieas in the study arca. Howcvcr, Albic
Arenosols and Glcylc Arenosols are mainly distributed in these lowland areas.

Mukusi reiains as the dominant species in Mukusi forests, bul forests in which Mukusn irces grow
in concretions are few. Many Mukusi forests have become cnhcr extinct or degenerated due to culting
inthe past or to buming. Although many Mukusi forests have become woodlands, Mukusi still remain
in some paits of the study area and have régencrated.  For this réason, the relation between the
dominance of Mukusi on one hand and soil lype distribution and soil pmﬁlc characieristics on the other
will be studied.

At present, Mukusi forests in which Mukhsi reinains and is growing to some extent in coricrations
are in the No. 17 Nanga forest, No. 10 Kalama forest and the Bolaiical Reserve Area in the No. |
“Malavwe forest, (Refer to the Soil Survey Plot) Other Mukusi Forests in which Mukusi paitially
‘remains as the dominant tre¢ are the No. 6 Lumind, No. 9 Kayumbwana No. 12 Samatela, No. 14
Samatela, No. 15 Sisisi, No. 21 Namena East, No. 22 Kazu, No. 26 Sikubingwa, No. 27 Simungoma
West, No. 31 Sumungoma East, No. 35 Kasiki, No. 36 Malavwe, No. 37 Nanyota and No. 38 Mululwe
Forests, Those Mukusi forests in which Mukusi and othées species are both doniiiant species are the No.
ltSK'myanga No. 19 Situinpa (soulh) No. 20 Nanieria Weést, No. 28 Katemazana No. 29 Zungubo and
No. 30 S:mungoma East forésts. Mukusi forests which for the rost part were bumed with some trees
still remammg and in which Mukusi is the dominiant species are the No. 33 Mome No. 34 Sichinga
forest and No. 32 Buhunda woodlands, Those forests that aré classified as Mukusi forests in which
Mukusi is still remain bui other species have become dominant species are No, 3 Kateme (now
woodiand), No. 5 Sijulu, No. 18 Silumpa (north), No. 23 Nalwaina, No. 24 Lwangula forcst, No. 4
Samatela and No. 13 Samatela woodlasnds.

© Various types of soif arc l‘ound in this forest land, in which Mukusl is dominant, but the correlahon
between the dominance of Mukusi and soil type is nof clear. Hoiwever, a cotrelation with thie dominance
of Mukusi can be recognized in terms of soil compactness.” In particutar, compact soil which is !ocated
within 50 cm from the soil surfacé, whose index on the soil hardness tester is higher than 25 mm and
‘which has few coarse pores, can be found in forest land where spocies other than Mukusi are domingnt,
~ Soil is compact in some forest land where Mukusi is the dominant species and soil is compact in a
subbasc more than 100 cii below the surface. Soil in upper subbase which was compact could not be
found. Mukusi remains as the dominant specms insoft soils, in which entirc layers are relatively coarse
with an index on the soil hardness tester of 15 mm or less anid in soits which have coarse pores
througho. ' :

During a dry season survey, COmpad soil with a very high soil compactuess was foﬁnd wilh an
index of 28~30 mm on the soi} hardness tester, at which plant root systems normally cannot grow. Soil
of this nature has many capillary pores and is useful in retaining and supplying moislure dunng the dry
SCASoN. How CVer, Fools cannot enter this soil and the growth of roots of Mukusi, whichisa dccp-roo(mg
species, may be blocked Mukusi and other deep—roolmg species may be changed to shallow-rootmg
Sp(‘{.ioa ot herbs.

~ Factors which makc soil compact are beheved to b migration and llluwauon of fine grains Gsilt,
clay, ete.) and minerals (iron, Manganese, etc) in the surface soil to subsoil due {o progress in
mathenng caused by reductions in surface vegelation cover.

Obsetvation of ninoffand erosion of top soil on bare land (caused by rainfall duging rainy season)
‘as well as of fine grains containing surface humus flowing down to and illuviated on lowlands with
‘strong force, ahd reddish brown sand grains being leached and changmg from pale yellow to white,
indicate a lowering of soil festility, with the soil becmmng mfeltlle

Haplic Aresonols and Yellow-orange Pcrralrc Arenosols are soil typcs that are found in Mukusn
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forests. Eluviation of miricrals sich as iron progress with these soil types. These have fow soil colloids
and have a low nultritio retention capability. Compared with them, iron and colloids, which arc coated
with sand grains of Orange Ferratic Arenosols and Reddish Femalic Arenosols, have a nwtrition
retention capabilily ihat is rather high. However, soils with a high dominance of Mukusi have many
coarse pores and arc relatively soft and loose so that they are eroded easily by winds and water. Bare
tand resulting in destruction of surface vegetation degrades soil fertility. Inaddition to the runofT’ of soil
nutrition and colloids, soil becomes compact due to migration and illuviation of iron and soil particles
- into’ the subsoil.

Continuous buming not only retards recovery of surface vegetation, but also deteriorates the soil,
making it difficult for Mukusi to survive dnd regenerate. -

_ Soil conservation should e.sp:ecial‘ly be taken into consideration in formulating the Forest
Management Plan. ' '

23. Forest Resources

The forest resources study is mainly aimed at grasping the di stribution of Mukusi forests and the
fesources in them. Accordingly, lands subject {6 this study included whole areas in the Foresl Estates
direcily managed by the forest department, in addition to the distribution of Mukusi forests. The
Mukusi forest (in land-use vegetalion map) aiid the amount of resources were defined with the
preparation of the Forcst Inventory Book, and these areas were taken as the subject of the study. '

The area subject to the study totaled about 500,000/ ha. Although there are open woodlands, most
- of the tree species (excluding Mukusi) are widely distributed in closed woodlands. In the closed
‘woodlands, some useful species such as Mukwa, Mutondo or Mubako have been utitized by fellers in
~ the ared, although on a small scale. Mukwa has a high utility value and is now designated as an
important culting tree. Also, to grasp the situation in this closed woodland, the management of future

" forest resources is necessary for the scope of the study.

© 2.3.1. Operating content of forest resources study

The operating procedures of the forest resources study are shown in the following flowchart.

To grasp the forest resources of an arca of over 500,000 ha, photography iiitc_rpretalioh’ and an
 effective use of on-site surveys are required. : - _

© . The reasons for the on-site survey were two-fold: one was to measie the trunk shape so as to
preparc a stang volume table; the other was fo survey each circilar plots/belts transect and to interpret
the annual rings for data needed to prepare a crown-volume conversion table. The volume table
provides the basis for the volune estimation of the forest stand for surveys at the site. The volume
 conversion table is used to convert the data obtained by the aerial photo interpretation into the stand
volume. -

In the acial photo interprefation, the factors which made up the volume conversion table were
prepared by ah analysis of the data and were interpreted by using an on-site comparison to divide the
different volime standisig block. - The resulls were transcribed on a mosaic photo and then on a

topographic map, Using this topogzaphic map, the areas i every block were measured and the stand
volué in'évery block was obiained by multiplying by the stand volume per ha obtained from the
volume conversion iable. _ o

 After that, other block data were sel aside to prepare the Forest Inventory Bpok. The total volume
of forest resourcgs was grasped by sumrting up edch block volume. The map entered by block division
was edited as an attachéd chart (a forest resources distribulion map) of the Forest Inveatory Book.
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Figure 13  Flowchart of forest resources study

2.3.2. - Forest survey

- ‘The conditions for selling the circutar plot and belt transect are given in Table. 17, For niore

details, refer to App. Table 8 (1), (2), {(3) and to Figure 14 for study area position.

Table 17 Information on r_éserched plots (Total)

: ' . Tree Numbers :
Forest Name Plot No. | Location JArea(m2)] High | Midgle |- Low |  Total
Sub-Totat {Belt transect) | 10 plots| Forest 132 1321 132 132 ..
4 plots | Woodland 13 29 171 119
Splots | ¢ | | =1,000 65| e6) 344l 275
G plots | - |_=1,000 80| :-§27) 2331 440 -
o o 14 plots| Total 145 §93F . 3771 715 -
Sub-Total {circle plots) 11 plotd Forest .| - 941} 998] 1365 3304 . -
: 1 plots | Woodtand o | R L | 7] I
8iplts| |7 Tseof T 7as| T o83 1| 23
29 plots 1,000 216 175] 25| 606
112 plotd  Total T o] Ten2l 1387 3340
Toial 126 plots 1,086] " 1,205]  1,764]' 4,055
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(1) Circular plot survey

The circutar plot survey was conducted mainly to comprehend the Mukusi resources in the study
arca. The crown-volume conversion fable is drawn up by analysing data obtained in this survey. Using
this conversion table and factors for interpreting acrial pholographs, the stand volume per ha for each
compartment is estimated. The volume of Mukusi is estimated according to the mixing rate of Mukusi
by interpreting the acrial photographs.

‘Thé target of this survey is all treés whose diameter at breast height is 6 ¢m orover. Included inthe

survey are the tide height, tree diameter at breast height, clear length, crown length, ceown diameter, a

sketch ofthe plane figure to show the standirig tree position and (ree crown projection, and reinarks, The

- main treé species aind numbbr of trecs were surveyed for indergrowth. The number of trees, tree height

+ and diameter at breast height were surveyed especially for seedlings of Mukusi. ‘The survey of seedlings
would becoine an impoitant clenient in formulating the resources management plan.

This survey was conduclcd in a field survey during Phases If and 111, The survey was conducled

at 54 plots in the first survey, 56 plots in the second survey and two plots ini the third survey, totating 112 _

plots. The areas of the plots weré 500 1’ (§2.6 m radius} in typical forests and 1,000 m? (17.8 m radius)
int open stands. Of the 112 plots in total, 500 m? plots totaled 83 and 1,000 m? plots, 29 plots. '

“ App. Table 9, 10 and App. Figure 3 show an example of the circular plot survey.

(2) Belt-transect survey -

The belt-transect survey was conducted to precisely detenning the stiucture of each vegetation
zone. The survey produces data, such as tree species, composition of each vegetation type, and
composition of standing trees for cach stralum. This data will enable a study of the succession and
regeneration of Mukusi forests forise in fonnulating the resources anagement plan. During the field
survey of Phasés 11 (C) and I {A), Mukusxseedlmgs inside the plots were continuously observed to
penmit a study of the actual condition of regencration and, the impact of buming and other factors on
regeneration. The results ofthe belt-transect survey in forests can be used for the same purpose as thosc
for data in the circular plot survey. : :

Basn,ally, the survey items that were used in the circular blots were used here. Hcm év:.r, new

items were added in accordance wilh the additional purposes; such as tracmg of the actual cmdluon of

regenecation and strveying of root systems.

The belt-transect survcy was conducted during lhe ﬁeid sinr?éy in Phaéés H and 111, The number of
survey plots in the belt-iransect survey totaled eleven in the forests, four in woodlands and one in
grasslands, tolaling 16 plols. The size of the belts was 10 mi in width and 30 to 100 m in length.

(3) Permanent plo(s

Plots B7, B8, B4, and BIS were sct as permanent plots $0 thal continuious o‘os»rvalion and -
measurement could be camied out among belt transects. The selting condn'en of. achplot is shownin -

App. Tables 11 to 14, App. Figure 4 and App. Fi igure 7. Plot B7 belt transect is sel in woqdlands where
the Mukwa is dommanl 5o that it can be compared with foresls whére the Mukus1 is, dominant,
Seedlings can be seen inplots B8 and B 14. Inthese plotsa sludy ofa continuously mgenefatcd artacan
be made. 1lowever, I8 is the stand that has teached ctimax. B14 is a small stand along with ireé height
and breast height diameter. The regeneration condition of different stands of forest physiognoiny can be
traced. Plot B1S is set in a stand where trees of large diameter are numerous.
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(4) Tree species and composition of stratum

Atotal 0f4,055 lrccs of $6 specics in forests and w oo(llands were surveyed in the circislar plots and
belt-transect surveys. Of lhlS total, 361 were dead trees. A total of 3 694 trees of 54 specics were alive
(App. Table 15).

When the forests/woodtands, deadﬂnc trees and strata are classified, tht, above appears as shown
in App. Table 16,17, Flgurcs 15 and 16 show the number of live trees in the upper stratum and middle
stratum, and th¢ total number of respective forests and woodlands in graph form. The high stratum
covers tree heLghts exceeding 12 m, the middle stratum heights excceding 8 m (but below 12 in), and
the low stratum below 8 m.

Of the live teses in forests, the Mukusi accounted for 49% (1,742 trees). When the Mwangula rate
{730 trees) is added, these two species account for 70% of the total. They are fol lowed by Isunde (250
trees, 7%) and Kangolo (173 trecs, 5%) fon‘nmg the lower stratum. Inthe woodlands, notree species are
prominently ative and Muzauli, Mukusi, Mububu Mulya and Mukwa account for 18, 14,9, 9 and 8%,
respectively. In forests, tree species that fortii the high stratuin are fimited to two species, Mukusi and
Mwangula. However, in the woodlands, various tree species are mixed. In forésts, the number of trees
counted is almost identical with the three strata. In'woodlands, however, the number of trees counted in
the lower stratum was approximately 0%, the ‘middle stratum was 30% and the upper stratum only -
10%. ’Ih:s mdlcates lhal overall free helghls in for-.,sts are taller than lrecs in wood!ands '

Mwangula a ' Mwanguia
18% : _ 27%

Mukusi |
75% - Mukusi
s 55%
(Lne lrees hlgh steatu, | in foresl) o um—(_l_\;e lreesvx;g(idle slralum in forast)r

Tsunde
"

E Muwarigula
C 2%

Mukusi
T 49% -

(Lne trees ail slrala in Foresl)
Figuro 15 Number of trees according to specles (Live trees ln I‘orest)
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Muzanli
3% DL
Mubako ) B
15% A Mutuya
' 10%
Mutuy al ../ Musheshe Mukwa
1) ' 15% 15%

(Live trees, high stratum, in woodland) {Live trees, middle straltiin, in woédla‘nd)

Mububu
9%

Muzauli
18% W
| »_ /

4%

Mulya 4 Mukwa
9% 8%

{Live trees, all strata, in woodland) '

‘Figure 16 - Number of trees according to _sPecIe'é (Live trees In woodland)

2.3.3. Preparation of voluine table

A survey and analysis were conducted to prepare volume tables of useful tree species, especially
Mukusi and Mukwa, and concrete numerical tables were prepared.

(!) Sﬁn’ey and measurement method

Generally, trees are felled and their trunks are analyzed. This was difficult with Mukusi and
Mukwa, and the survey period for this analysis was'shorl. Thecefore, the analysis was made by the
simple photogrammetyy method. '

In stem analysis, cross sections of trees that aré cuit to a speciticd tength (2 n) to quantify not only
the external forms, but also growth and trunk forms of the present and past (in growth stages) by
meastring radii for individual tree age classes {age grade). One disadvantage with the photogrammetry
method is that the stem form (extemal fonm) of only the present time can be measured. Thie volumeand
steim form cocilicicnt al present can be caleulated. However, past volumes and stem forms cannot be
estimated because anrual rings are not measured. Applicable forest trecs have to be measured. Inthe
case of Mukusi, interpretation of annual rings in forests is not possible and a felling analysis itself was
incfYicient. : '

1) Surveyedirees

Trees were widely selected from those forest trees which had different tree heights and different
diameters al breast height. Approximately 100 Mukusi forest trees ranging 6 to 110 cm in diameter at
breast height and 8 to 23 m in tree height were selected. Approximately 70 Mukwa forest teees ranging
from 6 10 80 ¢ in diameter at breast height and 9 to 18 my in tree height were selected.
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2) Photogrammetry method

A 10 m-high measurement stick was erected near a trunk and a 2 m pole was maintained
homonlally, orthogonally crossing the stick at breast height. Photos were faken after setting the stick
and pole to enable interpretation of the scale in photographis. Photographs were taken from a distance of

_ approximately 30 m, and a full view of the tnink and branches is seen in one photograph. The diameter

at breast height was also measurcd, A 35 mm AF camera with a focal distance of 38 to 135 mm was
used.

3} Enlargement ol' photographs

The photos were enlarged to 203 % 254 mm or 254 x 305 mm on colour photographic paper. The
trunk and branch diameters were measured using a microineter by reading the graduations on the
measurcment stick. The photographs were taken of flat ground and the dianieters of the upper parts of
{rees hear the trec lops were ineasured minutely. However, measureinent values were adjusted using.
vertical variation of the measuremént stick graduation as a reference. 1f a silhouette floating in midair

- could be obtained, measurement using monochrome photographs was possible. If dark-green spaces

inside the forest or caiiopy were found in the background, tranks could not bo identified so colour photos
were uscd,

4) Measurement

As shown in Figure 17, the diameter was measured at cross sections at every micter in the u pper

- treepants(G,,G,,G,,G,..G using the base section areaof DBH (G ) (diameter) asa reference. Inthe
- case of broad leaved Ines the tree branches into many stalks in thé upper part of it.

Diameters of cross sections of these stalks located at the same distanice from the breast height were

' also measured.

“The same places can be measured in lhe case of a standing trce by using a diameter gauge to

* " measure the DBH as high as the hand can reach. To measurd the tree at higher levels, a memory that

crmsed the measarement stick orthogonally at 40 em intervals was used. By this means, the dnmc(er at
each height was mcasurcd

The cross section area including bark (G,) of various cross scclions were calcutated based on the

dlamc!cr at breast heéight including bark (D ).

G, =n{DJ/2)?

b
Cross section areas of branches (for éxafﬁple G, Gm, G, - Gy located at the same distance
from the breast height G, are calculated for branch stalks. These cross section areas wire totaled to

calculate the equwalenl cross seclion area ((}M) .md cquivalent diameter (D).
G, =G, +G, +G JH Gyt
( G, f n )°5

D
b L

The trunk volume including bark (vb) was calcutatcd using the sum of products obtained by

multlplymg the tnmk Cross section arca (cquwa!ent cross seclion arca for branch) {n1?) by a unil trunk -

. lenglh (AL:1m).

, =176, +(Gy1G1Gy t .+ G AL

!f cross section ‘m.as G G G, .... Gn can be oblained after removing bark usmg felled trees or by
other inecans, the tmc trunk’ volumc (v) of wood after removing bark would be caleulated.

v =17G,+(GAGAG,+.+G)AL
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'§)  Form factor at breast height

'The basic section aréa of DB mcIudmg bark (GN) is calculated umrig the didmeter at breast
height including bark (D,,) to calculate the basic section area of DB3of 3 cylindet mcludmg bark (H-
G,,). Thebreast height form factor including bark (£)is calculated by the ratio betiv ¢enthe eylindrical
cubic volume and the volume including bark v,. The brcasl hesght form factor (f) is calculaled by the
ratio between the volume v excluding bark.

A = vb/]{GM= v,/mi(D, /2)?
f =v/HG, =v/&(D,/2)’
If v is not available, the following relation appears to establish approximalely:

o =f®/D)

By minutely studying the distribution of bark thicknéss on trunks, 1he trend of f<f, (D be,) can

be noliced. llcm ever, this trend was not taken into consideration in these calcilations.

@) Estimation of volume formula

Let us consider eslimating a volume by cstimating the brc.asl helght form factor (I)

1) Form factor at breast height for Japancse forest trées

(Examples - Se’c Figuie 18)

Astudy of lhe brn.ast helghl form factor of Japanese tree spec:ca was madc lo oblaina rz,ferenc; for

the study.

. §
Cryplometia japonica

The form factor at breast height is aﬂected solely by the d:ametcr at breast heighl (fonn fac(or at
breast heighl decreases as the diameter i increases at breast height) but changes are not related to
trec height. -

Wami-lemperature broad-leaved (recs

The fonn faclor at breast height is affected not only by the dnameier al breas( hc: ghl but aIso by lhc
tree height. :

The fonn factor decreases as the diameter at breast hei ghtincreases! When the d:ameler bccamcs
large (50 cm or larger), the trec height is also aflected, i.c., and the (‘orm lactor at breast height
decreases the taller the tree height becomes.

2)  Form factor at breast helght and volume forintila of Mlikusi '

When the breast height form factor is plotted on a graph the fonn factor generally varies
according to the diameter at the breast height, unlike the Japanese example of broad-leaved trees as
‘shown in Figure 18, This can be explained by Eqgs. (2) and (3). The fonn factor at breast height is small
(043 ~ 0. 53) wath immature trees and reaches maxinuin, 0.6 or more, when the diameler at bmast
height is 25 to 30 em. The form factor at breast height converscly decreases if the diameter increases
further, teaching approximately 0.53 when the diameter is 55 cm. The coeflicient drops below 0.45
with Jarge-diameter trecs that are more than 100 cm in diamieter. Because of these characteristics, it was
deenicd necessary to consider a mathematical expression entircly d:ﬂ'ermt from that of the Japanese
volume expression. After sonie trial and error execution on‘a graph, the fol!owmg assumptioh was
devised: e



v =fHr(D,/200)*=fHG,, | )
v : Volume oftree stem (m?), H : height of tree (n)
D,, : Diameter breast height (including bark) (cm)
G,, : Bascarea of stem at breast height (including bark)

£ =0.53+0.1sin{66(D,-9P"-90} @
sin & is caluculated by degree ()

Il D islessthan 9, the same value as that in “9" witl result. !f D is larger than 110, the same
value as that in “110° will result ‘

- App- 'lable 18(1),{2),(3) shows the volume table that was caiculated using Bgs. (1) and (2).

By studying the wood form while taking the equwa’fent cross sectlon into consideration, the form
factor at breast height is large. It is assumed that trees grow atan equal level fromtheir stumps tothetop,

" compared with broad-leav cd trees in Japan,

3) Formfacfor at breast helght and volurae formula for Mukva

Figure 18 shows the relation betweei the form factor at breast héight and dia_mcter at breast héighl

“of Mukwa. As with the Mukusi, the form factor at ‘breast height tends to be lower with ifmature forest

trees, becoming larger with mature forest trees and again lower with overmature forest trees. Compared
with Mukusi, the form factor values are generally large, with the maximum value nearing 45 cm. After
some trial and error execution, lhe following volume asswnphon was obtained:

v mn( /200)2 S : )

f = 055+0.1 sin { 144(1)'-!0)5’ .9(}} | )
sin # is caluculated by degree ( )

App. Tablc 19(1), (2),3) shows the volume table caleulated usmg qu (3)and (4).

(3)  Effective volume

- Atpresent, trees larger than 20 cmat the top (22 em or more including bﬁrk) arcused as wood. The
volume of trunk wood witha larger d:amcter was calculated and the relation with the foregoing volume
values was studied. :

Available timber volume ralio = stem volume of trees targer than 20 cin in diameter/stand volume

Figure 19 shows the refation between the breast height diameter and utilisation rate of Mukusi.

The two items have a very close relalion, because the larget the diameter of the tree trunk, the higher the

utilisation rate (80% or more} inthe yield of lumber.

.53,
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2.34. Estimation of stand volume by crown closure composition

{1}y Appreach

" The survey of forest resources in south-western Zambia must be performed using acriat
photographs. The factors that are measured and interpreted using aerial photographs are the canopy
closure, sizes of crowns making up caropies, crown density (for open forest) and ather canopy (crown)
factors, as well ag decision of relative trec height (used in site index and forest age decisions). Compared
with this, the factors that are needed in calculating forest resources (stand volume) are the tree hicight,
diameter at breast height, mixing composition, stand density, site index and other factors. All of them
cannot be read directly from acrial photographs. '

" To quantitatively estimale a stand volime, the relation between canopy and crown factors and

forest-iree and stem factors is calculated separately by ground surveys.

Using this relation, indirect estimation from the aerial photograph information must be made.

(2) Relation between forest tiee crown and stem growth

Trees grow by optical synthesis of leaves forming ctowns. The amount of tight reaching the
leaves seems to regulate the growth. On the other hand, leaves atcrowns of broad-leaved trees are made
1o cover surfaces of crowns wilh 4 certain thickness. ‘1t can be concluded that the quantity of leaves -
varies in proportion to the surface area of a crown. Crowns of broad-leaved trees, whose crowns tend to
spread flatly, have a high probabitity of the surface area of a crown varying in'pioportion ta the projected

" cross section of a crown. Therefore, the amount of light reaching the leaves, nantely, growlh, varies in

proportion to the projected section area (plenary acea) of a ¢rown. (Takeshita, 1985)

Aside from t]iié, in Mukusi, the relation bcl',veen: diameter growth :a nd age is lincar and the
diameter growth of stem under natural conditions varies in proportion to the circumference of a stemn.
CAG  =r{rhADimr=2meAr
G : Basearea breast height
“AG  : Growih of basc area per year
D : Breast height diameter
r . : Breast height radius
~ Ar ¥ Growth of radius : conistant ) _
Therefore, the annual increment approximately varics in propottion to the plane arca of a crown.
. vanceArsk nCr? '
‘ ﬁ1ic base seélio_h area (7 F)_ of DBH as an'imc‘gmtegd i.rah_’nc_of the_ammalrincrement alsohasa close
correlative relation with the crown projection area and a close correlative relation (probably an
exponential curve relation near tinear) with volume (1 & r* 1) has also been suggested.

The survey was conducted under this approach and the refation between the volume and crown-
projection cross seclion anea of forest trees was calculated. o

Figure 20 shows a refational geaph as a result of these caleulations. ‘A close corelative relation
sufficient to confinh the foregoing fofecast is found. A cuive relation of the base section area of DBH
delicately changing ifthe trend leave and crown inthe diagram is small. Ifthe crown scale islarger than
80 to 100 m?, (c'rowgl‘ diameter 10to 11 ni), 2 siniple linear relation is suggested. Therefore, crown
interpretation vising aerial photographs needs be studied by fractionaling below 100 m2.
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Specifically, the following three divisions were set noticinig the size of the crown diamelers:

¢ C, 7 C,
Cm\m dtamctﬂ . J~6m lOm ' : "> 10.5m
Cro‘.\ n basc area ~ 18 m ~ 80 m’ g z 85 mz

" (3) Total of crown areas and staiid volume

The foregoing explanatien indicates that a close con"clahon can be cxpected between the crown
projoction area and forest tree volume. Thus, it is possible that a close rc!atxon emsls betwaeh the total
crown projection ared rate per unit arca and forest stand volume inside the arca. ‘The toial crown
_ projection area rate per ha and stand volume was caleulated for each survey plot and the relation
- between the two was analysed. Figure 21 plols the correlation betwecn the tolal crown secl:on area and
forest stand volume. : : : C :

Each point in the graph was identified as a high Iaycr tree (H> 12 m), middle Iayer tree {12in > H
> 8 m) or low layer tree (8 m > H) in‘accordance with the height of the crown layer.

" The high layer trees were divided into Site Ctasses I and 1 in accordarice with their site class. A

close correlation cx:sts belv. een these site classes. The fo!lomng cntcnon was used in demdmg the snte

“class:

1leight of a tree appr_oximaiely 40 ycars old: Site cléés I> 14 to 15 m tree height > site 'das.s |
- 'Converslon of totat crowa area to canopy closure

’1110 crown projection area ratio is higher than 150% in the graph shown in Flgure 21 lt is
inconceivable that the real canopy closure area ratio mlegnlmg them will exceed 100%. Weare lrying
to estimate stem composition in a stand based on the ¢anopy closure area ratio measured and interpreted
using aerial photographs. This will require an adjustment between the canopy ‘closure area 'ratio and
total crown area ratio. -

The reason why the total crown prf)jedlon area ratio bccomes larg«, (excecdmg 100%) canbe
explained by errors in measuring crowns, on the ground. The largest reason is that aétually crowns
overlap conmderably vertically. According to field observation, overlapped crowns can rarely been
seen in open forest stands with a canopy closure area ratio of less than 50%. If this ratio exceeds 50%,
overlapped crowns start toappearin stands. The frequency of. crowns overlapping is known to become
high in sfands with more than 70% of this ratio.” It will not be rare to have values higher than 100% if
crowns for :ndmdual lrees am e:mpty totaled in stands which have a high crown density.

The fol lowmg conversion was made wnh tolal crown pm;echon area ratio per ha to cshmalc the
canopy closure area ratio.

Total crown pm;cchon area ratio by stratum ; X, Cr = ), "C nn’l 100 (%)
):, nC nn’(m’fha) Cimn:; Smglc forest tr;c crown radius
C‘anopy closure Cc (%)
Total forest-tree crown area ratio Below 50% (Area less than 5,000 m?/ hay
Co =¥, 7 Ce/ 160 | a )
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Total forest-tree crown area ratio 500 150% (5,000 to 15, OOO m¥/ha)

Co=5D+ (ZCr 50)"ss 2)
Total forest-tree crown arca ratio 150% or highér(15,000 iti?/ha or higher)

Ce= 100

~ Convession Table from Crown Projection Area Ratlo to Canopy Closure

Canopy closure (%) 0~40 5057 63 68 73 78 83 87 92 96 100 100 100

2) Estimation of stanid volume by canopy closure area ratio

"Eqgs. (1) and (2) enable a conversion of the relation between the total crown projection area ratio
and stand volurne shown in Figure 21 into the relation belween the canopy closure area tatio and stand
volume. The retation shown in Rigure 22 could be obtained by converting the correlative curves shown
on the graph. The relation between them ¢an be Summarised as shown below. Using these relational
formulas (3) o (6), the stand volumes were cstlmalcd based on the canopy closiire area ratio measured |
using the acrial photographs.

(1) High Iay.cr forest {rees
(l) | Slte class1
Canopy closure 5(}% or le:.s V=18C
Canopy’ closure 5010 100% V =90 + (1.8C - G0)" 28 3)

'V : Forest stand volume {m’/ ha}
C :Canopy closuré measured using aerial photographs (%)

-2 Site Class I
Canopy closure 50% or less V=12C

Canopy closure 50 10 100% V =60+ (1.2C - 60" “4)
© (2) Middle layer tree |
v-c )
(3) Low layertree | .
V=08 - ' (%)

Table 18 sumimarises these relations in a table.
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Table 18 Crown-volume converston lable

Crown Dm:siry

0~5 ~10 ~15 ~20

25 ~3) ~83 ~40 ~45|~80 ~55 ~63 ~65 ~70}~i5 ~8) ~85 ~00 ~05 ~100

High Layer C3

ateclass |

9 18 21 B

45

63 -
63

a1 |00 102 116 131 ME|162 170 196 213 20 U8
e , 195

High layer C3 |

giteclass @

B

42

sic0 €8 78 8 100|112 124 136 M9 162 16

Middle Layer C2

5 1015 20

EN
.3

40

B 5 65 017 S 8 0 9% 0

Low Layer Cl § -

17

17

|z 2 o8 a0 |32 33 3 ;M B

3) Makusi only

‘Using Fi gure 21 asa refenncc, the relallon was calculated whcn Mukusn was the only specics
{(Figure 23). Compared with the case for all treé species, the stand volume has decreased slightly from
85% to 90%. 1t suggests that the volume would be small for forests which are almost pure fotests of

- Mukusi if only Mukusi j is noticed.
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23.5. Interpretation of aerial photographs

As was clarified in the preceding section, the stand volume of forests may be estimated by
inlerpreting each factor to index such volumes by ulilising aetial photographs. To be specific, the
following factors of forests and closed woodland, established through land-use vegetation surveys, were
interpreted by using aerial photographs, meastired, and subdivided into small compartments. The
intérpretation criteria indicated incategoriesbtoc are the factors to index the stand vohimes proposed in
the preceding paragraph.

Morcover, in order to estimate the vohime of Mukusi, the determination of iree species by ulilising
acrial photogmphs was examined., Accordmg to the results of forest surveys, the trec species mainly
constituting the tree layer of Mukusi forest as well as representing its charactéristics were Mukusi and
Mwangula inixed with small quantities of Muhoto, Muhoriono arid Mukololo. Although Muhoto and
Muhonono ate dominant species in some cases, they are often distributed only insmall areas. Asaresult -
of interprelation usmg aerial photographs and field inquiries performed on various specics growing
cither as a single {ree or a pure forest, Mukusi was dlslmgmshed rather easily from other tree species.

 For this reason, it was decided to classify the free species in ¢ach compattmem into two groups,
i.6.; Mukusi and species other than Mukusi, and then intemprel the Mukusi mrxmg rate for each
compartnicnt applymg the criteria indicated in category a.:

The data obtained from mtelprelatlon werc entered in the Foresl ]nven!ory Book, usmg the
' symbols assigned to each of the following criteria:

Ca Mukusi mixing rate ' | K Crown diameter class
MO 0- 5% | Cl: 1-6m
Ml: 5-25% 1 C2:65-10m
M2: 25- 50% 1 C3: Bxcéeding 10m
M3: 50- 75% —

M4 75-100%

'd. Site index |
7 * M1 (Index I): Trée ht. 15 m and up

_b' Crown density class - - . H2 (Index 3): Tree ht. 14 m and under
DI: 20- 45% ' e '
D2: 45- 0% | o |
D3: 70-100% | : e. Quantity of middle layer trees

S1: Few - less than 50%
-§2: Many - 50% or more

23.6 Prepavation of Forest Inventory Book ‘

(:1) Forest blocking methods and mnnparlnients

Forest Fstates are blocks of Mukusi fore.sts direcily managed by the Forest Department at present
where Mukusi grows interisivély. They are blocked mainly by rivers (tivers, dambos, plains) as well as
by main felling roads, Therefore, having decided to treal a Forest Iistate as a fixed unit of blocks, we
specified the same in topographw maps,
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Although the chiefs control areas outside the Forest Estates, no clear territorial boundarics have
been eslablished, so it was dafllcull to classify such arcas in topographical maps, Thus no fixed blocks
were specified.

Forest Estates were first classified per land-use and vegetation types. ‘Then, the forests and closed
woodlands in the Forest Estates were subdivided by means of initerpretation using acrial photographs.
"The compaitments in the Forest Estates were thus established, and a number was assigned to each of
them.

With regard fo forests and closed woodlands outside the Forest IBstates, those were subdivided by
means of interprefation using acrial photographs and classificd according to the v;getahon lype.

The handling of forests is determined according to cach of the compartments under different forest

conditions. However, depending on the variation in felting policies and forestry achicvements so far

oblained, the state of individual compartments is subject to changes.

(2) Forest resbﬁrcesdisiribulion maps

“The condition of quantitative distribution of forest resources was detennined by taking into
consideration the convenience in forestry management, and forest resources distribution maps were
prepated as being dlru::tly associated with the Forest Inventoiy Book.

Preparation of forest resources dxsinbuhon maps was atlempted by transferring the portions for

forests and closed woodlarids out of the divisions established per land-use and vegetation types onto

topographic maps. Then the boundaries between the regions of compartments and forest estates were
entered in the topographic maps. “In short, the map, which may be called a map ‘of compartment
locations, is to be used in conjunction with the Forest Inventory Book.

‘The compariment number and growing stock per ha were indicated for each compatiment so that

' the conditions fof resources distribution mlght be clarified. Refemng to the area of each compartment

indicated in the forest resources distribution maps, the area of each compartment was measured, and the
msulls oblal ned were enlerod in the Forcst ]nventmy Book. -

(3) Forest ln\ cntory Book

The style of the Forest lnventmy Book isas mdlcated in Table 19, and various comcnls are given

 forcach forest block. Ifweseeapartofa specific compartment in the Forest Inventory Book, a varicty
of infonnation on the relevant compartment may bv acqumd

 The total growing stock of the arca surveyed may be calculated by add ing the growing stocks of

* each compamnent indicated in the Forest Inventory Book.

a Forest leISlOl‘i

Insumming up ihe Forest [Lstates managcd by thc Ponsl De pariment the name ofeach !*orc,st
Estate was enteréd, Forests and closed woodlands oulsuk the Ponst leah,s wero compited as
- ‘per sheet of topographical paper. ‘

While consecutive numbers were assigned as compartment numbcm to forests, abbrwn auons '
of the divisions established ; per vcge!allon fype and followed by consccutive numbers were
assigned to the coniparfuents of othef vegetation types. (For example, CW1 represents the
No. 1 compartmént'of a closéd woodland )

b Atea

© Compariment arcas were entered for each division of vegetation type.
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c. . Farest conditions

As forest conditions, entered were the rdsults of mlcapn,t'mon usmg aerial pholognphs n
accordance with the criteria indicated in the above categorics a, to d., the stand volume per ha
obtained from the crown-volume conversion table (the table of crown diameter elasses, crown
density classes, and site indices from which volume per ha will be found), as well as the total
stand volume of the relevant compartment, and the total stand volume of Mukusi.

The tolal stand volume was calculated by multiplying the volume per ha by the area of the

compartment area, while the stand volume of Mukusi was calculatcd by multiplying'the total

stand volume by the Mukusi mixing rate intcrpreted.

d. Land description -

As land description, topographlc condmons and soil fypes are usually stah,d ilm\ ¢V cr, since
the area surveyed was mostly even without any topographic differences involved, only soil
types were entered. A statement concerning dambo was included in the Remarks colunin.

23.7. Prescnt conditions of forest resources

I the compilation in the Forest Inventory Book, the arcaof cach fO[bSl and closed woodland the
growing stocks of all the forest trees, the volume of Mukusi, and thie growmg stock per ha were entered
for each Forest Fstate as well as for each topographic map sheet. Referto Table 20 for details.

In the entire study area of appmximalely 500,000 ha, the fon,sl arca of 86,021 ha (l?%) was
included with its growing stock being 8,201,580 m? (95 m’lh'i) On the other hand, since closed

woodland was d:slnbulcd to cover 153,152 ha (30%), with its growing s!ock of 7,978,255 m3 (52 i

ha), the gmwmg stock per ha is only 50% of the fon,sts

(1) Land descriplion within the Foresl Estate

The sludy arca contained 25 Forest [‘,slalcs w1lh a total arca of 125 943 ha Thc Mukusi forusls
included in these Forest Estates had decreased to 61 ,670 ha, which accounted for 49% of the total arca.
As mentioned in the section relaled to Jand-use and vegetalion surveys, most of lhe \cgelahon-lype
divisions other than that of Mukusi foresls were tree grassland degraded from Mukusi forests, and its

arca was confinned 1o have decieased consnderably Funher lhc closed woodland was dts!nbuted ina’

small arca, accounting for only 2% (o the total area.

Next, with regard to the arca rate of forests pcr each Forest Estate, while the forest rate of the lots -

surrounding Mulobezi (Kazu-Namena to Kanyanga Forest) was 70%, the average forest ate of the
forest estates located in the south was only 40%. In particular, the low forest rates of Sichinga (20%) and
Maonze Forest (13%) were remarkable, This was not caused by forest cutting. Rather, it was due to the
ex p'ms:on of trce gmssland caus;d by Iarge—scalc fires from bummgs having mkm place di«:orderly

Next, lhc total growmg stock (T’lb!c 20) of the forest estates and that of Mukum forwls were

'6663,075 m’ (104 m‘/ha) and 3, 234 215 m?, accounimg for 49% to the tola! growmg stocks,
r»spedwely

, Ahhough the stands ol‘ sonie plots surveyed weré found to be in excess of 200 m’/ha lhc only plot
withits average stand being kept ina rank near to above was Nanga For»sl an m’lha) The plols which
were found to have maintained both the average and tolal growing stocks (wﬂh f; orest ths being 70%
or morc) were Simungoma cast, Simungoma west, Kanyanga Lonze, Satumpa forests, etc. Howwer

even in these cascs, the growing stocks were around 120~130 m'/ha, :
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(2) ~Forests outside the Forest Estates

The tolal area of forests which were outside the Forest Estates was 24,351 ha, Inmany cases such
forests were distributed in small quantities in trée grasslands. Relatively large forest fand
consolidations, which were distributed around Forest Estates with stands mixed with Mukusi, were
teleased to residents. However, asa matter of fact, a considerable number of forests were included in the
forests outside the Forest Estates whete tree species other than Mukusi were dominant. “Their Mukusi
mixing rate of 24% was around half compared with the Mukusi mixing rate of forests within forest
estates.

Most of the closed woodlands, where useful tree species such as Mukwa Muzauli, cle. were
growing, were widely distributed outside the Forest Eistates, with the total area amounting to 150,753 ha.

The growing stock of forests was estimated as 1,634,317 m’, and the average growing stock perha

 was 67 m?®, which was only approximately 60% of the total growig stock of forests within the Forest

Estates (106 m¥/ha). On the other hand, the average growing stock of closed woodlands was 52 m'/ha.
However, since the total area was wide, the total growing stock was established as 7,882,443 m’.
Although Mukusi was mixed in the growing stock of closed woodlands, its ratio of approxnnaldy 6%
was very small.

(3) Condition for cach stand type

Calculation of stand volumes was based on the crown-volume conversion lable as per Table 18,
The total area, growmg stock, etc. calcutated in accordance wilh the table for individual divisions per
type are indicaled in Table 21. The values in the table calculated for forests and closed woodlands

clearly indicate a difference in the content of the g growmg stocks.:

Outofthe total area, i.c., ofthe 86,021 ha of for»sls 58,107 ha constituted 70% of the total, mainly

ﬁ‘ consisting of trees with large diameters (Site I and C3 of Site 1), with their growing stocks being
16,955,625 m® or 85% of the total. Although the Site 1 D3C3 stand was calculated as having an average
“of 196 mY/ha, in a stand of this type, lhe crown densny excecded 90% Such a stand exceeds 210 m*/ha

(sce Table 18).

Onthe olherhand in closcd v.oodlands thearea whos» growing stock of more than 100 nY/ha was

3,363 ha, accounhng for only around 2% of the folal area of 153,152 ha. Also among the areas occupied

by trees with large diameters, those with a tow growmg stock of 63 m*ha accounls for about 60% of the
total am

]n closed woodlands, useful trée spemes mcludmg Mukwa Mutonndo, Mubako, ete. were lll!gd
by pit sawyers. Inview of the low average growing stocks, in cutling them it is necessary to pay careful

aftention so that a possible change for the worst in forest physiognomy may be avoided.
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Table 21 Totaling forest stock according to eaéh forest type

(forests and closed woodlands)

Forest in the study arca

Arca(ha)

148,956 -

4,196

-1 -

) Forest crown] Dl D2 m Total
closure 20% <Cc<d5% 45% <Co<T0% 70%<Cc
Crown Em"’_ m>fha Zim3 m*/ha Em’ b rm’  m¥ma
diameter class -Yha . Zha ) Y ha Yha
Site 1 /C3  iAlttrce 1,174,509 63| 2,140,664 116] 3,429,412 196] 6,744,585 124
Cd>10m  {Mukusi 480961 26| 1,115,530 60| 1,756,468  100] 3,352,959 61
Arcalha) . 18,643 18,454 17,497 C 54,59
Sitel/C3  AlIree 96,558 42 66,066 77 48,416 136 211,040 60
Cd>10m . [Mukusi 38809 17 17,904 21 7,453 21 64,166 18
_ Arca(ha) 12,299 - 858 356 3,513
Siell/C2 iAflee | 352,765 33| ¢ 361,020 60| 347,650 85| 106L435. 53
6<Cd<10m Mukusi 7683 8| s1m2 10| 52518 13 186666 9
Areafha) 10,079 6.017 4090 20,186
SiteM/C1  jAll ee 53329 a7 . 78936 26 52255 3 184520 ¢ M4
Cd<bm . IMukesi a2 - il 1408 0 2,775 2 8405 1
' Arca(ha) 3137 3,036 1,555 7,128 '
Al tree 1,677,061 48| 2,646,686 93] 3877733 165 8201580 95
Total Mukusi 600827 18| 1192151 42] 1819214 77 3612195 12
f Arca(ha) 34,158 28,365 23498 - 86,021
* Closed woodland in the study area _
\\ Fnrcélcmwnl _ ]| p2 D3 Total
O (ctosure | 20%<Cecds% | 45%<Ce<TO% 70%<Ce -
Crown 2m®  mima Em®  mi/mal EZm’ m*/ha Zm’ m’/ha
diamctér class ~. Zha ' - hha _ ‘ZTha " Yha
Sie1/03 Atiee | ss23659 63 av0008 . nel e o] s914767 63
Cd>10m ©- iMukesi 365,811 4 50,007 15 S0 o) 415818 5
: “jArca(ha) § 87,693 3363 0 91,056
sitell/C3 ANl tree 721,770 42 6 0 o of 7170 0
CCd0m Mukusi 2948 0 0 o 0 0 2,948 0
. “1Arca(ha) 12,185 0 0 17,183
sicli/c2 Al | 1054690 35| 49980 60 0 ol L,104670 36
§cCd<1fm IMukusi 23225 1 11,497 9 ) ol 30,722 |
o iAreafna) | 030431 833 0 30,967
stell/cr lalwee | (2azpis 17 60 0 . of 237048 17
Cd<bn  iMukusi | 0 0 0 0 o o o 0
- Arca(ha) | 13944 0 o 0. e
N Allwee | 7538167 51| 440088 105 0 o] 7978255 2
Total Mukusi 39188 0 3} 57,504 0 14 0 . 0] 439488 3
0 153,152



3. SURVEY FOR FORMULATING FOREST MANAGEMENT PLAN

31, Yicld Table and Resources hlaniaﬁcmen( Bascd on 1t

Forests are considered to be endless resources in'(hat they are eventually restored even after
harvesting.  However, unless an appropriate yield volume is cstablished and logging is conducted
accordingly, the forests may be destroyed and a sustained yield not réalized. Froi this viewpoint, a
study was made to grasp the structure and properties of the Mukusi forest and, based on the findings,
establish ah appropriale yicld volume, with the aim of preserving the said forests located in south-
westem Zambia. A yield table based on the quantitative results is showh below. :

3.1.1. Basis for preparation of yield table

Trees which comprise natural forests grow every year and, in ihe process, competition among the
adjacent trees starts. The dominant trees survive as members of the forest, while the dorsiinated trees
stop growing and eventually die. A reduction in the density of forest trees as a result of competition

~ during the growth of forest trées is called natural thinning. Even if trées, which are destinied to dic off
from natural thinning within a cettain perfod of time, are haivested before they wither, the growth of the
forest as a whole should not be impeded. “The table quantitatively descnbmg changcs in the stand

_ compositions so that the growth of forests can be maintained even if trees arc harvested at a certain

~ predeterminied cycle is called the yicld table. In concrete terms, it describes the stand composition that
changes with the forest’s age (tree height, diameter, volume of single tree, stand density, stand volunie),
the possible yicld (harvest volume that should not hinder !he sound growth of the fomst sland number
and vo]ume of the overmatured trees, dominated trees, minus lrces, etc.).

N’alura! thinning is executed undcr critical conditions that dctcrmmc survival or death, so that the
stand density which triggers natural thinning is called full density. Most of the natural forests are
maintained in this full density state, but the forst itslf has a capacity to adapt to a wider variety of
conditions and, therefore, it is not necessary (o strictly observe the full density covidition when'
selectively felling forest trees. In other words, forests can bu preserved even if they are conlro]led al a'
density lower than full density. :

Forest trees grow by means of photosynthesm A smgle mc havmg a wxdcr CIOWnN recewes a
greater amount of light and grows larger. The same concept is adopted for a forest stand Whlch hasa
cluster of single trees; as the covering of the forest canopy increases, the forest stand maintains higher

- growth, and the smialler the covering, the lower the growth in the forest stand will be. Individual trees.
have the capacity o adapt flexibly to the sizes of the crowns. Even if theie are soine differences in the
size {within a certain limit) among the trees that comprise the forest canopy, and even if the stand density
vancs slightly, the same forest canopy closure can be securcd. In other words, fotest trees show flexible
changes; for example, when the densty is high, the crown of cach tree provides a smaller shaded arca
and when the density is low, it provides a larger shaded area. -Unless the densily is extmnely low, the
forest maintains the closed forest canopy {almost unifonn forest canopy closun:) On the other hand if
the forest canopy closure is the same, the amount of solar rays rccelvcd by the forcsi s{and asa whole,
and also the growth rate, should remain unchanged. - There fore, a forest’ stand whose' densuty is~
somewhat lower than that of natural lhmmng (full dens:ly) should maintain a closed canopy and allain,
the same growth rate. Inother words, even if trees are cut to excess durmg selective cutting or thinnin 2,

the forest canopy will be maintained iy a sound state. This indicates that even if slnghﬂy excessive
thinning or selective culting is exercised in densnly conlrol there should be 1o hmdnnce to gromh ofthe
forest stand.

_ Whei the forest density is reduced and the size of a crown of 1nd1v1dual tr;es is mcn.ased the
diameter increnient of the trees incrcases so that timber of larger diameter can be produced. There forc
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in a man-made forest whose objective is to produce large-diameter timber for board materials, the stand
density is often kept significantly lower than that achieved by nalural thinning. Oflen the stand density
is kept below 50% and the starid vohime is iaintained equal | fo or better than that oblained at the higher

density. In the semi-arid iropical regions with little précipitation, the coimpetition for water is keener

 than that for solar rays; therefore, the emphasis should be placed on the spread of crowris rather than the

spread of the root system., However, the root system conditions are invisible and therefore the crown
structure is reviewed as a parameter.

Inanarid region such as the southwest district of Zambia, a compleie closure of the forest canopy
cannot be expccted because of climatic conditions! Ifthe stand density is reduced by as much as 50%,
as in lhe case of a humid region, the closure of the forest canopy cannot be expected. Nevertheless, it
scemis that the canopy femporarily opens widely but eventually recovers the closure ifthe s{and dernisity
is reduced by 30~35%.

In the natural foresls in lhc southwest dlslnu of Zambia, posilive control of the lnmk number
(diameter controf) is not feasible. Therefore, it is appropriate to consider a stand composition akin to
thai by natural !hmmng, rather than the low density stand composilion ofien seen in man-made forests.
Hotvever, forest trees harvestéd after they withered are useless as a resource. Therefore, it was decided
to prepare 3 yictd table on the assumption that the decay and mortality of trees in forest rotation is
predicted anid the trees are harvested before they are dead.

As mentioned above, in preparing the yield table, it is nécessary to quanlitatively grasp the relation
among the stand composition factors, such as the forest age (Iree age), trée height, diameter al breast
height, smgle iree volunie, stand density, stand valume, etc. - However, it was difficult to estimate the
forest age of Mukusi, which is the major target species at this time, without felling it so that, in the forest
survey at the site, it was decided to obtain the relation between the diameter at breast height or the base
area and other stand composition factors as a substitute for the fotest age. In thc case of a forest stand in
Japan, the base area has an almost linear correlation with the trec age. Therefore, mmally for Mukusi,
100, the relation between the base arca and the tree height, density, volume, eic. was obtained. However,

" after having examined the annual rings of Mukusi wood felled at the site, it was found that there isa
“simple, almost linear, refation (approximation in direct proportion) between the diameter at breast

height and the age (number of annual rings). (F1 gure 24)

The forest age can be calculated easily from the diameter at bruas! height using this lincar
correlation. So, we thought that if the relation between the diameter at breast height and the various

» 'stand composmon factors aré oblained, it would be possible to substitute them with the relation with the

forest age. Based on this concept, weé obtamed the relation between the diameter at breast height and the
stand composition factors shown below that may be required for l‘ommlahon of the ylcld table and
review of forest management.

Relation between the dlamcler at breast height and the tree height (dom inait l rees) (App. Figure 8)
Retation between the diameter at breasl height and stand density (App Figure 9) -
" Relation bctwccn the diameter at breast he:ght and fcmzsl stand volume by tayer (high, m]ddlc and

lower layers) (App Figure 10)

Relation between the diameter at breast hei ghl (dommanl ln,e) and the forbst stand volume of lhc
mrddle Iayer lreo (App Flgurc 1) :

Usmg Flgure 24 lhe relation beh',ecn the d:amcler al breast height and foresl age was rearranged
into a smooth curve by site class (nearly lineac) (sité classes 1 and 1), and the relation as shown in Figure

" 25 wis oblamcd 'Using this relation as a mediuim and subsi;lulmg the relation with the diameter at the
- breast height by the relation with Ihe fores! age, the n:lauon between the forest age and lhe foi!owmg

factors was analysed.



The following are shown along with the above:
' Relation between the tree height and forest age (Figuie 25)
Relation between the stand density and forest age (Figure 26)

Volume growth curve plotted and based on the tre¢ height growing curve and growing curve
for diameters at breast height (Figure 27)

Relation between forest stand volume and forest ége by l:iye'r (Figure 28)-

The ylctd table for the dommanl teces for a period of 20 years was pmparud uslng these rc,latlonal
dlagrams Conceming the secondary {'onsl trees (dommatcd trécs: yield pre d:cuon index); it was
assunied that 65% of them may be harvested, considering that some of the forest trees may be withered
and dead without being harvested in thie time span of 20 years. In concyete tenms, afler lakmg info
account the number of trees that already were dominated at the time of felling, it was estimated that 35%

~ of the total veluine of major and secondary trecs, as the volume of cirently ‘existing secondary forest
trees (for the first tern), and about 30% of the existing major tree votunic (for the second tenn) were -
(rees that are expected 1o be dominated. “These can be harvested in the future. The harvest volume
(merchaitable volume) was calculated by multiplying this iumber of treés by 86% of the averdge smgle _
ire¢ volume of the forest age (im*/forest age) (for older trees: 85~95%).

3.1.2. Yield table (forest age grade and composition of major and sécondary trees)

First, the process lhal the forest stand grows old from its mfanl period to old stage was estimated.

_ In concrete terims, the yield table was prepared as 'shown in Table 22 with the focus on the relation

: plolied in Figure 28. Although the data on the young and immature forests below 40 years are iackmg

because the forests al the site of the survey are mainly natural forests, the table was compiled mmg the
avadabte data and the estimated vatucs. :

n Characteristlcs

The following characleristics could be pen.ewed during the prmess of compllmg the yleld table

+ Maximum stand volume can be achieved in mature forests agcd 6010 80 years old. After 100
years, the stand volume will decrease, probably due to old age. '

* Trées in young f‘orosts bc,low 40 years are fosi due to forest fies. For lhxs rtason thc stand
- volume shown in Figure 28 is small The yield iablc adjusts this situation by prov:dmg it as
observation in presenting a proper stand vol ume.

+ The yield table shows the composition of natunl forests gomg lhrough an a!mosl ldeai growlh
process. The actual condmon is poorer than this composition.

(2} Growth and yicld implied by Yield ']_able |

‘A high geowth is maintained even by overmatured forests older than matue forests in the growth -
of single dominant trees (Figure 27). Based on this observation, the relation betwebei the forest agoand
forest stand volurae seenied to maintain an increased trend after mature forests atso. Nevertheless,
contpetition among forest trees is keen and dominant trees maintain an active growth, . Once teees
become dominated trees, their growth is stunted and they quickly become weak and wither, For this
reason, the number of surviving trees has decreascd a pproxnnalcly 20% or more in the past 20 years. In -
many cases, these dead trees reduce the overall stand volume and the growlh trends for entire forest

“stands show a deczease, even throtigh surviving ln.cs grow at a hlgh level. In fact, the forest stand
volume tends to dccnase after the forest age passes the imatire forest age of 6010 80 years, o
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Breast height diameter (cm)

Forest treeage (years old)

Figure 24
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Table 22 Yield Table | {Mukusi forest stand) Forest age and stand volume

Site Class 1

Forest All of tree Dominated -~ Niddle
hge N DB v Ny Ni Vi Va

L () (em) (w®) (n!ha)(mslha) ) (n/ha)(a®/ha) (md/ha)
20 . 8.8 12.0 0.054 550 30
40 125 92.5 0.312 420 131 92 23 (18%) 50
60 14.4 33.0 0.754 216 221 M 46 o) 56
80 | 157 43.5 1.353 154 209 58 63 (30) 58
100 -16.7 53.0 1.875 105 196 29 44 (23) 59
120 17.6 62.0 2.656 70 187 17 36 (%) 60
140 184 70.5 3.424 54 184 16 - 27 (15) 61
160 19.0 76.5 4.021 A5 182 71 22.(1) 62

Site Class I L

Forest - All of tree Donifated ~ Middle
Age H DBH v N VN Vi Vo
) @ (ecw) (% (/ha)(ed/ha) (n/had(m®/ha) (a%/ha)

90 6.0 8.0 0013 750 10 |
4 9.3 17.5 0.134 460 62 145 16(26%) 20
60 1.9 265 0.411 304 125 82 WEH 2 |
80 130 350 0.75¢ 213 162 56 3421 36"
100 138 43.5 1176 134 157 . 41 39(25) 38
120 144 510 1600 81 146 23 29(20) 40
140 15.0 58.0 2,041 68 138 14 2301 42
160 15.5 64.0 2.470 53 132 9 B4 43

The forest stand volume and the degree of growth (growth rate) differ for each age'péri(:d,

namicly, the period of the young forest age when the forest stand volume increases, the period of the

mature forest age (60 to 80 years old) that reaches the maximum stand volume, the period of the
* overmatured age when the stand volume dicreases, and the period when the stand volume decreases
stightly or is maintained constant. Therefore, it is difiicult to uniformly forecast the degree of growth
(growth rate) that corresponds 1o the volume (rate) of allowable cutting. However, if a cutling rale
(volume rate of the secondary forest trees) with an’eye on sustained yield is to be presented on the
assumption that the trecs are 90~110 years old for Site 1 and 100~120 years old for Site }, the logical
rale would be approximately 20 to 25% with the 20-year selective cutting cycle.

The yicld table was prepared by keeping in mind the sclective culting cycle of 20 years.- If the
cutting cycle is reduced to 10 years, the cutting rate for one litne becomes as small as 15%. However,
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~ since the mortatity (the ionmerchantable volunie ratio) of the dominated trees during the cuiting period
decreases, the toial harvest volune should increase. The 10-year sclective culting cycle is preferable in

~ such places where the transportation means are readily available, and intensive cutling and harvesting
are possible. However, the harvesting rate of Mukusi for one time would decrease to 7~10% or under
and, therefore, it is highly likely that the operational efficiency may drop. Thercfore, it was determined
that the 20-year cutling cycle would be appropriate under the present situation.

3.1.3. Vicld Table H (standard stand consposition of old age natural forest)

(1) Preparation of Yicld Table 11

. In Yield Table 1, the chaiiges in the forest stand composition with the lapse of time and the

* harvesting voliric obtainable in the 20-year cutting cycle ate shown, assuming that the forestation is
uniform like in a man-made forest. However, in realily, a natural forest is a community comprised of
vatious kinds of trees whose species, tree size class, tree height ate different. - Therefore, in order to
achieve harvesting by taking into account the sustainied yield under such conditions, it is essential to
forecast how many dommatcd lrees W|ll be produccd during 20 years for each diameter class or tree
hesght class.

~ Thus, the frequeincy of appearance of cach diameter class for each forest stand surv ey plol was
calculated and, using the average valug, the number of trees (NI) for each diameler class ini the standard
forest stand in this region (not subjected to forest fires) was estimated. On this occasion, since almost all -
the trees 30 ycars old or under were damaged, the frequency of : appearance of the trees of such small -
diameter class was separately estimated with reference (o the values mezasured for the small sound forest.
- stand, instead of using the simple average value. The volunie (V() of each dianeter class was obtained
* by multiplying the number of trecs for cach diameter class by the single tree volume. The fonst stand
volume was calculated by adding alt of the oblained values.:

In an aitempt 1o grasp ‘the current situation and the state of Mukusi, the farget tree spcc:cs, the
number of trees for each diameter class estimated using the actual frequency of appearance, was shown
as Nip, and the volume ¢corresponding to it was calculated and shown as Vip. Similasly, for Mukusi that
appears in the forest stand, the number of trees (Nm: standard), (Nnip: practical), and the volume (Vim:
standard), (Vmp: praciical) for each dianicter class were calculated.

When the siniple av'eragc composition was obtained, the forest stand volume was high: 220 m*ha
(Site I, the forest age: 80 years old). Ho“ ever, in reality, the forest stands having such high growing
stock ar¢ rare, so that an adjustiient was made te reduce the numiber of trees and, as a result, the standard
fores! vohimes were estimated (o be 198 m¥/ha (forest age: 100 years old) for Site 1 and 145 m*ha {forest
age: 120 years old} for Site 1. Yield Table I1 (Table 23 (1), (2)) was prepared based on the forest stand
composition under these conditions.
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(1) Site Class I

Table 23 (1) Yield Table I (Mukusi forest stand) -
 Standard structure of stand: Number of treés and volume classnﬁed by DBH

DB

Ch

i v

a p?

N: stand density

Nt

ANt

Rtp

Nm

Nop

V: stand volume

Yt AVt

¥ Yap.

6~ 10
~ 15

~ 20

~ 25

~ 30

~ 35
.
~ 45

-~ 50
~ 55

~ 60

~ 85
~ 10
~ 15
~ 80
o~ 8
~ 90

10
11,6 0.298

& 0.013
8 0.058
0. 147

13 0.484
14 0714
14.8 0.984

“15.5 1.289
116.2 1.596
6.7 1.936

112 2.293

17.6 2.638

18.0 3. 114
18.3 3,556
18.6 4.030
18.9 4.583
19.2 5,096

120
98. 0
68.0
52. 0
40.0

31,9

23.0

16.0

12,0

8.4
5.2
Y

2.8

1.9

1.9

0.6

6

22

11

8
7

59

5.1
3.9
2.1
2.0
1.3

0.9

0.7
0.6
6.5
0.3

0

100.

2.0

11.0

80.0 64.0 13.0
41.0 45.0 14.0

32,0 39.018.0

26.0 32.0 19.0
28.0 26.0 23.0
26.0 19.0 24.0
21.0 14.0 20.0
10.0 10.0 10.0

10.0
5.1
1.4
3,2
1.6
1.3

0.8

0

7.0

4.5

_3.6}
2.6

1.9
1.3
0.6
o

10.0

A5

3.6

0.4
0.8
0.8

B

2.4

1.56 --

5.78 1.30

10.00 2.50

" 15.50 2.38

19.36 3.39

22.13°4.21
22.63 5.02

20.62 5. 03
18.15 4.31
16.26 3.87

11.92 2,98
10.95 2.43
8.722.18

6.76 2.13

483 2.02
2.5 1.87

0.94
3:18
6.61
11.62
15. 48
18.56

0.21
1017
12.06
5,36
9,20
16.42

18.70 23.62
18.05 25.18
15.96 15. 96

13,55 19.36
0. 32 10.32
0.71 9.71
8,10 7.47
6.76 1.42

5.24 3.22
275 3.61
176

6 0

484.

78.
(100 16

391, 343.f115;

!

" 36 %) (100

0. 0

2.8

83.8

1982 45.1 166.1 154.5
78.0%

(age)

A
10
20
30
- 40
50
60

(.

80
90

100

110
120
'130'

140

151

163

Nt:stand den31ty of all kinds of tree, Vi:stand volume of all klnds of tree

ANt
Ntp

ANt = 0. 3 (Nt. -

Nti) ¢ 0 35 (Nt~ Nt:u)
: Class of DBH -

: present stand den51ty of vt

stand density pf Mukusi,

ent stand density of Nukusi,

Yop :

Vo
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Yable 23 {2) Yieid Table Il (Mukusi forest stand)

(2) "Site Class 0

Shndard structure of stand: Nuinber of trees and volume classificd by DBH

Ya Vop (agé)

DB H v Nt ANt N Nep ¥t AVt
cn [ 8%  n/ha n/ha n/ha n/ha  m%/ha n/ha o¥/ha wS/ha v
6~10 580012 108 -~ 5 9 127  0.60 0.11 18
~15 750051 88 18 45 10 448073 230 0:51 28
90 900127 58 15 32 10 TAULSL 408 127 38
© 25 10.30.255 47 117 27 13 1189237 6.89 3.32 50
~ 30 11.50.429 - 36 3;5 29.4 13 15.472.91 9.61 558 62
35 1250638 28 57 18.2 16  17.862.92 1161 10.21 74
<40 133 0.870 21 4.3 13.3 17 13.443.02 1157 1479 86
~ 45 1390156 15 3.4 9.8 M 1735314 11.3316.18 98
~50 144 1415 10825 7.0 7 1569294 9.91 9.91 110
~55 M.81M5 1219 40 5 1251270 6.94 8.68 122
~60 15.12.003 4.613 25 3.2 9.13 290 5.01 641 134
<65 1532313 3311 18 25 T70212 422 5.8 148
~70 15.52.856 - 2513 13 1.7 _7.262.98 3.71 4.86 158
' 498 74,6 234.3 1214 146.3 20.54 87.76 87.69

(100 17.4 54.7 28.4)(100.0 202 60.0° 59.9 %)
- ANt “}_0.35(”#%1. Ntl) + 03 Q- Nti+1)

@ Characteristics - _
In Yicld Table 11, the number of tiees B0} of each dlametu,r class deemed to be standard was

- estimated, and the volume of doiminant (rees and the vo!ume of dom:mted frees of each diameter class

wete caleulated. The number of trees becomes larger as the diameter decreases (this trend was
confirmed in forest stands whose partial damage was slight), probably because the interior of the forests
in this region is bright and the suppressed conditions for solar rays do not conslitite an obstacle to the
growih of the young trees. However, inmany forest stands, young lrees have not grown due to repeated
forest fires (fires spread from proscnbcd burning) over the last 20~30 years and, therefore, it was found

“that {he number of trees (Nip) that belong to.a diameter class of 30 cm or und-.r is small. Lspecmlly, the

number of such trecs (Nmip) is probably small because of the low fire-resistant propuues of Mukusi.

- Normally, old and farge-diameter trees are felled, with the hope that young trees will grow.

- -However, even if the cutting anid harvesting of large-diameter trees are conducted propeily, a suslained
yle!d cannot be expected in case there are no saplings or young trees that are essential for recovery.

‘Yield tablé 11 has been prepared so thai forests having a similar stand composition will reappear

W hen 20 years have passed fol lowing selective cutting and harvesting. This table is compiled toindicate
‘the quanillalwe dalaon the asstmption that the sefective culting is conducted with respcd to all dianicter
“classes i.¢, lotal selective cutling.
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3.1.4. Utllisation of yicld table, problems and suggestions

Asnicntioned above, the Yield Table I was prépared to indicate the quantitaiive data on condition
that total selective cutting is carried out in a forest of almost full density. However, in reahiy, setting
aside the small logs o be used for fuel, the large diameter standing trees and the specific species which
have commercial value as timber tend to be felled, which is a problem.

I) Felling of only large diameter trees and the allowable volumc of harvesting

Ini reality, tolal selective cutting (thinning) of all diameter claescs is tiot catricd out and only laige
diameter (rees are felled.  The allowable harvest should be, to be exact, a volume equivalent to the
numbsr and volume of the secondary forest trees that belorg to the larget diameter class (DBH is 35~40
cinof over). However, as mentioned earlier, the density of the forest cariopy will nof be destroyed even
if the stand density becomes stightly lower than the full density, so that the volume slightly larger than
the votume including that of the dominated trees that belong to the diameter class snialler than the larger
diameter class, i.c., the allowable vohinie only for the target diameter class, iy be flled. Forexample,
in case of Site I'in the Yield Table I1, the allowable number of trees aind the volume per ha thatmay be
felled during total selective cutling are 78 trees and 45 m* (23%), respectively. If the troes to be used for
saw timbers whose diatieter is 35 cm or over are to be felled, the number and the volutne would be 18

trees and 29 m* (15%), respecuvcly, according to the calculations made based on the table. However,
even if the density of the major forest troes, whose diameter is 35 cm of over, becomes 35% (25 trccs)
less than the full density (74 trees), the closure of the forest canapy will not be de stroycd and, therefore,
the felling of about 7 more {rées may be allowed. In other words, the harvést volume may be increased
up to {29 X (25/18) =40 m’}, Based on these values, the number of trees and the volume of 18~25 frees
and 29~40 m?* may be harvesled. Furthennon,, it is anticipated that a some of the small diameter trees
may be dead duc to natural lhmnmg and the tiumber of such trees will be teduced.

2) Induction to the maximum fo_rest sla_nd ‘_rolume

The forest stand composition deseribed in Yield Table I is that of the forest whose approximate
age is 100~110 years old. However, ascan be seen from Yield Table I, the period when the forest stand
shows maximum velume and the average diameler of the major forest trees shows the highest
merchantable volunie ratio (DBH is 40 cm or over) is when the forestage is younger thanthe above, i'e.,
70-90 years old. In erder {0 achicve a‘ maximum harvest in terns of boih quality and quantity, it is
‘necessary to fell the old trees whose agels 100 years old orover, lhereby rejuvcnaimg the forest (o soinc
extent. From this viewpoint, t0o, a slightly increased felling of large diameter trees is penmitted.

3) Havvesting of Mukusi wood

In the above, ihe study was made assuniing that all the spemes are harvested and uilhzed

" Discussed below is a case when only the useful specics (for example, Mukusi) are harvested.” The

volume of Mukusi accounts for about 80% for Site 1 in the Yietd Tabte Il and around 50% for Site I in

the tolal stand voluing, Therefon,, the allowable harvest of onty Mukust should be 80% and 50%,

respeclively, of the atlowable volume for the éntire forest trecs. However, the avérage area occupancy

~of Mukusi in the region is 50%, according tb the photographic interpretation. ’Ihcnfore gcnerally
speaking, the appropriate allowable stand harvest should be 50%.

1 onty Mukusi is harvested and other species are excluded from harveslmg, the molher trees of
other specics wilt increase and their breeding potential will also increase. As a result, the voluinie of
Mukusi in the stand decreases gradually, and eventually it will be difficult to secure a sustained ylcld as

- amixedstand. The area occupancy of Mukusi at Site Linthe standard conposilion was estimated to be
80%, and the fact thal it was actually 50% may be aﬂnbutahlc to imbalanced fellings in the past.
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In order to secure a sustained yield ina Mukusi mixed stand, it is necessary to not only adjust the
felling volume of the major forest trees, but to take afforcstation measures such as rearing of Mukusi
seedlings in an altemipt to strengthen the breeding potential.

4) Harvesting In stands whose canopy is open due to forest fires

The yield table given above shows values (hat assumes the canopies are closed. In reality,
however, many forests have only 3010 60% (in sote cases cven lower) of the volume values shown in
{he table dug to open canopies caused by forest fires or other abnonmal conditions. For the damaged
stands, it is necessary to refrain from the felling and to take measures to restore the standard stand
composition. Bven in these open forest stands, the forest trees compete with onc other, when a certain
tevel of closure is secured, and as a result, the dominated trecs are produiced, indicating that han-eslmg
is possible in some cases.

_ In open forest stands, compchlmn among foresl trees is not kcen causmg less natural witherin g
As a fesult, the growth of teees in open forest stands may be higher than in closed forest stands in some
cases. 1f a yicld is decided taking only the growth shown in Table 22 into consideration, a great
contradiction will result.

Figure 29 shows the relation between the stand volume of an open forest and 1hc stand volume of
dominated forest {rees that exist in the sanie forest. If the forest stand volume as a mateix is less than
75m, weakening (losing in compchhon) does not occur. 1 the stand volume is Iarger than 75n7,
approxirately 35% of the stand volume ini excess of 75m’ is known to become weak.

Thus, the volume of secondaly forest (n.es (volume of dommated Ines) in an Opcn forest sland is:
AV’ —O.35(V- 15) 3.1
V ' Stand voluine (m*ha)

AVx': Siand volume bf sccondéry forest irees in the forest stand to which a 20-year
seleclwc culting ¢y de is apptied (in*/ha)

If 1hey are ham:sled every 20 years, the remaining major forest trees (DBII>25 cm) grow by
0.4~0.6 17’ in 20 years, so that such harvesting should not impede the recovery of the forcst stand as a
whole. The allowable harvest can be oblained using the abave formula (3.1). If the harvest volume is

‘less than the value obtamcd from this calcutation, not only will the sustained growth be maintained, but
" also transitions o forest stands that yield a higher volume can be expected.

5)' Succeeding trees and prevention of forest fires

The forest stands with an insuftficient number of succeeding trees will eventual disappear even if
an adjustment is made wnh the dominant trees. Therefore, suchadjustiment is meaninglessinsofaras the
‘sustained yield is concerned. The most significant reason for causing such a situation is the buming of
forests. Unless bummg is stoppcd the problem with sustained yield will not be solved.

However, su pposmg  that forest fires can be completely prevented, and the regeneration of saplings
‘and the regeneration of the forest by natural secding or aflorestalion under the natural conditions are
possible, then maximum felling that would not damage the forest composition mlghl beallowed. Inthis
‘case, a shightly targer estimate may be made for an allowable harvest volunie in an open forest stand.

3.1.5 Resources managément—from standpoint of existing resources

The growth process of forest stands was studied and a yicld table was obtained in the preceding
pamgmph This paragraph studics the allowable harvest volume of Mukusi resources and the forest
stands to be felled.
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(l) Study on the allowable harvest volume

The crown-volume conversion table fonmuilated for caleulation of the vohime has been prepared,
based en the crown closure comnpositions (D1-D3), crown diameter classes (C1-C3) and tree height
decisions (11 and H2).

Forest stands inside Forest Estates cdn be summarised in the following categorics

Table2d4 Stand volume according to forest type (in Forest Estates)

™ Faresteroion] DI _ D2 m ~Total
cosure | 30%<Ce<ds% |  45%<Cc<70% 70%<Ce L
Crown rm’ w2 £m wifha s’ miha | o’ wtha
diameter class Eha ) Y ha Tha Tha .
Site 1 /C3 AN iree 879,165 63| 1,816328  116] 3,100,720 196] 5796213 128
Ci>10m  Mukesi . | 370258 271 986319 €3] 1,673,958  106] 3,030,535 67
_ iArca(ha) § 13955 15658 | . 15820 35433
Sitell/C3 (AN tree - 69,216 42 42,735 771 29920 13¢] 0 141,871 59
Cd>10m  [Mukusi 30638 19 14,935 211 7453 33 53,026 22
_ Arca(ha) 1,648 sss | . 220 2,423 '
Sitell/C2  iAN tree 268,520 35| 165900 60| 218,875 8s| 633,295 50
6<Cd<1Om Mukesi | 71,026 9| 35964 13| 37,387 5] 144317
Arca(ha) 7672 - 2,765 . 2575 13012
Sitell/C1 - iAW 1ree © 29,053 17 21,398 26 21,245 A 71696 22
Cd<6m Mukusi a2 38s 0 2,160 3 6277 2
Arcath) | L7109 §23 669 1 . 3201
: Aliwee | 1245954 50| 2016361 103] 3370760 175| 6,663,075 104
Total OMukesi ] 475654 19] 1,037,603 52| 1,720,958 891 3234215 50
© Arcatha) | 24,984 . 19,801 19,284 1 64069

Largc dlamcter {recs (Sltc l C3 1 C3) accounl for 70% or more of the arca (47 856 ha). Forest
stand DIC3 includes a fairly Iarge number of stands which were cut over arcas and were strongly
affected by forest fires, remaining in a targe fire hole in patch form.

The forest stand at Site I D2C3 has a volume of 90~146 m¥/ha {116 m'/ha in average) and contains
. slightly open forest stands witha vo!unu, of 75 m’/ln Or QVCF.

“The forest stand at Site 11 D2C3 has a volumc of 60~110 m*ha (77 m¥hainav c.ragc) and contains
qtands simitar to those mentioned above. :

Closed forest stands which can be cut are aasumed tobe lhc following:
' Site 1 D3C3 (Site index 1/ Crowi density: 70~100% / Crown diameter: 10 m or over)
Site 11 DIC3 (Site index H / Crown dcnsﬂy 7{%100% / Crown dlameter 10 m or over)
Large diameter trees with crown closure -

.11210248m’/ha N L

CArea 116,060 ha (25% of total forests)

-~ Stand volume :-3;130, 640 m (4?% of total stand volume)
* (Mukusi 1,681,411 tn?)

_87-



Shown below are the results of calculations for possible annual voluime of harvest using the
harvesting method proposéd in the pm,cdmi, paragraph, including the forest stands of large diamcter
trees witha volume of 751%ha of over:

Site I D2C3 (Site index 1/ Crown density: 45~75% / Crown diameter: 10 m or O\Iér)

Table 25 A trlal calculation for allowable annual cutting
(Culting cycle: 20 years)

_ Area | Stand volume =~ o - Allowable cutting
Foresl stand type (ha) (nﬁiha) : (m ) - Cufting intensily '(m’lyear)
[/ AliTree | 16,040] 1967 136} 3,130,640 . 3,306 to 39133
' D3C3 _ | 20%i025% ' . .
Mukusi 106/ 340 1681411 | 16814 o 21018
| Al Tree | 15,658 C L8] 1,816,328] AV =035 (V-75) 11,235
D2CY _ ' =0.35 (116-75) _ -
Mukusi _ 63 986,319 =14.35 1 . 6,100
All Tree | 31,698 42541  t6 50,368
Total = ' : ' ' : .
Mukusi ' : 22914 to 27,118

Ifthe forest stands whose average volume is 75 m¥ha or over are to be cut, the area will be 31,698
ha, which accounts for approximately 50% of the Mukusi forest area. It accounts foronly 25% in the
total Forest Estate.

The annual hawe'sling volume is eslimated at about 43,000~50,000 nv* for all specics and about
23,000~27,000 n* for Mukusi. The forest stand at Site 1 D2C3 described above was calcuolated usmg
the culling ratio of the calculation, formula. I the cutling ratio of 26~25% is adopted, the possible
haivesting volume would increase 50,000~60, 000 i for al} forest trees and 27,000~33,000 m* for
Mukusi, respectively. .

(2} Study of forest stands to be harvested using mother Iree'prescrvatima as 'a re¢ference poi nt

In selecting the culting blocks, mainly the above-mentioned forest stands wnh lugh crown de nsnty
(C3D3 of Site 1 and 11) will be chosea. However, if only Mukus1 is to be cut, itis necéssary to take the

mixing rale of Mukusi into consideration. Table 26 shows the totals for individual Mukusi composnhon :

rates which were taken from the Forest Inventory Book.

As shown in the table, a fairly ?ar;,e number of forest stands which !n\c Mukusi mixing rates of
0% to 50% are included. Table 27 shows the total numbet of forests i in each Forest Estate, selécting
forest stands with a Mukusi mixing rate of at least 50% (aesummg pl’GSCfV‘ﬂlOll of mother trée stands is
posstble), :

The grand total will be:-
Area 10223 ha (16% of all foresls)

Stand volume : l ,999,988 1h* (30% of total stand vohlmc 196 m¥/ha).
(1,438,364 m? Mukus1)

According to a trial calculation similar to that presented in the pru:cdmg paragraph (usmg these

forest sfands), harvests of 20,000~25,000 m¥year forall spccics and 14,000-18,000 myear for Mukusi
are possible.  Since the estimated annual harvest volume in Forest Estates lo be discussed in the
following paragraph (3.2} is 13,000~14 (}00 Y, it seems possible to supply Mukusi wood mamly from
these forest stands.
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In sdectmg the forest stands to be cut; the Forest Inventory Book and the atlached figures are to be
utilised; it is desirable to cut the following forest starus.

'Forest stands at Sites F and 1 D3C3 where the Mukusi is dominarit {M3 and M4: 50% or over)

b. Forest stands around the above forest stands where the mixing ratio of Mukusi is below 50%
{M1 and M2) and the forest stands al Sites 1 D2C3.

Forthe time bemg, thé cuiting of other l'ypes of forest stands should be postponed.

As discussed in the preceding paragraph 3.1.1, healthy succecding trees are essential for the
utilisation of the fesources (cutting of Mukisi forests), keeping iii niind the sustained yicld. However,

- therd ate fow heahhy succcedmg trees in the Mukusi forests in the region being studied and a sustained

yicld may not be secured.” Based on a study using the acrial photographs, the growth of succeedi ing trees

“for Mukusi caii be conﬁrmed in the sapling foiests, bul it cannot be confimmed in closed forests.

Selective cutfing must be coiducted and based on the survey results on the stand densily; quality and the
diameters of the forest frees, and the number of succeeding trees in order to securc the soundness of the
forest stands and to increase productivity. In selecting the cuttinig blocks, it is necessary to convince the
logging contractors to conduct the above-mentioned sury cys under the comrol of the Forest Departnient

“before selecting trees to be cut. It is a malter of course that thorough care be exercised to prevent fon,sl

fires and that the forest management discussed later be implemented propetly.

- Table 26 Details of forest type DSCS

-80.

Forest condilion - e
_ * _ By acrial photog:aphs : anumc L

o Compart Mukusil Crown | Crown | ;. !hiidd!c o
. Forest name -ment | Arca fmixing] density | diameter iadex | 1yer | Volume|  Total Mukusj
' ' number | (ha) | rate | class [ ¢lass ~ | deee: | perha | volume | volume

F MM DDDs | GGG | HiH, | 885 | mha m’ m'

. - [ oasasl a3l 3l | ] 196] 7s3dad| esezso
- - |esrl 8 o3 Bl ] o] ae[1,238132) 173,844
- b - e e s 3 b w2 1es]s19,988) 195,000
R R EE T EETY B 3t 1] ] 196] 3057600 ‘45,364
- = uasel ol sl sl il o] 2msaie 0
Sub total | 15,820 | ) 1963,100,720| 1,673,958
Simungomawest | 30 | 62 o3[ a3 3 20 1| w6l s s2me
|zungubo a3 3 2| 2| o136l wss2| 21
Sijulo 1] o 3 3| 2] 2] 136l 1,30 0
Lonze as | ca|l o 3 3l 2| ol a6l sis6 0
Sub total ‘ 0| ' ' | 2002 7453
Total | 16,040 12,130,610 1,681,411




Table 27 Totab of forest types MAD3C3 and M3D3C3

Forest condition - =
o .. BBy acrial photogeaphs . e Volume
Numbesr [ ] )
Forest name of Mukusil Crown | Crown | Site |Middic _
‘ Compart| Arca fmixing] density |diameter| index | fayer | Volome| Total Mukusj
-ments § (ha) | rate | class | class teee | perha | volume | volunie
: F MM oy [ ool ™M s, [ mma | o | w2

Kasiti |3 .| __138] 31 3f .3 1 M 196 26,460 18,352
Matavwe o2 33 3 | I | 196] ~ 6,468] 4,043
8 1980 34 3 S3[ 0 a) d2p 196] 388,080] 285,183
Simungoma west 1 62 3 3 32 o136 8432] 5,270
Simungomacast | 10 2364] 3 3 S3 1 12 196) 463,344 401411
Sikubingwa 3 | 303 34 3 o3y 196)-.59,388] 50,005
Sisisi_ | e | 53 34 3 il 1 1§ 196] 105,252] 81,365
Nanyola_ 1 86 3 3 3t 2 196] 16,856 10,535
Luymino N B 3 3 3 2| 196} i5,876| . 9,923
Kaywmbwana | 3 3 490| 3 33 2 196]  96,40| | 60,026
Sijulw - |1} 260 .3 3 3 1 2] 196| 50,960 31,850
Kazu-Namena - |1 2 - 430} 3 33 12l 196 84,280] 52,676
Nanga . | 1 F 1 3 3 2] 196] 147,196] 91,998
“{Lonze -9 b276) d4ap. 3] 3 1 12 196] 250,096 152_‘__)}_7
Situnipa 13 ] 1435 3 3 3 1 12]  196] 281,260 175,790
Sublota) | 10,223 ) ; -196] 1,999,988! 1,438,364

3.1.6 Harvesling trees of other specics

Although a full-scale plot survéy was tot conducted on trees of specics other than Mukusi, a rough
ocular estimation was coriducted and the fesuilts are described below. :

: (l) Muk\\a

Mukwa is a species that often grows in woodlands where Mukusi are mixed. There is a Iargc;
demand for Mukwa to be used as board wood and plywood for funnture Tt seems that the qmnhty of
Mukwa and its distribution are not graspcd prccuscly

In fomsl s(andb where the mixing ratio of Mukwa is hagh it has been estimated lhat Mukiva
accounts for up to 35% of the quantity (of 440 trees per hain a forest stand, 166 were Mukwa witha .
- diameter of 6 cmor over) and up to 40% interms of the volume (150 m*ha, 65 n?’). Tlowever, in reality,
such high stand volume i is rare, and there are many forests where the mixing ratio of Mukwa is
negligible. Among the forest stands in regions that are subject to logging, there are many cases where
the number of Mukwa, whose diamicter is 25 cm or over, is as sinall as 4~5 ahd the volume 6 m¥ha. The
average stand volume of Mukwa whete it is mixed in woodlands only was estimated and basedona
small number of plot survéys and obscrvations. Accoiding to the eshmauon there aré at least & m’ of
Mukwa per ha. : : :

" Itseems that the Iand area suitable for Mukwa is broader than that for Muk'usi"md Mukwa'is more -
widely distributed (han Mukusi. However, since the number of Mukwa trees and the volume perhaare
limited and the habitat has been reduced due to forest fires, the total volume of Mukwa in the southwest
tegion seems to be sigificantly fower than that of Mukusi. Supposing that there are 20,000 ha of -

woodlands with Mukwa mixedin, the total volume should be at least 300,000 n* and the average ainual
growth should be 3,700 ', assuming that the average tree age is 80 years old. On the contrary, the
present annual demand for Mukwa (in termns of the standing trce volumc) is estimated 1o be 2,000 m?
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and, therefore, it can be said that Mukwa trees are not being excessively cut al present. However, il is
feared that if the production of boards; plywood, cte. increase in the future and the demand increases,
the harvest volume will exceed the growth of Mukwa and, asa resull, a sustained yield of Mukwa may

~ not be secured.

’nie_ law specifies that Mukwa whose diameter at breast height exceeds 30 cm, may be harvested.

According to the survey conducted at this time, it was made clear that the merchantable volume ratio of

logs with respect to the standing teee volume is as high as 85% for those whose diameteral breast height

_ is35cmorover. Thercfore, il seems appropriate o raise the diameter class of the standing trees that can
be cut from the present 30 cm to 35 cm. However, if only the diameter class that can be cut is reduced,
 the mimber of mother trees required for a sustained yield may not be reserved. Itis, therefore, necessary

to specify the number of nother trees to be reserved in order to secure a sustairied yield of Mukwa
stands.

Although the Mukwa seeds have a high driflability, at least 4~S farge diameter mother trees per ha
arc required for redring the succeeding trees. There fore, the harvesting of large trees whose diameter is

35 ¢t or over should be prohibited, even if the nuriber of such trees per ha is 5 or under.

Motcovet, in case more thai 5 molhcr‘ trees per ha reinain afler the hatvest, the felling rate of the
volunie should be restricted to 25% or under. Mukwa grows faster than Mukusi and reaches a cutling

-agein 80 years, so that the culting of 25% mnay be permitted under the 20-year selective cutting cycle.

() Mupane

The root systeim of Mupanc is moisture-resistant and Mupanc grows well in overhumid soil where
stale water is retained during the rainy season {poor drainage). Other species cannol grow here because

the roots Tol in such soil, so in these ptaces only Mupane lends to grow, fonming pute forest stands,

Such overhitmid areas can be found in the high flood plains along the miain stream of the Zambezi
River in the southwest region and in the delta plains formed in the downslream areas of the Machili -
River, Loazamba River, Loanja River, etc., the tributary rivers of the Zambezi River. The growtharea
amounts to only 30,000 ha in the district susveyed and is cstimated to exceed 80,000 ha for the entire
district. o '

Mupane trees grow in poor soil conditions and, therefore, never form a forest of closed canopy

‘and, in all the cases, form a woodland. In a forest stand having a highly closed canopy, it was observed

that about '_iOO trees per ha have grown to the height of 14 mand DBH 15 ~35 cm with the volume of 70
m'/ha. However, in many cases, the forests have much more open canopies and the average volume
(50,000 ha excluding the grasstand) is about 20,000 m*¥ha and the total volinic in 50,000 hais estimated
to mount to at least 1,000,000 m?. In addition, the number of 15 cm, exceeds by far the number of trees
whose diameter is 15 cni or ovér. Mupane is, therefore, a species that iay be readily reproduced and is

-~ forming a suitable stand composition.

Mupane grows fast and, in about 25 years, g’rowls 10 2 forest trec whose DBH is 20 emy. Therefore,

‘the fotal average annual growth in the district is estimated to be 1,000,000 /25 ='40,000 m’, which is

equivalent to that of Mukdsi - _
. Mupane is widely used for roofing materials and fuel by'_ local residents z_zs well as for the
constiction ¢f boats. Annual demand is extreniely small when compared to its growth. If the harvesl

“olumie Is less than the growth, Muparie ¢an be reserved and will be a valuable woodland TeSOUICe

havin_g a suflicient harvestable capacity.  As a matter course, Mupanc can also be used for other
purposes, stich as the production of charcaal, etc.” In this case, selective culting should be adopted in
principle. :

1
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3.2, Sociocconomic Survey for Locat Development

This section describes the characteristics of the chief system, land ownership system; . forcst
protection system, which regulates the social cconony in the areas of this study, and the propesty of farm
houscholds. Next, the results of a village survey and honse-to-house peasant houschold survey are
‘collected regarding the relation between the regional residents and the forest. Thirdly, the survey resulls
on the actual situation and the future prospects of commercial utifization of Mukusi and Mukwa are
described. Finally, a proposal is introduced on the present use of wood, its estitnated influence on forest
fesourecs in the future, and socio- cconomic improvement in the n.g!onal commlmuy soas lo inakethe
best use of forests.

3.2.1. Sociocconomic characteristics of the study area

© (1) Chief system

'The chiefsystem, which still remains in westem province of Zambia, is a traditional and customary

class system of the Loz tribe , which has continued since the days of the Lozi Kingdom. In effect, the

- Barotse Royal Establishment, as shown in Figure 30, has six senior chiefs, who are under a paratount

chief (Litunga). The senior chiefs are stationed throughout westein provirice. ‘Under them, sub-chicfs

(16 in the study arca) and village headmen (one per cach village) are placed to fomi the hierarchy. Even
today, the chief system is a valid system, providing a guideline for local community life.

| Paramount Chief (Litunga)’ l

| - Senior Chiefs (Six persons) 1

| . Sub-Chiels (Sixteen persons per in survey area) | ]

I village Headman (one person each villege) ]

|- Local Community ‘(Peopie)‘ -

Notc: A stated by teak forest projoct manger

Figure 30 Hierarchy of chief system in Barotse Royal Establishment

The administrative systein is made up of province, district and city. But an administration does
not exist {or the village, and the village headman, although holding the lowest position in the chief
system, assunes a substantial part of the responsibility. In this way, western province has a dual
constitution of power, so the provincial govenunem cannot disregard the chlefsys(em Pamcularly, at
avillage in the study area, the real state of af¥airs is that a wllagt, headman deals with various problems
in consultation with the sub-chicfs.

In relailons between the sub{hlefs and local remdenla, lhe residents revere and reqped the. sub-
chiefs. Onthe other hand, the sub chiefs are the people to talk fo about daily events, as they have access
to the local residents.

Toa the qucsuon “Did you give any glﬂs to the sul}chlefs?" the fo}lowmg rephes were recewed

* ifthe yield of maize or other crops is good, a part of the crops or some _moncy (smal! aniounls,
such as K100 or K50 per houschold) may be presented to them by collecting crops or money
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from the local residents, provided some crops are sold.
“» Four woven mattresses of grass grown in dambos were donated by a village.
" Ifthe catch of river fish is good, some fish are dried and preseiited personally (o the sub-chiefs.

« Rainfall during the rainy season was hghl this year, and the crop yicld was poot. Nothmg could
be presented. 1f asked by the sub-chiefs to do shopping errands, or tittle tasks such as tending
catlle, labor is provided to the chiefs.

To the question “Is there anything that cannot be done without a permit from a sub -chief?” thc
replies included the following:

» ‘Expanding farm lind.
« Moving one’s home to another village.
+ Building a new home.

~ The sub-chicfs are consulted through the v:llage headian if problerns that dlsmpt peace in a
village happen {quarrels due alcohotic intake, farm land cheating, women probleins, etc.).

In one village, males gather in the house of a sub-chief every Thursday and discuss affairs and

: .problems inthe village, such as farm Yand problems or construction of schools and hospitals. The sub-
" chief acts as an MC and counselor

The local residents respeet the sub-chiefs and assocnate with them every day as people who are '
closeto them. However, the local residents revere the paramount chlef the senior chief and the son of
lhe paramount chief who lives in Muandi :

The status and roles of the chief system are shpulatnd inthe laws of Zambia as mentioned below.

Chiefs = The Chicfs Act (‘haplr:r 479 The Laws of Zambia, descr:bes the chlcf systcm By this
act, the status of the chiefs and the refationship bem cen the state and chiefs is outlined. The composition
and relevant parts of the act are as follows:

Comp_osmon

- 1. Short Tlile

lnterputahon

Recognition of (,htefs

Withdrawal and suspension of Recogmuon Accordod to Cluefs
Inquirics '
Depuly Chlef

Exclusron of Former Chiefor Depuly Chief from a Specified Arca
Paynient of Subsidies 1o Chiefs and Deputy Chiefs

]:o-.oora@sn#s»r-?

Kapasus
Functions of Chiefs and Depuiy Chlefs

[ ——
_—
;

. Preservation of Public Order

! Offencés and Penalties

— —
w b

. lnshluung of prosccullons

—
I

. Baymcnls Unde: the Act

—
wh

. Savings
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Contcnl_s;

The Act as it relates to the status and roles of the chiefs and (heir relationship with the State is
bricfly mentioned below. The preamble includes the reasons for the eiactment of the Act as follows:
[This Act establishes recognition, status, function, and exclusion of the chiefs and depuly chiefs.
Morcover, the status and finction of the kapasu is also estabhshed probleins that are likely to occur, and
succession. ]

Recogmition of Chiefs:

1)’The President of Zambia ap‘proves‘l'hc appointment and dutics that refate to thé following:

* Appointment of the Lozi Paramount Chief (Litunga) of wea!em province and of other chiefs in
the province

* Duties of the paramount chief, senior chicf, chiefs and sub-chiefs
2) Duty officers are approved only in the following cascs:

» If the President is convinced that persons can be recognized as duty officers under the African
Customary Law.

» If approved by the traditional congress comprising nembers duly elected by the chiefs of
westem province, paramount chief of the Lozi and __n'aelilbers of the mling tribes of westem
provinee and the paramount chi¢l of the Lozi. :

Payment of subsidics:

The chle fsand deputy chiefs will be paid subsidics to catry 6ut traditional functions required for -

:lhcn dufies under the African Customary Law, which by special fradition, must be kept to maintain the
slatus of their positions. The PrcSIdenl of Zambia decides the amount of subsxd:cs

" Functions of Chiefs asid Denulv Ch 1cfs

The traditional duties under the Aftican Customary Law shall be carried out as long as their
impleinentation is not cbjected to by organizalions, nor should this run counter 10 function, _mshce or
© morals.

The chiefs arc ruqmn.d {o lal\e the means to maintain publlc order in lhc reglon and o lessen
disorder without tesorting to unreasonable means.

(2) Land tenure system

Since 1991, land in Zambia has lega]ly belonged tothe Pres:denl ofthe Repubhc through the Land
Acquisition Act, Land and Deeds Registry Act, and other acts. - However, in reality, wéstem provirice
was proclaimed to be a special reservation area and the Baro!sc Royal Establishment of anu slxll
prevatils in western province, -

Farm land, tesidential land and other tand which local residents use every day is traditional land
allocated for Land use by the chiefs. Basically, this land belongs to Litunga (paramount chief of the
Lozi). The Litunga entaists the director generals and induna of each district regarding Lad use and
heads (village headmen) of regions under districts {o loan, distribute and perform acts refated to land in
dealing with peasans.

 Such land can be divided roughly into (1) land which belongs to the naling hlemrchy and (2) land
whose rights (farming rights) for production are bestowed to houschold masters. _

“Rights for production” include the right to gather fruits and nuts f'rom fruittrees, grazmg rights on
tand and fishing rights in case the land is ponded. Other persons cannot infrin geon thesé tights without
good reason. Land management and usage rights are passed from parents to chitdren,
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Basically, “traditionially land™ in forest land is construed in the same way as in farm land or other

tand. However, as reported in the Preliminary Study Report, Forest Estates which are separated from

traditional tilisation land are contained in the study arca. These Forest Estates seemed o have been
decided by consuliation betiveen the Forest Departinent and chiefs. The local residents told us in the
recent village survey: “We cannot enter the forests and what we can gather from them has been
reduced.” 1t appears that the focal residents feel that “they have been forced to move out of the forests.”
Some measure to alleviate this friction will be nceded.

(3) Forest protection system

According to the Barotse Royal Istablishment of Lozi, which is a written law, all fruit-bearing
frecs are protected, and aon of these trees can be cut or bumed. Certain trees are protected wnder the
Barots¢ Royal Establishment of Lozi. These tree species are listed below:

Fruit-Beaiing Trees:

Muhuluhalu, Muwawa, Mumonsoménso, Muzinzila, Muhamani, Mujongolo, Mubuta,
Mungongo

Induistry Wood: _ _
Mwande, Mulbmbo, Muzauli and Mukusi _

The following tree specics are protected in western province under the Forest Act:

Mwande, Mulombo, Muzauli, Mukusi, and aso other spacics which are traditionally protccted.

. " Almiost all forests published in the Qﬂ'icia! gaz:elfcsiof westem province are desi'gnalt;d by the -
Barotse Royal Bstablishment of the Lozi as forest rescrves. Under the Barofse Royal Establishment of
the Lozi, fruits, mushrooms, dry trees and honey can be gathéred freely from these forests. Hunling is

. alsoatlowed. However, at présent, one heeds a penmit from the Forest Department to gather firewood in
" the forest reserves.- Again in this case, thete are conflicting aspects in accordance with the difference in -

the stand. Felling of trecs in the forest reserves is altowed by neither the Barotse Royal Establishment of
Lozi nor the Forest Act.

Charcoal-making is prohibited in westem province in accordance with the Barotse Royal
Establishment of the Lozi. The Forest Act allows only those who have obtained a license to produce,
'lranspoﬁ and sell charcoal within the licensed scope. For this reason, officially charcoal is not produced
in westem province at present. Firewood is used for cooking, heating. and other purposes almost

-~ exclusively by local residents. Production of charcoat coutd not be confirmed during the field
" peconnaissance, village survey, and individual peasant household survey.

Thus, wood is prpiected ag’ains't charceal production,
(?_t) Farm household assets

Caitle arc a valuable asset to the farmer. In westem province, the possession of many caltle is

' recagnizéd as a traditional symbol of wealth. ‘For example, as a customiary practice, a bridegroom is
- expected to give four head of cattle to the family of the bride (may change depending on his economic
- situation).  This custom is still practiced, and in certain arcas there remains a large number of people
~ who think a great deal of this tradition. ' '

The afluence of a family can be gauged by counting how many head of cattle the family has.

322, Villagesurvey

Interviews were canducted in four villages 1o understand the refation between local residents and
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forests, wood utilisation and other items. The survey method and themies were as follows:
» The villagéheodm'eh were interviewed about the general condition of the Villages.

* We interviewed the villagers collectively about ﬁrcwood-gallieﬁng. .

{1) Economic condition of surveyed villages

App. Table 20 summarises the surveyed villages.

1) Katongo village
* Katongo village is located on the southwestem edge of the stidy arca, along a r‘ia_tiof{a_l road 18 km
cast of Sesheke. Among the four villages surveyed, this village is located nearest to Sesheke.

The village headman did not know exactly how many people and how many households there
were because there were rd'mvely many people and houscholds in the v1lla ge.

- There were 50 head of eattle in the village and the number of fivi cslock raised was refatively small
The village was not engaging in burning and rotating cultivation,

' Thc_v:llagc was not able to yield maize and other agricultural products at all as they failed to grow
due to a fack of rain during the riny season. Some farin households could feed themiselves. There were
families which had mmeals only every other day due to a fack of food.

2) Namei village

As with Katongo village, Namei wliage is located on the southwestern edgc of the study area. The _

village is located 30 km cast of Sesheke and is next to Katongo vitlage.

~The populahon of (hc vnllagc is 169 and the humber ofhouseholds 50, so the vnllago isa rolatn cly
small. In livestock ownership, therc were as many as 750 poultry, bul only 40 head of call!c ‘Both
Namei and Katongo Villages are ruled by Sub-chicl Katundu -

J) Kobiavillage

- Kobia village is locaied inthe ccnter of the study area and is surrounded by dambos Ttis looatcd
5 km nostheast of the MaSLse Forest Station. :

Kobia wl}agc has a population of 1 450 mlh 300 households makmg ita large v:!lagc There are '

up to 208 head of cattle inthe village. Up until several years ago, some of the dambos in this village were
submerged throughout the year, and the wllagers fished from cances. At present, there are no dambos
that are submerged, except during the rainy scason, and fishing is no longer possible; 1t was mentioned
that the rainfall during the rainy season in the past two years was scant and that lhc yleld of farm produc{s
was decreasing. -

4) Mahare \1llage

Mahare vitlage is located on the noﬁhweslém odgo of the study area. The village is sandwiched-

between two Forest Estates, Kanyanga Local Forest (No. 391) and Nanga Local Forest (No, 390), and
like Nainet viltage, is a small village with a population of 170 and 38 hewseholds. The v1llage had 200
head of catile, or more than five head per houschold.

A serious problem for the village is that the yield of maize and other fann products has decreasc-d
recently because fanming has been perfotmed on the same land for the past 20 years, :

These four villages share the following points in common:
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+ Farmers engage in fixed cultivation only. Organised buming and -a!nﬂmg cultivation ar¢ not
camcd oul.

» Charcoal is not produccd cnher for villager consumplmn or for sale. Only firewoodisusedasa
fuel.

* Recently, the yicld of farm products has decreased drastically duc to a lack of rainfall dunng the
rainy scason. An absolute food shortage is being experienced.

+ Adequate clothing is lacking. Many residents are in peor economic shape, hardly capable of
& feeding (hemsclves. ‘

(2) Firewood gathering

As mentioned above, charcoal is not produced and lhe gaihcrmg of firewaod for household
consumption is a very important task.

Table 28 shows the résults of an interview regarding firewood gathering days, places and mclhoda
We spoke with local residents who gathercd for village surveys.

The fbl'lowing can be surmised based on the foregoing results:
« Fitewood is gatheied only in woodlands.

. Excc;)l for Namei vnliagc firewood is gathered almost enllrely by plckmg up dead wood.
Howevet, it is passible to pick up a dead tree that was cut beforehand.

+ Firewood is gathered cvery other day in Katongo village, every day or c\uy other day in Namei
and Mahare villcges, and once every three days in Kobia village.

&

' 7abie.2§ Fregquency of firewood collection

Village iame | Population . Collection day, Percentagé Place of Collection method rate
| (person) i | R : | collection : s
, L _ ' -Yesterday . | Today | Tommrow “Pickup .} Felling .
{KATONGO -1 216 1.9 "~ 43.1|WOODLAND 98.1 19
- INAMEL - 66 75.8 152 S3]lWOODLAND 419 58.1
KoBiA - s 303 o 0|WOODLAND 100 ﬂ
IMAHARE 3} 226] 548 - 645 WOODLAND 100 0

Note: Population means total nimber of § Aterviews.

Yeste rday petcentage of persons who collected firewood yesterday.
Today . pcmnlagc of persons who went of will go to collect firew: ood today.
Tomorrow percentage of persons who willgo to collect firewood toniomow:

323, Farm household survey

¥ :

3’ _ 'Five farm houscholds from each of the four vnlaggs mtcmewed in the vnllagn, survcy Wwere
sclected (total 20 houscholds) and were interviewed based on a questionnaire to detenninc in detail the
actual living condition oi‘ the local residents and agncultural production and the present status of wood
utitisation,

(1) ‘Characteristics of ﬁur\'e)'cd farm households

App. Table 21 summarizes the surveyed farm houscholds.

TR



1) Houscholds by age of houisehold masters

The age brackets of hotschold masters were classified as follows and the number of households
by age bracket is shown below:;

* 60 yearsand older....ooco v 7 households
* 40t060 years old ..o, e 0 hOusEholds

¢ BelowdOyearsold oo .7 households

2)  Number of ch_ildrc'n per household

The mimber of chitdren per houschold is five on average.

By sex, there are three boys'and two girls.

1) Farmland area

The average famland agea per farin houschold is 2.4 ha.

. Comipared with the average farmland area per farm houschold in Zambia of 10 ha, this is
‘extremely small. Only onc farm houschold was cultivating an area larger than 10 ha. Four farm
houscholds were fanning less than | ha of farmtand. However, familand areas and farm product jriclds
are not proportional. For example, a 10 ha farm houschold did not have a maize yield, whlk,a ! ha farm
household had a yield of more than one ton of maize. :

4) Number of Ii\'csfock :

Regarding livestock, on average, a surveygd fann household kepl 4.7 head of caule Icss than half
the average of ten head for Zambia. It raised 0.7 goats,” Goats were not raised except for four
touscholds. Many farn houscholds raised hens and 5.8 poultry were kept on average.

Cattle mmcrshtp, which represents the size of wealth for the Lozi, is divided into the following -

steps, and the number of fam households owning appliéable numbers of callle is shown below:

. MorethanShead ofcal![c.....................'...,’.....,.....;.'.'....S-hol_lsjeholds.
s 1toShead........o.ooeen. eerereres b nsae b et siesns s et araaee 7 households

¢ NOIE oo, et er et et a s et 5 households

5) Farm product yields

Except for those farm houscholds who seeded timely, yields of field crbps ate decreasing
drastically in recent years due to a lack of minfall during the rainy scason. Yields are not sufficient for
sch-consumption and none of the fann households sold crops.

* Maize

The average yieldis 150 kg, so this value can be alinbulcd tothe very high yield household. The
number of houscholds by yicld is shown below;

91 KG OF OVEL «..evcvvcvrssnrereesseersieessseseessiecsssessssesnrone 4 houscholds
90 kg (1 bag) ..o, PR O SR FON ...8 houscholds
Less than 90 kg ............... et et e enaree s 4 houscholds

- Noyield ............ SO SRR UUS OO 4 households
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+ Millet
The number of houscholds by yield is shown below:

Sorghum
The average yield per houschold is 33 kg. The number of holiseholds by yield is shown below:

G0 kg (1D3E) ..o R 5 houscholds

Less than Q0K ...uoveievrerreeenemecresimienntsisssnss e ... 7 houscholds

Noyield ..o ettt eaenne 8 houscholds
» Others |

Harvested vegetables for self-consumption include some beans, tomatoes, Chinese cabbages,
rapes and okra. '

' 6) Ownership of farm implements
Adequate fam iniplenients arc not owned in the survey area in wcﬁem proviace, including -
Sesheke District.

The 6nly farm implements owned by households are plows, hoes and axes. The number of
implements owned is shown below:

* Plows

Asteel farm imp.leme'nt pulled by an ox to plow the ficlds. An average farm household owned
0.9 plows, of less than one plow per faom household. * The number of farm houscholds by
ownership class is shown below:

2 PIOWS e s Lrvneennareseis 2 houscholds-
Iplow i eessaa (eisrnsdinns 13 houscholds
NONE civvniresnrisnnr e ssssi s ST 5 houscholds
+ Hoes

An average faim houschold owas 3.3 hoes, while all fann households owned more than two
~ hoes. The number of fam houscholds by ownership class is shown below:

S OGS OF IHOTE (evvvereir e ecnsrieens resniarensrmsnssaeshen s .3 households
T30S hoes et et 9 HOUSChOIdS

2hoes. i, erereee et be bbb s b rrerererenene. 8 hOUscholds
» Axgs ' ' o

“Axes é;rc important il;\pfemenls with which to félll_ire'e's'aﬁd to cut fircwood. One famn
houschold owns 2.7 axes ori average. The number of farm houscholds by ownership class is

shown below: E

“Saxesor EOIE w.vvvcvoesvossins s cnsnirrtsaseesensestinssses e reies 3 households
B0 S AKCS v reii e el Cviveseeieniinin o T ....4 houscholds
2 AXES OF JESE cooei i v resre s i eseressressenoni. 13 households
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(2) ~ Prescent status of wood utilisation

Wood is utilised by farm houscholds for two important applications, as firewood and as buﬂdmg
materials for residential houses,

1} Firewood specics

Table 29 shows the number of farm houscholds using firewood according to tree species.

Ten tiee species were found 1o be used as ﬁrewood by the fani households. Amiong these ten
species, species that were used by almost all frm houscholds as firewood were Muhonoioe (Terininalia @
sericea) by 17 farm houscholds, Mububu by eight farm households, Mukusi by seven faim households,
- and Mwangula by six farm houscholds. Mukusi was used as firewood only by galhenng cut, withered
trees which were dry, rather than cutling and gathering standing trees.

' Firewood used by villages:

 Katongo village :

* Nanei village

-+ Kobia village

» Mahare village

Mainly Mohenono

: Mostly Muhonorio and Muhoto
: Four species, Muhonono, Mububt, Mukusi and Mwangula were evenly used.

1 Mukoka was used more tha n Muhonono.

Table 28 Speacles used for firewood

(household) -

- Village | Mubonana | Mobubu | Mukusi [Mwangula] Muhoto [ Mukoka| Musese [ Mubako [ Isunde | Mupanda @
KATONGO 5 2 0 0 o 0 -1 2211 0
NAMEL 4 1 2 0l 9 0 2 ‘0 0 0
KOBIA s 4 5 'S 0 0 of o o) 0
MAHARE 3 Al 0 1] . 0 4 O o -0 -1
TOTAL ¥ 8 7 6 9 4] 3 2l 1

- 2) Firewood galheringfrcquency

Table 30 breaks down the frtquency of firewood galhcnng by farm households

Those fann households which gather firewood once every week total ninie at mosi follow ed by siX
farm houscholds which gaihcr firew ood everyday.

Firewood is gathered by the farm houscholds in the wl!a ges as follows:

. Kalongo village : Noneofthe fann households galher it cveryday. hre\\.ood is gatherud several

+ Namei village

» Kobia village

* Mahare village :

times in week.:

: Some farm househoids gather it everyday, while olher fann houscholds N ’E

gather it once per week.

: None of the farm households gathers wood ¢veryday. Firewood i is gathered
~once per week. .

Almost all fanm houscholds gather firewood CVCLY day
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Table 30 Number of firewood collections in swrvey of peasants
: (houscholds, %)

Village - - " Number of times No answer
| Everyday Once a week 3.4 times, week 2 times,/week

KATOGO
NAMEL
KOBIA
MAHARE
TOTAL

o bde e O

=holo st e
ol S O -
= e e
Sl @& -

h
™

% o 3040 . 45,

3) Building materials

Table 31 presents the puimber of faim households that use wood ds bmidmg matenals.

Only a feiv farm households use wood as bmldmg materials. However, three lrce species are used

for these purposes, and are included among those specws that are used for firewood, 1o0o. Wood for

building purposes is gathered by cutting standing trees in good shape, instead of p]ckmg wood up in
woodlands. This is different from firewood gathering.

Table 31 Species used for bulldmg materials

o . (household)
Village fMuhonono|Mukusi| Mwangula
- [KATONGG | '
NAME! .
KOBIA - Nk .
MAHARE - 1 1 1
"TOTAL C2 T 1

(3) ¥ruit gathering and fruit-tree cultivating

© Wild frvits are gatherud from forests and woodiands in different seasons, suppiymg vitamins and
minerals that are essential to the diet of the tocal residents. Somne residents cultivate fruit téces around
their homes andi in the field to stabilize gathering. The actual state of fruit gathering and cultivation was
detcrmmed dunng an mtervlew survcy

1) Ga‘thering of wild fruits

Table 32 shows the number of farm households by type of wild fruits gathered, sumlmnsmg the
interview at four vzllages Eleven kinds of fruit are gathered. Of them, muchinga (paputar name: basard

f dwababeny) was most popular and was g’ilheru:l by 18 farm houschelds, follawed by muzirizila (bird
* plum) by eleven farin households, mufurefure (battcr grape) by cxghl farm households and nmbllo {wild

med l4 r) by six farm houscholds. ‘
' A breakdown of wnld fruits galhered by lhe faml households in the four vlllages s as fO”O\Vb 1
~+ Katongo wllagc Eight kinds of fruits. Mmhmga was gathered by all of the farm houscholds.

r Namel v;llage : Nine kmds of fruxts ‘More farm houscholds galhcrcd muzinzita and
o - mufiirefure than muchinga.

« Kobia village Two Kinds of fruils were gathered. All of the famn houscholds galhcnd
muchinga.

+ Mahare village : Muchinga was the only fruit which was gathered.
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: Tabla 32 :
Number of households which collected wild fruits from forests and woo_dlands

. . _ . . (households)

Village name | Muchinga | Muzinzita | Mufurefure | Mubilo |Munionsomonso |Mubuta

KATONGO 5 4 4 4 2 1

NAMEL 3 4 1 2 1 1

KOBIA 5 3 0 0 0 0

MAHARE 5 0 0 0 0 0

TOTAL. | 18 Hl 8 6 3 2
_ : (households)

Village name |Muhgonigo| Mubuyu |Mukenongwa] Mutente Mulutulua

KATONGO 0 1 1 =0 ]
NAMEI 3 0 0 | 1
- [koBia 0 0 0 0 0
MAHARE 0 0 0 0 0
TOTAL 2 | 1 1 I

2)  Planling fruit trees

Table 33 shows the proportion of fam households with experience in planting fruit trees and tree
species. '

“Ifave planting exgerience” accounted for 70%, far exceeding the 30% with “No planting
experience.” Two cut of three fann houscholds have had expenencc in planting fruait trees.

Six kinds of fruit trecs ate p!anled, including mango and _muzmzula. Somme peasants have had
experience in planting cassava, sugar cane and other plants besides fruit trees.

Fruit trees which were planted by fanm households are broken down by village as follows: . -
+ Katongo village : Some peasanis planted guyaba and papaya.. '
- » Namei village  : Fruit trecs can be dmded roughly into muzinzila and mungongo

+ Kobiavillage @ A réfatively large variety of fruit trees are p!anted in this vnllage Ttis
characteristic of this village is that lhree fanneis were planhng lemons

« Mahare village : A relatively large number of peasants have 1o experience in planting fmxl
trees.

The p!animg of fruit trees is done by cuttmg branches and inserting them in the ground except for

the s;edmg of mango by some pcasanls Only few fivit trees bear fiuit, and some trees die due to low '

temperatures at night ora lack of water, or the roots are gathered for food Most of the fiuit trees wither
within years afler planting or within one year at the earliest. Among these fiuit trees, some of the

Muzinzila grow into large (regs and bear a targe amount of ﬁmt in March of every year. The growth of
fiuit (rees is preatly influenced by the weather of that year. But the important thmg is to plant in land -

favored with water, and not 1o neglect culture management, such as su pplying waterin the dry season or
taking countenmcasures agamsl the cold. As a concrete countermeasure against cold in the dry scason,

evencovering a saplmg with an empty can be qmte eftective. Anolher important purpose fo plant fruit
trees is to acquire shade in the garden, in addition to harveshng lruits. Only by staymg inthe shade is it

- pms;ble to spend the day comfortably.
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Table 33 Number of households which tried to plant fruit trees

: _ . (households)

Village name]| Planted c _Plant spec:es Not
. Mango, \qumnla{(}u}avaTLemon Papaya| Mungongo|Others| planted
KATONGO 4 i 1 71 ]
MAMEI 4 2 _ . 2 1 1
KOBIA | 2 2 i 3 1 4] 1
MAHARE 2 2| . i o 2 3
TOTAL 14 4 .4 3 3 1 2 9 6
% 70} 28,6 28.6] 214 21.4] 143 C14.3] 643 30

Note: When seeds and blanch are used to plant fruit tices,

" 3.24. Commercial use of Mukusi and Mukwa

| (1) Present use of sawinills

‘Three sawmills are located in the study area, namely, lhc Sesheke and Mulobezi Sawmills of
Zambezi Sawmills, Ltd. and the Mukusi sawmill of ITT Supeisonic, Lid. Asis gencrally observed in
sawmills of developing countries, these sawmills follow an integrated approach to production from
standing tree felling to lumber production. The two companies have acquired logging concessions in
National Forest to March of 1995 and in Zungubo to July of 1995. Zambezi Sawmil], Ltd. hasa logging
concession in the Mazaba woodland, and ITT Supersonic in the Ngambwa woodland. Among these
three sawmilts, the Mukusi sawmill is expanding the production of Mukwa while reducing the

~ production of Mukusi. The Mulobazi sawmill has halted its operation at present.

1) Mukusi wood
Production Trend:

Tables 34"an[d 35 show the preduction of Mukusi at Zambezi Sawmills Ltd. and 1TT Supersonic
Ltd. since 1992.

- Bven though producllon at Zambezl Sawzmils is dCCR{’lSng, lhc company cuts more than 6, 000
standing trees in a year and produces approximately 2,500 m* of lumber from approximately

. 6,000 m° of !ogs “This production quanhty mcludes some Mukwa, bit the majority of production
‘is in Mukusi. Production at ITT Supersonic is very small compared with that of Zambezi
Sawmills and was below 100m? in 1995, This was caused by achangein the productlon policy of
ITT Supersonic, when it shifted from Mukusi to Mukwa.

~-Specifically, the Mukusi sawmill has stopped its operat ion at présent and is replacmg the sawmill
‘machines. It is insialling a slicer and is c\pected 10 start producmg \Aukwa bmrd Jumber and

Mukusi veneer for panels.
_As described earl:er Mukusi is produced atmost entm,Iy by Zambcn Sammﬂs Ltd
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Table 34 Production of Mukusi In Zambezi Sawmills

Nummber of | loput | Output | Production

Year fetted trees | volume | volume rate
- (m*y _(m’) (%)
{992 7,567 N.A| 2,925 ~N.A
1993 7,035]  NA[ 3500 TNA
1994 6,438} 5812 2,325 40
1995 8,500 7,500 3,000 40

Note: 1995 nuinbers are taiget Asmbers.

Table 35 Production of Mukusi in ITT Supersonie Ltd.

- (Mukusi sawmiil)
Year. Production volume
1992 250 m?

1993 350 ?
1994 S 20m
1995 - 80m?*

Standing Trees for fcllmg

Mukusi trees that are at least 30 cm in diameter at breast height can be fel led. The sane appl ies
to the Mukwa,

Size of Dissecled Bole;

When producing sleepers, three logs are yielded on average fromorie slandmg tree wuh al 2 m
log size. When producmg mdusiry wood, such as boards and squarcs, logs are ylclded to3m

Log Uhhmho n Rale:

Al 40%, the yield rate for sawn wood at Zambcm Sawmillsis low Some of the remaining 60%
is uscd for making deck brush handles and other uses. Hoiwever, alniost all of them is used as
firewood.

TheyieldrateatITT Supersonicis 50% for sleepers, and 75% for boards. Thisis relatively high.
At present, the log yield rate is 40 1o 50% for slceper producl:on and 75% for board producuon
Uses of sawn lumber:

At Zambezi Samnills;_ Lid,; 42% of its total production is for sleepers, which is the main
production item. - ITT Supersonic produces a diverse variely of products, such as steepers,
flooring materials and veneer for panels.

Sales channels for sawn lumiber:

Zambczn Sawmills plans to expott 30% of its total production. 1TF Supersonic exporis 50% of
“its sawn fumber (10% Mukusi) and sells the remaining 50% on the domestic markel. However,
Mukusi exporls are decreasing year by year.
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2) Mukwa wood

The demand for Mukwa wood is increasing as fumiture wood. ‘Nedrly 90% of ITT Supersonic’s
productlon is in Mukwa wood. Mukwa wood accounts for 40% of its exports. Compared with Mukusi,
Mukva is light and its texture is soft so that it can be processed casily. Mukwa grows fast and is
abundant in resources. Mukwa is fast atiracting atfention as an industrial wood.

" However, the stand vohime, composmon in forests and woodlands and other parameters of
Mukwa afe riot determined yet. At present, the cutting of standing Mukwa (rees in woodlands is

'penmtled ifthe diameter at breast height is at Jeast 30cm. Inmany respects, the sustainability of Mukwa
s yet to bé clarified and & future study will be required.

'3} Employment opportunities

Zambezi Sawiills, Ltd. cmploys a total of 250 personinel. Of this number, 186 elﬁployces are
engaged in felling and sawing. At1TT Supersonic, 60 ofits 180 employees (total) are sawmill workers.

These two companies employ 430 einployées, of which 246 work in tree felling and S'iwmlll
operation. This number represents 2% of the tolal namber of houscholds in a Sesheke District of
12,206, so the employment opportuintics are still low at present.

4)  Lumber demand and resources.

“The demand for lumber in Zambia is stagnatmg because the markel is small and the pun,hqsmg
power is still tow. ‘Railways in Zambia could be extended to increase the demand for sleepers, and the
tiving standard in urban areas could be enhanced to incieasé the demand for residential flooring
materials, thereby increasing lunber consumption and expanding the himber market. At present, the

. possnbt]:lxcs are remote.  For this reason, the prospcct for expam‘ed production of the savmnlls and

expanded sales is not geod.

On the other hand, this study has mdlcalcd that the Mukusi resources are smaller than thought to
be. -Also, the quantitative demand for resources has bccn uiderstood to be low.

Under these mn.umslanccs the sawmills scem o fully understand that Mukusi resources are
decreasing. However, measures to counter this situation, such as importing logs from other countrics
and afforestation, are not being senously consldcmd for the reasons mentioned above.

ITI‘ Supersomc is shifting its cmphasis to produchon veneer from Mukusi logs for processmg into

- panel plywood. This trend is altracting wuch attention from the standpoint of a more cflicient
- processing of lumber and effective utilization of resources.

Under these circumstances, the impact of thése two sawmills on the reduction of resources seems
fo be small judgmg from the current demand level. In the present situation, expansion of demand and

“commercial development are necessary, but valuable resources must be preserved. In the future, it is

neccssary to view the use of timber from a long term point of view. Ifthis can be achieved, the forests
will serve as a defence against desertification.

(2) P:tsamng

Pitsawing of Mukwa is “small-scale classical sawnnllmg" A felled Mukwa log is put on a
crosspiece, which is put in an excavated pit in the ground.’ A saw is moved vedically inside the pit and
above the log to saw lumber. Excavation of holesis hard !a‘bour, so logs are pul on a scaftold for sawing.

A penmit is requmd from the Forest Dupartmcnt before pitsawyers can fell trecs. At present, the
concession period is 3 years.
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Normally, pilsawing organisations are formed by maslers, who have obtained a logging
concession and who cmiploy several groups of pitsawyers. Two or three pusawycrs bclong o one
group, and they lodge at pitsawing sites in order to cut fell and saw. Pitsawing is cxlumely hard work,
as two men manually saw planks d:recﬁy from logs using a 2 m saw. Because pilsawing is manual,
more than 30 minutes is required to vertically saw a fog, so productivity is low.

In view of the Jabour requirements, wages are based on ontput, while the masters pay for saws and
meals at sites. Sawmill workers are, thercfore, males in their high teens to 30 years of age.

Alihotigh 7 permits were issued in the past, 5 have been revoked, leaving only two pitsawing
* ficences in Sesheke District of westem province. The pitsawing concession areas are the Mazaba and
Lutaba Woodlands, the latter of which was studied.

| V) Pitsawyers in Lutaba woodland

" Lutabe woodland is located north of Masese, and the Simatela forest. Table 36 outlines pitsawing
inthe Lutaba woodland.. At this site, 40 to 60 employces in 20 teams are employed and a 300 ha arca of
Mukwa is sawed over a period of seven months. Approximately three sizes of planks are sawed.

The annual sawmilling producuon (that is, sales quantity) can be estirmated to be 63 n?, based on
typical board sizes. One pilsawing concession is producing less than 100 ay’ of sawed lumber. Because
the number of licence is smal}, the technical fevel is low and the felling quantity is small, the impact of
p}isawmg ON resources is COHSIdL red to be very small at present.

" Table 36 Outline of pilsawing in Lutaba woodland

Licensee Sibeso villége. © 33 yéa'ré old male.
Groups of Pitsawyers™ ' 20 -
Number of Pitsawyers a ' 40~69

Species : Mukwa

Licence arca ‘ o | Over 100 ha

Job period ' May to \'m ember ( 7 monlhs)
Lumber _ Planks

Standard (m) 0.03X02%30

Sates number (month » planks) jbg

Sales number {ycar * p!anks) 3,500

Estimated producuomoiume ()ear ' m’) 6

Note: Estimated production volunie = volume of one plank x'sales nutnber (year « planks)
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Only the lowest blocks of standing Mukwa trees are cut into logs, while theupper paits of trees are
leftin foresis. Only onc log is cul from one tree. Mukiva itselfis crookc-(l and has many branches sothe
slandmg Atece utilisation rate is lowered accordingly.

Sawed lumber is sold to wholesalers in Livingstone, In 1994, the iransportahon cost to these
wholesalers is K 150,000 onc way, canying 200 planks on a truck. The sawed lumber is priced fow at
present. One typical plank of 3 e x 20 emx 3 mis priced at K1,000, or K200,000 for 200 boards. The
difference between the transportation cost and sawed lumber priceis only K50,000. Afler paying wages
to workets, the sawmilling operation is completely in the red. Sawed lumber was hardly sold during
May to July and the demand is sfagnant. However, this was before the introduction of the trce-felling
fees system. Thus, pltsa\\ ing Operators are also suftering from the weak domcshc demand for hunber,
as are sawmnills.

“(3) Casuallicences

Casual licerices are granted to area residents who make their living by carving handicrafis. Under
these Yicences, which are valid for 14 years, standing trees necessary for handicraft w ork canbe fcl!ed

“{4)  Felling fces _
Tab!c 37 shows the tree felling fees per tree by tree spccxes

Mukusi aind Mukwa, the principal tree species in the study arca, require a fe]hng fees of K10,000.
Before 1994, a set quanhly was imposed on the annual number of trees that could ba felled. But
beginning in 1995, the systcm was changed (o a payment system, altowing tree felling for those who

“have a license dand who pay a fee. It is not clear al present whether or not this chatige will increase the
harvest volutue. The target of Zambezi Sawmills, Inc. for felling Mukusi shndmglrccs in 199515 8,500
trees. By simple calculation, Zambezi Sawmills must pay K8.5 million as !oggmg fees. This arnount
converts into US$12,000. it is bcllcud lhﬂ\l the fevs arc too high for small-scale pitsawing operators to

pay.

3.2.5. Present status ahd future of wood use

(1) Estimated amount of firewood consumed Qaily by local residents

Several fann houscholds were interviewed in the mdwndual faim houschold survey to mqusre
about the configuration (length and diameler) of the firewood gathered, the quantity gathered per
galhcnng trip and the frequency of firewood galhcnng Firewood is purchased by a private house (an
FD employee) nicar the consultanls s living quarters in Seshcke was measured. Using this basic data,
the firewood consumphon in Sesheke District was roughly cstimated. Table38 sunnnans»s the basic
data, calculating method and estimated consumption.

The annuat firewood consumphon in urban parts of Scsheke District (assuming. firewood is
purchaséd) was cstimated to be 9,750 m* and that of villages (assuming firewood is supplied by
theinselves) was eslimated to be 25, 735 m®. [t was estimated that Sesheke District would consume
34,485 v’ of ﬁrew.vood per year.

On the olher hand, the possible yield ofall species (annual aHowablc [elling volume) in traditional
tand was cstimated frdm the entire stand volume othér than Forest Estates (Table 20) to be 900 m*/year.
Since this volume exceeds the consumed aniount, culling is not being camied out to excess. But in
traditional land, il is quesl:onable whcihcr there are sufficient small trees to fill the requirements for
firewood. :
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(2) Usc of buitding materials by local residents

Due oa lack of basic data, it was difficull fo deteunmc the volume of bulldmg matcnals uscd by
local residents. The quantity is estimated to be small), compared witl the consumption of firewood.

Table 37 Fees for forest br‘oduco {per tree)

Nole ¢ Species in parenthese are Lozi names.

$1 approx. equals K700

Matcrial Goverument of Zambia S!atutory]nstrumen! No. l33 of 1994.

~ The Forest Act, The Forast Licence (Amendnient) Regulation, 1994,

Table 38 Estimated volume of firewood preduction

Note: Houscholds of irban and ural calculated by rato of population.

Total consumed volume (urban)

=Houscholds x purchases per month x number ofpun hases per )xar

Total corisumed volume (rural)

= Houscholds x volums of single collection x number of collections per year
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- Species Fees per tice’ (K)

Afelia quanzensis  (Mupapa) 6,000
Albitia species  (Musase) 5,000 @
Baikiaea plurijuga  (Mukusi) 10,000
Entandrophragmin species  (Mupemena) 8,000
Erythrophlenm Africanimt  (Mubako) 5,800
Fanrca Saligna (Mushaokoso) - 8,800
Guiborittia coleasperma  (Muzaili) 6,000
Khaya nyasiea - (Mululu) | . 6,000
Mitragyi stipulosit (Mufwa)' 6,000
Pericopsis angelensis  (Mubanga) 8,000
Prerocarpiis angolensis (Mukwa) | 10,000
Danicllia alsteeniana  (Mukulabushiku) 8,000
Other species ' - 4.000

: Precondition for cafculation Urban , R,urél_ .7 e

Tlouscholds 1638 10,558

Rate of poputation () 1135 ¢ 265 -

Purchase per one monih (m3) 0493 -

Firewood measure (Lt;ﬁ * D) - 1.5 0.1

Number of single collection - ' 12.5 -

Number of collection per year ot 52 ' fg
Number of purchases per year - 12 - :
Consumed .vol.ume household per year 5.92 244

Total \'dlumé consutned p?:r year (m') 9.;150 . 25 735



~(3) Tmpact en commerclal volunie and on forest resourses -

1) Mukusi

As mentioned in the paragragh for commercial utilisation, two companics are felling Mukusi and
using it commicreially, Zambezi Sawmills, Lid. and 1TT Supersonic Lid. On asawmill log arrival basis,
in 1994, Zambezi Sawmills 1td. felled 5,813 m? and I'TT Supersonic Ltd. 525 n?’, respectively, totaling
6337 m’. Thus the standing tree volume was about 13,000 m?, with an assumed yield rate of 50%.

Qubling the Teak Forest Project of the Forest Department, the preliminary report mentioned that
the production of sawmill logs totaled 10,762 nv’. '

Oni the basis of this data, over the past ten years, the annual felting volume was 14,000 m® of
standing Irees, when estimating the felling volume of Mukusi in the Forest Estates. Tosumuphisdata,
the annual felling volunie of Mukusi is estimated to be in the range of 13,000 ny to 14,000 m? of
standing trees at present. : '

At such a felling volume, the fwo sawmills company are not expected to deplete the resonrces il
the present demand level is maintained.

2) Mukwa o L

Two sawmills, Zambezi Sawmills, Ltd. and 1TT Supersonic Ltd,, fell and conimercially utilise
Mukwa, along with {wo pitsawyers. Consumption by sawmills is not clear. However, consumption by
the Zambezi Sawmills is small, while that by 11T Supersonic is rather large. :

' As mentioned in the paragraph for commercial ulilisation, a pitsawycr in Lutaba woodland is
estimated to produce 63 0 of sawed lumber per year. Assuming that the other pitsawycr produces a
simifar quantity, the annual pitsawing production in the study area can be estimated to be approximately
130 07’ Assuming that the standing tree yield rate is 30%, the annual standing-tree harvest volume can

“be estimated (o be 430 m?.

If the harvest vohime is less thén;SO{} m’, the impact of pitsawing on future fesources will be
considered to be negligible assuming felling is nol concentrated in one area. B :

32.6. Recomuiendations for forest use and énhancement of ¥egiona!l social ceonomy -

(1) Woad use by local residents

As indicated above, local residents can obtain enough firewood by gathering it from woodlands,
even if the gathering of forest products and entry into Forest Estates are prohibited. However, with
regard to small diameter trecs, it is doubtful that there is a suflicient supply of firewood. Accordingly,
Forest Estates attach great importance to the succession of small diameter trees. Although they want to
prevent the cutting of trees for use by local residents, itis possible for local residents to use le fover logs
and wood that was discarded afier logging. In this case, it is necessary to come up with a rule to the
effect that only such wood would be used for firewood. ' - :

Gatheting of firewood and other wood from the woodlands should be icslridcc_l to dead wood,
rather than felling trees. A mechanism for aftorestation should be considered for trée felling.

© As a means ofenhancing the efiicient use of wood as a source of heat and as a way to improve the
area ocononty, the production of charcoal can be considered in developing countries. However, in this
study afea, resident demand for fuel has been met by the use of firewood, and since the demand for
firewood does ot exceed the allowable felling volune, the chief prohibits the production of charcoal.
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So charcoal cannot be produced at the present time.  In case there should be a plan 16 produce charcbal,
discussions should be held between the chief, the Forest Department and local residents so that a
consensus can be reached. In this case, the following matters should be discussed, so that any problems
can be overcome.

+ The danger of fomst fires grows as the use of fire needed for charcoal- makmg increases,
+ Asthe consumphon of wood increases, the likelihood of mckfcss cutung also increascs.

Cef productiot is allowed, there is a question as to whclher the areas for makmg chaicoal can be
limited to the areas agreed upon. :

+ The production of charcoal could expand into unstitable areas in'feniété forest arcas.
* Who w11| supply technical g g,uadanc; for the production of char-.oal? '

+ Who will sclf the produced charcoal? Since the purchasing powet of lhe loeal arcais low and
demand is not great, charcoal will have to be sold outside the arca. There is a question as to
whether such a market can be oblained.

+ Will the local residents realize any cash mcomc"

» Will the chief, the Forest Department and rwldcnis all abide by the agreement?

[0 Use of commercial wood

Sawmills have difficully in deawing a clear vision of their ‘Futuse timber indusiry becauisé of 3~

decrease in forest resources and a decrease i in the demand for timber. However, since there isa growing
worldwide movement to restore tropical forests for the profection of the globa environment, it is
believed that the desire to restore destrayed forests will prevail in southwestem Zambia. - Compar:,d to
the other regions in Zambia, a forest restoration movement should be patticularly strong in the
southwest owing to a greater need for lhc prevention of dcseit-spn.ad

In response 1o this social demand sawmill operator:; should Iook toward the f'ostenng of teak
forest resoutces, so that efforts to increasé the demand for teak timber would follow an increase in forest
resources. The tree felling fees charged by the authoritics ought be uscd in planting teak scedlings.
Moreover, in the future, the Forest Department, sawmills and Jocal residents need to discuss the possible
introduction of the “pﬁnciplc of the culter’s pay 'bbligalion,” whc'mby the one who _éuls trecs nst also
plant trees.

With regard to pitsawing if logs other than the best are lef, the current usage noteé shoutd be 30/6
The remammg Mukwa is processed inito laminated lambe, chipboards, or use d as firewood. A system
to raise the level of wood usc is needed. At the present volume of felling, it is possible to increase (he
number of licences.

(3) Enhanced agricullural productmn

In order to enhance the tivelihood of loca! nas,ldcms the most iniportant thing is to plan for the

realisation of agricultural production.
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1) Farmimplements

A systcm to prowdu at least one plow for each farm houschold is ncccssa:y Axes whese bhdcs _
are not sharpened are used by applying more force. Grindstones to sharpen axe blades and other nreans
should be used more widely.

2) Cultivation of crops, sweet potatoes and other agricultural preducts using danmbos

Recently, y:clds of agncullural products have been decreasmg even Ihough the amount of rainfall
has decreased during the rainy season inthe study area. Dueto this abnormal weather, some dambos,

* whichare flooded withi ranwater durmg the rainy season, donot have ponding water. Depending on the

moisture condition of the dambo, the cultivation of crops, stich as maize and millet, and sweet potatoes
is reccommended to enhance the people’s diet.

In fact, paddy rice is being cultivated during the rainy season through the cooperatlon of the
Netherland NGO aid group SNV, in daimbos near Samasmo village noith of Masese, as the Mascse
Agnculture Project. Paddy rice has been cultivated since 1982. In Samasmo village, two fanhers are
cultivating long- gramed rice specics and dre selling harvested rice in addlhon Io consuining some rice
by themselves.

Recently, however, these farmers are changmg from paddy rice to sorghum due to a shortage of

rain during the rainy scason as mentioned above.

Thus, agricultural production using dambos is possnb!c in the study arca.

- 3) Plantmg of fruit frees and grazing of caltle infarm Iand slashes (Agro-sily o—pastoral Sy slcm)

One can sce from the aerial photos that farm tand is spreading along rivers. In addmon to this fanm
land, fand which is believed to be fanm land ‘slashes can be found in many places. The moisture

'condltion for these farm land slashes is belicved to be good. However, Iand may have aln,ady become
infertile due to fanming for a long period of time. Fruit trees, which do not require much fertilizer, can

be planted in this land. What is nnpor(ant when planlmg fruit trees is to check the moisture conditions.
For example, one index is whether or not leaves of deciduous trecs remain green dunng the dry season.
Caitle can graze on land when fruit trees grow to a certam height and soil fedility is recovered. If grass
grows to some extent in farm land slashes, cattle | inay be set free for several years and fruit trees and
agncullmal products can then be cultwatcd : :

This system shouid preferably be limited to flood plains and low terraces.. The reduction of herbs
in medium anid high terraces by cattle grazing accelerate descertification. For this reason, the agro-silvo-
pastoral system should be avoided

Nursery stocks of fiuit trees such as lemon, mango and papaya might be produced in forest
nurseries for this purpose. ‘A mechanism is devised to have local residents plant these nursery stocks.
Fiuits on trees should be allowed to be harvcsted fi ru:ly by local residents.

Agroforestry such as citemmene, which nqums buming, should be avoided in the sludy area from

~ the slandpoml of forest protection.

) Management of burning by local resldc-nts

‘The burning of forést land and grasstand by local residents could be seen during acrial observation

- and from nioving vehicles. Buming scorches the surface of standing trecs and somelimes causes forest
Aires when the flames are fannéd by winds. In eleven years; from 1981 to 1991, forest fires damaged a

total of 15,792 ha of forests. - However, historically buming has been practiced in westen province
repetitively by tradition and it cannot be prohibited unitaterally. However, according to the area Forest
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Departiment, the frequency of forest fires since 1975 has increased so that soc io-economic factors might
be playing a part in the number of fires. Buming has been practiced traditionally for several purposes,
According to ihformation that we obtained through interviews, burning is carried out for a humber of
reasons. These can be suntmarised as follows: '

1) Acceleration of growth of new pasture grass

- Buming is performed in hine and fuly during the dry season to bum dead and hard grass, which
caltle distike, and to accelerate the growth of new, sofl grass. This is the first answer which atways
conies from local residents and officials of (he Forest Depattnient as to' why buming is performed.

Generally this is the reason giver as to why buming in wide areas is permitted. It is tiuc that buming is
allowed almost unconditionally if this reason is given. ' ‘

2) For cultivation of agricultural products

Agricultural products are cultivated during the rainy seasori (Deceimber to April). For this reason,
agricultural products are harvested in Apriland May, and livestock suchas catile are set free for grazing. -
- In October and November, agricultural products are cultivated. For this time cycle, burning is

performed. : '

3) Prevention of Insccls

A variety of insects live in the bushes. Some of these insects are harmful to h_u:mén i)cfngs and
livestock, such as the Tsetse fly. Bushes are burried to prevent damage caused by these insects.

“4) Renoval of bushes for fruit galheﬂ:ig :

" Witd fruit trees grow in forests, silch'_ as Mu:chiﬁgé, Muzinzila, ete. Bushes arc bumed in order to
gather these fruits. ' .

5 Honey gathering

Hongy is gathered by villagers of other villages, rather than by local residents. Bushes and forests
are bumed to find beehives more easily and to make bees fapse into a coma from the smoke.: Carcless
use of fir¢ somiclimes causes forest fires. P ' : '

6) Hunting of wildlife

Wheh hunting wildlife, buming is performed to scare animals info the open. Hunting by buming
is donie more by villagers of other villages than local residents. Careless handling of buening also causes
forest fires. o : : : 3 ' :

7) Burning without specific purpose_as an established practice

Buming of this type is most troublesome, but it has become indispensable and isa daity custoin for
local residents. Local residents, especially, take it for granted to burn withered grass ifthere is withered
grass, even if there is no specific purpase to it. They do not have guilty consciences in this reged. -

The Forest Department is experimenting with buming in natural Mukusi forest experiment plots
and other places. This is a test to check the regenerating condition of young growth by buming each
year, “There are pros and cons within the Forest Department regarding the impact of these burning
experiments on the regeneration of your growth. According to a carctaker of an experimental plot, the
grazing of callle is not penmitted in Forest Bstates, but buining can be perfonned if a permit is oblained.
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Thus veiwed, the Forest Depariment seems to r'cgani buming itself affinmatively even if buming is

prohibited.

A mechanism for buming, whose actual condition is described above, by autonomous local
residents is needed. This is becatise even though buming is prohibited in the study area after August,
burning is performed and fires break cut after August as before. Measures are needed {o provide some
incentive or motivation, such as drifling a well for local residents, if even one forest fire does not break
out in one year by making thein responsible for management of a buming area for each village, instead
of merely prohibiting burning.

{5) ' Understanding and cooperation of senlor chief

It is very important for the smooth implementation of the management plan to have a full
understanding of the said plan by the sub-chiefs and by senlor chiefs, whose ranks are highet, and to

obtain their views and consent on the imanagement plah when executing the forest managemient plan,

inchiding these utilisation systeins. Fortunately, the senior chief of Muwandi is interested in the
resources condition of the forests and is expected to express his understanding on the results of the study
and management plan. It may be advisable to have the cooperation of the senior chiefs on forest-
protection educational activities to protect fotests against their extinction by burning and other acts.

(6) 'Agrofo'reslry that can be accomplished

Agroforestry that requires periodical branch cutting and buming as in Citemene should beavoided
in the study area at this time, whea forests are bumed by buming and forest sesources are decreasing.
Agroforestry that can be accomplished in view of the socio-economic conditions of the study area falls
into Iwo categories: o :

1) Froittree planting and catile grazing in farm land slashes and woodlands (SHvo-pastoral

system)

What is to be écqonip!ishéd and how it is t;;) Be'accdihpi_i.shed afeidcécribe’d in paragr_aph (3),
Enhancement of farming. Woodland on low terraces should also be included in it. However ,

* implementation of this system on woodland in medium and high terraces is not desirable from the

standpoint of preventing desertificalion.
This system offers the following advantages:

* Many local residents have experience in planting fruit t’rg_*és‘ and are interested in fruit tree
cultivation.

« Effective use of abandonment lands.

+ Assist villagers in their diets

+ Expansion of farm land ¢an be pr'c\'-ent‘cd.=
2) Aplculture in woodtands

- According to men of feaming, apiculturé is found in tropical African and iropica! Latin American

- countries. Oné often sces béchives clinging to frees 'so dsto rear becs. Apiculture managed by vitlages

would be possible in woodlands where many acacia trees grow. S
 Agroforcstry offers the following advantages: '
. Wi@h_ regard to the coltection of _nalurai honey, since managenient diffusion is under the contiol
- af the Forest Department, apiculture can be carried out practically and empirically.
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