4.8.6. Guidelines

+ Consliiction of management roads serving also as fircbreaks around the forests would be’
desirable, Constriction machinery such as bulldozers must be introduced for thiir construction
and repair. Four- wheel drive vehicles able to be equipped wilh ground scratching or clearing
aftachments must be infroduced for dual management and repair purposes.

* Thereisa shoﬂage of small sized forestry machinery and equipment. It is necessary to provide
them. In particular, it is necessary to inteoduce long-handled bush cle'mm, to enable clearing of
thomy bushes.

» Cohstriction of seed StOft‘hOlleb is necessary to improve the results of reforestation by direct
sowing.

49.  Linkage of Forests anid Local Residents

A general trenid is oftén to consider that résidents living near forests understand the forests most
deeply and take the most care of the forests. In the currently surveyed région, however, this situation was
rare. In padticilar, it was felt that many people were uninterested in the existence of national and public

~ forests.”
4.9.1. Situation

Fotests are collections of large snzcd trees. Large dlamciumcs are uscd primarily as material for
turnber. The workers employed by sawmills and living near the towns ride vehicles to the forest, cut
down Iarge trées, and bring back the msulhnl logs. As opposed to this, local résidents use solely small

" diameler trees as materials for making their homes and fuel. Local residents find the Iargc diameter trees
~inthe forcsts to be completely irrelevant, There are large evergreen frecs scattered near the villages and
there are qultc a few large sized trees which are used for shade or fru it, but, ralher local rnssdcnts seem

strongly to be disinterested in gmups of large tregs fomung fomls Porusls seem to have no atfraction
* for local rcssdents

49.2. Percepimn of local residents

In the forest beits of Japan and the West, the residents of the vﬂlag»s near the i‘orusls are cngaged

in foréstry and forest management. The people who best understand and protect thu forests are the

- residents of those nearby towns, The percephon of the msxdcnls in' Zambia, however, scenis to be

- considerably different, Residents do nol seem to care or to regrel 1I'e\ en a forest fire starts and lasge trees
‘decades of years old are bumed up.

lt scems that forests are fzmred as lhc habmls of dangerous ammals liable !o allack heamans and that
in the past most people felt uneasy about then rather than close to them, Accordmgly, apparently quite
“a few people betieved that when forests bum up, lhcnr lives become safer. Recently, the importance of
the forests has been stressed in the world in relation to protection of the enviromment, but focal residents
apparently care nothing about this. Here, pcoplc will not accept the complicated ecological theory that
while they may feel that the decline in the nimber of camivorous animals makes their lives safer, this
decline will resull in an increase in the population of rats, rabbils, and deer which in tum will have a
harmful effect on their crops and young trees. The envitonmental theory that buming cavises a declinein
- the productiyity of the soif and Jeads to desertification of the region and that burning of tropical forests
increases the CO, in the atmocphcn, which will bring on abnonnal weather conditions (desest climate)
‘would be even more incomprehensible to theni. However, it is most important to get the residents to
- realize that these daﬂ‘lcull to understand changes in the ecologlcal and environmental mechanisms are in
fact stafting to theeaten their livelihoods and to convince them of the value of forests, including forest
undergrowth.
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4.9.3. Understanding and cooperation of senior chiefs

Wheir moving to implerent forest management plans, it is necessary to get the focal people and
sub-chicfs, of couise, and also the higher fevel senior chiefs to sufficiently understand the background
and content of the management plans and to obtain their opinions and agreement. After this process, the
management plans conld probably be implemented smoothly. In particular, there is a high necd for this
in refation to issues close to the locals such as buming, agroforestry, and firewood.

4.94. Guidelines

Previously, allusion was made to the magnitude of the damage to forests caused by forest fires, 1t
was leamed (hat the biggest cause of this was the buming conducted by gesidents. Here, the most
important thing in the relation between local residents and forests is the issue of buming. The following

- countenmeasures are considered necessary to fundamentally deal with this problem.

¢ It is crucial to make the residents feel a sense of closencss to and usclulness in the forcs!s
Basically, it is important to change lhesr perception through educatwn but no unmcdlalt.. résults
canbe expected by this. Fora more direct effect, a possible shorteut would be to set up some kind
of compensation system. For example, assistance could be given to nearby villages for the
digging of wells able lo provide water on a year round basis if there were no fires in the nearby
forests and woodlands for a certain year-fong period. Altematively, assistance could be givento
modemisation of fann equipiment or other practlcal compensation provided.

“In parallel with theabove measures for prevumon of forest fires, planting pmjcc{s (reforestation
by direct sowing in the forests and planting of seedlings of intolerant species in excessively open -
land or treeless land) shoutd be launched and local residents cinployed. Since the area for :
reforestation would be large, if the projecis proceed slably, the residents would have an
mcreased opporiunity to eam cash from the forests and therefore would become mon, interested
in lhcm

IEducational and public relations campaigns should bc promoled to increase lhe lmdcrslandmg
of residents about scientific ecological mechanisms and environimental mechanisms.

4.10. laxpansmn of Demand

Recently,lhe annual demand for \\.ood (annual cullmg voluing) is eshmaled tobo 13 000 to 14 000 .

m’ for Mukusi and 2,000 oy’ for Mukwa in terms of standing stock. As me_mlon_ed earher,_lhe total -
annual growth of Mukusi (corresponding to allowable amount of cutting) is estimated (o be
14,000~18,000 ny’ and of Mukwa to be at Jeast 3,700 m?, so in both cases demand falls below growth. If
alicntion is paid to ensuring that secd trees are fefl, then there would be no paiticular problem in
sustaining the forests. Sinice there isasuplus as compand with the allowance, 1t |sne-cessary todevelop
demand further from the standpoint of eflective ulilisation of resources. I demand i incréases mpldly in
the near futum, however then there would be no major excess ; supply capacity.

4.10.1. L'u'mbcr dmn‘an_d .

) Mukusi

Atthe presenl time, about half of all Mukusi are used for rilroad sleepers. Other uses are board

' matcm!s, flooring materials, ply\\ood paiiels, cte. Demand for railroad sleeper, the pnncnpal product, is
expected to shrink in the fiture. If curvent tends continue; then demand may well drop to under 14,000
m’. On the other hand, forests dominated by Mukusi are disappeaning ducto forest fires. hy lhe pasl 20
to 30 years, total growth has dropped from 25 1o 50%. Accordingly, at first there Was a concem lhat
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supplics would be insuflicient for dcmand but actually the opposite is (.

In-the future, if reforcshhon is proceeded wilh aiming at healthy forests, the total grawth
(alloable amount of culting) can be expected fo grow cach year. On the other hand if current trends
continue, demiand will shrink. Therefore, effective utilisation of resources will not be able to be
expected. Positive effort is required to develop demand so as to prevent this graduat dwindling of
fortune.

 Vigwed from the current sawing and processing capability in (he wood industry, the hardness or
softriess of the material is ushally not a technical problem. However, there are no universal machines
© ablé to similtancously satv both hard and soft materials. It is riecessary to prepare sawing machines for
hard materials and comesponding riachines for sofl ones. Here, the impoitant thing when investing in
sawniill equipment is wheiher thete is a sufficient amount of the available resource to warrant the
installation of machinery. If there isa certain amount of stock of 4 resource in a certain area, then it can
' be processed and used freely in any form such as column materials, balten materials, board ialerials,
composite materials, plywood inaterials, pamcleboard materials, etc, The poml is what Lmd of
applications can demand b¢ developed for.

In this regard, Mukusi is a hard species and is of the most concentrated stock in the forests of the
~ southwestem region. Furthes, it is known to be widely distributed not enly in the region covered by the
" cureent survey, but also in the region on the weést bank of the Zambezi River (though the density of
= distribution is inferior ta the region coveréd by the present suivey). Accordingly, this specics can be
cvaludted as having suflicient conditions for capital investiment. The point is'to develop and seize
" applications. If this can be done, then Mukusi should become the number one useful qpecncs for the
s¢ctor of the wood mduslry using natural forests. -

_ In cirent wood houses, the porhons of the flooring matcnats close o thc gro ind (sills, steepers,

. ]01st etc), column materials, wall materials, etc. are required to be resistant to moisture and rotling.

Wood of specics meeting these requirements is being traded at high prices. Inthis regard, Mukusi wood,

~'which satisfics the requirements for durabihly as railroad sleepers, very possibly has enough durability
asa bmldmg matesial as well. Demand could be developcd for such appheallons

(2) Muk\wa

At the prcsenl tlme Mukwa is mam!} used sawn into boards for making fumnlum In the near
future, however, production of fumiture using solid boards is expected to taper ofT, Plywood production
using Mukwa and other good quality wood as the decoralive materials (facings) will become the
mainstream. (Sawing machinery has already been uplaced and capital investimentade. )Thls ply\xood

would be very export compchtm so there are greal hopes for fulure growth.

- While there is large demand for Muvkwa as a fumiture material in this way, there is no accurate
grasp of thé amount being sawed. Further, there is no accurate grasp of the distribution of the resourec or
the allowable amount of cutting based on the forest composition. Therefore, it is uncertain if enough of
the resoyrce can be secured in the future if demand for Mukwa as plywood or decorative materials
mcreascs The rate of intermixing of Mukwa i stands is inuch lower than that of Mukusi, bul the species
is wrdcly distnbuted and can be found almost’ evcrywhere in the country. Accordingly, it may be
comparable to of greator | than Mnkusn in tolal amount over a wide area. Itis unknown how much can be
cut whtle leaving enouigh sccd trees for continuation of the fon,sls ‘This must be surveyed in the future.

(3) ~ Export and transport costs -

Dug to the slow demand for wood i in lhe country, thete is a dosm {o increase expoﬂs At the
present time, 30% of the failroad slecpus are bemg expoﬂcd Furthér, exporls of plywood ete. are being
promoled The !‘umre is ot necessarily bright, however. Zambia is an inland country far from any

- 183-



scapott, so the botilencck when considering broader exports would be the overland transport. In this
regard, it would be more advantageous to (ranspoit higher added vatue lumber products, plywood, ctc.
‘rather than raw materials, but this would tequire filler market surveys. :

4.10.2, Firewood demand

The annual consumplion of firewood in_Scsheke is estimated to be 35,000 m®. On the other hand,
the permissible forest yield in this areais 90,000 m® even in (raditional arcas. So (he demand js less than
the permissible volume. In this regard, there is considered to be no problein in apparent sustaining the
forests, The problem here, however, is that the trees used f'or firewodd are small trecs of diameters at
breast helghl of tess than 25 cm. Further, these small digmeter trees have been severely reduced in
pumbers and volume duic to the recent increasingly freqitent forest fires. Mosl smiall dia meter treés are
succecdmg trees in the forests. If there are suflicient numbers, there it would be possible to sustain the
forests even if culting an amount corresponding to the allowable amount of thinning. 1fthere are too few
small diameter trees, however, this is not possible. In this case, no cutting of small diamieter trees should
be allowed. Only large diameler classes should be allowed to be cut. Accordingly, while there is no
problem with culfing large diameter class trees for use as fi rewood, cutling small diameter ciass trees
vwould make continuation of the forests impossnble

From this viewpoint, it is judged that culting of firewood from forests where lherc are little small
diameter class trees and further where selective cufting shoutd be perfonned, that is, the national and
pubhc forests, should be prohibited. On the other hand, the national forests include considerably large
amiounts of unuised materials remaining afler the culling of the dominant Mukusi tre¢s, ete. (about 7,000
m? of Mukusi), so it should be possible to use this for firewood. Further, there are large numbers of trees
of species other than those used as industrial materials which dic without having been utitised. These
also can be used as firewood. One possible approach conld be Lo allow residents of v:llag:,s witharecord
of preventing forest fires to cut firewood in the national forests as a fonm of compensation. By ailowmg
the cutting of wood in the national forcsts for use in their daily lives, residents could be made to feel
closer to the forests. lf this happens reckless buniing can be expalud to be reduced '

In traditional areas, the distribution of forcsts and “ood!ands tend o be Iocatcd away from the
villages, and the stock per unit area of closer woodlands is very small. Ontop ofthis, these are regions
in which burnings are frequent. For thisreason alone, there is a good poss;bxhty that the number of small
diameter lrees is falling. Accordingly, when considering the healthy contiriuation of forests, the chances
are that the allowable amount of cuitmg of firewood near wllag:.s is less than the demand of residents.
Probably, there may be quite a few Iocations where firewood is becoming short in suppl_y. The later
mentioned Mupane forests, however, do not have as complicated forest compositions as'stands for
industrial wood production, so confinuation is easy and use as ﬁmvoo-d based oh s;p'arale standards
would be possible. '

“4.10.3. Guidelines

« Demand for Mukusi wood is cur’rcnliy' slow. Mukusi, however, has a superior durability and,
fudher, has 4 distribuiion as a forest resoun,e ‘conducive (o mass producllon 'lhcrc,fon,, if
demand is developed, it is judged thal it would became the matérial of the greatest usefu!ness
Development of new demand Iakmg note of the propemes of Mukusi is deemblc o

» Mukwa enjoys stable’ demand as a fumniture material. l!lghcr added value proccssmg should be
targeted. The amount of the deémand and the allowable amount of cutting are not clearly
dclenmned however, so l'u!un, swveys are ro.qum,d

+ Zambia isaninland coun!ry and thereforé hlgh om!and lranspoﬂ cosls would bea bolllcneck in
transpori and cxpon To overcome this problem itis nccesmry o dcvelop sawn producls with’ a-
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higher added value.

+ Thedemand for ficewood is at feast on the su rfdce less than the growth of'the forests, Inso faras
this situation is judged using just thesc figures, there would appear to be no problem. In fact,
however, since there are few small diameter trees avaifable for use as firewood (due to forest
fires), it is judged that there is a stight shortage of supply. Unregutated cutting of small diameter
trees is endangering the continuation of forests and woodtands, so it is ciicial to create suitable
firewood forests and devise methods for their utilisation. More specifically, consideration
should be given to forining firewood resources by separate shoit-cutling-cycle forestry projects,
preparing suilable harvesting guidelines and making residents obscrve them. :

411, Lard-Use Management
- The classes of land-uise fotind in this region, as shown in Table 52, are forests; grasslands, vnilagc
tand, farm plots, and pastureldind. Under current laws and regulations and from the standpoint of
‘ecological and environinental theory, there is very little chance that new arcas of land will be opened up

" foruse in the national and public Forest Estates, Therefore, problems refating to Iand tilisation may be
considered to all relate to traditional lands, :

4.[ L1, Cultivation in atluvial land _

Examination of the sites of previous farm plots reveals that almost all were on ‘alluvial land -
including low terraces (including alluvial terraces of tributary valleys). There is abundant ground water
tinked with the water level of the river under the alluvial land. Thesé locations can be expected to be
stably supplied with water by capillary action. Usually, a stirface layer has abundant large pores, so the

 capillaty action is broken and the supply of ground water is not always abundﬂnl but in many cases fthe
land becomes somewhat packed from the middle to the end of the rainy season and considerable
capillary action can be expected. Accordingly, on clear days during the rainy season ot for a 5*_1011.“’}]!!0_
after the end of the rainy scason, there is a good chance for the appearance of considerably stable
moisture conditions. Of course, since the soil is sandy, the amount of water held in the soil is hot
abundant by any mmeans, but such focations featu‘:‘c the stablest moisture conditions in this region.

" On the other hand, in this region, wnh lhe exccphon of some areas, ferilizer i is not being applicd,
- so the crops depend sotely on the nutrients {humus) naturally contained in the soil for their nutrition. The
soil nufrients have been built up by the forest. The farmers cut down the forests, burm ofT the yegetation,
and use the restliant cleared plots for cultivation. The nutrients are however consuined completely afler
thiree 1o four years of continuous cultivation, so the farmers felf irees and carry out buming in new forest
“land for cullivation.

In general, organised buming and shifling cultivation practised around the world assuies the fand

will return to a forest state after the end of the cultivation. In regions where this is practiced, sometimes

 the next generation of trecs is even planled inn parallel with the cultivation. The common practice is to

wail for the far plot to retum ¢o its natural forest state and the feitility of the soil to be restored, then

again shift-cultivate the land. Accordmgly, in regions whete sotind sh;ﬂmg cultivation is performed,

‘there should be farm plots and forésts adjoinmg cach othcr Ini this region, how ever, the }and isnot being
used in a manncr cnablmg such coexlstcnce of f‘ann plols and forests.

When cultwallon ends, herbs and bmhes invade even these arcas and start to grow but pcrhaps

because the residents do not know about (he mechanism for soil restoration by herbs or pe rhaps from the

* viewpoint "of effective ttilisation of the heib, this is fed to the tivestock. In some cases, the fand is

repeatedly buried off. Grazing by a smtable number of livestock and suitable burning in a manner -

allowing herbs to sufliciently grow would ot hinder the supply of hunws by the root systems of the
hetbs and conversely would promole the regeneration of new hetbs, so do not have 1o be prohibited.
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However, in many cases, an excessive number of livestock is allowed to graze and the growth of herbs
" declines with each | passing year. This trend is a problem. In particular, grazing by goats destroys even
the root systems of hetbs, so causes a rapid decline in herb growth,

Fuuhcr, while some locations may be forests or woodlands with largc diameter trees growing in
them, the insides of the forests are overgrazed or overly bumed, so the soil isdegraded. That i, locations
where the soil fertilily was being restored by the forests are being ruined and are becoming substantially
po differcnt from devastated treeless fand. As aresull, the soil is exposed, the surface is feached out, and
pans are formed at the imedium to low layers. The fertitity declines and barren land ofa quasi-desert state
appears. : : :

As a resull, not only docs the abandoried cultivated plot not recover, but it is further reduced in

strength. A scenic feature of this region is the éxpanse of overly grazed weakened pastureland arou ind
_the cultivated plots. :

Therefore, the state of cyclic titisation where cultivater reluni to their original plofs afler 20 years
is hot observed. The cullivated plots and abandoned land just steadily increase. As a result, cultivator
lose places to go in the alluvial plains and scarch for new land in the highland forest belts. Thére,
however, as cxplained at the starl, they cannot enjoy the beriefits of the ground water, s6 good farining
cannot be expected.

Residents, however, do rot understand this land miechanism (wate'r lﬁechfinism)'ﬁnd appear tobe
encroaching upon forest belts in search of soit with bcller nulrients. There are repoﬂedly calls for the
forests to be opened up.

© Note that since abandoicd cuThvatcd plots are not re{umed to forest land, lhese areas w:l] soon f' nd
themselves short of firewood.

4.11. 2 Utilisation of farmland aml paslureland in fleodplains

The floodplain along the Zambezi River and the ﬂoodplams of its major lnbu!anee are often
flooded, 50 no trees are seen growing there. There is abundant growth of herbs, however. Further, the
ftooding is accompaniced by the supply of fertitizer components fromm upsiream sothéreis much femle
sont. ‘

'[he rools of the herbs, howwcr are densely dlslnbutcd n addltion the so;l is iy many cases
closely packed. Therefore, many locations cannot bé tilled by simplo spades ete. Accordingly, aliiost
none of the land is used as farm plots. Once a powerful titling machine is used to till the land, however,
there would be quite a fow cases where tilling thé next year woild become relatively easy. Since these
locations could be used continuously as farmland, posm\c measures for their wtilisation would be
desirable.

. Sincethereis abundant growth of hcrb poéiliw':e uliiisﬁation as paslurclénd would also be possible.

4.11.3, Pms:b:hty of intensne agr:culmral opcrations in alluvial plains

Alluvial plams are abundant it ground wa!er I lhe wa(er is pumped up and the Iand femllsed and
hlled continuous agricultural produchon resistant even ta drought would be possﬂole Furlher thereisa
large area of the alluvial plain in this region mcclmg these conditions. If the objt.clwe is snmply to
support the populanon int the area, then siich intensive agriculture should be able fo producc a smptus

At the present time, rwdems do not have any cash i ingonie, so cannot engwge in agncuhuml
produclton Ifthey could, then it is believed lh'ﬂ there would no tonger be senseless forest destmcuon
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4.11.4. Guidelines

“The following recommendations are made from the perspective of correcting arid adjusting the
above situalion:

*

Abandoned fanm plots resulting !rom thﬂmg cultivation should in principle be restored to
forests. Evenilleft alone, they will in many cases gradually refum to a forest state. thn there

is too much lnclcss land, however, positive reforestation is reqmrcd

Herbs will grow in the process of restoration to a forest. It is s crucial !lnt the numbcr of livestock
allowed to graze on this be kept down o a suitable level. In pasticular, caré must be taken wuh
grazing by goats as there is a high risk of overgrazing.

Burning shoufd be limitéd to spoc;ﬁc objectives and not be allowed to spnad When buming in
forests and woodlands is unavoidable, it should be restricted to areas of thomy bushes in the
forests and not be performed in the stands.

Since there is a good chance that firewood will become increasingly short in supp!y, broad-
leaved tree foresls compnsed mainly of small diameler troes with about 25 ycaf culting cycles
shoutd be created. By combining this periodic culting of broad- leaved lrees and bhlﬁmg

* ¢ultivation, it should be possible to suslam cortinuous Land use on alluvial I'md

The forest belts in hlghland areas are mfcnor in tenns of water conditions {o alluvial lancl
although containing soine soil nutiients. Accordingly, they are not qmlablc for cultivation.

3 Shlﬂmg culiwahon in highland areas should in principle be prohlbllcd

In floodplains which flood during the ramy season, the land canno! be uscd durmg 1hc ramy

- season, but many locations feature good water conditions even durmg the -:hy scasor, so can be

seasonally used as farm plots. At the present time, they are not being used due to the difficulties

inftilling, but they should be put touse as «:omcwha! intensive farm plots by the mtroduchon of
hllmg machmcs

Alluvial plams offer abundanl gmund water for use. lf ground waler is pumpcd up, fen:l:zer
applled and the land tilled and vsed as intensive farm plots, then it w ould be possible to engage

“in farm operations without even bcmg aflected by droughts, Further, a large area of the alluvial

plam satisfics these conditions. If full-scale agricultural production were engaged in there, (hen
harvests far exceeding the demand of the local residents could be expected. Further, by

switching over to stable agricultural production in this way, il is believed that senseless forest
“destruction would also be suppressed. At the present time, this would be impossible to

implement in view of the fact that local residents have no cash income, but it would be desirable
for officials and relatcd organisalions {o \mrk to move them to intensive lmul use i the near
future. :

412, Planting'Plan and Cutting Plan

4, 12 1. Cutting Pian

Among the forest land consolidation site group (hcmnaﬂer ruﬁ,m.d to as "unit sife group") ineach
Forest Estate, Site 1 C,D, and Site 1l C,D, arc considered to be stands where the culting of Mukusi is
permilted, and data on lhesc stands are l:sted with régard to the area, volume, feasible Mukusi cutting
volume, and corresponding compariment numbers of stands with a Mukuisi mixing rate of 50% ormore.
Table 56 shows the names of pk’ﬂihent unit site group in National Forest Estates, and the arca and
accunulation according to compa:tmcnt :

The unit site group in the Forest Estates are divided into a feasible culting site in Sesheke and a
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feasible culting site in Mulobezi (cach to be refeired to as “grealer site"), and the cutling order is
determined for cach greater site. The volume and other data on the ind wldml sites within cachgreater
site are listed according to the cuttirig order in table fori.

In determining the cutting ordet, a hi gh-acunnulalron site where cutting is currcnlly undcmay is
ranked first, and the adjacml high- accumulation sites arc ranked sécond, third, cte. Spcczﬁca!ly, inthe
Sesheke grealer site, culling shall start from the Simungoma west site, whileini the Mulobem grealer site
cutting shall start froni the Situmpa sité. Companmcnls designated as forest feservies are excluded from
the culting plan.

The total allowable cut volinié of the two grtater sites i is assmncd to bo from 14,000 m’lyear and
is aflotted between the greater sites. Curteatly, the sawmill in Mulobezn is opuatmg at'a higher rate; in

" addition, sawii timber is (ranisported by railway so that the total cost is judged to be lower in Mulobezi.
Consideration is therefore made given to cut a larger vohime in the Mulobezi greater site during the first
- 10 years. However, sirice the Mukusi growing stock in the Mulobezi greater site is comparatively simall,
the cut volume will be increased in the Scsheke greater site, Ifthe Mukusi aceumulation in the Mulobézi

greater sile develops a shortage, then the Kamangao district will be also included as a feasible cutting

-area from the 11th yearonward. Ifan accumulation shoﬂagc conlinues to exist dCQpllc lhiS, the culling
volume in the Mulobezi greater site will be reduced, and emphasm will be placed on the Sesheke greater
site.

_ Inview of the above, the annual cutling; volume is determined for each site, and the annual cufting
~ volume for the greater sites have been decided as shown in Table 57 The cuttmg volumes in the table

are based on the assumption that the cuiting cycle of the main crop is 100 years and that the cuitting rate -_
is 20%. However, it is also allowed 1o set the cultmg cyclé of the thain crop to 80 years and the cutting -

rate {0 25%. “Thus, the plan enables a25% increase in the cotting volunie from 6, 0()0 to 7,500 m’fyear
and 8, 000 to 10,000 mYyear in case the cutling volume must be expanded.

Asis explamed later ifthe regeneratmn and growmg methods for Mukusi seedlings (succeedmg
trees) in the open stands are delermined durin g the next 10 years, it will become possible to cut Mukusi
(as much as approximately 20% of Mukusi grawing stock) in the C,D, and C, D forest stands Where the
Mukusi mixing rale is no more than 40%. Thus, it will bé possnblc lo _mcrea_se lhc total Mukusi cutting
volumé'frdm the 1tth year onward. R ‘ ' : C

4.12.2, Reserve F orest Plan

'Ihe compartments in which Kknown rescive forw(s exist and the compamnents in wlnch a

permancnt plots has ncwly been established are dmgnaied as reserve compariments and are excluded -

from the cutting plan. - All adtificial activity should be eliminated from inside lhcse reserve
compartments so as to maintain a natural forest state.

Table 58 shows the names of unit sites, the numbera of compqmncm area and volume, etc. in
relation to the reserve forests inside thc Forest Estates. A e
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Table 58 Natural conserve forest

Compantmbtnt )
o TTotal | Mukusi | | Perianent
Forest name No. AR 1 olume volume Remarks plot No.
* (ha) m “md
Malavive forcst 1 14 27 | 5292 | 3,308 | Batanicat rescive No. 1
Nanga forest 4 751 147,196 | 91,998 No. 2
Kalama forest 7| es | s | ozom| | 1 N3
Samatelawoodland | W12 | - 524 | 8908 0 | Shedt 1724B1 No.4

4.12.3 Reforestation Plan

[
1)

2)

k)

Order of reforestation plan sites

Site 1 C,Dz and Site li C,D, and C,D, are designated as first-order reformlalmn arcas. Many of j
these forests have a past hls{my of Mukml cutting and, accordingly, feature a low mixing rate of -
Mukusi as the mother tree. Furthennore, these forests contain only a small number of Mukusi
saplings (i.. , succeeding trees) due to recent burnings. If the presence of siieéeeding trees canbe -
assured by means of adificial planting, then it will be unnecessary (o set expectations on natural

seeding regencration and the need for the conservation of thother trees will decrease. Asaresult, T

it w:li become possible to cut approxumately 20% of the existing Mukusi trees (C D,). Ifahin-
fcrx,s[ refores(ahon melhod is established ini the next 10 yeats, it will bocome possﬂ)le tocxpectan -
increase {by 3,000 to 5, 000 nv'/year as shown in the Jow section of T: ab!e 59)in allowable culting .
in the next plan qpannmg from the {1th o the 20th year. Similarly, in Cb, forests where the - -
Mukusi mixing rate is less than 50%, cullmg will became penmss:ble on the pn,condltlon that
Mukusu saplings will be planted after culting. ;

-_ In present and future M ukusi culting areas (canopy open gapof forest canopy, or dlrecl sowmg

*areas), natural seeding regencration takes place if lefl to the work of nature. Consequcnlly, .
undet a healthy natural condition, there will be no nced for a planting plan for these areas.
However, saplings arc ofter deslnoyc,d by buming or cuumg, so it may be necessary to sclect
the areas as first-order reforestation areas. :

Site 1 C,D, and Site H C D, and C D, are designated as second-order t’e'fmeqlauon areas, lf the
growth ¢ of succeeding (ncs is assured inside thes» comparlmcnls, it will become possnb!e to
harvest trees 30to 40 years from now. -

Bare areas and woodlands are selcucd as third- order re foreslal ion arcas l:vm if rcforcslallbn is
feasible in lhese arcas at prcsent it will take at loast 80 years before ﬁnal cul!mg is permitted.

Accordmg lo the above order, planting should be lmplcn':enlcd first i m the Masese and Machic
areas. A plan should be formulated so that the first 10 years will be set 43 a fest period, while full
planting will be completed between the F1th and 30th 'years. During the first 10 years, planting

necds to beconcentrated in sites C D, and C,D,, and test planting will be camed out in other areas.
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- (1) Selection of reforéstation melhods:

1} Reforestation by direct sowing

At present, available and reliable infonmalion indicatés that reforestation by direct sowing is an

effective techinique, and that Mukusi in their sapling period are likely to be shade tolerant irees.

Conscquently, an immediately feasible reforestation method would be to cany out direct sowing in an
environment with a moderate shadé in the upper tayer. For this reason, open slands with canopy
closurcs of 45-70% are selected as first-order reforestation sites, while extremely open stands with

- canopy closures of 5-45% are ranked second-oider.

Sites penmilting the growth of scedlings mclude not only opeit stands that : are not covered by a
canopy, but also locahons only stightly covered by a canopy. It is assumed that here are a pproxlmalely

" 135% of stich canopy-open areas (: 100% of fion covered arcas +35% of slightly covered areas) for the

direct sowing areas. And feasible sowing area (ha) in the unit forest area is caluculated as following:
Feasible sowmg arcd  As=10000x 1.35 (1-Ce/100) © fm?fhal
Where As < 10,000 ny?
Cc: Crown closure [%4]

Assummg the sowing interval in a feasible sowing arca is 1. 5 m x {Sm= 2 25 m?, thc sowing
densily per ha is roughly 4,500. Therefore, the number of sowing pomts Sp is:

“Sp= As +4,500/ 10,000 - (Sphal

~ Thenthe number of seeds Sn is derived, assuining that three seeds are plantcd at each poml atan

interval of 10 ¢cm or more from cach olher Seeds to be used should be those treated for germination

promohon (treatient with heatcd waler, sul furic acid, etc.) so as lo obtaina gennination rate of 60% or
smore.

Numberof sccds © Sn=3e. Sp {Snfha]

The S(}ng area and the numbers of sowing pomls and sceds, assuming Cc is from 45 to 70%, arc
denived as follows:

Feasible sowing area As 5'4 000 to 7,500 m*ha -
Number of sowing points  Sp=1 800t03,400/ha
Number of seeds S 8n=S 400 tol0 000!]13

r1 e Uml‘orm reforestahon

In lhe Forest leales, thereisa total area of about 23,000 ha having a canopy closum oflcc:, than

" "45% and a bare area of approximately 50,000 ha, Although these arcas require early reforestation for
_,lhe recovery of wood and environmentat resources, hasic practical reforesiation techniques are still

mcomp!ete and it lsdlﬁicull to fonnulale a plantmg pIan ina shorl time pcnod Spec:ﬁcally, these areas,
except those arcas directly below the crowns of some re maining frées, cannol expect a suflicient shading
effect, 50 that the sunlight is too intense, resulting in stonted growth of saplmgs which require a shaded
environment. At présenl, the only retiable reforestation technique for Mukusi forests is the direct

. sowing method. Nevertheless, uniform reforestation by direct sowing is not likely to succeed in

extremely open stands and bare areas.

For this reason, it is necessary to seek another reforestation method. Since it will take a long time

~ to develop a new foreslry technique, it is judged difficult to establish a planting plan for uniform

reforestation for some tinie to come. As an alternative approach, the following test may be
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impicmcnted, and if this test proves successful, it will beeome possible to begin & full-scale planting
project.

Prior to the planting of Mukusi, Mukwa and other light-demanding teces (woodland intolerant
spcciee) may be planfed. After a shaded cnvironment has been created by these trees, full-scale direct
sowing of Mukusi may be stated. Since Mukwa do not form a pure forest, they should be mixed with
deciduous other species. Because Mukusi wilt be planted years latér, the number of Mukwa and
deciduous trees to be planted is approxlmately 2,000 to 3,000/ha. o

Al present, there is a lack of basic information on preliniinary reforestation with regard fo suilable
species, seeding, planting and direet sowing techniques, so it is important to test diverse cases of
planting in order to accumulate infonmation. With a view to fonmilating a forest ‘management plan 10
years later, tesl planting should be implemented in aréas totalmg several hec!arcs to 10- pIus-several
hectares per year. addition, ifa MuklISI seedling pIant;ng method i3 develt)pcd inthe near futiire, this
should be fested as well.

Also, forests with canopy closures of 45% or !css (D )but w:lh 20% or nore prov:dc po«:s:bll:l:cs
for partial shading; therefore, a Mukusi direct sowing tust shou!d be conducted in these fonsis as well.

(3) Reforestation implenrientation plan

1) Dnrect sowing rcforeslatmn (gap rct‘orcstation)

Currently, forests with ¢ canopy closutes of 45-70% (C,D, and C D,) in the Fores! listates total
_approximately 19,600 ha in area. Focusing on these areas, dlrect sowing reforestation should be
" nnp!emcnted in apprommate!y 2,000 halyear in unit sites where cutting will be carried outorin adjaceul
sites. ' Fable 59 lists the sites and compartiments selected for direct sowing regeneration.  The
implementation order is the sane as the order in the culling plan. Reforestation is {o be |mplemented
mainly in C D, conipariments, arid ifpossibte, direct sowmg should becompleled inall seIected sites in
10 years. ;

2) Uniform reforestation

Full-scale uniform reforestation starts after the first 10-year period, but test planting is camried out

during the first 10 years. ‘Test planting should take place at the same sites where direct sowing
reforestation is implemented, and in the same years. The fest p!ammgarca starts from several hectates,
progressively increases every year, and reaches: 10-plus-several hectares in the 10th year, with '’

approximately 10 ha being the 10-year average.  Afler the execution of preliminary reforestation, the
direct sowing of Mukusi sceds is carried out in the Sth and 6th years. A uniforin reforestation niethod is
(o be established during the first 10-year period, so that full-scale reforestation can be implemeanted from
the 1 Mhyear onward. As showninT: able 60, uniform reforestation areas (partly mcludmg, s direet sowing

reforestation) are selected from among areas with canepy closures of 5 45% C, D andC } totallmg 3
about 23,000 ha in area. Uml‘onn teforestation in bare areas with ¢ canopy closures of ho mor«, than 5%

(approx. 50,000 hain C,D,, C.D_ C,D, and C D) will be canied out after the umfonn reforesiahon ol‘

3 e
S- 45% canopy closun, areas.
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Table 59 Objective areas of gap reforestation by direct sowing in the opend-croﬂn forest

Division of Forest Structure

N Total
Forest 10D 1CD: -G _
nanse f crown (116m¥ha) (77m¥ha) {60m*ha) | Number] Arca Volume
olume  Fye Tamay | vy | nc]amay] vy | Nc] ad | ofCinp| @ay | ey, |
Sesheke Area B o e
" Simungora west 18] 1589 | 184324 | 2| | sasr| wo] m| 0| nasi| o0
- Sikubingwa 16| 1596 | 18sa3s| 1| ss| ades| 2| 29| 19| 1683 | 189,602
Simingoma east al2ise| 24776 2| 39| 3003) 3l 3| 26 | 2288 250979
Sisisi 1a| ss7|orozse2| 3| mi| 23s7| oa2{ 3s0p 29| 28| i0s2e
Samatela 3| nie| w20 | 1| 34| 268 5| 2% 9| 3s0l 15478
Kasiki 23| 1,037 | 120292] © of 6 1ol 20 nL137| 120202
‘Malavwe 1n| 64| 70061 0 of o 7| es| 18| 62| 70064
Mulviwe s|o 16| 20416 u| 34 268)  4f 9s| 10| 30s| 23034
Kateme 20 | 20000 2| se| 3sso| 1| es| 9} et 32850
Sichinga _ 9 o] o of o 2| @ 2| & o
subtotal 117 8385 | 972660 | 12| 317) 20800 | s2| 1279|181 | 9981 997069
Mulobezi Area T _ L
" Situmpa a5l 2ass | zsas0s| o] o] o] s z4a| 31 ] 2402] 253808
Lonze ol ases ) w208 | 2] 33 2s41] 9| 1o 33 | 2,052 214,589
Kazu-Namena g sos| ssootl o o eof 13| s3] 21 ] wioz]| esem
Nanga SN ERTFR IR PX 73 0 ol 1! = 2| 135] 12992
Sijila s| s03] asias| il ouss|rztes| 4l ;| 10| s3] a3
Kayumbwana 4| isofiaagdaa] of ol o 3 02 7 261 18,444
Nangonbe 1| 9| 2207 of o] o S| e e} s 2200
{umino s| 01| a6516| ol o] o | 3| e} 432| 46516
Lwangula 3| 428l 49648 el o] - o 4] 10 7 538 | - 49,648
Kanjahgs - 3| o] mase| vl 28] 2002| 2| w6 | ma| 73458
Nalwama - 8{ 625 72500 2 2 1ev7] 3l w1 740 - 74,417
- subtotal 85| 2273 | sane6s | 6| 238] 18326] S| 1ase] 142 | 8997 861,984
Total | 202 [15.658 {1,816328 | 18] 555 42,235] 103} 2,765| 323 | 18,978 [1,859,053
© # N.C.: Numbers of compatiment, _
A 1 Arcaof opend forest to be reforestation by sowing.
When reforestation are succeeding in the future
Allowable Lo .
AV(all trec) AVm{Mukusi)

cutting volume

" Sesheke
Mulobezi

6020 ~ 9970 mYy

5,240 ~ 8,620 mly

1,720 ~ 2,850 m¥y

1500 ~ 2460 aly

Total

11,260 ~ 18,590 m'y

3,220 ~ 5,310 mYy




“Table 60 Objective areas of complete reforastation by planting and sowing

Division of Forest Structurc
Forest name 1C:D: WL HODy | GaD Fotal

ferown simc!u're 63 6 4 3

Aand volume () | 3T Ay T NG, [AGa) | NC. | Athe) [ NC. | Aty | NC. [ A) |
Kalama ' ol of o 0 0 of 4] 192 4 2|
Kanyanga - . . 4] 407 2 57 0 0 | 50 7] . St4
Kasikic 12| 349 0 0 4l 19 9| 146 25 614
Kateme 3| 219 6 of 1} 7 0 ol 4] 226
Kayumbwana 4] 771 of o0 ol o 3| 3. 7[ 190
Kazu-Namena 71 624 1 23 0 0 17] - 1,005 25| 1,652
Lonze- . 20| 1,767 0 0 31 e| 7| e8] 30| 2,448
Lumino s M 2 32 0 0 1| . 40 gl . 783
t.uwangula - 4] 371 0 0 0 0 6 231 10| 468
Malavwe ' 12| 988 0 of 3} 10| 19 408] 34 1,516
Monze 20| 46} ol ol 4] was| 7] 95| 3t 701
Mululive s{ 145 1| 127 ol o 2| 4 8| 313
Naiwama s| enf of of 2} 53 3| ws| 10| 1,260
Nanga 3 w4 0 0 ol ol 3 72 6| 106
Nangonbe 0 0 0 of . o -of 2| 150 2| 150
Nanyota 3 383 s| 212 o] 0 3| 12| 1 cie97
Samatela 4| 207 0 0 i1l - 70| 0] neoa| 16| 1,881
Sichinga 1 264 o] ‘o ol - o] 29| 81| 30| 1,138
Sijilu 20 83 3 7 ol ol 3| 242] 8] 402
Sikubingwa _ 15| 1,077 1| s 3| 49 |37 20] 181
Simungoma cast 14f 870 ol 0 2l et] 9l 2s4] 25| 1,215
Simungoma west. ‘16| 1,183 of o o 0 20| - 469 - 36| 1,652
Sisisi | e e ol o w4 ast 17] amaf  so| is22)
Situmpa 16| 1,959 0 0 0 . .0 3] 246 192,205
Zungubo 1| 20 ol ol 2| 6| 21 e4] 5| - 149]
Total . 195 13309] 15| 646] 39| 1648] 182] 7672]  431]23,275

* N.C. : Numbers of compartment.
A : Arcato be complete reforestalion (ha)
(including padial sowing vnder remained trees).
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@) An Example of Successful Reforestation i’roject

" ‘The Republic of Koréa is an industrialized nation which boasts a high tevel of gross national
income by world standards, However, 30 or 40 yedrs ago it was a Jow-income country with its land
devastated by a war between the northem and southem halves of the country. During this period of
povetty, Korca strove to improve its national environment through a reforestation program employing
local people. As a result, greenery was restored to its bare mountains, and today most of ils mountains
and hills ate covered with forests. - Yet expeits doubt if the same reforestation program could be

exocuted in prosent-day Korea with its stable employmient of people and its high level of income, for it

would be difficult 10 attract a sufficient number of workers needed for planting. Korea now has the

finances necessary for the reforestation of its land, but reforestalioh cainot be achieved by finance
alone. “This éxample suggests that, although the income level in Zambia is expecled to iricrease in the
futire, the reforestation of waste land is a project (o be implemented before the incorne level rises.

In the light of the Korean example, it is hoped that reforestation ini south-western Zambia will be
completed within the next 20 years.

4.12.4. Bnplementation Plan for Construction of Forest Roads in Connection with Planiing and
‘Cutting ' ) o

(1) ForestRoads I . o

In case there is no road leading to the unit sites for implementing the cutting and reforestation -
plans, it is not customary to build a management road for access purposes. In most cases, forest roads
are built for the purpose of managing those sites where planting and cufling plansare to beimplemented.

As explained below, management roads may be built to serve as fircbreaks as well.

Q@) Forest roads and spur roads

A road \vhich is directly refated to cutting and reforestation is cons'lmc_led asa foiest_rohd ora spur
road when the need for such aroad an'_ses. Except for special cases, forest roads are not constructed. A
forest road or spur road is built simply by using a bulldozer, for example. o

(3) Construction plan for combination firebreak-and-management roads

if forests are lost to fire, it will put an end to all plans for reforestation and environmental
protection. Therefore, the prevention of forest fires is the most paramount task. Since seedlings to be
planted are extremely weak against fire, a management road that also serves as a fircbreak must be

constructed around the planting site.- [t is desirable to build a combinatton firchreak-and-management
road one year before the start of the planting plan. - :

. Usually, in comparison with seedlings, a high forestsubjectto cutting is less likely to be lost to fire.

* For this reason, fire prevention measures for high forests are taken only when there is a budget left to do

s0." In the case of reserve forests, however, rigorous prolection is necessary and fircbreaks arc
canstiucted around these forests including their adjacent high forests.

~ Inthecaseofadirect sowing reforestation program where approx. 2,000ha/year isto be carried ot
over 10 years, an 18km length of fircbreak-and-management road is cequired to surround the

- reforestation arca for effective protection against forest fire. (Assuming a land area of 2,000ha is square
in shapé; the length surrounding the area is approx. 18km.) - S '

In practice, iﬁ'e‘réa‘ci :eng;th dépédds'i}n the shape of liie_ icforestation acca; §o; it js reasonable to
assume the road length will be longer, and a firebreak-and-manageinent road length of 20kmyear is
proposed.
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4,13.  Fulure Issues and Proposals

The issucs which shounld b¢ particularly stressed among lhbse_discus‘écd up to now will be listed
here under separate subheadings. Al the same time, proposals will be made. - :

4.13.1. Forestation techniques for restoring resources

Thereis re miarkable forest destniclion in the southwestern region. About 40% of the arca of Forest
lea(es is amﬁmally degraded treeless grassland and 20% is forest land with extmncly deficient forest
_canop:es (Table 24, Total of D1 ¢olumin). It is neccssary 1o rcforest ihese areas wheie the forests are %
d:sappeanng 50 as to restore the forests. Even forests whlch appear to be hcallhy are suﬂ‘enng from
strainin the composshon of species, so roforpstation is ncccsqary to readjust 1 them, In lradmonai areas as
well, ref'orcslal:on for raising the rate of i mtenmxmg of Mukwa in the woodlands formalton of forests
for res(ormg fedtility fo the soil, and reforestation for fomnng firewood forests are necessary Along with
this, it is hecessary lo fonn groves of fruit trees required by residerits.

- Among the reforestation techniques for this, at the present time, =o:;nly rcl'on,'s"ialion by “direct
sowing is being unplemented Mgthods of growing seedlings and mcthods for growing young (recs
ind lVldually for species and sites of course and the systems for the same have still not been dcveiopcd
Further, there are many aspects of the ecosystem of the forests which rensain unclear afer the cusrent
survey. There is much for which follow up surveys should be performed over the comlng years. Here,
 the forestry issues which should be lackled in the future will be listed:

chhnology for growing seedlings and techniques of direct sowing for individuat Specw:.
: Mukusi, Mukwa, and olher main specics. Other useful species.

Species comprising procedmg foresls.

Firewood species.
Fniit tre spocies.
Planlmg for mdmdual s:les
Rcfor»s{ahon by direct sowing in fon,sts p!anlmg of sccd}mgs

Formation ofprecedmg forests and reforc,slallon by dlrect sowmg and phmmg of sccdlmgs
under forest crown.

Uniform reforestationat lrwkss areas.
Forest ecology suwcy

Survey of permanent plots (Malvwe botamcal reserve, Nanga forcsl Ka!ama forest,
Samateta woodland).

Growth of samegs and young lrees and forest cnvifpnmenl (covering of upper storey trees,
- covering of herbs and bushes, relationship with ear!y burning, ete:) . -

“Survey of root systcms of main specms by environment. A Lo ' g

Btologlcal seasons of thain species.

4, 13 2 Woocl utilisation and forest managcmcnt

Them isno problcm lf succeeding (roes grow and forests regencrate under namral condmens aﬂcr
cuiting, but in fact there are the following prob!ems even under conditions where the amount of
han’eslmg is less than the growth.
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+ Sirice specific species are mostly cul in forests for industrial wood producuon strain occurs in
the, composition of the rcgenera{cd species.

. Succeedmg lrees necded for ﬁ)rmmg largc lreesare bcmg eliminated by culting for firewood and
forest fires.

These inatters have been alnady touched upon in the related chapters and the spocific measures

“toward this have also been deseribed. Here, it is necessary that forestation (including fordstation in

forests) be made obhgatory $0 that the strins caused by harveslmg are cofrected by the harves ters
themselves, and that lhey bear the financial burden. Ailhough felling fees have been co!lcdcd from
saw:mll operators sincé 1995, these ivionies should be used for reforestation.

' Placmg the skress on contirived 'repr'oduchoh of forcsts in this way would cnable a stable supply of
wood, so it is crucial to prommiote the effective utilisation of wood in this manier. Recently, deniand for
Mukuisi has beén stow, so it is necessary to develop products ancl demand targeling at higher added
vatue producis. .

* Atong with developing demand, if will be necessary to improve the wtilizing rate of log bucking
"~ at the sites (curtently only lower part of stem arc being used in many cases) and to improve the
bucking yicld from the raw wood so ds t6 enable effective utilisation of resources.

4133, Managenient of Mukwa woodlands with mixedin

Mukwa is distributed over a wide geographical range than Mukusi. In this regard, it is considered
a species with a strong disscmination ability. The rate of intermixing in unit stands, however, is lower
than even Mukusi, so in some cases the seed treés may be climinated by culling and their continuation
beconie endaii gered : '

Although the est:mated valuc 13 a very rough value, the woodland arca wﬂh Mukiva mixed inis at

 least 20,000 ha in the study area. The stock of Mukwa intermixed in the stands there is 15 m¥ha and

further ifthe total stock is 300 000 m? and the average lrec age is 30 years, then the average anriual total

_ growth can be wughly calculated to be 3 700 m’. As opposed to this, the current amount of cutling,
* calcnlated in terms of standing tree vohime, is an estimated 1,500 m? even at the most in the sawmills

and 500 m' in plteawmg ‘or a total of 2,000 m’, v.hlch is lo“er than the growth; Therefore, it is judged
that there is still a margin of safety Iéfl for the resource. [t will bé important, however, to accurately grasp
the figures that pertain to woodland areas with Mukwa mixeéd in, the stock, the rate of i mtemnxmg with
Mukwa elc. in filure sury eys.

“Mukwa séeds have a large driflability, 50 d6 not reqmre as many s;ccl {rees as with Mukusi, but
even so it witl be necessary to leave about five trées per ha. If there are less than five large trecs of

-~ diameters of 30 cim, then even if the other conditions for allowancd (diameter class of over 35 ¢cin and

cutting allowance of 20 to 25%) are satisfied, there should bé no cuiting.-

Whatever the case, since there has riot bcen any full-scale rx,somu: stvey of Mukwa, a separafe
suney will become neccssaly

4 13.4. Managemem of Mupane stands -

Mupane, Mubako Muhonono Muhoto etc in lhe hxgh ﬂoodplams ete, grow quickly and haveca
‘strong reproduc:blhly and suslamablhty as stands. Since they take the form of woodiands with open
forést crown's, the stand stock is a small 10 1o 80 mé/ha, but growth is fast and in about 20 to 25 years
become sizes able to be used, $6 the average growth of the stands is cslsmated tobe 1 to 2im¥ha. Here,

© the Mupane ire¢ grasslands in the study area amount 1o aboui 30,000 ha, and since the aréa neéar the

southeast of study area totals over 50,000 ha, the tota? growth volume exceeds 50,000 n’. “Thus, a large
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volume is available for firewood. - Production as charcoal and. ficewood may be expected alter
introduction of an orderly method of cutting with duc consideration givento reforestation (seedlings and
regcmnllon by natural sowi ing).

At the present time, from the standpoint of pn,vcnlmg reckless culhng, chmoal makmg activities
are prohibited in this region by the lodge common law, but modem (high yield) charcoal production
 could be possible under a reliable organisation créated with close tics to lhe lives of the local residents.
Through such charcoal production, the local peop]c would | gari some cash and would become

+ accuistomed to methods gwmg thein a sense of forcst management 50 this would bc advantageous

- Whalever the case, resotirce 511rwys demand surveys, SUIVEy's on cu[hng tnahods {al Iowablc
- culting rates, forest rotalion), planting niethods, charcoal production mclhods and institutional changes,
~ and fests would be neuessary

4.13.5. Close linkage between siir\'éy findings and practical a'p'pliéit’tioh '

‘No matler how useful the n—.aommendations made by a research, there will be many pmblcms
when moving to their lmplementahon such as expenses, equipment, personncl (qualifications and
quality), etc. New sutveys, tests, and research will also probably becomme necessary for putting themyinto
practice {practical application). The current research was aimed at ehicidating and oblzining a grasp of

~ the basic matters required for implementation and pracucal application, but it will be necessary to
continue with more techmcally oriented activitics.

4 13.6. Urgent nccd for pracllcal reforestahon tests (Reforestatmn rcsearch in tropical semi dry
regions) .

In order to restore forest resources and {hc soil environment, refomslahon is urgenlly ncoded in
former forest areas havmg no tree stands left, in excessively open forest areas, and i in forest areas
requiting species adjusiment. Nevertheless, the prérequisite for any reforestation project would be lhe
suﬂlcxem devclopmcnt of techniques for sccdhng growth, lransplanlmg, direct sowmg, eto. '

Unﬁ)ﬁunateiy, information con\,emmg these {cchmques has bcm virtually non: emstent in lroplcal

© semi- -dry regions, 50 il is not posszble to undertake practical reforcsiauon projects. To carry ou! such

proyccts it is necessaty to acquire specific n,,fonslatlon technologies (such as sccdmg and nursing

technologies) and a compnhcnswc reforestatton tcchno!ogy system mcomoralmg all the spec;ﬁc
technologies. :

Without these technologies, it is not possible to formwlate s’peciﬁq refom:slation prlans conceiming

such malters as the selection of planting species, determination of the number to be planted, evatuation

- of suitable afforestation sites and species, and selection of a specific transplantation techniqiee. In order
to develop the necessary technologies, implementation of the following practical tests is recomimended:

(1} Nursing tcsl

Applicable species: Seleet at least 10~20 uscful specws from among ihe afoncmcntloned spec:es |
positive specics including firewood species (for rapxd growth forests), and fruit specics; then, nurse the
setc-ctcd spcues with a view to siamng aciual forcstry produchon activities at ihe carli iest poqs:]bte tinie.

. Nurxgn : Bstablish nursmcs in a low ereace (near the Zambez: Rwur) whem ground waler can _
be easxly punyped and lhe water supply can be ﬂembly managed with regard to water supply lnmng, elc.
The current nurseries in Masese are not a suitable location. Secure a total of 5 ha area, mcIudmg '
sceding, lmxlsplantatmn and reserve beds, Lo
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) l')ir.cct sowing test

. Genmination and growth test: Test siany specics for different soil and water conditions. " In
addilion, examinc the growth of SLCdllllgS in relation {o relative light intensity using differént sunlight
shading conditions. :

Test nurseries: I view of water supply managemient, sceure a direct sowing test area (2 ha)ina
tow terrace as in the case of the niwsing test.

(3) Site adaptation test

_ Cany out scedling transplantation and dm.ct sowmg Icsts at various f‘orcsl locations with different
canopy coverage condilions (no iree stands, open forest, closed forest areas) as well as difterciit soil and
water conditions. Select test sites not only in the Forest Estates but also i m traditional lands. Also
conduct an ecological study in parailel. :

(4) Collection and storage of seeds .

Becausc séed ava:!ablhty and seed quality vary widely from year to year, conduct germination

.tcsls it a year of large seed harvest, and evaluale if the seeds are satisfactory in germination
‘perfonnance. If sailsfaclmy, collect and store a large number of seeds and utilize them i in subsequ:.nl

years when necessary.

(&) Implementahonof reforestation -

As for nursing and direct sowing tests, scl targets at obtaining rough resnlls in three years and
completing the technologies for major speci¢s in six years, Select species showing good results and
determine. their necessary reforestation methods and coriditions, and accordingly formulak a
reforestation lmplemcntauon plan (including reforestation sites, enwronmental characteristics, specms
transplanlalxon and growing methods, growth density, site area, number of seedlings, number of seeds,

" ground condltlomng methods, number of “01kers etc} Then implemenl this plan
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5. ENVIRONMENTAL CONSERVATION

‘The state of the environment will be compared against the natural state of a foresi which is
evaluated as a natural origin and po'ints to be maintained and points to be rectified clarificd based on the
relationship between the two. At the same time, measures necessary for the same will be recommended.
A study will also be made of thc tmpact on the environment of the forest management and Land use
considered up to here.

5.1 State of Land and Environment

The southwestem region of Zambla has yet to be affected by urbanization, mining, etc,, so almosl
all of the environmenal factorsin play are nalural Here, the necessary mal!crs will be suminarized from
the cxp!analmns provnded up to now.

‘511 Climate

The seven month period from the middle of March te the iniddle of Octobet constitutes a dry
season with almost no precipitation. The period from mid-October to mid-March of the following year
comprises the rainy scason. Durmg the rainy season, there are strong squall-like rains, bui the overall
prempltauon during that season is a low 800 murii or fess. In the past 151020 years in particular there has
been little rain with the precipitation for the year totaling some 600 mm. This declme in the precipitation
has been accompanied with a higher frequency of hot days. There has been a problem with prolong
droughts catising close to semi-desert condmens

'5.12. Land conditions

In provious geologtcal eras, the Kalahan desert was larger and the entire region was covi end wilth
athick Iayer of sand. There were two major periods of desertification. The sand layér of the l'usl period
(early to middle diluvial epoch) was subjected to red weathering under the subsequent humid and h:gh
temperature climate and changed (o soil with a relatively high clay content. The second penod of
desertification appears to have occurred at the relatively recent end of the difuvial epoch. There has not
been that much “ealhenng in that sand tayer which remains distributed as a greyish white sandy soil.
Since the sand layer is thick, the underlying rock is uncxposed and no soil is created from the bedrock.

_ A sand layer has little ability to hold water and nutrients, so generally ténds to be evatuated as soil
of a low productivity, but in this region the sand layer is deep, so the problem of the low water retention
is compensated for by the thickness and the overall amount of water held is'increased. Bven locations
considerably distant from the river benefit from this water infiltration and constitute good sites in their
own way due, for example, to the abundant ground water, which is linked with the leve! of river water.

In sand layers, however, fine grained soil leached from the top layer (surface portion) move
_downward and form an impenneabile pan. In quite a fow ¢ases, this results in an overly wel state in the
rainy season and makes the sile poorin qualny E

8.13. Forests and \egctaﬁon

The environment for planl life in the reg:on difters according to the site. Thc composmon of the
ground water differs tremendously depending on whether the site is on alluvial land or hightands and
hills while the amount of water retained differs according to whether the sand layer is thick or thin. The
natural vegetalion differs stightly in specics and density in accordance walh two water conditions.

ln the low and medium level fioodplains near the river, which are frcquently fiooded during the
mmy season, trees are nol able to grow, so the result is a vast expanse of giasslands. At the high level
floodplains where the frequency of flooding is somewhat lower, trees can grow and wet-tolerant species
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of trees 'such as Mupane and Muhonoho appear. At the low level terraces which constitute non-

floodplain alluvial land, the surface soil is somewhat dry, but ground water is stably and constantly

supplied by capillary action, so the water retention is not bad. This formis an environment conducive to
the strong growth of numerous specics of trees in forests with high forest crown coverages.

Hightand areas tend strongly fo be dricr than alluvial land, but pretty large amounts of water are
held at locations with thick sand layers; s0 forests with closed crowns ate able to be formed. As opposed
to this, locations with thin sand layers retain litle water, so competition for moisture is fierce and
woodlaiids with open forest crowns appear. Further, locat depressions and locations with broad pans

% _ often become overly wel or flood in the rainy season, sé do not allow tree growth and become
' ‘grasslainds. The biggest problem in the forest belt is forest fires. These cause large-scale destruction.
‘Buming of land is a fong estabhshed practice in ‘this region, but the frequency of bumiing has bccn
- abnormally highin the past 20 to 30 years andthe number of forést fires caused by it has jumpu,d aswell.
These forest fires have spread eventa the Nahonal Forests Estate where buming of Jand is in principle
riof allowed. As a tesult, large areas of treeless land (about 40%) and open land (about 20%) have been

cuated llealthy forests conslitite Iess thait 30% of the area,

5.1.4. Land use

Land is being used as forests, village land, culuvatcd plots p'istureland and fi rewood forests.

Vlllages and cuilwated plots should be located on altuvial land where there is underlying ground

. water, the ground waier rises through capiliary action, and therefore the surface soil retains relatively

large amounts of waler. It is believed that.this situation had been sustamed in the pasl Recently,

however, perhaps because overgrazing has caused a decline in the fertility of the alluvial land as a

: . whole, land suitable for cultivation is disappearing and people are seen to be movmg to the hlghlands
% _ where water conditions are not as good.

In the nomal shifting cultivation, cultivated plots are csiablsshed by cuttmg down the forests and
~ imaking use of the fertility of the soil in the cleared area. The practice has been to allow the area to retum
© to its natural forest state after cultwahon and to wail until the fertitity was restored before next using it.

' On the other hand, ‘wood reqmred ncar the wl!agcs is fuelwood and wood for bun!dmg usc - both of

- which are small diameter materials, so the forests which are fonned are secdhng forests or secondaty
forests of short culting cycles. Accordmgly, if the land were utitised ina manner enablmg the space area
to be recycled, then there should be a pattern of culhvalcd plots and’ v:llages interspersed among

fuclwood forests. However, when hierbs and trées start to grow again after land finishes being cultwatcd
local residents use it for pastureland. Recently, they have even been allowing their livestock to gmc in
the forests. Grazing by a suitable number of livestock should not interfere with this cycle of land
recovery, but in fact there is overgrazing and the land is bcmg frequently bumed, so there is alinost no
hope for restoration of the forests and the fertility of lhe soil is increasingly declining.

5.2.  Forests and Farmland and Grézing (Agr'oforcslry)’_

@ " Here, the environmen for agncullure around the foresls will be studled compnhcnswely fromthe-
standpoml of the natural sciences and social scicnces.

i

52.. Features of cultivation (Shiftin g caliiv atmn)

Cleared forest fand is cm;erui by the fertile soil which the forest had built up before then. Local
residents bum off this Iand to form fam plots to inake use of this natural fertility of the soil for
cultwauon ofcrops 11¢ crops continue fo bc cullwaled without amﬁcmi means of enriching the soil such
‘a8 apphcahon of fertilizers, the nulnenls ini the soil are used up aﬂer three or f‘otnr years and produiction

- there beconies difficult. When this situation oécurs, residents move on to riew land with & richer soif.
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More specifically, residents cut down new forest arcas and bum oft the tand to form new farm plois.
~ Since the fanmers move on to new tand after a céitain period of use, this practice is called burning and
“shifting cultivation.”” This is quite a common mode of uuhsat ion of Iand in dcvclopmg regions.

Healthy shifting cultivation is made possible by allowing the tand to FetaRI 1o its forest slate after
cultivating it for a certain period of time so as to enable the soil fertility to be restored. The soil fertility
is restored 20 10 25 years after the land retums to the forest state, so the trees niay then again be cut down

- and the tand burned off to form farm plots. In shifling cultivation in Japan and Southeast: Asia,
cultivation of crops is accompanied by parallcl reforestation so as to, ﬁcnlntatc the regencration of the
- forests. : :

If bumned off tand were cultivated for four years and then altow ed t6 retum to a forest statc then

* there would be forests of four years” growth, ei ight years’ growth, 12 years growlh 16 yedrs’ growth

and 20 yean:. growth, or five tinics the arca of a plot arotind a cultivatéd plot. it should a ppear at
first glance lhat farin plots are $cattered in the middic of a forest. ThlS is called “agrof‘orcahy

Howcur, in the southwestern region of Zambla there is a problcm in that there are no forcsts
around the cultivated plots and therefore thete is no mechanismi for restoration of the soil fertility.

522 l*ormalion of firewood forests and restoration of fertility

The cun'cnliy exlsnng natural forwts and woodlands are natuml forcsis and woodlands compnsui
of dominant trees of at least 70 years age. When considering this age of the hatural forests and shifting -
cultivation in combination, it is considered that even if assuming that cleac culling weie possible, the

" period until reutitisation of spaces would be too long and, further, since the natural forests of this reglon
ate forests which shoutd be sclectively cut and managed, coexistence with shifting cultivation using
clear cut land would be inmpossible. That is, forests which can be used willi shilting cultivation have to
be ones which can be clear cut in penods of 20 to 25 years. What therefore comes to iind aré the
firewood forests. . : : '

At the present time, the soil of the alluvial re glon whete land i is being cultivated is supphed with

‘ ground water by ¢apiltary action at the middle and lower tayers of 50 ¢t or mott depth. White not by

any means rich, this constitutes the easiest environment for the growth 6f trees with roots of over 1m
leiigth. That is, this tand i is casy to reatore 10 the fora.,st state after shlﬂmg cultivation.” '

At the present time, then are many rvillages in thc alluvial belt along thc Zamben chr Them are
no large forest or wood Iand areas there, so a shortage is starting to be seen in fuel matcnals Ifshifling
cultivation and fonnation of fuelwood forests are combined from the perspective of restoration of soil -
fertility and harvesting of firewood, it is considered possible to enable both healthy shifting cultivation
{agro-forestry) and sustainable harvesting of materials required for dal y life.

5.2.3. Gr.azing

When cultivators stop working on the cultivated spaces, usually the fields are’seéded by
surrounding grasses, herbs start to grow, and the ficlds qmckly are convertedto grasslands Trees are not
as nimble as herbs in this sense and therefore siart to grow later, but they finallyi increase in number and
height and take over from the grass as the dominant species. Afler trees start growing, the density of
hetbage falls, but it never disappears. The coexistence of trces. and herbs even after fonmation of forests
isa I”ealun, of the broad-leaved forests of this region. :

Wh'n is basm here, as slated aIready asone of the basic requtremcnls for forest managunem IS llﬂt

- When he;bs grow fulty. develop full root syslems thendic (herbs havea shon tife <pan S0 lhcr\, IS a hi gh
frequency of death), the rtsuiue of lhc root systetns is supphed dm,ctly lhe soil as lmmus New herbs
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flourish the next year, which again supply huns. This is the mechanism by which soil fertility is
restored. Trees also function ta restore and maintain soil ferfility over a broader range in the long term,
but when focusing on just the effectivencss in the short tem of 10 10 20 years, herbs must be judged as
functioning far better.

‘When grass begins growing after shifling cultivation, local residents use those locations as
pastures for theic livestock from the viewpoint of making effective use of the grass as feed. Heibs are
destined to dic anyway after they fourish, so being eaten as food slightly cartier docs not inhibit the
- conversion of their root systems (o humus, but when this grazing obstructs the growth of grasses in the
following year, there is a problesi in that it means a reduction i the supply of humus. Early
consuinption by livestock reduces the amount of the secds and therefore reduces the amount of new
growthi the following year. Excessive consuniplion reduces the underground stems and the shoots from
the root systems (perennial herbs). This is referred to as overgrazing and causes a steady decline in the
growth of herbs with each passing year.

To avoid this overgrazing, il is necessary to keep the number of livestock allowed to graz¢ at a
suitablé level, but the local residents have little awareness of this concept and so almost all areas are
becoming increasingly devastated. Recently, in particular, there has been an increase in the number of
goats being raised. Goats have voracious eating habits and consume even the underground steins and
root sysleins, so in most cases this devastation is becominig even worse. .

, Buming is conducted in pastureland for the nomihal purpose of promoting new growth of herbs
 the following year, but this appears to be having the opposite effect and causinga reduction in the herbs
‘grown the next year. L ' '

In pastureland, it ofien appears at first glance that the surface soil is soft since the soil is stirred up -
by the hooves of the livestock, but it is known that the hoof pressure fonms a dense layer at a depth of 20
to 30 cin in the soil layer. Fuither, at the exposed sandy soil, leaching causes fine grairied soil to shift
downward and fonn a dense pan. It is believed that hoof pressure speeds the formation of the pan. If
sucha pan s formed, then water stagnates there in the rainy season to caise ovér v_'.vclnéss of the land and
reduces the soil strength. In extreme cases, it causes the formation of grasslands (savanna) where trees
are unable to grow. '

524, Cultivation and grazing in forests | ‘

. Now the possibility of cultivation and grazing in forest land comprised of large-sized trees will be

~ studied. ' : . _ _ o
Certain species of vegetables, medicinal herbs, etc. sequire shading for growth and therefore could

“be cultivated in the forests, but general crops require large amounts of suntight and lhcrb fore would be
‘diflicult to graw there. Accordingly, in principle, cultivation in the forests should be rejecied.

- Asalready indicated, forests are currently flourishing in the highland belt which, while excellent

* as asite for decp-rooted trces, has soil far worse than the allavial land in terms the supply of water for

" shallow-rooted crops. Further, while farm plots should preferably be aréas with no standing trees such as

- clearcut la:i_d, forests of large diameter trees require selective cutling and so there is a basic contradiction

~in terins. Accordingly, it may be considered scientifically impossible to establish fanm plots in forest
belts. - : : ‘

In forests, even when considerably bright, the refative luminarice is lower than outside the forests

+ and usually there is low density of growth of herbs there. : Livestock allowed to graze in the forests
would eat that small amount of hetbage, 5o the herbs would immediately be drastically reduced in

- number and the forést floor would become bared. Onthe other hand, tree crown rain has a force no less
powerful than that of rain outside the forests, so would cause serious soil erosion in areas of clay-like
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reddish (sandy) soil abcas and strong leaching in sandy soi! areas.

As indicated Larher feached out sandy soil has a slrong acidity “hlch does ot allow later herb
growth. Fuither, the fine grains ef soil which deposit at the lower layers along with the léachint g forim a
pan which creates a poor water environment, {Grazing assists the formation of pans due fo thic hoof
pressure.)

]mproper grazing should not be altowed in the forests duc to the high risk of ruining the foru;t fand
with its precious advantagéous physical conditions.

5,2.5. Culiiv alion and grazing in natural grassiands

Natural grasslands occur at locations which are flooded or become overly wel durmg the Fainy

- season.' Accordingly, they cannot be used for farmland or pashireland dunng the rainy season. During

the dry season, particularly the start of the dry season, however, the moisture conditions of the soil are
good and many locations are suitable for cultivation.

Locations with dense grass growih have thick humus layers and are replenished with nulrents
from upstream wheni flooded so are rich in fertility, but often the root systems of the herbs are too dense
and strongly bind the soil layer. Further, often a pan has been formed close to the ground surface. This
would make it difficult for the land to be tilled usinig the spades owned by most small farmers.

Accordingly, while superior in tenns of suitability for cultivation, this land i is actually not being -
used. It should be possible to introduce powerful tilting machines to til the land once, after which tilling
would be ¢asy by human strength alone. It is ncccssaly to quickly proceed with tesis and research to
confinm this. : :

1f the grasslands are hllcd then since the nuimber of years which they can be used as farmland

: nou!d be long, it is believed that the periods where they are allowed to remain fallowcould be kept short

and the fand therefore utilised efliciently. Further, if this land could be cultivaied, then there would be

less chance of the forest regions, which are poor in térms of moisture conditions and soil nulnenl ,being
considered for use for shifling cultivation. :

5.2,6. Gulidclines

The fanming in this region has in the past been on the alluvial plain {low terraces). This is believed
because the moisture conditions of the soil are better on alluvial land compared with highland areas. The
previous system in shifting cultivation had been for allowmg the forests to regenerate and the fetility of
the soil to be restored after cultivation and then reestablishing fami plots after the ground had recovered
in strength. In the southwestemn regioi, however, this system is being ruined by overgrazing afler
cultivation. As a resull, it is becoming difficult to find new land for cultivation in Ihe alluwal plain. To
solve this situation, the foilowmg measures may be considered:

s Firewood forests able tobe cutin 200 25 yearcycles should be cs!abhshcd on abandoned farm
plots (there is currently a growmg ';honagc of fuel malcmls) to promolc ms{oranon of the soil
fedility.

+ Limits on the number of tivestock allou ed to graze on Jand shbu]d be stnclly obscrved lf limits
on the number of laveqtock allowed are not observed, then grazmg in forests including young
trees should be prohibited.

+ The highland arcas are not suitable for cullwanon SO cncroachlmnt of fars into the large
diameter tree forests and woodland areas should be prohibited.

+ Scasonat uise of the medium and low level floodplams for cullwanor) should bc promoled Flrs!
however, strong mechanicat tilfing would be required.
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» Grazing should in principle be imited to the medium and tow level floodplains.

s If po’ssibic, famers should be moved to intensive agricultural operations in the low terrace land.
There are plenty of prospective locations for this.

5.3,  Desertification

5.3.1. IHistory of descitification

A surface geological survey would enable the history of the descrlification of this region to be
deduced. Large-scale desertification of this region occurred once in the early and middle diluvial epoch,
ran rampant for a while, and formed a thick sand fayer Later, in the latter pait of the diluvial epoch,
however, the surrounding environment changed to a wet climate resulting in the formation of soil by
forest vegetation, weathering, and relatively gentlé erosion. Specifically, it is believed that plant life
recovered over a considerably long period and signs of the desert were alniost all eradicated. In that
period, further, a fed sand fayer was fonmed confomiing to the profite of the basal topography and that
a dark red curass was formed under the sand layer (surface of basal topography). The red sand layer
 deposited in parallel to the natural ground suggests the situation at that time, From the late diluviat epoch
‘(o the post-glacial period, there was again strong desertification, A large amount of sand was supplicd,
somuch soas to cover the shapes of the refiefof the natural ground of the past red sand layer, and created
a flat hightand topology. After that, probably starting from severat thousand years ago, the amount of
precipitation improved arid the advance of the déseit conditions was stopped. The region thei changed
{0 climatic conditions conducive to the growth of plant life resulting in the current sitwation. Froni the
 state of the sand layers appearing in the geological profiles, it is possible to read that there were at least
two periods of intense desextification from the mid to fate diluvial epoch. Inthe case of the past red sand
" layer, while the sand layer isuneven, it is deposited in'amanner parallel to the topology. Deducing from

this, it is believed that afier the desertification, the climate changed to & wel and pluvial one and that
thére was gentlé etosion with growth of vegetation. The deposition of a sand layer in parallel with the
profile of the basal (opography shows that a small amount of sand patlicles shified and deposited while
the vegetation fixed the deposited sand ayér. It can be deduced that something close to normal erosion
occurred and a hilly topography richer in relief than cven the present was formed. The prominent
~difference in the color tone, grain siz¢, and compacingss of the sand layer shows that theré was & great
 difference in the mechanism of redistribution of sand and weathering during this period and suggests
that there were long periods where no sand was deposited. . :

" As opposed to this, during the last period of desertification (from end of dituvial epoch to start of
‘post-glacial period), the vegelation docs not appear to have resisied the sedintentation of the sand layer.
The desertification was of an intensily enough to destroy and bufy the existing topographic relief. This
~ suggests that rather than there having been simply a large supply of acolian soil blewn and deposited
from the adjoining Ka_lahali desert, the region itself became desert-like in state. As the modem age
approached, the climatic conditions once again changed to abundant rain and the desert conditions
ended. This suggests that the vegetation was restored recently. No phenomenon or information is
known which would enablea guess to be made as to if this will continue for a long timne of not. Based on
the accounts of alder people in the region, the flow of the Zambezi River and ils iribularics has
 significantly dropped over the past few decades and the amount of precipitation in the rainy scason has
. dectined. There is concern that the region might climatically be heading in the direction of

desettification. AR 7

~ Several decades ago, the level of the Zambezi River was much higher than it is at the preseént and
reportedly split off at the left bank near Plmbwae, about 25 kim upstreaim from Sesheke, and flowed
downi to Mutayi Dambo. Seen overall, the plateau stretching from the left bank of the Zambezi River to
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the right bank downstream of the LoanjaRiver (downstecam from ncar Masese) is believed to have once
 been the fan of the Zambezi River.

' §.3.2. Occurrence of deseitification

Desertificalion is generally behcved to be caused by an extreme teduction in the prcc;pltatlon It
may be defiried from another perspective as a change from soil enabling plant growth to rocky land or
inorganic sand devoid of nutrients where plant growth is difficult. “Rock desefification” is understood
to be caused by the soil erosion altendant upon ov ergra?mg or other deslruction of vegetation in
“grasslands or forests | inarid environments. In extreme cases, it can even occut in wet temperateareas. As
opposcd to this, sand-layer deserts are believed t6 be caused by a decling in the soil nitrients. This is
‘stiggested from the fact that the sand tayer of land lefl afler civil engineering wi orks, which is devoid of

* nutrients, docs not allow herb grow’(h In a sand laycr area, water infiltration is high and there is no
remarkable waier-flow erosion, so the descit is not cicated by the phy31cal destruction caused by
crosion. However, instead, the déstruction of the plant lifc is accompanled with destniction’ of the
mechanism for replenishmerit of soil nutrients and causes the appearance of an inorganic sand layer
chentically poor in nutiients, which in turn leads to the formation of a sand-layer déseit. This region has
" reocntly been beset by an increased frequency what should be called pointicss buming and forest fires
caused by thé same. Buming which inhibits regeneration of herbs is a pract:ce which adtificially speeds
“up the process of desertification and should be assessed vety negatively.

Recently (about 20 to 25 ycars ago), moderm rmds were constructed in this fegion. Therc were
large-scale civil engineering works accompanied by clearing, banking, and moving of earth. Nearby
“slopes were leveled, the areas at the sides of the roads were excavated, and large amounts of carth

- moved. Along the national highways, exposed subsoil originally below the soil and deposits of
inorganic leflover soil dug up from the deep portions of the earth can be seen alt over the place. The stale
of encroachment of vegetation on these exposed surfaces today, 20 years later, was cxammed It was -
found that the density of herbage was extremely low (sparse’ growth) and, further, that the individual
states of growth were poor. (App. Table 22) : : :

When a sand layer is bared and struck by rain, the weathcrmg substances and humus adhenng to -
the surface of the sand paiticles are leached out leaving only the inorganic rock pasiicles. The i iorganic
sand layer is white or greyish white in color and forms a strongly acid layer of a pH close to 3. This
strong acidity is belicved to make growth of plant life difficult. In ‘quite a few cales the moistire
condilions are no betler or worse than the ricarby soil (dense herb growth), so recovery of more hardy
vegetation had been expected, but even when a white layer covers the soil by a 1h|ckness of several em,
no herb growth is séén. This shows that no much progress has been made in the recovery of the herbage
despite as many as 20 years having passed. :

~ Whensuchaleached layer develops, the leached out fine particles collect at the bottom layer ofthe
soil (30 to 50 cn vnder surface layer) and form a pan which causes an even greatet problem: The pan
usually has a value of over 30 mm as measured by ahatdness meter and is extremely dense. It obslrucls
the catry of thé root systems and forms a sleong water—:mpenneabk layer. if such a pan spreads, then
even with a sand tayer, water wilt not infiltrate it during the rainy scason and a layer of stagnant water
will be fonned over the pan. Even if the soil acidity is reduced and a hunius layer is formed, trees will ot
grow ducto the over wetniess and at the most a grassland with grovith of shoit herbage will develop. At
the present time, thefe are grasstands called pans or plains (wetlatids in the rainy season) scattered in the
highland belt, but these may have been formed by the mechanism of “exposure - leaching —>
formation of pans” of sand layers.

* Conversely, a soil layer of a strong basicity from which smcales were leached out was fomlcd in
previous times under the fast decomposition of huimus. This niay also be considered 4 cause of the poor
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growth of the vegetation.

Neo chemncal analysns was made of the soil, so no cIear judgement may be re ridered, but whalwu
the'case the suggeshon seems to be that grawth of vegetation is extremely difficult in an inorganic sand
layer devoid of femllsmg components. In patticular, strongly acidic sand layers which have lost their
metals and base inorganic nuiricnts as well due to leaching and strongly basic sand laycrs which are
reduced in siticates are considered unreceptive to plant growth.

53.3. Desteuction of vegetation and desertification caised by burning and overgrazing -

The gi‘b\wh of large amount of hérbagé on former cultivated arca which had been teduced in

nltrients derived from humus and been abandoned replenishes the hunus in a major way (through

repeated death and ngcncrauon of highly densc root systems). This is advantageous to fallow farmiand

- wherte restoration of the soil productivity is desired. During fanming, however, theie is a strong tendency

to vicw hicrbage not just as a competitor of the crop being produced but as an encny. Even after farming
is abandoned, this tendency to view herbage adversely appears (o cortinue. Accordingly, when grass
starts to grow densely in fallow farmland, the land is frequently bumed to remove it. This buming
impairs the natural mechanism of soil regeneration (restoration of humus and ends up causing the soil,

‘which has been exhausted by the farming, to further regress into sandy soif with little nutrient content.

Further, when herbage statts to grow on land which has stopped being cullivated, the land is being -

-used for grazing with an eye to utilisation of the herbage. The eradication of the natural hetbs which

have just started to grow and restore the soil environment by feeding by hv cstock makes restoration of
the soil lmpoqsnb!e Therefore, the soil environment deteriorates even more than when the Jand stopped
being farmied. Recently, in particular, there has been a remarkable increase in grazing by goats. Goats
have voracious appetites and consume the all herbs and bushes compIctcly, so the problem becomes
serious. Goats can toferate rovigher food than cattle, so are hi ghly cvaluated interms of the production of
protein from the soil and are treated as precious livestock. Goats thrive even in low quality environments
which cannot sustain catdle, but from the environmental standpoint, what awaits alter goats are raised on

- poor vegetation unable to sustain cattle and then even the goats cannot be sustained isa desert. It is a

historical fact that the land devastation and desertification in the coastal regions of the Mediterranean
(teruperate zone with scant precipitation) were caused by goats: It is necessary fo recognize this fact and
take special care to avoid the damage catised by ov ugrazmg -

' Southéeni Africa has cxpenenced aclear fall inthe amount of précipitation in the past 20 yeats due

. o climatic changes. In particular, in the past two {o four years, it hias been hit by an abnommal drought. 1f

this state of scant prempltahon continues, it will have an effect on the state of growth of the nataral
vegetation and there may be the risk of desertification, A reduction in the soil moisture causes a
reduction in the amount of growth of the plants there and causes a reduction in the amownt of growth of
forest trees and herbs. Frequent forest fires and averprazing, however, further accelerate this. The soil
right now is poor, but conl'ims some amounts of org'unc matter and inorganic nulrients. Even the water
conditions become just a little bit belter, it is believed that immediate recovery of the growth of

_jvegdatlon could be expected. However, there is a problem in that it is known that in the {ropic or .
sublropical areas where the rate of decomposition of organic matier and the rate of weathering are fast,

adecline inthe amount ofplant growth not only facilitates soil erosion (nonnally siltand clay soil areas),
but also causes rapid deterioration of the soil enriching conditions (s:mdy soil arw:) and miakes prowth
(recovery) of vegelation difficuli. :

~ Ifthe soif is washed away and jus! rocks and pebbles temain or if there is no soil erosion, but the
land beceiines inorganic sandy soil | poor in nutrients, this creates conditions difficult for growthofplants.
We call this situation descitification: In this reg'ird uncontrolled biming and overgrazing are specding
the change toward a desert environment éven more than the deterioration in climatic conditions warrant.
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Restoration of a once degraded soil environment is not easy either lcchmcally or naturally, so if the
forestsand v cgclanon continue to be destroyed at the current teipo, even if climatic conditions turn for
the bétter in the coming years, only adverse deseit-fike enwronmental conditions will remiain and
restoration will beconie a major problcm '

In the past few decades, the level of the Zambezi River has steadily dropped. There has reportedly
been a clear decline in the volume of water of tnbularies as well, Many of the dambos or plains (pans)
between the hills or in the hills are drying out,

Not all of this drying has a disadvantageous effect on the growr of vegelation. Up uatil ow, ¢ases
have been scen where growih of large-sized plants has been pronioted, as shown below, due to the
droppmg of the water level at locations where the fevel of the ground water had been (oo hxgh

" Grassland — Tree grassland
Tree grassiand - Woodland
Woodland ~* Torest

However, this increase in vegetalmn causéd by drving is seen only in Inmted arcas. In the hllls

- plateaus, and highland regions as a whole, vegetation has relreated duié to the dlsappearancc of ground :

“water and the reductiof in the water held in the soil (deserhﬁcatmn?)
' Foresl —* Woodland '
o Woodland -» Tree grassland -
Trce gréssland - Bared land (desert)

Burning, cultivation, and overgrazing are further aggravating this trend.

534 Guidclines

- Whenthe herb coverage disappears and the sand layer (sandy soal) is ex posed both in the forests
and oulside the forests, the surface pottion is leached oul by the impact of rain and a hlghly acidic,
- inorganic sand layer appears. The leached fine particles collect in the soil layer to foif a water-

impenmeable pan. This inorganic sand layer obstructs the growth of v cgctation (herbs and youn g treés). '

Further, the pan causes the appearance of excessively wet Jand during the rainy season and inhibits the
growth of trees. This deterioration of the soil leads to savanisation and desentification. The followmg
meastires are recommended to inhibit the sprnad of thcse phienoinena: -

. Actions whichi ciuse the rechiction of herbs should be restricted both inside and outs:dc lhe
forests. Controlled iming and grazing by suitable nuimber of livestock should ot cause a
reduction of the herbs, but the buming and grazing up to now have gone far bcyond ihe lmnls
and are causing massive devastation.

This situation should be stressed, clear gu:dt.lmes set for the pmposes and area of bummg,_

compliance with these gmddmcs enforced, and grazing limited to inside thé ﬂoodplam cxccpl ‘during
the rainy season so as to make maxinum use of the floodplain grasq!ands and keep grazmg at areas of
tree growth (possible) to a minimum. :

54, Burning and Forest Management

54.1. llistoiy of burhing

Even the l*or».,slry Department cummly recommends “éarly bummg” thal is, bummg in Apnl to
June, This practice is not believed to have existed prior to 1975, however. :
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~ Atthat time, early buning in the woodlands (grass growing in the forests) was experimented with
under the supervision of British tesearchers for the purpose of preventing fires from spreading from the
farmland and pastures (where the practice for a tong had been to bum ofFthe tand in August to October
before the rainy eeason) The iop officials of the Forgslry l)npaﬂment Judgcd that a similar measure
couldbe applicd to the forests as well and there fore introduced the practice of biming in the forests. This
was probably because there were nunicrous forcst fires even when the practice of early buming was
miroduced It is unclear, however, whether the incidence of fires declined afler the praciice was started.
App. Tab!e 23 (I), (?)isa record of the forest fires from 1975 10 1988 (survey of I orestry Department,
0o survcy since 1989). This shows lhal there have been a considerable number of fires.

Whatever thie case,-in the past 20 to 30 years, aver 60% of the national- forest has suslamed
devastating damage. The damagc catised by this practice of buming was found by the current survey as

* well. Knowledgeable persoris and some local technicat stafl’ alréady recognize the damage caused by

bummg and consider it necessary to take some sorf of measures against it. The following problems are

~ caused by buming:

* Buming causes the disappearance of saplings and young trees. Since this has been a frequent
practice, il is becoming difficult to find young succeeding trees of under 25 years age in the

* cuirent forests. Seen from the pérspective of sustaining the forests and woodlands, this practice

s a critical destructive factor. Coiversely, the hanmful thorny shiubs ete. often remain afler
burning. - =

In the past, buming had been conducted in the forests for clear objectives such as starting or
expanding shifting cultivation or hunting. Reconimendation of the practice of early burning and
 the ofYicial approval of various types of buming, however, scem to haye created the impression

in the minds of the focal residents that buring is an cveryday practice. This has spurred on
* meaningless burning which not only spreads but directly causés fotest fires. At the preseiit time,
- completely meaningless buming is being conducted all aver the place and at a high frequency.
The forested area of the natiorial forests in the southwestern region has been halved and the stock
has been reduced to half of that 0f 25 years ago cven inthe mnammg forests.

-

The impression gained from the field survey was that thomy shrubs growing at the cdges of th
forests could onty be eliminated by buming. These thomy shrubs will not burn with carly
buming and will finally onty bum with medium or late buming when they are drier. Local

. residents know that medium and late bumning is uﬂcciwe for eradication of such obstnuctive
plants and seem (o prefer the sanie.

5.4.2, Government approach

Burning may be ¢onsidered {o be advantagéous for (he following purposes. When for one of these
purposcs buming should be allowed or sometinies even encouraged. '

< [i] Promotion of grow1h of new pastun, p!anlc ‘
(21 Cultwanon of crops (shnﬁmg culnvatlon)

. [3] Elimination of harmful insects (farge areas arc bumcd for thns puzposc even in the national
parks)

[4] Efimination of thomy shrubs to facilitate access for harv»simg fruit -
" [5] Collection of honcy

[6] llunh_ng of wildlife

[7] Tarly buming
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Buming for the above purposesis allowed by the government and seems éventobe cncouragcd by
some officials in chatge of livestock production. :

Recent survey reports ete. have pointed lo the damige caused by cxccsswc buming (in patticular

the fires in forest belts and woodlands). The exact mechanisin of this damage, however, has not been

" clearly shown and no progress has been made in nndcrslandmg the phenomenon in the scientific sense.
In particular, the centfal goveriment authoritics, who are fat from the local sites, do not appear tobe
very conceriied about the fact that puiposeless burning is frequently being conducted for 1o reason and

* that it is causing ¥arge—scale dcslrucnon of the forests ahd Increasing destruction of the environment. In
particular, they do riot séaim to be aware that this pointless buriting is ehcouraged in mood by officially
authotized burning. Bven forestry officials have not tealized the néed to stop cncouragmg ear]y bummg

The goveriiment has come out with cléar stitements to the ¢ffect that it is cngagmg in early
buming to prevent fices from spreadmg to the forests arid has on'the surface at least establ:shcd a full
systeni for preventing fires such as the deployment of local staff and construction of fire towers. It
appears to be satisfied with having sct up this existing fire-preventing system. The system is not
however working at all. The government does not appear to be aware that ofticial allowancé of various

“types of burninig has rather served to reduce the awareness of local residents of the need for preventing

fires and is fostering the outbreak of forest fires. The scicntific facts should bé explained to show the
damage causcd by buming and realislic, practical nieasures deweed This is also strongly requested by
“knowledgeable people at the actual locations. ‘

5 4.3 I)amage caused by buming

- The damage cansed by bummg is dlrectty, the deslmcllon of the forests and, indircetly, the runung
of the environment when considered from the standpoint of soil fertility and descrtification. The forest
‘management sector should endeavor to better understand the scientific facts, studies, and evidence and

" rethink the steps whichi can be takeni in difterent areas.

544, Conservation MEAsuUres

_hrc prevention Measures

. Educauon should be slrenglhened to make focal reSIden!s and rdalui partics uniderstand the

beneficial functions of forests and patural vegelation, in particular herbs, and teach 1119 orderly :

approach to buming and the damage causcd by uncontrotled buming.

+ Specics of trees (Mugongo Muzauli, Marigo, clc) providing emergency food and secondmy

food 1o local residents should be planted in and aronind the forests dnd interedt taised in

prn.vcnlmg forest fires by a tic-in with protection of these trees.

+ Local residents shoutd be encouraged to engage in apiculturé in the loresls 'md lhc cultivation
and production of special forest products so as to make them realize the need for preventmg
fires in the sense of avoiding damage to those achwues

LI

+ An incentive system should be set up for villa BeS around forests which have been prdlécled well
for a long period (providing incentives for fighting forcst fires has been found by experience to
haw, a reverse effect in the past).

* Firebreaks (bare sirip) should be established acound the forests If 4 work road (bare road
surface) of a width of at least 6 m is constructed and used in paralle] as a fircbreak, then it would
be possible to both § improve forest management and firefi ghlmg capabilities. .

« Fire fighting capabilities should be slrenglhcncd (cquipment and current budgd).
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5.5.

5.5.1.

Reassessment of Efticacy of Buiming

* A quantitative survey should be made of the effects and damage of the curtently authorized
buming.

* A survey should be made of the psychological effects of currently authorized or promolcd
bitrning on local residents {who engage in meaningless burning).

. Wﬁcﬁ the advantages and disadvantages of curreit burning becerne clear, consideration should

be given to the balance between its plus and minus sides and the efficacy of buming should be
reassessed. Specific steps should then be taken such as toughening reguiations, establishing a
' penod of prohibition, or establ:thg pmhlbllcd localtcms

Forest Lontmuahon

. ltis necessary to raise awareness of the iinportance of stistaining the forests, at thc Forestry

Depaﬂment and the rest of the govermnment as well, and to take steps for reforestation.

¢+ Measures étru‘.sing soil conservation in the forests gmésla’nde and fannfand and measures to
* prevent desertification should be takén (preservation of forests as areas for growth of both herbs
and trecs).

Shift {o Conijnd’dﬁv Lconomy

If the local residents can be shifted foa commodily ccoﬂo;ﬁy, then i‘amlillg in outlying regioris for -

supplying personal needs should end and more intensive utilisation of land based on natural,

scientific conditions of the land should be able to be promoted. (In the industrialized nations with
high population densities, there are quite a few examples where the moné_y economy has gone too
far and rational Land use has become difficult, but this should be possible in Zambia where the
population density is still low.) However, at the currcint leve] of socicty where people are forced to
grow everything themselves, local residents are kepi busy with the next day’s needs and would
probably not have the time or leisure to listen o reason no matter how well grounded in scientific

Tfact. Unless penal provisions are toughened or some incentive system is sel up, it would be
© impossible to promote regular Land use. Ttis crucial (o devisc ways for the locat residents to cam
- cash and at the same time to encourage them to make more rational use of the Jand. -

_ Othe'i‘:ElfivirOnnile’_ﬁtal Phenomena -

Soil or’osion

~The region’ suneycd is flat in topography and covered by a layer of saiid with good water

' mﬁllmhon so noseilerosion is occwring despite the lack of undergrowth and other soil coverage. Inthe

" northeastern part of the region surveyed and the region at the northeast close to the surveyed region,
‘however, there are hitly locations covered with reddish sandy soit (including considerable silt and clay).
There, soil erosion and gully erosion occur when the herb coverage is lost. Recently, this region has seen
an increase in the number of livestock, pamcularly goats, being raised and the occurrence of signs 01 '
overgrazing. This poml should be noled. : : :

5.5.2.

Wa(er qual:_iy :

There are no chenvical plants or ore tefinerics efc. located in this region or regions upstream from

it. Further, there is litthe fertitizer being used in agriculture or detergent being used by local residents.
Accordingly, there is o water pollution at the present point of tite. Ifthere is an increase in the fertilizer
or agricultural chemicals used in agriculture in the near future, however, caution is required in that the
areais one of a high water penmeation and therefore is susceptible to chemical contamination of the river -
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water and ground water. Further, i serious soil crosion oceurs in the red soil arcas due to overgrazing, -

there will be a danger of suspension pollution by clay.

553, Protection of wildtife and rare Plants

The southwestem region of Zambia is considered the habitat of wildlife tisted in Annexes Fand 11
of the Washington Convention, During the ficld survey, African elephants, duiker, impala,
h1ppopotamns monkeys, and other aninials were sighted of their existence confinined by their dung or
tiacks. It addition; there had been tepotls that Jions and other CAMNIVOTOUS aniials were living in the
region, but conlrary information was obtained froni interviews with local tesidents. The only rare
animals arc considered to bé those protected in the national parks.

Restoration of the stock and selective cutting of nonmal forests in forest pianagenient would
enable the natural envireriment inhefent to the region to be sustained, so should be assessed as having an
advantageous irpact oni the habitat of the wildlife as well. The biggest problem here is that no matier
how good the forest management by the forestry side, the effect is completely wiped out by forest fires.
The forest fires cansed by pointless buming are destroying the forests lhemsches and ruining the

~wildlife and plant enviroriments as well.

_ None of the plants have been designated as being valuable specics al the present point of time and
their protection is thergfore not particularly an issue. However, forest fires are in fact causing drastic
' changcs in the makeup of the vegetation.

_ " The fact that forest firts are causing the destruction of the forest biosystems was ewdcnl fromthe
~ survey. Seen from this perspective, there are major doubts as {0 the meaningfulness of the buming
currently allowed in ihe national parks.

§54. Alr poliution and global warming '

* There are frequent forest fires in the summer scason resulting from buming. The soot (fine
patticles) causes remarkable smog-like poltution of the air. ‘This is not considered tobe aproblemat the
present time since it does not contain any particularly harmtul chemical substances; buf at the very least
the air is not clean. Thete is a good chance that this will become an issue in the future.

The forest fires and overgrazing probably have reduced the forest stockinthe n:g:on toless thana

25% state of health. It is assumed that even in Zambia as a whote the same dcgue OF even worse a state

of the forest stock is seen. The increase of carbon dioxide caused by burming of forests is considered a

problem in tenns of the global environment and thére is concemover the global wariming and abrionmal

_ weather caused by it: In Zambia itsclf, however, the loss of forests is also considered to be a niajor

coninbuling factor. The southwestern part and souther part of Zambia have sulfered from an abnormal

~ shortage of precipitation in the past 20 years, This iay be a manifestation of the climalic changes now
occuring on a global scale, so should not be ignored. :

According to a recent study, dccompanying the reduction of forcsts, there has beén & redviction in

the abundance of aqucous vapour supplied by forests and also a reduction of ascending aif currents.” As

aresull, it is beticved that this has led to a decrease in the amount of prccipitation, In the séuthwestém

part of Zambia, there has beena marked decrease in the amount of precipitation in the last 15 to 20 years,

This period has coincided with the rapid destruction of forcsts resulting from forest fires. ' Siiice these
two factors hav\, coincided, it is feared that there is a relation between the two.

_ Therecasons for these chmallc changeshave not beenascertainedias yet, but inany case, a recovery
-of (hc forest volume is desirable as an environmental asset. -
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56. The Eficct of Forest Management on the Environment

56.1. Environment factors (hat relale to forests
Two kinds of enwronment factors coive into phy with respect to forests. One is the cnvironment
requiired for the growth of trees, which comprise the forests. ‘The other is the influence that existing
forests have on the surrounding environment. Because forests are a part of nature and have occupicd
vast areas since ancient times; environment faclors for the benefit of forests and forest environment
factom that work for the surroundings act almost in common. 1fwe do not take care in investigating their
_ coitent, thére dre occasions when we may not know which we are talking about. For example, intaking
the envirohment’s refation (o seil into consideration, a study that relates to soil fertitity (water and
nouirishment) belongs to the former, while the study that relates to the public benefit of soil (watershed
conservation, moisture preservation, prevention of soil erosion, etc.) belongs to the lalter. In this repoit,
environmen factors that petain to the former are investigated in Chapter 4, while those ihat pertain to
the latter and work outside the environment are investigated in Chapler 5.

Withrespecttothe environment that surrotinds the forests , astudy of individual factors has alrcady
‘been made. These items are listed below.

Soit Soil erosion, sediment deposit
- Soil & water - Function of soil watershed cultivation (soil infiliration cap1cnty, soil storagc
s capdcity)

Function of soil moisture pn,scrvahon (Watcr puri ﬁcatmn clay lurbld:ly)

' Aimosphér(: and Atmospher» purification, pollution, CO adjust (C fixed)
mechanism Climate lmllgal ion (Temperature, hum:d:iy, precipitation)

Biology ~ Plants, animals, ecosystem

5.6.2, Current environment

* Forests are a symbol of iature. The existence of healthy forests indicate a healthy environment.
And the existence of deteriorated forests indicates a ‘deteriorated environment, As was already
nientioned, forests in the study area suffered serious damage as a result of fires and excessive grazing.
Duc to this, there has been'a worsening of the enwronmem which was also referred to carlicr.

5.6.3. Thc elfécf of forest management on future environment

The forest managemenl plan for this sludy arca is that healthy broad-leaved trees in stands having
good composition be maintained as they are, and that stands that have been ravaged be retumed to their
original broad-leaved state. ‘Accordingly, il this plan is lmplcmemcd the forest situation will gradually

“imprave. Along with this, the environment will also improve. An oufline of each item is given as
{ollows:

-« Soil erosion and Zambesi River clay turbidity

Due to the reddish soil along the banks of the Zambesi River, slight soil erosion causes the waterto-
be cloudy. Along with this, water turbidity is gradually increasing. Butifthere isimprovement in
 the forest situation, this will be temiinated.

« Function of soil watershed cultivation -

in this area; the infiltration capacily isnot pronounced but a part of the soi} surface is leached soa
panis l‘onned along Wwith leaching. Thus, the watershed cultivation function decreases. Butifthe
- forest situation should improve, deterioration in this funclion will be terminated.
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+ Water quality prescrvation by soil

Cuirently, there is no deterioration in moisture preservation, so |f the forest situation lmprovcs the
function will become even more securc. Regarding the vse of tand for cultivation, suggcstlons
have been put forth an behalf of intensive farming, but if this proceeds, problems may arisc from
the cxcesswc use of fertilizer. The amount used determines whether there will be poltution.

. Wnid tifc preservalion

Thé natural growth of plarit and anitnal life is closely related to the forest ccosyslem s0 that forest
improvement results in the restoration of plant and animal life. However, in th¢ case of wild -
anitnals, depending on the sifuat lon , other approdches must bu considered beeause of lhc, threatlo
human life.

» Atmospherc preservation

Improvermeiit of the forest meais an increase in the growing stock, and it also nieans an incrédse in
the fixed volume of carbonic acid pas. Italso helps to slow down global wanmng and it resulls in
fewer forest fires. Also, less pollution can be expected. -

+ Climate mitipation

When both the forest arca and the voluime of stock ificreases, it means that evapoltanspiration also

increases, so that the humidity fises, the atmospheric currents becoine strong and the frequency
~ increases. Thus the amount of precipitation will rise. Depending on the evapotranspuatmn and
shade 6f the tree canopy, temperalure nnlrgahon is maintained.

. (‘realton of firewood and charcoal forcsls in atluvial tcrracc bells

' This should help in the successwe usé of healthy shlﬁmg culuvanon Moteover, lhc supply of
firewood to residents would be stabilised.
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6.

TECHNOLOGY TRANSFER

In cooperation with our counterparts in' Zambia, we conducted commprehensive outdoor surveys
covering Phases 11 and 11, On cach oceasion, field survey technology was transferred by providing the
parties concemed with explanations on the purposes and specific means of the survey, as well as the
reason for employing such means, and by tetting them experience the actual measurement and entry of
the results obtained.

" In addition, at certain tinies and days in Zambia, we gave Jecturcs and provided opportunitics to
practice the techhiques related to the contents of the Progress Reports (1, 2} and Interim Report to be
prepared.

We also instructed forestry engineers in Zambia on basic theories, since we noted that they
themselves may conduct similar surveys some day for their future forest management plans in places
olhér than the current survey arca, based on the technologics transferred to them for this survey.

- Transferred techniologies inchuded the following:
. Preparatioti of volume and Sziéld tables:
- Pipé niodels aiid their applications
- Practice and utilisation of steim analyses
- Signiiﬁéaﬁcc of and micthod of deciding shape factors
- Significance of preparing yield tables for resource management _
-* Preparation of various volume tables and gra’éping of growth; method of analysis for
prepating yield tables . ' : :
| . Preparation of 'Fo',res_,! In{'cntory Book: N _ : _
- Relation between photograph interpretation and calculation of stand voluimes
. Measurement of tree heights with acrial photographs
:-_ ‘Method of preparing Forest lm}ehto'iy Book
. {l’reparélio'n of land use and vcgct_alibn mépé: .

- Classification of land use and vegetation; method of preparing drawings

 Collection of survey data;
- Significance and utilisation of stand survey plot data
+ Forest survey methods:

- Charactenistics of various methods of forest surveys; significance and interpretation of Belt
Transect Method '

« Soil survey methods: o

- Soil survey practice and soil (_:Ia:ssi'ﬁc‘alion

- Method of preparing soil maps
» Topographic surveys: _ -

- Classification of topography and its relation with natural/conservational characteristics
. _Soéial ccondtnigﬁtlr\{cys: |

- Establishment of sirvey items and method of hearing
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. chhniqucs of tand-condition surveys:

- Method of grasping the relation belwcen land-conditions and natural/conscrvational
characteristics

+ “Fechniques of foresl management plans:
- Techniques of forest resources management (calculation of allowable cutting, cic.)
- Clarification of natural sitc functions and lc‘chmqucs of site clawﬁcahon
- Analysis of actual conditions and countenmeasuré lcchmques in forest operation methods
- Analysis of environimental factors and sampling techniqies
+* Others |
- Techniques associated with this sur\fcy:
 Additionally, a training program for counterparts was held in Japan (from 20 November to 23
December, 1994). During this period, technology transfers were conducted with respect (o general
technologies associated with Japan’s formulation of forest management plans and its foresl
management praclices. - Technology transfers were conducted through the cooperatton of the Forestry
Agency, Hokkaido Forestry Rescarch Institute, Forest Owners’ Coopcratwe in Shimokawa Town,
Forestry and Forest Products Research Instilute, Nagoya Branch of Regiona Forestry Oftice, Gero

District Forestry Office, Kyoto District Forest Office, Kiyomizu Temple, Fukioka Prefectural Forest
and Forestry Technology Center, and Kyushu University.

~ Morcover, lraining was given to our counterpart fron Zambia during the period 29 August to 6
October, 1995, so thal he might be smoothly accepted in Japan. As a step for toward teaining, in group
training on forest marnagement plans (sponsored by the Japan Intemational Cooperation Agency),
general technologies necded to formulate forest management plans as well as those 'on associated
institutions were transfeired. Technological information on the present forest management situation
abroad was also transferred to one another through interchanges and discussions with the trainees from
countrics world-wide, '

Further, the techniques on prcpanng the draft final report were cxchangcd through discussions
with counterparts and seminars.
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