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PREFACE

In response to a request from the'(_}ov:eri'nilént' of tiﬁe Republic of Zambia, the
Goverbment of Japan decided to conduct a development study on the Forest
Resources Management Study for Zambia Teak Forests in South-western
Zambia, and entrusted the study to the Japan International Cooperétion
Agency (JICA).

JICA sent to Zambia_ a si;u'dy teain, headed by Mr, KELJI TAKESHITA, five
times duritig the peiiod August 1994 to February 1996.

The team held discussions with the ofﬁeials concerned of the Government of
Zambia, 'a'lid _coﬁducte& ﬁeid surveys at the study area. 'After the team
returned to Japan, further studies were made, and the present report was
prepared. '

1 hepe that this report will contribute to the promotion of the project and to the

“enhancement of friendly relations between our two countrics.

I wish to express my Si_llcere appreciation to the officials concerned of the
Government of the Republic of Zambia for their close, cooperation extended to
“the team. '

March, 1996

.K'imié’Fujita
President , : _
Japan International Cooperation Agency
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. OBJECTIVE OF SURVEY AND SURVEYED REG;(N

The rcgton coveredby this survey is the 500 904 ha localcd at lhe south-western portion of Zainbia
on the left b:mk of the Zambezi River and includes Mulobezi and Sesheke.

This région has continously produced wood, primarily Mukm: from the 1920s to the present
day: During that time, however, no quarititative suivey has been made of the forus& The amount of
Mukusi and othet forest resouirees rémains unkiown éven today. Fuithet, since the mid-1970s, therehas
been a sharp rise in the incidence of forest fires and over 40% of thie foresls onice cov ered with Mukuq
have beer lost to fire. . The forests which remain after the fires have lost succeeding trees of Mukusi aind
have stopped r»generatmg Despite thissitiation, local residents have litle to do with the Forest Fstates

~managed by the Forest Depariment and so have extremely little interest in preservation of the foresls, so
areé doing riothirig to stop the devastation. Many issues have fo be tackled to rebuild the ties between the
foresis and people. In addition, the amount of prccnpllahon in the region has plummeted. Buining has

 forther aggravated the situation. Harvests ofcrops have fallen and there are even concems ofan increase
in the arca of desemﬁcd land wluch cannot support growth of vegetatmn

_ The objccuve of this survey is {o oblain a grasp of the current state of the !‘oresls o enable these
issues to be dealt with and to formulate a'plan for forést managément. which takes into account
profection of the environment. Another objective is lo transfer techniology to Zambian cotinterpaiis.

2. SOCIOECONOMIC ENVIRONMENT AND NATURAL ENVIRONMENT -
- This situation was analyzed by studics of available written matter and by a broad area site survey.
2.1. ' SoclOecdm;mlé Environment

~ Zambia has an area of 73.3 million ha and a population of 7.82 million. The majority of the
national revenue is from copper production; The forestry sector produces an average of US$26.2 miltion -
ayear or 0.9% of the gross domestic producl Zambia had 32.2 million ha of forests in 1990 —a decline
. of 3.63 mllhon ha i in the 10: -year period fror 1981. This means a decline of as much as 1.1%a ycar
{(FAO, 1990). The main crop of the country is maize. :

Sesheke Dlstncl has an area of about 3 miltion ha and a popuialmn of 65, 000 Almost alI of the
‘peopleare small—scalc farmers producmg just enough to meet their own nccds The main crop is maize.
‘With the exception of sone sawmills, there ars no manufactunng operations of any rdatmly large size.

"lhe Chl(‘f syslcm remains parucularly strong in the western province in Zarbia.

2.2, Nalnral Fm’lmnment

2.2 i Clmlate

Thc majomy of Zamb1a falls under a seini- and belt of a implcal chmalc but the teglon sun'eycd

- was an aréa of little precipitation of less than 700 nim a year. Sesheke is subject to major swings in

tcmpemmre and has recorded low ttmpcralun,s causing frost damage to vcgelauon ‘Over 90% of the

~ rain falls in the four months starting from mid- November. In the six months from May to the middle of -

(Mober, the region chan gcs toa harsh and environment where plants rely on the moisture in the soil lo
survm, c S :

Thc nonh \»esleim area of Zambla continues to bé favond with good rainfall. 'Ihe $0u th -westem
area, howe\?er has expcnentcd an approxnmately 22% déeling in precipuahon irf the 20 )cars since
1975 and is changmg 16 a seiitl-arid fegion. In recent years, the flow of thé rivers in the stirveyed region,

- suchasthe boanja Loazamba and Mach;h, has dropped dramalically. This is backed up by analyses of



weatherobservations. Asa rosult; (he south-westem togion has changed to a region oftittte prccnpllatmn
and a much harsher dryness than before (20 years ago)

2.2.2. Site éhﬁraclerislits

The souih-v.eslcm region’ of Zambla is covered as a whole w:lh a 1hlck layer of sand ca]led
“Kalahari sand.” This sand layer dilfers from general sand layers in that it forms an environment
conducm, tothe healthy growth of some types of plants. The reasons are as follows:

+ Since the ‘sarid particles originate from the desed, they are chem:cally non-weathered and
contain some mineral particles rich i bases. Further, chenical “caihenng is occuiring due to
{he moisiure {n the sand layer arid thereby the inosganic nutdents afe being feplenished. In

- paiticular, the older age sand layer has been subjected 1o red weathering and forms soil rich in
clay .

+ A thick sand layer of 5 to 6 m taken all loge{her has a porosity’ tqual to or moe than that of

general soil. Accordingly, even during the dry season, it retains a considerablé amott of water

~ in its depths. This rises by capillary action and moistens 1hc area, lhough poor!y, near the
surface. Mukusl directly absotbs this decp moisture.

¢ 'Asand Jayer is s cxeellent in water penneablhly, 5o alevel of ground waler Imkcd withithe love!
“of the rivers is formed in alluvial land along rivers. Accordmgly, abundant water is r-.,tamed al
red a!wcl y shallow locations. :

' There are large pores at the surface however, and the surface thereforé is dry In paiticular, the
surfacc of the highland areas is remarkably dry during the diy season and was found to provnde a harsh '
“envi ronmenl for producuon of farm crops.

223, l:cological charactms(lcs

The rc[ationshlp betweéen the state of develo;)menl of the root systeins ‘of plants and ioistare
- conditions of the soil layer in the dry season was suweyed The survey rewaled the ocologlcal
characteristics of the forests, woodlands, and grasslands

Hesbs have shallow root systems, $0 the root systems die of become domant in the dry season.
~Fhe root systems develop and grow in the ralny seasons. Shallow-roofed trces become dormant in the
dry season. ' Almost all are' deciduous treg species. In alluvial plains anhid low terraces whith hold
“abundant ground walér, many trecs rémain green even during. the ‘dry -scason. On the other hand,
Mukusi, Muzauli, and other species which remain green yéar round or semi-year round are deep-rooted
spccxes which make direct use of the decp lying water even if the sand layer is deep and thereby remain
green in the dry season. Atlocations with shallow soit tayers or overly wet arcas where the fevel of the
ground water is high during the rainy season, even these decp-rooted species develop s shallow root
systems and like with the shallow-foot specics are forced to compete for moisture at the surface of the
soil. ‘These drop their leaves and become dormant early in the dry season. Bven at the hlgh!and areas, at
arcas where the sand layer is déep, décp-rooted Mukusi and shallow-rooted species ségregate in habitat
in the soil in the vertical direction, thefeby easing the compcm ion for water Under such conditions, high
stock fotests with high stand densities anid closed forest canopies appear. Thé same configuration is seen
evenin low terraces which are favored by moistuce the year round. Converscly, inlocations whete'even
deep-rooted specics are inhibited in rool growth (focations where the soil layer is shallow or locations -
 where the ground waler is too shallow in level in the rainy season), this vemcal segre gahon of habitats
is difficult, so the competition among {rees for water becomes fierce inthe dry season. Accordmgly, the
stand densuy and the forcst crown closure beeome low aiid forests ot woodlands wuh Tiitle stock: appcar



kX .AND USE AND VFGFTAT!ON AND STATE OF FOREST RESOURCES AND SOIL

31 l,and Usc and Vegeiaﬂon

This sui'»ey was conducted lhrough detcrmmalton and classification of ground stirveys and
interpretation of acrial photographs. [t was conducted in parallel with a later-explained land-use survey. .

As aresult, the state of tand-usé and v egetation for 500,904 ha of land was classified as showi in
“Tablé Yland maps of land-use and vegetation (1/50,000) were prepated. -

: This survey revéaled quanmalwcly the fact that the distribution of vegelauon has changed greatly
{tom thé past duc to bummg and the dry climate.

The most \wdely sprcad typeof vegelahon is lhe woodlands; Next comes aﬁtﬂcua] ly degl‘aded trée
- grasstands, Even in Forest Estates whwh had previously been forests, there is as inuch as 54,000 ha of
these tree grasstands. This shows the area of burned forests and corresponds to 42% of the entiré area of

~ forest Estates. It starkly réflects the severity of fotest fires. :

There are 33,000 ha of riatural trec grass!ands The dly climate has becn accompanied by an
inereased arca of flood plains (mcludmg dambos), marshes, and tributary valleys which rie longer flood
even during the rainy season and grasslands in which trees are begmnmg t6 enc roech

Table YI Present condition of land use and vegelation

Land use and vegetaiiqn | Area
Forest T T T 86021 ba (17%)
Closcdwoodland . 1s3,152ha (1)
- Open woodtand R _ : ‘43383 ha  (9%)
- Mupane tree grasstdnd -~ _  30824ha (6%)
Natural tree giassfand SN _ _ . 33,548ha . (7%)
Amﬁmanydegradeduee grassland | . 105,962 ha - (21%)
Naturalgtassland ; . ARk @%)
Familand o S 0 s 3 25,'54:2 ha - (5%)

3.2.  Forest Resources - _
‘ The suwey of the foresl re;.ourc:es revealed the amount of the tesources in the rcgaon for the first
~time, - :
T‘hc total resowoes were found to bc l6 179 3315 m‘ Note that the total forcsl IESOWICES Were
found to be 8, 20! 580 m? and the lotal résources of c1osed woodlands were 7 978 255 m.
The tolal stock of Mukusr was 4 061 683 m’ Of thls, k) ‘234 215 m* was on l*orest f‘,stales

~ During lhe survcy, preparaum was made of standing tree vo!ume tables for the Mukusi and
Mukwa and crown-yolume conversion table (aenal stand volume table). These materials may be used
forall areas o 7er which Kaiahan sandi 1s dlsmbuted inthe south-westermn pomon of Zambia in the future.

* Note thal the Forest Inventory Book and forest resource maps (1750, 000) have already been
oomp!eted o



The Forest lnvcntory Book lls!s the arcas of each forest compartment, total stock, Mukusn stock,
Mukusi mlxlng rale, crown dmstty ¢lass, crown diameter class, site index, amount of middle story trecs,
and soil types. 1t can be able 1o be pul to effective use in micthodical forest managerent.

Note that the state of the forest resources and vegetation is appended at the end. (Table Y2)

3.3.  Soil

The so:l types were classuﬁed in accordmcc with the FAORINESCO “Scu! Map of the World,
Revised Legmd (1988)" and subclassmed by soil COlor

* The survey found that the soil types wer¢ orangc ferrahc arenosols, roddlsh ferralic annosols
yellow- -orange ferralic armoso!s haphc arenosols, albxc arcnosols, aid gleytc arenosols.

‘ Pultmg togcther thc findings of the survey, the nccd for ground coverage in the Mukusi forcsts and
the detcrioration of the soit accompanying the continued bummg were revealed.

The dls!nbutmn of the iypcs of soil was shown in the soil maps (li’SO ,000).

4, SURVI‘,Y FOR FORMULATH\G FOREST I\iANAGEM ENT PLAN
4.1. Sun'éy for Resource Management

4.1.1. Preparation of yleld tables

The following factors were analysed for the preparaﬂou of the yle!d tablés essential for foust
management:

+ Relalion between the diarmcter at breast height and the trec height
+* Relation between the diameter at breast height and stand density
. Rchuon between the diameter al breast height and forest stand volume by layer

"+ Relation bcl\\ten the diameter at breast height of dominant trees and the forest stand volume of
the lmddle layer trees '

+ Refation bctw ecn the diameter at brc,asl height and the l‘on..s! age
. Re!anon betweent the tree height and forest age '

. Relatidn between stand denéity and forest age

* Volume growth curve

+ Relation bet\\cen forest stand volume by laycr and l'on,st age

“The yicld lab!cs for different site classification were prepaw:d for Mukusi forests with closed
crowns through the above analysis, The yield lab!es may be used in all arcas of the soulh-westem region
covered by Kalahan sand
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4.1.2, Fmdmgs in resotiree managemont rcwaled from yield tables

. It was forind that the culhng rale, when consulenn g only the suslamed ylcld l‘rom lhe quanmatwc
slandpoml would bé aboul 20 to 25% i 20- year-cycle se lective culling, Furlhcr, the gmdelmcs forthe
amotint of allowable harvésting and themethod of créating starids with the maxintim stock in the case
of culting just large dianieter trecs were reveatéd. Furthet, stands with stocks of over 75 m'ha have
naturally dwindled to about 35% of the stock of over 75 m’, Accordingly, it became clear that growth in
each stand could be sustained by selective cutling of the amounts calcolated by the following formula in
the corresponding cases: _ .
AV =035(V-15)
where, V : stand slock (m’fha)

The mixing raho ol‘ mlenmxtum of Mukuan saplmgs in the young forcsl tre»s howevcr, is
succecdmg lmes andthatthe problem of sus!ammg itie forests canno! be solvod as long as (he practtce of
buming conimues : -

4 1.3 Resource management as vle\\ cd frotiv existing resources (Forest Estatcs)

" The amount of Mukusi bcmg cut each year is 13 0{){]~I4 000 m’ interms of slandmg tree volume
'llus assumingly will be continued in the future. :

There are 10 223 ha of stands with the mixing ratio of Mukusi of over 50% and closure by large
diaimeter trecs which serve as candidates for cuiting. The stock there comes to § 999 988 m’.

: Thcn,fore using the discovéry that the fate of cutlmg when COnSIdermg of ohly ll:e sus(alncd yleld
-~ from fhe quantitative standpoint would be about 20 (!0 25)% by 20-year-cycle seléctive cuuing, the area
o reqmrcd for continiied selective cutlmg of 14,000 m’ a year was calculalcd The rn,sult was that 356 ha
“was nieeded ev ety year or 7,120 ha over 20 ycars. : o

This 7, 120 ha area consutules 70% of the prewously calculated candldatc arca for cuthng, biat
‘would easure cutting of Mukusi in the future as well. Accordmgly, 1t would bc possnble 16 sustain the
“forest resources in tenms of quant ity. : : ~ : :

“The mixing ratio of Mukusi saplingsin lhe young fomls as a wholc howcvcr is low and excessive
buming (forest fires) has caused a scarcity of young trees of Mukusn to serve as succeeding trees.
Considering this fact, if Mukusi is cut, thess the number of Mukusi w1|l be reduced by lhat amount and in
the end Mukassi forests will change to siands dommatecl by other speclcs for cxample Mwangula E

© Accordingly, cven if it is possible to maintain the wlumc of forest resources in the future, the
; conclus:on is drawn that it would be difticult to sustain forests ol‘ a useful quality wnhout greater effort
in prol:fcmuon such as raising young MukuSI trees. : .

4.2, Soc locconomic Surv ey for Local Dey ('lupm(-nt

'I‘ms SUrvey was conducled to smoolh the lnlplemematlon of !hc forest managcment plan and
‘consisted of interviews in l‘our villages' and 20 fann heuscholds Puﬂher a survcy was conducled of
‘:awm:lls and pllsawmg - :

4 _2 1. Soclooconomic characterlstic's

' Thereisare l\\ocoex;sllng systems of govemmg in lhe counuy thal by the tnbal chle fsand that by
the gavernment propet. It was found lhat !he subchlel‘s are h:ghly respected by the pcoplc and sérve as
informal adwsom to them.



Under thc systeim of tand ownership, national land belongsto the president. The w estem province,
however, canslitutes a special rescrvation where the Lozi tribal coimmon law (Barotse Royal
Eslabhshment) prevails. The fon,st land is ‘divided into “lradltlonally used Jand” where pref‘crencc is
given to custom and Forest Bstalcs managed by the Forest Departinent where the Forest Law is given
precedence. Forct Bstates, it was leamed; are viewed by the tocal resideits as places whcrc they were
driven out fror and where ihcy harvests have been reduced. -

, The syslcm for protccuon of the foresls alao is consﬁlul»d by Loza tribal common laiv and the
Foresf Law. Undcr tribal Jaw, cnnmg of fmlt irees is prohlblted hmher, spmal species of trecs are
prolectcd under both lnbal law and the Forest Law. Under the Forest L«‘\W, chanoai making is pocsd)lc

‘when authonzed birt thls is pmhlb:ted uhder tribal law. As a result, there is no official charceat making
in the “estem provmce :

4.2.2. Vilia‘ge and farin household strvey

The survey of the four Villages covered the economic circumstances of the residents and their

harvesting of fuel. The surv»y cnableda graSp {obe obtamcd of the state of harvcshng of fuelwood (dead

" waod) as fuel. The decting in pmlpltahon in recént yéars has caused harvests of crops to pluiimet and

has resulted ih food ‘shotlages. Overall ‘2 large number of peoplc are findifg it dtﬁ'lcult to feed
themselves.

The survey of 20 fannlng houscholds covcrod the siate of their productlon activities and clanﬁcd
the circuuinstances of simall-scate famming. A shortage of farming eqtiipmcnl was found. The néed to
‘improve this sitnation dnd provide inore ploughs wis pointed out, '

- A survey was also held of the <pec:es of trees used for fuelwood, lhc spocies used for housmg
matesials, and the species used for harv esllng fruitanda grasp was oblamcd of pcrbons with experience
in planting {ruit trecs. _

Thn:’n'l'gﬁ‘ these surveys, the need fdfhﬁﬁné'thé"sen'iof clﬁéfs midersla'rid and cooperate fin'fbresi
managcmenl was found. lt was confinned that agroforcsily was unportam in this nglon '

4 2 3. Commercial utlhsaﬂon of Mukusi and Mukwa

A suivey was made of the sawmills to study the ullllsatlon ofwood and df:lem)mc the tm\ds and
state of the same. S .

, 'Ihc sa\mulls of two compamcs were found to be. usmg mlcgralcd producllon systems stanmg
froth the culling of standing trees (0'the production of Tumber. Most of the Mukusi production was
concentrated at one company. The other company was planning 16 shill to production of Mukwa: The
two companies employed a total of 430 workers so have little ability to employ Iarbc numbers of
workers in the region. :

. Mukuisi is mainly used for railroad sTeepen, and add monally tised for ﬂoorm gand panel plywood
One ofthe compames was expomng 30% of its production and selling the resaining 70% domestically,
while the other was éxporting 50% and selling 50% domestically, Mukwa further has come into
increased demiand i in recent years as a furitute material and constitites 40% of the exponod matcal.

- Demand for wood is slugglsh and there is little pmspccl for increased production or increased sales.
Theref'orp lhc !bcu:, is now on processmg Mukusi logs into pancl ply\xood s0 as to'achieve mote
eflick cient pmcescmg of “ood and cfeclive ullhsal:on of resources. This sun‘ey Sludfvd the prospecis for
“utifisation of wood in the future and pomted otita nead for formation of resources for the future.

A survey was also conducted of pitsawing, that is, the production of lumber from Mukwa. The
scale of produiction was small and demand also Jow, but thers is room for expansion i the future.



4.3, Sur\'ey of Siiﬂcullural 'Syst{-m

43.1. State of gromh of man-made foresls aml nalurally regc-ncrated forest

Mcasurements Were made of lest sites ofdlrect sowmg and !cst snlcs of plantmg of pot p!an(s
approximately 30 years old. As a result, it was found that the direct sowing approacti s was cffective for
aforestation of Mukusi. Mukusi grows (o a height of 5 to 10m and a diameter at breast hclght of Sto 11
cn when 30 years old, Furiher Mukwa may bé inferior to Mukuist ternms of number of standing trécs,
but can be expected to growtoa hcigh! of 9m and a dlamcter at breast height of 17 ¢mwhen the samge
30 years old. Note that the problems iti aﬂoresiahon sing pot plants and measvires against lhem were
-also clanﬁed

A survcy was also madc of the rool syslems and important information provnded on lhc gmmh
characteristics of Mukusi and Mukwa. : : :

43.2, Cuttmg and regenoralmn of nalural forests

Malenai regardmg the statc of reguncrahon of nalunl forests from 100 locahons was analysed angd
the situation clarified. Fuither, the process of extinction of saplirigs due to buming was traced and a
quantitative grasp was obtained of the impact of buming on natural regeneration. Furthet, the 30-year
process of growth of Mukum £rown by regenerahon hy naluml Sa,cdmg was clanﬁcd

.- The amngemcm of stunips was measured in cut naluml forests and the lmponance of leaving
behind seed trees was poinled to.

4.33. Wood transgort roads hrebreaks and managenmnt s}slcm

A sludy was made of the roles and standards of forest roads and spur roads in relation lolhc cullmg
~of wood and its transport. A m.ed for a road network and management roads serving also as fircbreaks -
_was found.

Further, a study was made of the system of fora st managcmenl and lhc necd for lmprovcmcnt of
" management functions was pointed out. - -

44,  Survey for Larid-Usé Management _ | o
. The region is bemg utilised in accordance w:lh the. land cond:tlons for forusts, famﬂand and :

pasturdand so0a sur\rey was conducted for the purpose of c(arofymg Ihc best method of uhllsahon of the
land based on the natural site characlmslrcs

44.1.  Site classiﬁcaﬁon

The land conditions of an approxnmately 640,000 ha arca including the surveyed region were
classified and the characteristics ol‘ the sntes clatified,

442 Land charactcrisllcs 'a'n'd the gromh‘of forest l'r'ees" ;L

A study was made of ihe rela! ion between !and chamc{ensilcs and |he gromh of fomat trees, the
relation betweén ground waler lev cls and plant dlslnbuuon dlﬂtl‘fﬂé‘@S bclw cen forests and \% oodlands
with regaid to plant growth patteins, and changcs in plant d;slnbuhon asa r-,sult of an mcrgasmg dry
chmaic 4



Table Y3 Classification of land condition

Flood plams and low terraces along the river

Flood plains and low terraces along the Zambezi Rn er

Low flood plains
- Middle flood plains
~ High flood plains

‘Low teriaces

- Flood plainis and low térraces along Zaimbezi Rivét tnbltaries

* Low flood plains
Channel of flood plain in rainy season

Concave and dish-like slope of diminishing gradient in flood plam '

lilgh ﬂood p!ams

- Ceoncave and valley-hke slope of dmumshing gradlent

" Low teiraces
Mlddfe and high Ierraces |
Overly humid places in back of plateau
Marshes
Wet piaces '
High plains around the marsh
" Thick Katahari sand layers
: Dis'!ribugion- area of omﬁn‘ geto rcddish sand 1a);er
Thickness of sand Iaycr ismore than4 m
Thlckncss of sand layer is lcss than 2 m

Bare area of subsoﬂ Iayer 7

" Distribution arca of IO\\ terraces a!ong Zambezn Rn er
D:sfnbuhon area of fleod plams along lambezt River

E Dlslnbunon area of low letmces along fributaries
Dls(nbuhon area ofﬂood plams along tribirtaries
Dls!nbuur.m aréa of mtddh, terraccs

Dlsmb_ullon area of hlgh terraces

" 21454 ha

24,136 ha

: - 56,701 ha
: 103421 ha
: _309,939 ha
: 119,048 ha

(3.5%)

(3.8%)

(8.8%)
(16.9%)

‘(‘4'3.:4‘%)

(18.6%)




5. FOREST MANAGEMENT PLAN

Th forests and weodbands of the ro.gion pnmanly the Mukusi foresis (Zamblan teak forests) i in
the sotth-westem r¢gion of Zambia were ccotogically and enwronmemally gmsped A study was made
of the niost suitable approach for forest management based on 1he smcnnﬁc composilio, state, and
features and guidelines were given and re¢commendations made as fo necessary niatters.

5.1, State of Siand Stack and Causes for Deslruthon

- The foreat survey revealed that the stock and aica of stands wh;ch can real ashcally be utilized are
extremely small. Here, if forests with stocks | per ha of over 75 i'fha ard defined as cutlable statids, then
the area would be just 32,000 ha (25%) ofthe 120,000 ha of Forést Estates. The average stock per ha is
a small 156 m¥ha as well (80% of standard) Note that arong this, Mukusn has a high voliine
occupancy in forcsts with a high forest crown closure. In stands with closed forest crowns, Mukusi is
intermixed at a rdte of about 55%, but in stands with a low degree of closum, it is mlcnmxed atarateof
less than 50%. -

" At the present lnme the total stock of the cutiable stands of 32,000 hais 4. 95 miltion m’, of which
Mukusi adcounts for 2.67 million m?, Assuniing that this stock is obtamed in80to 100 yeats, the anmial
growth (harvestable volunie) can be roughly catculated to be 50,000 to 60, 000 mifyear for all species
and 27,000 to 33,000 m¥%year for Mukusi. The current demand for Mukuisi logs is estimated to be about
13,000 to 14,000 m¥/year in tenms of standing (ree volume, $o lh;s culting demand is under the
naximun allowable level even now with advancing forest destruction.

Nonnally, excessive cutling is menlioned as the cause of forest destruction, but as mentloned
above the amount of culting is under the amount of growth. Even if there had been a large amount of
culting in the past compared with now, healthy forests should have grown by more than three times the
current forest volume, so the cause could not have been excessive cutling. Accordingly, the forcst
destruction may b considered to have progressed due to cavises othicr than culling, The first cause taken
up here is forest fires spréading from bummg :

52.  Cutling Yield

5.2.1. Cuiting method _
. Inuniform man‘made forest belfs accompanicd by clear culling; effort is being made to sustain the
forests for the region as a unit. ‘However, within natural broad- teaved trees, regenéralion is under natural
conditions, so forests are sustained in units of stands. Cuiling has tobe pcrfonncd in a manner enabling

" the continued existence of sced trees or succeeding trees. For the cutting method, selective cutting in
20-year cycles is adopted in cons:demllon of the cutting eﬂmency

The objecmc in forest management is o maintain stands Whl(‘h are close tothe 1deal forest state
and bring destioyed stands to close to the ideal forest state, As to'what constitutes the ideal forest state,
a look at the forest composition in (he case of healthy Mukusi broad- leaved trees shows that there is a
characteristic tendency for there tobe a greater nurber of trees the smatler the tree diameter and, even
in the dominant tree group, for thére to be fewer trees the larger the diameter. That i, . when cultingand
harvesting older trees in a stand, 2 normal compaosition is considered to be one whete succeeding trees
are successively prepared (in the form of a grealer number of young trees).

' 5.2.2.  Allowable amount of cutling

The allowable amount of culting, By common scné:-, must not be more than the growth of the
stand. Vicwing the state of growth of the stands, it is found that the ‘general teend is for the maximum



stand stock to bic exhibited at an average age of 8010100 years. After that (100 years ot ihore), the stock
declines somcwhal but a constant value is shown. Accordingly, the average growlh inthe cutlmg cycle
of years (Yc) is judged o be within the foliowmg range:

Avemgc growth AVe = - Yo (W 100) to Ye (V/80)

The yearly growth AVem of Mukusi in the casc of selective cutting of just Mukushi is |
AVem = =0.5Yc (V/100) to 0. SYc (VJSO)

For opened forests or woodlands, a siand of V 2 ?5 (m’fha) is consu]cr;d thc culiable stand and the
allowable dmounts of culling AV (all spec les) and AV (MukuSI) in 20 year cycles beco:m

AV, <0.35(V - 15)

_AVm’ -*OIO(V 75)

523. Large su'c'ce-edi'ng; {rees to be left and seed trées

Atthe present time, the only guldetine for allowable culting is thc diaimeter class, Inthis case, even
if trees of a cedain diameter class or mote are cut, lhere should be rio problem ini enstiring tree seeds so
long as a large number of trees of smaller diametérs are left ahve Undet the preserit ules, trees of a

- diameler at breast helght of over 30 cin niay be cul. This report atgues that this standard should be raised
6 40 cim from the viewpoint of improveinent of thé yield, but even if this rulé wers observed, it would
* not be enough in thét the stirvival of succeedmg trees and secd trees would not be guarantced

When consndenng the contlnuatlon of a sland such a dianieter standard or allowable cuumg
volume is unsuitable as a standard of allowance. The question is to what extent large diameter trees (here
meaning trces of diameters of at least 30 cm) able to serve as seed trees remain afler cutting. Here,

~ considering the fact that the dnftablhty of the seeds of the Mukusi is at niost about double the spread of -
the tree crown, to mainfain a inixing ratio of at least 50% in the staiids in the futuce, it is considered
fnecessary that at feast 30 trecs of diameters of over 30 ¢m {trec crown aréa: 90 m?) remain per ha.
Ideally, the mixing ratio should be closc to $0%. In this case, survival of at least 50 trecs/ha is required.
Accordmgly, if 30 seed trecs cannot be left slandmg per ha, then it is neuessary 1o prohibit culllng or,
when there dre few saplmgs or youiig frecs able to serve as succeeding trecs, that is, fewer than 100 per
b, o reforést the stand (refomslauon by direct sowmg) or necessary to make uforesla!tox: intthé cutover
“land obl:galmy :

5:3. ' Reforestation and Managemenl

ln this region, thero are large arcas of forest land damaged by fire. There are 50, 000 ha of alinost
treeless forest land in the Forest Bstates alone. Restoring these aras to forests once againis importantin
- sustaining the resources and environmental protection. Further, raising the mixing ratio of Mukusi,
Mukwa, and other useful trées in the forests is necessary as a resource measure. '

The following would be unportant as means for reforestation to r;alue lhls objective:

. Thcrc isa gn:at posmbxhly of strain bemg caused in the sced tree composmon due lo scleclnc
cmlmg of Mukusi in the forests and for a danger (o ihé continivation of Mukusi. It is necessary (o
provxdc iechmcal assistance for regencrahon of Mukussi by natural seedmg and to artificially
gmw ‘:aplmgs in the forest by rei‘orestahon by dlMl sowmg

. In f‘orc,si land wherc lhe fﬂ[‘b-Sl crowns arc open mcmsed p!ammg of saphnga. and growih of
succecdmg lrecs miist be promoled by n.fonstalmn of Mukus: by direct sowmg

O Rtis ncccs«:ary to develop creative numng technlques commensumle wnh the ¥ emcal roolmg of
Mukusi.

-



+ Mukusi and other climax species are belicved to be strong innature as semi- tolemni trees when
lhcy are young and saplings. When tiying to rmgcm,ratc forests in (recless ancas or ex(rcmely
open areas where the direct sunl: gh! is strong, it is cruclal to firstintroduce intolerant species
(species comprising woodlands sﬂch as Mukwa) and when these have maticed to a 'cetlain
extent afid a shaded environment is fonied, then introduce Mukusi and othér climax species
(re forestation by direct sowing: 100 to 400 trecs/ha). :

¢ ltis necessaty to develop techniques for the ereation of preccd ing covering (rees.

Up to now, cons:dcnhon has been given 1o managemenl of n,forcslahon focusmg on the
continvation and regericration of forest, In the mventory books, the stands are clasmﬁcd taking nolc of

the iivignitude of their forést crowh cove ragc (D » D), the ma gmlude of thc size of the individual tree

crowns comprising the forest crowns (C,, C C) and the site indek (11, llz) so specific facets of
management of reforestation were shown for cach individual stand das&ﬁcahon (€D 1, C D, H

C,D,it, CDMH,).

54. Soil Conservation Measurcs

The sonl in th|s reg:on is noi mherently fertile by any meems b lhere appear to be large areas
where the local resuienis depends on the fetility of the soil for cultivation and livestock raising. Tn fact,
however, there is a contradiction in that the residents themselves ate causing the fertitity ofthe soil to fall
by burming off Jand and overgrazing while not being aware of ihis. It i is important that they unclemland
the imechanism of soil formation and take steps for ils coriservation.

5.4.1. Basics of soil conservation

Vlcw cd overall, the central role in nnmlammg and promolmg the functions of the sml is p!ayad by
~ heibs. .

(1) Soit erosion and herb coverage

Ifherb coverags is lost and the surface of the soilis exposed, raindrops d:reclly slnkmg lhe surface

- will cause a deterioration in the soil quality. Healthy soil under herb or leaf coverage has a large

.

infiltration structure and allows watér to infiltrate into the soil, but when the surface of the soil is exposed

and struck by direct ramf‘all (including tree crown rain), the infiltration structure at the surface will be
destroyed to thereby cause a reductlon iii the infiltration. As a rusull surface flows will occur and soil

- crosion will be caused. Bven in Zambia, there has been remarkablé devastahon catsed by so:l grosion in
ted soil arcas where the herb coverage has been destroyed by overgrazing and burning. To avoid this

sttuation, it is nocessary that the surface of the s0il be covered by sonie sort of buffer against rain drops
so as 10 protect the surface stnicture from their destmclwe force. This prolcchvc role is pldyed by the
layer of fallen leaves and fohag» of the hetbs.

2) Leaching in sandy so:! formation of pans, , and herb c'di'eragé

If there is no p!ant coverage, the sandy so:! is exposed, and water slnkcs the sml d:reclly, then the

_bases, iron, and other weathering substances and organic inalter which had been held at the outside of

the sand p'mtdcs arc leached out and a situation occurs where onty the rock- tike sand pamclcs which
are poor in ferdility (white or gr\.y inorganic sand particles) remain, Such a layt,r of leached out sand

padticles has a sirong acidity. If it covers the swiface of the Soil, then even herb-like plants, which have

a strong ability to profiferate, will be hmdered il growih and recovefy ‘of the vegctahon will becoine

- diflicull. Thereford, once leaching oceurs, this phenomenon sprnads and in some locations white layers

of mote than 20 cm thickness are found.

-12-



- This whitehing of the surface soil is accompanicd with not oily chemical deterioration; but also
movement of fine particles feeed or sispended by the leac‘hmg to the lower layers. There is a problem in
- that these cause the fopmation ofan impernicable| pan at locanons ofa depthof 3010 S0 cai. [F: sucha pan
s l‘onned ata relalwely shallow location ef the soil; then mﬁllrauon of the watcr to the deep p'uis of the
- soil will be inhibited even with the precious ramfall of the rainy seasous and conversely a Ia)u of
' slagnant water will be formted at the surfice layer to cause an overly wet statc. If this sitvation occurs,
then even if Vegela{ ion regencrates and there is a recovery in intermixture of hunwus in the surl‘ace soil,
there i$ a good charice that the forest will ot retiim to a good quiality. It is believed that desertification
and formiation of savannas occur in this manner,

(3) Repleiishment of soil organic matter (lnuimus) anid herb root systems

~The fertitity of sbit is expréssed by the contenit of the hiumus at ihe soil surface. The hunius is

~ derived from the residue of living niattef, in parucular p!anls Dut wiore dircctly is derived from the
- residuc of root systems distributed in the soil. Tl¢re, a comparison of the fing aiid small icots of the trécs

and herbs in the soil shows that the dcns:ty ofthe herbs is 20 to 30 tinies that of the trees. Fuither, the root

systems of herbs are shorter in liketime, so the residue is supplicd to the humiis layer on a yearly basis.

Thatis, the fedtility of the sm! i the short term of on a yearly basis may be considered {o bé supported by
the herbs.

Noté that s6il contammg humus oﬂm dlsplays rusmlance to thc above Ieachmg

54.2. Guidelines for forest management considering soil conservation: coexistence of herbs
and trees - :

When forests are bumed and the resultant land is used for shlﬂmg cultivation, the femle soil
formed during the forest period becomes a source of nutrition for the crops, but many people appear to
betieve that the huinus which had seived as the storehouse of the fertilizer components is created solely
by the trees. The diréct supphcrs of the humus layc'r which supporls the feutitity is, however, the herbs.
Further, it isthe herbs that protect the physwchemlcal properties of the soil. If lh(‘!‘b isno undergrowlh of
herbs in the forest, then rich soil will not be fomlc(l or suslained. o -

If the rol of the herbs i m snpporimg the fcmhly of the soil is understood, forest managcmcnt from
an envnmnmcn!al wcwpomi <hou|d end up by consequencc promotmg ‘of the coexistence of trecs and

.....

5.5, : ﬂrcPrévenl{on Measures

Ther¢ is progeessive destmcuon of the forests by fire in the south-westers region, Not only are the
arcaand stock of forest land declining, bul there has also beén'a shatp drop in the mniber of saplings and
young trees of less than 30 years’ age. Managmlenl of lhc natural forests includes observance of
su1table amounts of cultmg or silvicultural opemhons sd-as to ensure sustained gromh of healthy seéed
trees and succeedmg trees, but forest [ires cause the extinclion of the critical saplin gs and youn g trees, so

' make all of tlns pahent forestry work meamngtoss

‘ l) llerbs and burnmg

'ﬂw facl tha! the soﬂ enwronment is sustainied and restored mainly by the herbs appears not to be
understood This ¢auses people io i‘cel easy. abom eradlcatm g them L ocal remdents should bc madcv to

.....

;should bc made to protecl ihe growth of hcrbs in fon,sl land, culuva(cd cutover laiid, and pftslumland
'and in'fum observe 6rdcrly bummg



2) Bushes and burning

Most bushcs are dangerous p!ants wnh sharp thoris, s0 are COI]SIdCl’ud ncgame in valm, Fuither,
they have stenis whlch ‘while thin, are extrcmely tough and pllan( 'so cannot be easﬁy cut. In this
respect, buming in the niiddle of the dry season or later for the pmposc of erad:catmg bushes cah be
understood. To enable safe cutling of thomy bushes, it is necessary 10 inteoduce !ong-handled bush
cleaners. Cutting should be performed in coinbination with buming so as to prevent buminig from
spreading to forest fires,

3) Recvaluation of efficacy of butrning

Various objcctives are given for bummg Omcnally, almost afl bummg is evalualcd as bemg
.uscful In fact, however, it inflicts destructive damagc {o the forests and the natura cnwronmenl ofthe
forests. From the standpoint of forest management, first pnonty should be assngncd to sn:ppmssang it.

Evenifbuming such as carly buming is somewhal justified, if performed very fi requently, it wold
appear to the general poputace that burning was a socially acceptable practice. In recent years, tocal
residents have felt freé to buim ofY land along with the spread of devices siich as matches aid tighters
enabling fires to be easily started. Thisseemsto bea causative faclor behind the greatet inmdcm of fircs.

In the fields of agncullure animial husbandry, and pre\enuon of discase, bnmmg is acmally
justified, bt one feels that the time has come for the eflicacy of this to be reassessed and a study made
of how this action is perceived in the minds of the general populace.

5.6. lmpro\'cmcnl of Infrastructure for P‘orcst Management

The following infrastructure is necessary for maintenance and management of hicalthy growlh of
the forests and iheir efficicnt utilisation in kccpmg with the needs of modem society:

+ Transpoit ve hicles, rmds {forest roads and spur roads) and bu!ldoyem for road construction and
repair, :
. Managcmcnt roads servin g also as fircbreaks: Conslmchon of management roads serving; also '

as firebreaks (6 m wide) atong the baundary between the forests and other land-use so as
: smround the forusts Dcploymenl of bulldozers as machmery for (:onstmcuon and mpalr : '

v Foreslry machinery and equipment: Provision of small—swed forestry equipient such as
. hatchets, sickles, saws, axes, spades, and saw shaipencrs and deploymentof smallsrznd fomstry
machmery such as long handled bush cleancrs and chain saws. -

+ Sced storchouscs Securing good qirality’ seeds for reforestation by direct sowmg
* Establishment of sced storchouses (with air-conditioning) for them.

57, ilinkage of Forests and Local Rcsidéuls

- Large diameteér trees; the main prodtict of Torests, are used pnmanly as material for !umbcr There
is no demand for them amouint local residents. Further; there is no systein established for the hiring of
local residents when culting them down. In this respect, there is a strong feeling among local residents
that they are being left out. Accordingly, even when old forests burn down, they dppear to feel Tittle
regret, . ,

Recently, the nnponance of the forests has been s{ressed in the world in relation to protectlon of
the environment, but this scientifically backed environnient theoty is hard to undersiand by and
- irrelevant 1o tocal resideits. I isa fact, however, that these hard {o understand changes intho ocologtcal
and environmental mechanisms are’ starting to threaten their livelihoods. It is most important to
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convince them of this and make them understand the value of‘ their aedarby forests, 1nclddmg
undergrowth.

"~ Note that when movmg loward actual unplcmenlal:on of forest managcmmt pl:ms itis neccssary
to fully ¢x plain the background and ndture 6f the plans to the organization of chicfs who will play 4 role
in this maniagement and sccuse their opinions and agreement. In particutar, there is a great need for this
in regard to issues close to the focal residents such as buming, agroforesity, and fuelwood forests.

The fol!ong counlenneasures are Considered necessary 1o inciease the interist of lhc local
r»mdcnts in 1he forosts: :

o I is cmcml !o changn, thmkmg lhrough education SO as to makc thc w.stdenls feel a scnsc of
closeness to and uSeﬁlllleSS inthe forests; but no Iminediate resulls can be ex pccled by llns For
anore dirccl elTecl a possmte shortent wenld be 1o set up some kind of incentive sy:.tun For
cxample the right (o harvest fuelwood or assistaiice for the digging of wel!s ablc 16 provrd:,
waler on a year rotirid basis coutd be given to ncarby v:lhgcs if there were o fires 1 in the nearby
forests and Wwoodlands for a certain year-long period. Altematively, assistance could be givento
modemisation of farm oqmpment of other practical incentives prowdcd

e In parailel Wll]l the abovc measures for prev cnhon of forest ﬁms rcfon,siatlon prOJecls couldbe
“fauriched and focal residents emp!oycd Since the area for reforestation would bé large, the
projects would go ori¢ for a lon g timé. Ifihe projects proceed stably, the residents would have an
increased opportunity to cam cth fronit the forcsts and lhcnfom would bccome niore interested
inthem.

5.8. Expansion of Demand

Al the present lime, Mukusi is used mainly for railroad slcepers. Future demand is expected to
shrink. Ifcorent trends continuie, then the amount of demand in tenns of standinig trees for sleepers may
“well drop'to even less than the bresenl On the other hand, if n,forestallon is procccdcd with almmg at
heathy forests; the fotal growth (allowable amount of culting) can be expccled to grow each year, so
 greater utilisation of the resairces will be dbSle Posmve ¢ffort is mqumd to devclop demand s0asto

*“solve this contrad:cuon '

_ Here, the importait !hmg in the lumbcr mdustry when mvestmg in saw: rmll cq\upment is \&helhcr
thercisa suﬂlc:cm amount of the avallable resoun.c fo warranl the installation of machmcry If there is
a certain amouiit of stock ofa resource il 4 certain area, then the machinery  can be used at'a’high,
eﬂ:c:ency How to process and use lhc produchon is a sccond issue with a broad range of available
opuons :

In 1h|s regard MukllSI is'a hard specnes of supenonty durability and is the spec:lee of thc most
concentrated stock in thé fon.sts of the south- westem region. This species can be evaluated as having
“sullicient conditions for capllal investment. The point is to develop and seize applications, Ifthis canbe
_done, then Mukusi should bécomme the number ong useful species for the sector of the wood industry
usmg nalural f‘ore.sts It IS desrrable to deve!op new demand takmg note of the propemes of Mukuss

Mukwa cnjoys stablu demand as a f‘umlmre matertal and hlgher added value procossmg ns bcmg '
targcled It is uncenam, however, if enough of the résource can be secured in the future if demand :
increases. In pamcular, it is unkiown how iitich ¢an be éut when considering thie need to leave enough
seed trees for conhnuauon of the forests. This musl be stirveyed in the future. ¥

Due to the sh)w demand for “ood in Zambla lhere isa dessrc to mcrnasc expouts. At the present
hme expozta of raiIroad sleepcrs p!ywood cte. are bemg promolcd but the fultire is not ncccswmly-
bnght Zambia is an inland couniry fac fromn any seaport, so the bottleneck whcn considering broader
expons would bé the overiand transport. In this regard, it would be more advantagcous to transport
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higher added value lumber produc!s plywood, ete. raihcr than raw materials, but this would require
fuller market surveys and product development.

59.  Land-Use Management

There is aburidait ground watcr tinked with the water level of the river under the alhuvial fand, n
this region, the constitutes the best laid in terms of moistire conditionis. Due to the quality of the site, it
is believed that the low terraces (including the alluvial terraces in tributary valleys) arc belicved to have
been fertile locations with flourishing forests in the past. With human utilisation now progressing,
however, there are fann plots, villages, and pasturcland spread ovér the region. The highland arcas
which arc not so well blessed w;lh ground waler have become forests and wood}ands “Thie floodplains,
which flood in the rainy season, have bécome grasslands. In this nglon, most of the alluvial Jand is

OCmpred by traditional larids, 50 almost’ ‘all of the issues relatirig to fand- usc may | be conSIdend to
involve areas under the con!rol of the chlefs

“The crops cultivated inthis region wp mml now depended on the natural nutrients (humus) heldby
the soit for their growth. The famicrs ¢ut down the forests, bum off the vegetation; and use the résultant
cleared plots (stashes) for cultivation, The rutrients arc, however consumed completely after thre¢ to
four years of continuous culuvahon so the rcs:dents mov ¢ of¥in search of new forest land

HY gcncral in the mganlzcd shlﬂmg cultwatlon en gaged in arounnd lhe world, the: common practice
- aftér ending cultivation is to wait for the fann plot to retuin to its natural forest state and the fuilhty of -
the soil to be restored, then again cut down the trees and buni ofTthe land for cultivation. Accordingly,
in regions where sound shifting cultivatios is perfomlcd there should be farmi plots and forests (fourto
five times the arca) adjoining each other. In this regioh, however, the land is not being used in a manner
enabling such coexistence of farm plols and forx,sls

When cultivation ends, herbs invade even these areas and stari to’ grow, bul pcrhaps because the
residents do not knew about the miechanism for soil restoralion by hetbs, livestock is allowedto  graze on
it or sometimes the !and is bumed oft. Grazingbya suxlablc number of hveslock and smtabie bummg in
a manner allowing herbs to sul‘hucntly grow w ould promolc the regeneralron of new herbs, s0,donot

" have to be prohibited. However, in many cases, an exeessive number of tivestock is al lowed to giazeand
the growth of hetbs declines with cach passmg year. This 1rend isa problem '

Funhcr, excessive grazing and burnmg are bcmg couducled cven in thc fort,sls whcre large

- diameter trecs grow, so the soil is being degraded in many locations. That is despxte the soil feriitity
being apparently restored by the forests, the environntent is beintg w orsened. As a resulf, even at “hat
appear to be healthy forests and woodlands, the soil is exposed, the strface is leached out, and pans are
foaned at the mediumto low layers. The fetitity declines and barren land ofa qms: desert slale: appeam

‘Asaresull, not only does the abandoned farm plol not recover, bu! itis fudhcr r;duccd ih s!rength
'Thm,fore the state of cyclic utilisation of land spaces is not observcd The !‘ann plols and abandoned
fand just steadliy inérease, As a result, cultivators lose p!accs to go inthe alluv:a] plains and searuh for
new land in the highland forest belts. There, ho“ever they cannot enjoy the benefits of the ground
'watcr, so good farmmg cannot be expected. Resndents however, do not understand thns land
mechanism and appear to intrude into forest belts in'search of soﬂ wnh better nu{nents

- 'The [ollowing mcommendallons are made to deal w:lh lhe 3b0»e s:lualmn

+ Altuvial land is suiled for shifling cullwahon using land spaces.’ Abandoncd farmu plols
“resulting from shifting cultivation cven if feft aloné will i m many cases gradualty retumioa
forest state. Hcrbs will grow inthe early process of ugencrauon but to promole the restoration
of soil fertility; it i ctuctal that lhe nuimberof livestock aliowcd to graze on this be !\epl dovin io
a suilable level. In particular, care miust be 1aken wnh geazin g by goats asthereisa Iugh nsk of
‘ ox'crgra.nng
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* Since there is a shortage of the forests needed for réstoration of the soil fertility and fuchvood
forests are becorning short in supply as-well, broad-leaved tre¢ forests comprised mainly of
siall diameter trees wnh 20 to 25 year culting cycles should be created. By combining this
perodic cutling of broad-teaved irdes and shifiing cultivation, it should be passible to sustain

~ conlinuotis agroforwtw on ailuwal land.

* The forv.st belts in hlghhnd arcas are infetiof in terms of water conditions te alluwat land
although contammg some soil nutrients. -Accordingly, they are not suitable for cultivation.
Shifting cultivation in highland ancas should i in princi ple be proh:blted

. F]oodplams which flood duting the fainy season, are t‘crtdc, bul caiinot bc used durmg the rainy
season. The land enjoys good moisture conditions in the dry scason, howgver, so can be
seasonally used as farm plots. At the prcscnl time, they are not being used duc to the difliculties

intilling, but they should be pat to use as somewhat intensive farm plots by the introduction of
tifling machines. Further, these are’ locations with the most fourishing growth of herbs, so
grazing should prefcrentiaily be kept 1o the floodplain areas.

+ “Alluvial plains ofter_a_bt_mdant ground water for use. If ground water is pumped up, fertilizer

-~ “appticd, and the land tilled and iised as intensive fami plots, then it would be posstble to engage
in farm operations without even being affected by droughts. Fusther, a large area of the altuviat
plain satisfics these conditions. If full-scale agricultural production Were engaged in there, thén
harvests far execeding the demand of the local résidents could be expected. Funther, by

- switching over to stable agricultural productlon in this - waly, it is belicved that senseless forest
destniction would also be supprecsm Al the present time, thls wou!d be. impossible to

' unplemcnt in view of the fact that local residents have o cash mcome but it WOUld be desirable
to move thém 1o intensive Iand use in the near future.

5 10 Future Issuecs and Proposats

The lssucs whlch should bé pamculany stressed will be hsted here and proposals w:II be made,

- 5.10.4. Forcslation techmques I‘or restormg ¥ésources

*There is n,malkable forest dcstmctton in the south westem regton ‘About 40% of the area of

Forest Estates is trecless and 20% bas extreniely open forest crowns. It is nécessary to reforest thése

- areas where the forests are dlsappeanng 50 a3 to restore the forests. Lven forests which appear to be

_healthy are 511ﬁenng from strain in the composition of species, 5o reforestatlon is necessary to readjust

them. In traditional arcas as well, ‘reforestation for raising the mixing ratio of Mukwa in the woodlands,

fomzauon of forests for restormg fertility to the soil, and reforestation for fonmng fuclwood farests are
necessary. Along with this, it is nccessaty (o form groves of fruit trus requmd by re51dents

Among the reforestation techniques for lhts al the present time, only eéforestation by dlrect

- sowing is being |mplcmentod Methods of pursing and methods for growing young trees individually

for species and sites of conirse and the systems for the same have stitl not finished being developed.

'Fmther, there aré many aspects of the ecosystem of the foicsts which remain unclcar afler the current

;n,scarch There }s much for wluch follow- Up surveys should be perfonned over the commg years.
Surveys i and ﬂtudlcs on reforeslatton w:ll be nccessary to selve these problems.

5.16;2‘ Wobd Vuliiisat:i"nn and :t"or'esf m'aha'gcm'ei:t -
Since specific spcctes are mostly cut in forests for industrial wood production, strain occurs in the

compc-smon of the regcncmtcd species. It is necessary to bear the cost of forestation (including
-~ forestation in the forests) so that “the sfrain caused by harvesting is corrected by (he harvesters.”
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Effectivé from 199‘5 cultmg fees are bcing received from sawmdl opcralors curiently engaged in
cu!lmg Thls moncy should be used for reforestation.

5.10.3. Managem'cnt of Muk"wa-mlxed woodlands

Mukwa seeds havé a large dri ﬁabxhty s0 do not requm, as many seed (récs as with Mukausi, but

S CVEN SO itwillbe necessary to leave about five trecs/ha. ITthere are Iéss than five farge teces of diameters

of 30 em, then cven if the other conditions for allowance (diametcr class of over 35 ¢in and cutting
allowance of 20 to 25%) are satisfied, there shou!d be no culting.

Mukw1 and olher intolerant lrce - spemes are mosﬁy shaHow rooied Compared with the deep-
rooted Mukusi elc,, they are believed easier species to nurse and piant Atthe prcsent time, forest fires -
have created broad areas of lrcclcss land or extremely open land, but regeneraiton of the forests in these

locations would probably require first starting with mtolcranl trec species and crgatmg a woodland
condition rather than dlreclly plantinig Mukusi and others seini-tolerant trée species. I1is belicved that it
would be wise to visc Mukwa and other useful species for formation of this preceding forest. [t is
important to plan for planting useful intolerant tree species not only in cxisting woodlands, but also in
the broader forest land

5.10.4 Managemem'of Mupane stands |

To establish a heahhy cyclc of cultivation and restotation of soil femhty in lhns region,
“establishiment of Tuclvood forests i the alluwal land (low !erraccs) Is necéssary. Alluvial land
represeits a good locatlon for trees in terms of moisture conditions, so refores{ahon woﬂcs should be

technically easy, but whatever the case since there has bech ho actual experience w;lh this yet, il is
:necessary o tackle it as a néw technical issue.

‘Onthe high floodplain in the south-eastern part of Seshicke, there is a wide ariea of Mupane stands.
It is estimated that over 50,000 myear may be added as firewood due to plant growth. At the  present
tinie, from the standpoint of preventing reckless cutling, charcoal- makmg ac!mltes aré prohlblted in
this region by the Lozi tribal common law, but it is Judged that there are broad avenues for use as

"~ firewood,

10 5 Prachcal apphcaiion of sur ‘ey findings ancl close Imkage with sntc

' The pnscnl Survey was dcsngned fo theow light on the basic requircinents for moving lo actual

foresi managenient and providing guidetines for the saime. Surveys, studies, and spread of technology

“for adaptation o local conditions and new surveys, tests, and research on areas still nof clanﬁcd will
beeome necessary for practical application 6f the findings of this survey. It will probably be necessaty '
to conlmue wilh imore techmcally oriented activities.

S 10 6 Urgemly requlred refores(auon tesfs

, thn consndcnng forest rugcncrahon pmjecls the most rcqu:red basm thmg is to pcrfcct the

individual techniques and systcms for the process befors the growth of young forcsts such as the
nursing, planting in the forests, refons!auon by direct sovnng, ete Al the present time, none of these
have yel been perfected. At this slage no specific plans ¢an be drawn up for’ fonna(ion of forests. To
enable quick developnient of these techniques, it is recomniended that nurbenes and expenmenl forcsls '
be established and the n.qmred techniques reafized. :
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6.  ENVIRONMENTAL CONSERVATION
The stafe of itic erivironinent was compated agamst the natural Slﬁlb ofa foresl atid points to be
maintained and polits to be rectified clarified. At the sanie time, ineasures neccssaty for the samie were

recomniended. A study was also made of the i impact on the envitonment of the forcst management and
land-use.

6.1 Stateof Land and Frmmnmcnt

In the survcycd region, almost al} of the cnvxronmenlal ﬁctors in play are namral The soutth-
westem region of Zambia has expeticnced a decling in its annual precnpualmn in the past 15 t0.20 years
and a continuation of dry climatic conditions. These are major negative natural factors, The prob!em is
that in the imidst of all this, there has recently also been a greater impact froraggrivating hurani factors.
In particular, there has been a remarkab!c decting in the fedility of the soil due to the destruction of the
forests by forest fires and ov ergrazmg

Note that these are problems relaimg directly {o forest managcmcht aind land-use njanagement,
. This was summarized earhcr so will be oniitted here, - SRS :

6.2." - Desertiﬁéatlo’n_ _

Thé region surveyed hias undergone at loast two periods of desentification in its paé:fhis'tbz'y The
decline in precipitation in the past 15 to 20 years is feared as presaging desertification of the climate, It
is cleat that the drop in the level of ground water accompanying this causes changes in the type of the

‘vegetation. Fuither, the decline in the soil nutiets and conversion of the soil toan inorganic state in the
‘desertification of the sand layer and the progressive destiuction of vegetation cavsed by biming and
overgrazmg which aggravate this miay also be pointed to,

Tt is accordingly rec01mnend<.d to restrict actions which would invite further n.ducuon of heibs
‘ both inside and outside the forests. Specificatly, clear objectives and arcas for buming should be
detennmed and these strictly observed. Further, grazing should be kept to the floodplains at times other
than the rainy season and the floodplains vsed as much as possrb!c even during lhc rainy scason so as to
keep tise of the areas of growlh (or polenhal growih) of lrues toa mm]mum

6.3. Conservation Measures Regarding Damag‘e by Burnlng

The fc!lt)wmg were recommcnded as nicasures to pn,vent fires:

* Promoting undcrxlandmg of lhe bencficial funclions of forests and natural wegetahon in
panticular herbs, and strengthening of eduitation regarding the damage caused by uncontrolled
bummg .

. Plammg of food bcanng trees to shmulatc m(ercsi in p:wcntmg foresl fires,

. Encouragmg tocal residents to engage in apicu!ture in"the forests and the cultwahon and
- production of forest by-products products so as to make lhem ﬁ:ahze the ne»d for preventmg
fires.

« Application of an inccn( ive system for villages around forests which have been protecled well
- for a long period.

« Fstablishment of a firebreak (bare strip) around the forests.
. Sircngihcning ﬁmﬁgh[ing capabilities (equipment and current budget).
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The fol lowmg were recommended for reassessnicnt of the eﬂ[cauy of burnisig:

+ A quantitative survey of the effects and damage of the currently aulhonz«.d various burning
_ praciices. ;

© ¢ A suivey of the psychologtcal eﬂecls of wmn!ty authotized or promoted buniing on' local
residents,

s Reassessment of the efficacy of burning through the above surveys and then taking spcc:ﬁc
steps such as toughmmg regutations, establishing a pmod of prohnbmon or cstabhshmg
prohibited locations.

- The fol lowing were recoimiiended as measurt,s for sustammg the fomsts

. Ralsmg awareness of the m1poriam‘e of suSIammg the foress, atthe Poresl Dcpariment and the
restof lhe govemment as well, and laking steps for reforestal ion.

s Takmg nieastires regaiding the foresis gra‘aslands and farmland stréssing sotl conservation in
the forests and taking steps io prevent desertification. :

Itis necessary to get the local residents away fromh suslenance fanmng in the ouilymg arcas and
change the surroundings in whlch the residents live to a commadily ecoroiny so as to enable promotion
of more intensive utilisation of land based o natural scientific conditions of the karid. 1t was pointed out
thatitis cmcrai to apen up avenucs for thé locat residents o eam cash and ai lhe %ame time to encourage
them to makc mofe rational v usc of the larid.

64. Othér Environmental Pheﬁomena

chardmg soit erosion, mention was made of lhe correlatlon with the reddlsh sandy sml aind
grazing by goats. : :

Concemmg the quahly of the river and ground water, tienlion was made ‘of the possibitity of
chemical pollution through future use of agrochemlcais and suspension po]lutton n,su]lmg from soil
crosion af feddish sandy soil areas accompanymg overgrazing,.

Tummg to the prolecncn of wﬂdhfL elc., ot was indicated that sclcclwe cultmg m nonnal fon,sts
would be a possible approach by the forcs{ry side, but ihat priority should be given nght now to
prevention of fires in the forests. ‘

As for air polluuon and global wanmng, mentlon was mad:, of the com.!al]on bctwccn fort,sl fires
~and ov crgrazmg and the decline in forest stocks.

65.  The Effcct of Forest Management on the Em'ironm(nt

A natural forest cnvironment can be considered 1o be an ideal environment. ” Since the Forest

Management Plan aims at the niaintenance and restoration of forests to their natuial state, the effect on

* the environment should be evaluated as being good in almost every respecl ‘However, since aretum to

a mtural state partially means a retum to a wild state, some adjustments in dcvdopmg fand use (fanmng,
grazing) will be necessary inthe mteresis of progress,
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