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INTRODUCTION

I.  Background and Biief History of the Siudy

According to the forest resoiirces assessiment compiled by the Food and A griculitre Organization of
the United Nations (FAQ} in 1990, the forest areas of the Republic of Zambia (hereinafier referred 10 as
“Zambia "} otaled 32,300,000 ha. During the teir-year period preceding 1981, this forest area decreased
by 3,630,000 ha, oratarate of 1.1% per year.

Zambian teak (baikinea pluruuga) which grows in the south-western part of Zambia, shall
hereinafter be referred 16 as “Mukusi.” The names of treés given it this report are Lozi names, in view of
the faict that the report is centered in the south-western region of Zambia, an area populated by the Loz
tribe. Mukusi forests are d:smbu!ed throughout the arca, but their reduction in recent years has been
remarkable.

Mukisi wood is widely used for railroad slecpers, bm!dmg mmenm's and furniture, in addition to
being an export product. These activities have created employnenf opporiunities for local residents, and
have been a source of income. Moreover, the Mukusi has played an iniportant role in preserving the
natural enviroment of the area, as the Mukusi grew déspite the harsh conditions itmposed on the area by
dnﬁmg Kalahari sands. Although a qualitative study of Mukisi forests was carried ont in the 1960s, a
guaniitative study was nol, with the resuli that the volume of forest resources and Mutkusi resonrces has not
been grasped. Accordnigly, basic data with respect to the forest stand strictitre, as w ell as the volume
tables aind yield tables required for the management of forest resources, are non-existent. If these dataare
nat purposed it witl be difficult to grasp the resources volume.

The custom of forests belirg bured by villagers and the numeroiis forf’.ﬁ Jires in national and local
forests (126,000 ha}, in which large areas are cavered by Mukusi forests, have fed to considerable

destriction.

During a 20- to 30-year permd the Mukusi forests dw mdled by more than 40% Even in fores! rhar
were spared, fires have raged, with most of the sicceeding treés being destroyed. The occurrence of forest
fires has been especially pronounced in recent years, this hueifermg with the regeneration of forests and
causing great problems far the preservation of reson rces. Inaddition to this, the relationship between the

" Forest Estales and the villagers has not been close, so that interest in forest preservation has 1ot been
- especially great. Thus, the relation betweeri | forests, laitd and people needs to be restruciired and the.

problem faced.

Recently, the climate in the soth-western p(m' of Zambm has !emh’d to bf’(‘OHl(’ df)', resuhmg in
“reduced agricultural harvests. Along with this, the chronic prob!e'm af fires is hastenin 18 the erpaus:ou of
desert land where vegela!tau will not grow. |

To cope with lhc above problem, it is ne{‘esmry to quanlitaiiv e'Iy grasp the forest condition by
collecting the latest data. Along with this, a forest managenient plan that mdudcs enviromnent profection
is needed. This is an emergency sitnaiion farmq Zambid.

1t was against this background that, in September 1992, the Government of Zambm requested the
Government of Japan 1o lmdermke astudy to determing the amownt of Zambian resources andio formilate
a manage.-nemp!a n. In respotise lo lh:s requiest, on 21 October, | 993, the Gm'ermnm! of .Iu]mn decided to
undertake this study after imaking pre!rmmmy surveys in May and Oc!ober §993. Asaresult, a penad in
which a study is to be undertaken for 20 months, fmm Anigust 1 994 to March 1996, was initiated.

Anmong the :mk foresfs where !f:e Mukasi tree is dommanf we will refer 10 these forcsls as Mukasi
forests.

2 Purpose of Siu;i)’

The purpose of this smdy is to stirvey me resoitrces of the Mukusi forests forme in the sonth-w: esten
region of Zambia, to prepare :'and -use and vegetation maps, and to draw up a forestry inventory book and

* !n rh:s rfporl ihe Nahorwl !'ores!s and Loca! J‘on"m it the Zambia I'oresr Law are referred 10 as Forest F states.
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soil maps. A forest management plan integrating the survey and study results will bé formulated.
Necessary technology will be transferred to our counterparis in Zambia through this study.

3 Study Avea

The study area is composed of about 500,000 ha in the somh western part of Zambia, including
Mulobezi and Sesheke {see Figure 1). ‘

4, Stady Team

The study team members listed below have made s survey trips ta Zainbia on the fo!!omng occasions:

Phase ll  (A) 7Augus! o5 September, 1994 (30 days)
“Phase i (B) 6 September 1o 9 October, 1994 (34 days)
Phasell  (C} 17 January to'}8 March, 1995 (60 days)
Phase HT (A) 9 July to 6 August, 1995 (29 days)
Phase HI (B) 20 October to 8 November, 1995 {19 days}
Phase Hl (C) 28 January to 9 February, 1996 (13 days)
Name " Responsibility " Dispatch periods o
} Keiji TAKESHITA | teader | Phase H (A), part 11 (C), 111 (A), HI (B) and HI ©
2 Masshisa ARAKAWA | 'Deputyteader “Phase [ (A, 11(B), 1 (C), N{AY, 1L (B) and
Forest inanagement plan | 1H (C)
3 Tuemoniio T Landuse, vegetation | Phase T (A}, 1L (B), I (C) T(A), 1 (B) and 11T (C
4 MitsuNAITO | Resourcesstudy (1) | Phase 11 (A), 51@), 1 (©), 111 (A),,, 11 (B) and I (C
5 HidkekiIMA1 : Resolirees study (2) | Phase H (A}, 11(B), 11 (C) and IlI(A)
6 HitoshiTAKATOH | Sotsudy | P'i'ié's';' 'l'i"(ﬁj”i's' '(ij')' and If '("(':) """"""""""""""""""
e B B
7 Yoshihide SAWANOBORI | Forestry industey "] Phase I (A) 1 {A), HE{B) and 11| (C)
| Social f'oresiry
'8 MasayukiTOJO | Foresty "r;i'{é's'.'e"'ii"(}ﬁ')‘éﬁd'iii"(ﬁ')' """""""""""""""""""""
9 AkiyosiKATO “'f;;;;;;;;;;'.;;e;;;‘.‘;{ﬁac;;c‘;""'-' Phase I (Ayand TIIGAY T

5, Progress to Date

In Phase I, aerial plrom,gmphs of the smdy area were rakm amf 1/50 000 ropogmphrc naps were
prepared for implementing this study. ‘ : . .

In Phase I (A), reconnaissance of the entire studyarea, a prel inn'rmiy smdy of the method to meastre
Jorests, and interviews with villagers were cond'ucled :

Int Pheise i1{B and C, ) the ﬁ)!!amnq sticlies were perfomred to determine the prieséit smms of the
Jorests:

Land-use and vegetation study: C lassifica tion of land-iise modes and vegetaiion I)pes measuréinent
of structural composumn Jor each vegetation type mrd preparation of a tentative mlerpremnon
standard for aerial phoiographs. :

: fore.s! resourc'f's shuely: Data oii stand vo!ume was co.’!eded

Soil ssrvey: A soil profile survey was conducied and soil 1y pe's were class lf ed.

Draft land-use and vegetation maps, a forest invéntory book and soil maps were prt’pared and
submitted lo Zambia.

li Phase 1 (A), the foﬂomng stiedies and srme}s were condvicted for fommfam:g a famﬂ
‘nanagenient plan.

Resources management plan; Determining the fluctiating efemen!s“of resources, including
measurement of forest growth. ' '
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Utilisation_system: futerviews with villagers and farm houscholds were conducted. Ulilisation of
Mukasi and Mukova lumber was studied.

Operation systems: The conditions for growth in existing experimental plois, the conditions for
work, and conditions for regeneration and elements related to forestry management were stidied,

Land-use management: Site conditions were stiveyed and their relation with land-use and
vegetation distribution was studied.

Environnental conservation: The relation between burning and forest devastation was studied.
The resulis of the Phase HI (A) survey are given in the Interim Repor!.

In Phase HI (B), a supplementary suvey of the verificaiion inquiry and insufficient maiters as
regards the content of the Interim Report was carried o, and is included in the draft final report.

© A seminar was held ol Phase HI (C). Subsequently, Zambian commenis on the Draft Final Report
were examined and, as a resilt, supplementary explanations were added and the necessary corrections
were made. Then, this Final Report was produced.

Characteristics of Stidy

The basic requirement for examining what is appropriate forest managenment is the availability of

- quantitative data and information concerning the forest environment, ecological conditions, and the
 volume of resotirces in existence. The great problem éncounteredwasthe {ack of such quantitative data for

South-western Zambia. Therefore, emphasis of the present Study was placed on the clarification of busic
data through quantification, and satisfactory data' were obtained as a consequence.

) Ecological Entvironment

Covered by thick sandy layers belonging to a foermer deseri, South-westcrn Zambia constitutes a
special environment in which the possibilities of forést growth are still little known. I the present Study,
topographical characteristics (including buried topography) end the water-retaining condition inside the
sandy layers were theoretically estimated, and the ecological enviromment mechanisin allowing forests to
exist in sandy layers was clarified from the abservation of the different root systems of plant species
exisling in various environmenis.

'_(2) Es!i@nati0|1 of Forest Resouvces by Acrial Phetography

“Aerial photography is the most useful means of stirveying resotrces over an exfensive area. It is

possible to retrieve data on crown shapes and distribution paiterns, canopy closies, canopy height and

other conditions from aerial photography. In the present Study, using a theoretical ecalogy model, an afl-
inclusive survey was conducted on aerial photographs, and the volunie and distribition of resources were
estimated for each location,

(3) Volume Table and Yield Table

7 The standing tree volume table and the yield table provide the basic data that are indispensable for
examining the methods of forest resonrces management through quantification. However, quantified data
were practically non-existent when the present Study was started. (In fact, there are very few quantified
yield tables for broad-leaved forests in the world.) *Consequently, in the present Stiely emphasis was
placed on the quantitative grasping of the ecological structure of the forest. As a result, the Study was able
{o realise a standing tree volume table and a yield table for natural broad-lecved forests containing
Mukusi. ' ' :

(4) State of Forest Denudation’

" In thé process of investigating and analyzing the ecological constitution of forests, the state of

' destriction of forests and 'g&m!ands by forest fires and grazing was grasped, and the destruciion

mechaiism was clarified.
-3
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. SOCIOECONOMIC AND NATURAL ENVIRONMENT OF ZAMBIA
1.1, Soclodconomic Environment
1.1.1, Socioéconomic environment of Zatilbia

{1) Area and population

_The Jand arca of Zambia totals 753,000 km? and is about twice the area of Japan. Westem
province, in which lhc study arca is located, is 126,000 km?in arca, accounting for 17% of the land in
Zamhla

The popu]atlon of Zambia in 1990 was 7 .8 i8 ,000, witha populal:on density of about 10 persons/
km?. Belween 1969 and 1990, the popitlation doubled. In the past 20 years, the population of Lusaka
province, where the capital is located, has increased more than three times.

The popiutation of the wesfer province was 607,000 in 1996, and was only 8% of the entire

: populatlon of Zambia. The poputation density of this province'was 4.8 persont;fkm2 which is far fower

thanthe avemge populatlon dcnsaty of Zambia, and s the second lowest in population density (Table 1).

‘Westent provirice has six districts, oné of which is Sesheke, where most of the study area is located.

Sesheke District has an area of about 30,000 kin?, populanon of 65,000 and in population density 0f2.22
persons/km?, the towest population density in western province (Table 2).

Table 1 Popmétlon, area and population density of each province .

Province Population {1,000person} Area Population density

1969 | 1980 1990 | (1,000km?) | ¢ {personkm’).

[Centrat ' _ 3s9] 512 726 94 5.4

Cooperbelt 816 1,251 1,580 31 504

Easten stof - | - 974 69| - 14.1

cAlwvapula 336 421] 527 51 - 10.4
Lusaka 354 6911 1,208 D22 552

|Northem 545 675 868 - 148] 5.9

|North Westen a3t 303l 38 12 a0

- |Southem 49| e72|  ote| - oss| aLd

. [Westeim - FHOJ © 486 - ¢ 607 - 126 : 4.8

TOT:‘\L ‘ 4 OS?I 5662 . 7818 1531 - . 104

“Source: RZ* Momhly Digesl of Statistics,” July- October 1991

Table 2
Popwiation, area and populatlon density of each district in western provmce (1990)

Dsslnct -{ Population Area Popu!ahon
' - (person) ‘ (km } density -
Kalabo “101,410 | 17,526 5.79
Kaoma 1 a7 | 23315, © 484

- Lukulu 51,016 | - 16,291 - 13
 Mongu 142213 . 10,075 14.12
_ Senanga - 135,210 129,907 452
. Sesheke 64,901 "29.072 Xy
“TOTAL 607497 | . 126,386 481

Sourcé: R “Monthly Digest of Statistics,” Jaly-October 1991
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(2} Race and laniguage

Most of the peeple arc of Bantu ancestry. There are 73 tribes and 4 mom than 40 languages. There
are four major tribes: the Tonga in the south, Nyanjain the cast, Bemba ifi the north and Lozi in the west.
The official language is English, but each of the major tribes routinely use Tonga, Nyanja, Bemb'i and
Lezi languages in their specific arcas.

&) Transition and characteristics of politics and cconomy

‘The Zambian economy has evolved from the produchon of copper. Developmient in Zambia
(f'omlerly Norih Rhodesia) during the British colonial period began with inining... Since Zambian
independence in 1964, capper has been at the center of Zambia’s ecoriomy . There has been rio change
in this typical monocultun,-typc export ¢ structure. (Ogura, 1986) :

Before 1975, Zambia wcnl forward in building its infrastructure with foreign cumency camings
from the export of copper, and was one of the wealthiest countries in Sub-Sahara Africa. This
‘monoculture structure was built on the double structure of modem capital-ititensive industry, with
copper at the center, and traditionat self- summency agriculture. When the copper prices remained high,
the weaknéss of this stiucture was not called into question. With the downtum in copper prices from 93
: cenls/pound in 1974 to 56 vent/pound in 1987, plus a decrease in ‘export xolumc, the export receipts
dwindled by 40%andthe govemment’s finances decreased by $0%, i in comparison with the 1974 level.

© As the outlook for copper prices darkened, tha Zambian government attempted to change the
industriat and export structures from the latter halfof 1970s. A mining country is destined to deplete its
resources. One mineral resource besides copper is cobalt, but coball resources are few. So the
possibility of finding a subsmuic for copper is remiote. - Accordingly, the general idea arose that the
future of Zambia w ould rest on an agricultural base. Sothe government began to take concrete steps to
convert to an cconomy centered on agriculture from the mid 1980s, with the copper mdusuy in decline.
Speaﬁcal ly, asa stimulus to agncu!tuml production, a raise in the producer’s price of maize and wheat
was announced in June of 1987, and the Intemational Fund of Agriculture chlopment (IFAD)
financed $27.5 million to the small farmaers in the agnculmrc section in October of 1987. Butthére is no
denying that these steps came too late. :

As in the above-mentioned case, this Zamblan predlcamcnl bcgan with the dcclmc inthe pnce of
copper, which was the major export iteni until thic middle of the 1970s. In addition, Zambia ‘did not
develop a new mine that was required (o increase production, and did not re-invest in the existing mines.
Thus, production did not increase. (Ogura, 1986) Withthe depn:ss:on of the copper industry and a lack

of an altemnative industry, the Kaunda administralion atiempted to maintain the standard of living of

relatively privileged urban residents by strengthening regulations, by intervening in the economy and by
tightening the control over farm villages. His policy was to the subsidise mau:p (staple food) and to set
up a uniform producer’s price for the entire country. This was an excessively heavy burden on the
goverment, bringing about a budget deficit and a deepening of aid dependency

A-structural adjustment under the IMF and International Bank of Rnconstruchon and '

Dev elopmem was aimed at decrwsmg such government rcgulauons and interventions. But this policy
would ditectly affect the life of the people througha worsening cconomy. The result wasto increase the
people’s dissatisfaction, A sirong power basis was needed to promote the structural adjustment. Asa
result of the national parliament clection and the presidentiat election in 1991, there was a shift to a
plural party system democracy. The United National Independence Paty (UNIP) headed by president
Kaunda had ruled Zambia since its independence. The Movement for Multiparty Dcmocracy (MMD)
won the clection, with K, Chiluba becaning pn&dcnl The election wclo:y had a sngmﬁcanl nicaning
for the Chiluba administration and investers in foreign countries, which were urging strictural
adjustments.
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The Chifuba administration first sought a curtaiiment of subsidics to milli meat and an increasc in

'the consuiner selling price.- In Zambia, where urban residents made up 40% of the population, an
i pop

increase in the staple food was politically nsky and caused two riots under the Kaunda administration.

But the Chituba adiiinistration resolutely carried out a neaily complete abolition of the subsidy within
several months after the inauguiration of his administration and frecd consumer prices in general. Dueto
the fact that these steps demonstrated a finm will to wards refonms, the confidence of forcign investors in
the Chiluba administration was heightened. (Takahashi, 1995)

Thus, Zambia chose to adapt to “order” in the international commwinity that was established by
advanced aid-giving nations, and has gonc ahead with ¢conomic management that depended on it.

(d) Economic position of forestry and forest products industry

In consldenng the general ecanoimic condition of Zambia in terms of gross domeshc product
(GDP), forestly geherated US$26,200,000 on average per year over five ycars between 1989 arid 1993,
representing 0.9% of GDP, The foresiry product industey is included in the miscellanesus sector of
manufacturing and figures are not available. The miscellaricous sector of manufacturing totaled
US$395,700,000 in production, accounting for 13.5% of Zambia’s GDP (Table 3). .

(5) Land use _ _ _
Forest land in the land-use area totaled 29,000,000 ha in 1988, accounting for 39% of the nation’s

 tand area. Since 1973, the forest land area has decreased 1,400, 000 ha in 15 years, while famn fand and
_ other lands have increased. Fanm land especially increased by 250,000 ha. Gmasland accounted for

35,000,000 ha and has not changud (Tablc 4},

©) Ag‘rict:llural production

In the production of agricultural products, maize; whichis the Slzﬁ)lo food of the Zambia, leads the
list. 640,000 ha of farm land ylcldcd 1,010,000 tons of maize 1991, Other agricultural products afier
maize were groundnuts, from 80,000 ha, cotton, millet, b*amyard millet and sunflowers (Table 5).

The agncultural management systemn of Zambia i$ a two-ticred structure: (raditional sclf-
suppomng farmers (traditional farmers) and largc-scalc commercial farmers. Traditional fanmers have
worked a reckless agricultural production method of slash-and- bum, Shlﬂll‘lg fanning without the use of
fertilizérs and agrochemicals. ~This produchon was mamly for self-supporting foods such as maize,
cassaba, sorghum and miflet. Maize is put on the market if there is a surplus. With the exception if
Lusaka, Middle, Southern and Eastern Provinces, most formers in five provinces resort to this
traditional method of fanning. The stratifted double-ticred stiucture overlaps with a regional dlspanly
(Ogura, 1986) The commercial fanmers managed by whites are divided into the following types:

» Farmers selling 150 or more bags of maize (90 kg/_bag) to NAMBOARD and cooperatives.
» Tobacco-growing farmers regislcr‘cd with the Tabacco Board of Zambia,
. Panners selling to the Dairy Produce Board.

» Livestock farmers selling to the Cold Storage Board of Zambn Zambia Pork Board, butcher
shops with licences and supermarkels.

» Crossbreed poultry farmers.



‘Table 3
Struclure of Zamblan economy as iflustratéd by 1989- 1993 average GNP (uss mimon)

Sector 1989'*-'1993 Ave. Share (%) ,
Agriculiure 476.4 16,2
Forestry 26.2 0.9
Fishing - : 36.7 R
Mining & Quanrying 216,10 ' 73
Manufacturing - Food,Beverages and Tobacco 389.2 B2

. Othgrs 398.7 135

FIeclncnt) Gas and Waler 745 . 25
Construction _ 81.3 28
Wholesale and Retail Trade - ' 2346 © 8.0
Restaurants and Hotels 81.3 2.8
Transport,Storage & Conirunications ' 1344 48
Financial Institulions and Insurance o 68.0 B X
Real Esfate and Business Service 228.6 78
Community,Social and Personal Senvice 496.9 169 . |
Other . . 1.8 AN

TOTAL : 15420 100,06

Source: MAFF Agricultural Scctor Investment Programme

Table 4 Breakdown of areas inuse

- . 1,000ha

. - 1973 1978 1983 - |- 1988

Cultivated land : 4913 5050 |- 5150 | 5,236
Grassland 35,000 |. 35,000 | 35000 | 35000
Forests 130,490 | 30,040 } 29,590 | 29,090
Other | 3876 | 42491 4595 | 5019
TOTAL . -] 75,261, 75,216 175261 | 75,261

Source: FAQ Yearbook, Vol. 43, 1989.



Table 5 Planted area (1,000 ha) and production (1,000 tons) of main crops in Zambia
1,000 ha, 1,000 toas

_ _ 1986 1987 1938 " 1989 1990 - 991 1992
Maize Area $88.50 | 609.50 | "723.10 | 1,02060 | 76330 | 63939 | 64184
Production | 1,230.60 | 106340 | 1,943.20 | 1,845.00 | 1,092.70 | $,096.00 | 463.80
Sunflower Area 57.20 3160 44,60 45.00 4430 36491 2231
Production 30.60 17.00 15.80 15.00 20.00 10.65 4.56
Soy beans Area 13.90 16.50 20.30 21.30 29.80 29.20 26.82
Production 15.90 13.50 21.20 2060 26.80 27.71 19.75
@ Groundnuts Area 3440 | 14900 | - 31.80 62.90 80.40 8047 68.73
) Production 18.20 4740 3340 3010 25.10 :28.20 20.78
Rice  Area 1040 | 870 1040 | 1280 950 | 1345 14.15°
Production | 1120 8.20. 9do | 1170 . 9.20 14.60 8.48
M.Beans Area 19.70 23.60 17.60 18.70 26.40 2801 | 2762
. .} Production 1020 1550 | . 1090 24.30. 14.30 4.12 | 1502
Sorghum Area 5960 | - 47.50 4740 | 5200 | 4850 31.79 42.16
| Production 4500 | 26201 36.10 33.80 19.60 1452 | 15.02
Colton Area - 5200 [ 2820 7790 | 106.40 64.00 7402 | 6420
" Production 3340 2620 | 58.50 34,80 30.70 48.72 35.89
Tabdcco Area 348 | - 246 4.89 5.04 5,07 3.09 5.50
Production 390 [ 355! @ 435 ] 360 4.65 {68 5.42
Millet Arca 1850 4360 | - 44.10 4746 | ss90 | 4527 |  s3.00
o Production 1170 10.60 2860 | 2730 3150 | 2557 25.95
Wheat Area - 745 6.93 0.20 036t - 1250 14.90
~ Production - 2746 | 3158 0i7 1033 69.26 97.23

Source: Official Crop Production and Sales Data for I986 1992

" Note

1.1.2. Socio-economié environment of westerii province

(l) Arca, populallon and number of households

: The 1992 harvests are estimated valuefz 'l hc productlon of wheat in 1987 and 1988 dgpcnd«.‘d
on lrngallon

Table 6 shows the areas and pOpuIatmn accorclmg to sex in lhc d:stncls in western prowncc

. Sesheke District, which is mcluded in the study area, had 31,000 males and 34,000 females. It had
12,000 households, or 5.3 persons per houschold on average. Sesheke District does not have a relatively
large-scale manufacturing industry, except for sawmﬂls Most of lhe households are traditional seff-
supporlmg houscholds

Table 6 Populatlon area and household per districtin western province (1990}

_ “District Area Populauon (persons) Numiber . pessons /
@ o ‘m®y | man | woman | “total |of households househord

Kalabo 17,526 | 45,834 55,556 | 101410 19419 | 7 5.0

~{Kacma 23318 | 53969 | 58773 | 112,742 20292 5.5

CLukuta - 16,291 | 23,704 27,312 | 51016 10,152 51

- [Monga - | 10075 - 66,100 | 76,183 § 142,213 26,387 5.4

fsenanga | 29907 | 62383 [ 72,827 | 135210 24,426 56

Seshicke © {29,272 31,194 33,707 | 64,901 12,206 53

| ToTAL 126,336 | 283,204 | 324,288 § 607,492 112,882 54

 Source: Zambia* Momhly DlggslofStatnshcs"July Ociobarl?‘)l

Repubhc of Zambia "Census of Population, Housing & Agncutture 1990, Descriplive Tables
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(2) - Agriculture managenient system

Most of the farmiiers in westem province are traditional self- “supporting faanicrs, while commercial
farmers are alniost non-existent.  According to the 1980 statistics, commercial farming houscholds
numbered 5,450 arid traditional hoiischolds 85,400. Thus traditional houscholds made i up 94% of the
total number of houscholds. Commercial farms is small-scale fanming on less than-10 ha of fanm land.

(3) Structare of agricultural production

The self-supporting ratio of staple-food agncu!lu ral products, combmmg crops and cassaba in the -

entire westemn province, is estimated at 50 to 60%. Accordmg to recend statistics, westem pmvmce
imports 40,000 to 50,000 tons of maize per year from other provmws and expoits 200 1o 250 tons of rice
and 12,000 to 15,000 head of caiile.

Farn-land arca and the produiction quantity of principal agricultural producis in the d:slncls of

westem province in 1992 were as follows: Sesheke District: maize 7,600 ha and 12,000 tons; sorghum

- 2,000 haand 1,000 toris; iivitket 1,600 ha and 1,500 tons; rice 81 haand 761ons; cassaba 1,900 ha and 260
tons and groundnuts 1,000 ha and 286 tons. The agricultural production of Sesheke District is

characterized by the production of 1.5 tons of maize, compared with the production quantity per ha for
the entire western province of 1.2 tons, indicating that land productivity was retatively high, producuon
of rice limilcd and a relatively large amount of groundnuls cultivated locally (Table 7).

With respect fo livestock, 4,350 households in Sesheke District owned tivestock, rising 37,000
héad of cattle, 679 pigs, 7,000 goats, 258 sheep and 34,000 poultry. One characieristic of Sesheke
District is that many goats are ralsed (Table 3).

, Table 9 shows the number of fanners according to the scale of the farm land area in vatious
districts of westem province. Compared with the other districts, Sesheke District has many farmers
whose scale of owned fanm land is large. A total of 683 fanmers, or 16% ofthe total, had fann land arcas
of $ ha or more. The farmers in Sesheke District have larger farm land compared with the other districts,
but farmers owning less than 5 ha are many, or 3, 667 famers, n:pn.scnlmg 84% of the lola!

App. Table 1 shows the number of famn houscholds in various districts of westém provm(:c
according to agricultural type. Sesheke District also has the same agricultural composition as that of
western province and the rest of Zambia. Among the agricuttural types, crops + tivestock + pouliry

prevail in Sesheke District with 1,800 houscholds, which accounts for 42% of'the total andis thé highest -

proportion in westem province. Crops+ poultry follows wnth 1,252 households, accounlmg for 29%the
crops— only with 740 houscholds, accountmg for 17% of the total, :

(4) Soctal peculiaritics of western province

In Zambia, the chief system is still the cuslom This is one »w culianty, which is f(mned before a

pre-modem social strata syatmn

Particularly in westemn province, the chicf system is especially strongly entrenched and the

stratificd sysiem of the Lozi remains as the social systemi. Although the chief system will be deséribed

later, this stratified socnal system severely affocts the everyday fife of its regional residents, as a land-
owning system or a forest- proleclton sysfem, and has a stronger bmdmg force than any admlmstnuvc
institution. For this reason, the region has been a stronghold of the Lozi toyalty, and a sliuggle for
independence was almost realized. On the other hand, the- reglon remains as the most uonmmcally
underdeveloped.

- 10-



o]

Planted area and production of main crops per district In western province'_(1992)

Table 7
District Maize Sosgham Millet Rice Cassava Groundnuts

‘ “ha |t ha 1 ha t ha | t_} ha t “ha . t
Kalabo 5402 0952 1a8H sse0] 3sés] 3sss.0] 18R 14083 6220) 20M8 145 50.2
Kaoma o346| 148559] s8] sses| 1313 d2ssa|- 8| 3y 4807] 20511 894 3638
Lukuty . | 1564] 13s03]  aof  anxe|  dws] 26|  236)  2306) 1991 7885 109 376
Mongy sa03) 4015a] 25| 2358 1038 9.637.2] 2505 25203] 637§ 27933 123 340
Senanga | 12789 ‘12,3908 si0x 24633] sE13) 50968 1413 9676) £507] 10843 EH I PIVIE
Sesheke | - 7608] 11853.9] 1 1041 1,1056] 1621 15136 81 65| 1898 2599 1092|2866
TOTAL | 10a06] 19,6525 . 95sal  1,599.8] 13893] 12,9898 s926] SSnd] 17,095 9055d| 2835 - 896

" Source: Republic of Zambia “NalionaiCcnsus‘of‘Agr’icu‘rlturc(‘l‘)éO}’%),"January 1594

Table 8 Nui‘nber of livestock arid poultry per district in western province (1992)

District - | Holders Number of Livestock and Poultry
| Cattte | Pigs | Goats | Sheep [Chickens
Kalaho 10,679 | 83,656 1,430 737 24 | 64,666
Kaoma 9471 | 20,762 2,160 5,195 ©12 | 291,138
Lukuln ‘3,341 | 22,561 - 373 319 0| 25451
Mongu 8245 |ss7475 | 1979 | 1009 | 102 | 766692
Senanga 11,865 122,220 2,629 | 5536 - 61 89215
Sesheke C 4,350 | 32,073 679 | . 6,946 59 1 33861
TOTAL 42,951 |848,747 | 13,450 19,742 258 |1,271,02
1 : : 3

Source: Republic of Zambia “National Census of Agricultur (1990/92)," Janivary 1994

Table 9

Distribution of holdings according to district and farm size in western province {1992)
Total L Fanm size category :
District - | (persons) < Sha < Sha, but < > 20ha
. ‘ 20ha R

| 'Persons | %  |Persons| % |Persons| %
Katabo 10,679 | 10074 | 9433 | 602 | 564 3| o.03
Kaoma 947t | 8949 9449 | - s92 ] 549 30 | 032
Lukulu 340 ] 3282 ) 96T 0 107 | 320 2} 006
Mongu 8248 | 76641 9295 % se3| 683 | 18| en
Senanga | . 11,868 | 10,007 | ssa0 | wass | a9y 03 015
Sesheke 4350 | 36677 8330 | 659 | 1848 | - 24 | 0SS
"TOTAL | 47951 | 43683 | 9110 |- 4,178 .71 9 | ‘019

'Source:' éepublic of Zambia “National Census of A'gr:icu!{urc (199&’92);" Jan:uary; 1994
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1.2,  Natural Environmeint

£.2.1. Climate

The area of study is located between 16,6 and 17.5 degrées south fatitude and 24 and 25,5°C east
longitude. Since the aréa is a hightand 900 to 1,250 m above sea level, the air tcmpcratu'ro is rathier low
{ycarly average air temperature is 2 to 3°C lower than that of lowlands in the same latitude). “The
country has a tropical clinate with an annual average air temperature of 20 to 22 degrees. The dry and
rainy scasons are clearly distinguished. The dry seasoft is long and annual precipitation'is low (600 to
800 mun). However, trces do grow. The southem part of the country can bé classified as having a
semiarid tropical climate.

The northwestern part of Zambia (north of 13 Lat.'S, west of 29 Long. E) has a long rainy season
and has some areas resembling wet tropical regions with an annual precipitation of over 1,000 mm.
However, most of Zambia is semi-dry with an anmvial precipitation of less than 1,000 mm. In particular,
Zambia’s south-western region, this is included in the present study, is a low-precipitation atea whose
annual precipitation has been less than 700 mna over the recent years.

Tables 10 and 11 show thé monthly average air temperature and precipitation.

(1) Annual variations in climate

1) Air temperature

Located in the southern hemisphere, Zambia has high temperatures in October, November,
December, January, February and March, when the sun approaches the tropic of Capricom. Conversely, -
the air temperature in Zambia is low in June and July, when temperatures are high in the northem
hemisphere. The temperature diffcrence is large, especially in Sesheke, with high temperatures
exceeding 36°C C in Qctober and November, and low temperatures of 3 ~ 4°C and even zero may be
recorded in Junc and July, which may damagc plants. : .

~ App. Tables 2 to 4 and Figures 2to4 re spectn ely show the vanauons per month overa one-year
period of maximum, minimum and average air temperatures in Sesheke, megstf)nc Lueaka and
Ndola (average or maximum values in the recent ten years)

2) Precipitation

The rainy season starts in October or November and ends in April. Rainfall is especially heavy
during the four months bégirining in mid-November and ending in mid-March. More than 90% of the
annual precipitation is gencrally supplicd during this pedod. App. Table 5 and Figure 5 show the
monthly averages and transition of them in Sesheke, Livingstone and Lusaka.

The water leve] of the Zambezi River, one of the main rivers in Zambia, increases in December in
proportion to precipilation. In Janvary and February, the flood plain is Rooded and water starts to recede
in March. The level of underground water in small rivers with light flooding or in reccssed areas in the
highlands increases during this time frame and fa1ls in Match and Apnl

“The Jevel of underground water is celatively high for approxnmatcly one month (Apni) after the
rainy season ends, and water storage (pF < 2.7) in the soil can be expected. However, from May or June
to'mid-October, moisture is depleted and a dry environment for plants, when pants depénd only oni soil
moisture of pF2.7 to 4.2 (capitlary water above the wilting point), will set in.
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(2) Past variations in climate

Chmale data coutd notbe obtained within a short time so astudy usmg direct measnmnent values
was not p0551ble However, the World Climatic Table, published by the Japan Mctcorologml Agency
in 1967 and 1994, contains data for 1960 (average values from 1930 1o 1960), 1980 (average valucs

from 1961 to 1980} and 1990 (averages from 1961 to 1990). Averages from 1981 to 1990 were

estimated by catculation).

This cnabled a study of the average climatic values over the past ten years in Zambia and in

surrounding areas.

‘Studies of the climatic vatucs for Sesheke, megstonc Lusakd and Ndola weré made,
incorporating local data amassed over a ten- -year period (between 1984 to 1993).

1) - Air temperature
As mentioned iin the section on pmcij::iialion, precipilatiém during the rainy season is decreasing in
the south-westernn region. This is believed to be the reason for the high air temperatures belween

November and Jannary. (See Livingstone example in Table 10.} However, lhls trend is not as
prommmt as the average observ ed valucs in other areas.

2) Preclpitation

Figure 6 shows the average monthly vatues during diffecent periods and atransition of them. As
mentioned above, the north-western region of Zambia near the humid zones (Mongu and Ndola) and
areas around il {Zaire and the northera region of Angola) continue to show mwuch puc;pnlat:on
However, in recent years, the areas south of these areas, which have litde precipitation, are experiencing
a condition whu:h further accelcrates the low precipitation trend. This trend is especially prommcnl in
the south-western region.

Inconsidering the megslone valucs, the annual preci pltauon over a45- year period, from 1930t0

* around 1975, was approxlmately 800 i and was relatively high, but the annual precipitation over the

past 20 years; from 1975 (o the present, decreased approximately 22% and is low at approximately 620

- mm .. This low trend is common in the western part of Zimbabwe, Botswana, the south-western part of
- Nambia and othcr areas. 1t is feared that this phenomenon might be an expansion of the so- -called desert

climate centering on the Kahhan dcsu'l The: pncnpnlahon during the 1994/ 1995 rainy season was v e:y
low. .

. By examining the fecent pm:ipitalion trend by Martonne indexes, the south-westeni region of
Zambia which was not strictly a seini-arid climate zone in the past, is changing to a semi-arid area as

- Tollows:

Maitonne’s aridity index 1= P/t +10)

I: Indéx , P: Annual Precipitation (mm), t: Aniual avétﬁ’gé temperature

Livingstone (19300 1975)  1=800/(21.3+10)=25.1
“Livingstone ~ (1975©01993)  1=920/22.6¢10) 19.0
Sesheke (1984161993)  1=631/22.1+10)=197

* (5=< I < 10')' Hyper arid, (0 <1 < 5) And Bolh anduly indexes are dascﬂ ZONES.
(10<]<20) :Semi-arid
(20 <j<30) :Li ght selm-and

Recenlly, toal rosldcnts in ihc south w»slem reglon told the consultan!s lhat the flow 0!' rivers in
the area, such as the Loanja, Loazamba and Machili Rivers, has bccn reduced. - The decrease in
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precipitation observed in the region confinns this report. As far as'the thiain streans of” the Zambiezi
Riveris concerned, the prcmpnlalmn in the upstream arcas north of Mongu has not changed (decreased)
‘over the past 10 to 20 years, Ttis assumed thiat the flow to ncarby Senanga has not changed greally
conipared with the past. However, in the rvid-steeam areas, the pn.cnplfanon has decreased drastically
and the trend scems to indicate that the flosy has decreased in the lowet areas, ncar Seshcke downstream
from Scnanga and Livingstone.

On a global scale, anial fltictuation ratios of statistical prmp:lat ion in descit areas are hlown to

“be high, or more than 30%, followed by the arid-climate zoncs arourd them With 20 to 30%. Thic south -
and south-westem areas of Zambia can be classified as areas near d desent and were originally judged as -
arcas with a high probability of abnormatly high aiidity. In the past 15 to 20 years, the scant-rain trend
has continued and could lead to greatér aggravation in the fature, This is feared 10 be an abriormal
fluctuation in excess of the variation rate. In the worst case, this miay be a sign of an abnormal weather
phenomenon caused by the recent warming of the earth. This, it cant be surmised (hat the region has
transformed itselfto a reduced-rain-climate zone, where the aridity is higher than before, compared with
that of 20 years ago.

122, Topography and geology

Topographical and geological features are generally characierised by the geological strvcture and
~ changes in the structure. . 1f onie examines it in detail, one would find that it differs depending on the
climatic variations and vegetation growth,

(1) Structure of bedrocks o

Mosl of the Iandnms inthe central and southem parts of thc African continent is characlenscd hy
a high incline near the coast so that the entire highland lopograph)' riscs one step highet. In the raised
bedrocks, the central and southem paits of the continent (infand part nearer 1o the center than the
scashore mountains on the Atlantic Coast), where the study area is located, have bedrocks which are
greally curved downward to form & large recessed basin-like shapc lhe Kalahari Basin (Jurrasw in
Mesozoic Period). : :

Between the Mesozoic and mrd-Tcmaxy Pcnods Iand fonned in the mountains and hlghiands -
near the basin was moved by rivers under humid conditions and by winds under arid conditions and is
estimated to have been deposited continuously in the Iowland. This was the formation of sedimentary -
rocks, which are generically catled the Katahari group (Figure 7).

" At present, these strata are thickly covered iay Kalahari sand layers, which are like a’desert in
nature. There are a very few places which allow us to directly confinn this condition by naked eye.
However, the following condition can generally be esllmated based on boring and other data (Thomas,
Shaw 1592). : :

Sandstone, shale and other sedlmentary rocks were the main lxdrocks before the basin was
formed.

During the Pliocene of the Mesozoic Penod granite mtmded into the bcdrocks and was -
melamorphosed. Parlly due to this reason, the interleavéd distribution of me(amo:phlc rocks such as
mica schist, phyllite, gneiss, and plutonic, could be found. Gravel scd:mentary rocks were found asa
type of sedimentary sock afler the basin was formed.

- However, sandstone sedimentary rocks are most promlnenl followed by mudstone sedlmcntaly :

rocks. The sedimentary rocks were probably formed from the bcgmnmg of the Mcsozoxc Period until

~ the mid-Tertiary Period. Historically, these tocks are old, but probab]y because the uppeér layers were

- not compacted, the solidification index of them is low and unsolidified gravel layers (red) and sandstone
layers can be found,

-14-



" them must have increased. :

Voleanic rocks of the basall type (lava and tuffaceous breccia) erupted from the weak parts of the
geological structure Iriggered by fand, ascending or flexure descending, included in the lowier paits of
sedimentary rock layers or inside sedimentary layers. Places that are thickly covered by voleanic rocks
appear on the cdges (high places) of the region and in lowlands atong the main siream of the Zambezi

‘River.

~ Along the Zambezi River, these rocks are cureently exposed in river beds of falls or rapids and on
banks on both sides, allowing direct observation. (See Figure 8, Geological Map.)

Sedimentation of solidified or weakly solidified bedrocks ended during the first half (Miocene) of
the New Teitiaty Period. Between the Pliocent of the New Tediary Period and the present through the
Dilivium, rion-solidified sand layers (deseit sand layers) were deposited on a large scale. (A detailed

 history is nol available as index fossils canhiot be found.) Sand is believed to have been supplied in the

following progression: Erosion of source rocks in nearby motintains —> {ransporiation —> sedinientation
ina fan shape. A large amount of rocks are deposited even in relatively high places:

ltis Belicved that the large amount of acolian layers were dcposited by winds. In any event, sand
layers were deposited as if to cover the existing topology, buirying convex and concave parts of
topography in the past so that variations appear to be flattened ina hightand form as a characteristic.

Thse aré the so-called Kalahari sand layers.

() “Sedimentation mechanism of'Ka'lah‘a_ri sand layers

J:jdgin'g from the sedimentary condition of sand layér.-_;, the weathering colonng conditions, and

'o!_ljer'COhdilions, the sedimentary process can be divided into the following stages.

During the second half of the New Tertiary Period and the Dilivium, the bedrocks of the entire
south-weslern eegion, including the Kalahari Basin, ascendéd intermiittently. 1t appears that ascenston -

began during the Dilivium, when the present channed patter was almost entirely large in scale. As a

 result, the Kalahari Basin, corresponding to lili_d—stream'o'f the Zambexi River, becatne relatively high

compared with the lowlanid in the eastem down-stream areas. The difference in the river bed between

* To eliminate this héight difference, the main stream of the Zambezi River made the downward

- erosion phenomenon go upstream with regard (o the mid-stream, and for the downward erosion -
* phenomenon to pass mid-stream, the erosion power of mid-stream ‘which includes the tributaries must

- have increased. Describing it more specifically, afler the New Tertiary Period, 'downward erosion
“seemed to have gone upstream from downstream to the Kalahati watershed in the midstream and

upsiream areas. _

* However, in the early stage, downivard erosion of tribiitaries in the Kalahari Basin watersheds did
not activate even though the main stecam had downward erosion. It is assumed that the sedimentation of
soit in the basin produced from nearby high places continued for sone time and stratigraphy of

- sedimentary rocks inceeased. Itisbelieved that the sedimentation activities ina fan shape continued for
- some time, even after the Zambezi River inside the basin started to show downward erosion. When the
_ dowinward erosion trend reached the tributaries shortly thereafter, sedimentation activitics of the fan

shape was totatly stopped. Conversely, it can be surmised that the activitics started 1o shave the layers
deposited so far. Thus, as a result; the hill-like topography rich in relief and uneven as an erosion
topography, also seemed lo have appeared in the Kalahari watershed.

‘At the end of (he New Tertiaiy, or in the Ditivium, the climatic conditions changed and this area,

 including the upstream area of the Zambezi River, becaine a super dry zone, changing (o the same
 condition, as the Kalahari deseit in the south expanded. It is belicved that this area was covered by thick
. sand layers afler protruding sandstone and shale parts were shaved and transported by winds, with the
* soil llying from the center area of the Kalahari desert along with acolian deposits. On the other hand, in
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this dry climate, the eroding power of rivers weakened so that soil deposited by winds was deposited in
valleys, too, forming a geritle sand layer topography with less-shafp relief compand with the previous
acolian deposit.

Thie desett condition described above contimied for some time, However, the climate again
became humid and vegetation was believed to have recovered throughout the area. After the
precipitation increased, the valleys too must have regained their eroding power. However, the slopes
were covered with vegetation and strong erosion phenomena did not appear, with the result that valleys
were dissected in a gentle condition.

~ Rapids that expose the local base bedrocks run in the main stream of the Zambem River.
However, in most of the river beds, deep dissection reaching the bedrocks has not occurred. - Aiid the
tributarics in particular were not downward-croded, The slopes became shghlly tnote buinpy and
dented in accordance with the surface uheverness of an underground bascrient. Geology séemed to
have changed fess radically, maintaining relatively thick sand layess. In other words, it can be assumed
that cven though the surface uhevenness of the basement topography is reflected, a sand-layer-covered
topography showmg a surface uncvenness genller than that of the basenient topography has appoarod

During this time, weathering pmgressed under a humid tropical climate condition and alt of the

sand layers became reddish. Inside the Jower stratigraphy of sand layers, iron, aluminim and other

“metals maved by leaching of the upper layers have illuviated imniediately above the low-penneable

base rocks te form dark red consolidated laycrs (pans) called “curasses.” Curasse layers are not fonned
in prolmded topography whose basement topography drains water,

Parily because precipitation was accelerated on the basement Iayero pans are dlslnbuted asifto
cover almost alt natiral ground {bascment lopology) in the area, or in other {lat or deiited places Some
of the pans are as thick as 2 m, fonning semi-permeable layess inside the sand layors '

" The humid climate desmbcﬁ above seems to have contirived for some time. In the Pliocene of the
Dilivium, the climate again bocamo arid and desert-like, supplying a large amount of sand camed by
winds. In places other than the nain stream of the Zambezi River, soil deposited by winds was deposnted
as'if to cover and hide the surface unevenncss of the natural ground, resulting in the flat hlghland ‘
topography thal can be vicwied at present. These sand layers were deposited and exposed fo now wear
and are not reddish, In many cases, the residual B and C layers, which have been exposed to subsequent
weathering, become a-yellowish orange In the post-glacial age, rainfall improved and the humid .
climate retiomed to the upstreani areas of the Zaimbezi River, while the semiarid climate retumed to the
mid-stream area (the study area). The growth of forests, herbs and vegetation has been possible until
today. Between Scnanga and Sesheke, the river banks along the Zambezi Rivers main stream were -
once covered with healthy forests, but dissection became deep and the valley slopes relatively steep, so
that over a period of many years most of newly deposited sand layers W ere washed away, resulling inan
outcropping of the old red soil. -

~ Reddish sand iayx rs of former periods are now exposed Sharp slopes ofa ros:dual hil} shape are -
distributed in the upstecam areas of the tributaries. Also in these arvas, reddish sand layers of the former
pesiods cover the surface layers. In inany cases, the reddish sand layers undemeathare ¢xposed inareas .
which are made flat by new sand layers, provided buried tOpogmphy is shallow (moslly oR buned
convex slopes).

(3) Micro-topography on Kalahari sand layers

i appcars that the main stream and tibutaties of the Zambezi River s!cw!y eroded d(wm\-.fard1
repeating large-scale meandering. Very large ftood plams formed where the river bed gradient was

“ small. New winding erosion was repeated as downward efosion progrsssed. As a nésult, old alluvia have
remained as relatively high tow temaces, Alluvial plains (high flood plains}, flood plains dunng the Fainy
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scason (low flood plains, delta fNood plains in downstream parts of tributaries} and other low topography
are dislnibuted over wide arcas. C '

* In swirimary, it can b surniised that lowlands below the low terraces were formed by alluviim and

hightands higher than middle terraces were made up of sand layers which cover the natural ground. The

undergrourid water level in the case of the fonier tends to be strangly interocked with the water levels
of sivers. The underground water level in the case of the latter tends to be characterized locally by

. surface unevenness and inclination of buried topography.

I the case of medium plains and high terraces (hi ghldnds), draining in them becomes poor if the
flat teriace arcas are large, causing pérhuinid land and ponding basins during (he rainy season, Tnimany
cases, these places arg circular or oval. The causes of them can b explained by the past dune topography
(sericireutar dunés and dents inside them). However, in many eases, there are places such as dented
parts of ground topography, places where sand layers are thin, and places where the “inlandness”
characteristic is prominent. - ' .

Stagnation of underground water is mostly the reason for them. In these places where water
stagnates, deits ate formed by compattion of the natural ground, in addition to the nature of the natural
ground which tends to form dents. A high content of silt and clay and a semi-permeable layer accelerate

ponding. _ _
The movement of sorme soil is generally observed on thie top surfaces of terraces, hightands or

' flood plairis even though they are flat. In this case, whether or not vegetation exists becomes a condition
“to regulaté subsequent sedimentation (erosion). As a consequence, this causes a scparation between

relatively dry, high surfaces Eind_ pethumid bottom sil_rfaces.

‘Vegetation does not grow on ponded surfaces, which have a large differenice belween

- pethumidness during the rainy scason arid aridity in the dry season, or in similar places. Conipared with

this, hetbs usually grow in places where pond water is not available. In places where heibs grow,

: éhift_ing soil, such as soit transported and deposited by winds, is caught to accelérate scdimentation.

Furthermore, one characteristic is that subsequent sedimentary layers become stable. Under these
conditions, compared with marshes, soil layers, in places where vegelation growth becoines thicker,
increase environmental differences of relative height difference, aridity and humidity.

123, Vegetation

" Large trées can grow in places wheie an undefground water level is maintained at a suitable depth
orin places where the soil layer is thick and some water is retained in the soil during the dry scason,even -

 thotigh the dry seasen is long and the soil is prominently dry. Soil distributed in this arca, which derives

fromn the Kalahari sand layers, is niade up of sand grains which arc large in size. Thercfore, soil in this

aréa does not have many fine and small pores.

Commion sense tells us that the sand soil is liablé fo be cvalvated as having poor waler retentivity.

" However, because the sand fayers in this arca have good poosiy, the probability of retaining abundant

underground water interlocked to water in rivers, lakes and marshes is high even if the distance to the

 said water sources is greal. 'Céllai)aitd with soi! layers, sand layers ar¢ very thick, entire layers have a

large amount of waler refained in them, even though the water retentivity per cubic unit vohime is low.
Utitising this condition, it appears that large trees can be grown. The magnitude of difference in the
level of undérground water and of waler, the amounl of water retained in soil layers {sand layers)and the
lével of utitization factors of them, delicately differ in accordance with micro-topography, thickness of

“sand fayer and other factors. This was found to have an impact on contributing factors on forests and

woodlands dnd on the sfatus of tree species composition in forests and woodlands. This research has
clarified many questions regarding the refation between soil and moistuze conditions and tree growth,

These malters will be discussed in another chapter.
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- Perennial trees of almost all species do not grow in places which are ﬂooded fora long time during
the rainy season, probably because of decayed roots. Short- llved tierbs, which can be regenemled or
grow cvenduring the carly dry scason, are found. The ge neral vegélation landscape is greatly influenced
by the water level environnient, such as flooding, non-ftooding, perhumidngcss or suitable humidity
during the rainy season. Tree species and density are regulated by 4 fine match with water environnicnt.

Thus viewed, regularity cair be found in the natural distribution of plants. Howevet, this regularity
-is disturbed by the expansion of farm land, by unattended fanm land after cxpansion, by overgrazing and
particularly by burning. What was once foresls or woodlarids is now grassland, bushes (shrub laud) and
bare land over a large area. Gcnemlly, dry arcas in the troplcs are considered as savannas where
grassland arcas arc dominant or areas near a dcsen where thormny shrub plants grow. Sucha vegelauon
landscape is believed caused mosily by man- made impact, rather than by natural impact. -

Table 10 Monthly average temperature (°C)

Place | Al | Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec. Ann Termm
PortFrancqui *| 485m | 250 259 261 259 259 254 245 253. 256 256 256 1256 256 37.53
_ 259 259 261 269 269 250 248 253 256 256 256 256 256 - 51.55
liebo | 420m | 247 247 248 246 249 242 240 245 246 245 243 244 246 5160
Elizabethvi! 1276m | 2202207220 209 186 164 161 181 204 236 234 222 206 1940

: 220 222 220 209 186 164 161 18] 214 236 234 222 206 41-5

Lubumbashi | 1298m | 205 204 207 207 191 170 169 194 223 231216 205 203 51-60

Lusaka 1279m | 21.4_217 211206 186 164 161 83 220 245 234 220 206 38-54
Kabwe “1207m | 210 207 207 198 178 160158 182 218 240 226 210 200 61-76.

' - 1214 215 211 202 185 160 162188  226° 244 234 218 204 7790
Lusaka | 1270m | 229 228 222202 177 163 172 W1 226 235 228 237 309 . 84.93
“Mongu~ | 1058m | 225 224 227 3237198 173 175 204 244 261 244 224 218 4160
. o 227 327 224 222 197 173 175 206 ‘243 254 237 237 21876100
Livingstone 986m | 231 220 228 222 191 162 1635 194 239 269 251 237 218 4166

235 230 231 221 189 161 159 187 235 264 250 236 217 ‘6176
235 230 233 218 1901 161 162 196 243261 257 241 219 7790
- |24 246 245 228 199 169 165 192 237 262 266 255 226 $4.93
Salisbury 1478m | 200 198 194 187:159 136 136 156 190 213 208 204 182 31.60

Harare 1472m | 206 207 199 192 167 139 139 163 ‘19.| 218214 -20.9-:187 51160
_ 1204, 200 194 181 155 131 131 152 186 206 ‘207 203 179 161-90
Bulawayo IB4m | 21.7 214 206 197 164 139 142 161 -197 222 225 220 192 0051

213 210 203 187 161 135 137 163 19.7 220 “216 .21.2 188 51-80

228215 206 183 156 129133 158 197 217 226 236 191 5180
244 231 221 190168 1139 11 164 200 217 232 248 199 7690
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1224 210 206 187 161 138 140 166 203 210 219 2.7 {91 8190
Windhock | 1700m ! 220 210 205 189 1556 129 130 158 196 217 226 231 190 51.60



Table 11 Monthly precipitation (mm)

Place Al Lat. Lngit. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Noy Dec Ann Temn
~ (Zaire) : .
PortFrancqui 04520 20E3S 152 163 211 180 74 13 20 48 170 178 249 218 1676 3753
llebo 04820 20E3S 164 132 179 212 111 12 13 38 167 217 253 215 1709 'SL-6D
Dundo{Angola) 07534 2049 213 163 227 19 36 10 3 39 108 156 281 215 1649 6112
(Southem Zaire -- Northern Zarbia) .
Elizabethvill 11836 27E32 248 263 204 57 0 0 1 3 27 164 258 1229 3160
Lubumbashi )ES40 27E29 - 248 301 218 55 ¢ 0 0 3 29 161 269 1301 3160
- Ndola 1270m 13500 28E39 299 288 138 44 10 1 0 0 4 26 145 293 1244 6169
;0 215 476 N 2 0 0 0 2 33114 274 1168 8493
{Zambia}
Lusaka 1279m 155825 28619 231 191 42 18 3 0 0 0 0 10 9 150 3816 38-54
Kabwe 1207m 14527 28E28° 264 205 108 18 4 O O O 1 23 85 259 567 6275
, ; 921 167 H07 07 L 60 0 00 1 39 117 310 915 7690
Lusaka(l) = 1270m 15525 28EI9 227 179 84 45 1 0 0 0 1 15 54 198 804 34.93
Lusaka(2) ° 1270m 15525 28E|9 241 180 81 30 L 9 . 0 © 1 13 ST 192 797 §493
Mongu 1053m 15816 23606 217 21F 145 37 i 10 0 2 35 102 219 969 3160
L 0 200 183 M3 57 6 1 .0 1 6 54 114 193 966 61-90
Livingstone ~ 986m 17849 25E49 186 175 101 ~28 4 1t -0 0 2 2 92104 781 3162
: - 1900177 84 28 3 1L 0 0 2 29 8 217 8§05 6176
177 1o 86 35 9 1.0 1 2 23 62 114 618 7790
159 135" 88 24 0 6 10 1 21 55 149 625 84-93
Sesheke 130 160 8l .23 0 0 0 0 3 28 73 133 631 8493
Tsumeb{Naniibia)l310m .
41m l9S1417E43 17 1i9 81 38 S 0 0 O 0 18 S6 81 521 2160
Grootfontein 19536 ISEOT - 144 - 125 106 49 3 1 ¢ 2 4 13 61 58 564 6185
' (Bolswana') ' _ _ } _ _
Maun 945m 19§59 23E25 110 104 83 25 S 1 6 0 1 16 46 80 471 3160
R 127 114 66 34 6 1 .1 2 6 ‘2t 53 80 510 6189
(Zimbabwe) : .
~ Satisbury 17885 M1EOS 206 172 99 36 11 4 .1 3 30 100 186 863 3160
Harare I480m 17850 31E01 236 167 68 45 13 0 2 37 94 201 897 5160
| 191 148 98 46 10 3 2 36 101 170 815 6190
(Zimbabwe) . _
Bulawayo  1344m 20801 28F37 142 169 84 18 16 3 0 0 5 20 81 122 94 OO-5
: 4213 54 33 41 1 0 .2 9 31 101 145 675 618D
ol 83 42 40 2 3 1 .1 4 _S1_ 61 74 456 8199
{Naimibis) : R
Windhoek  1728m 22834 17606 77 73 81 38 6 1 0 1 12 38 a1 315 3160
73 165 80 32 6 2 L 1 5 14 33 36 388 6180
68 62 59 21 6 0 1 19 26 16 2771 8187
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Figure 6 Chronological changes of annual precipitation from 1930 to now
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2, LAND-USE, VEGETATION, FOREST RESOURCES AND SOI{,

~ This section deseribes the state of vegetation, land-use, forest resourees and soil'in order to
determine the present forest situation in the study arca.

2.1.  Conditions of Land-Use and Vegetﬁﬁon

2.1.1. Purpose of study

~ The purpose of this study is to grasp the state of fand-us¢ and vegetation so that land may be
ulilised in the inténded forest management. ' - '

In general, forest vegetation in Zambia is roughly classified into forests and woodlands. The tree
species making up each of these classes have been subdivided into different types. As a result of former
vegetation analyses frequently conducted in the study area, vegetation maps have already been prepared
showing the areas where subdivided vegetation types are distributed. It is teported that Mukust forests,
Muriga woodlands, Kalahari woodlands, Mopane woodlands and {Dambo} grasstands are distributed in
the study area. These analyses were intended to clanify the distribution range of vegelation from a
botanical point of view, and a qualitative grasping of vegetation was enabled. '

_ * However, it was difficult to detenminie the contents and quanli(ies'of [CSOUrces in spcciﬁc regions.
It was also difficult to grasp the statc of land-use in the areas swrounding the plots where forest
" resources were distributed. T -

Consequently, the purposé of this study is to fulfill the above two requirements, which were not
altempted in the vegetation analyses so far conducted, so that the results inay be utitised in aquantitative
and sustainable management of resources, especially Mukusi resources. It isalso nccessary toclanify the
features of vegetation distributed in specific sites. This will be discussed fater in the scetionrelatedto the

~ study of land-use management. S
, Fuﬂﬁcr, in order to conduct planned forest management, it is essential to prepare drawings from
which distribution of vegetation, status of land-use, as well as the quanitative distribution of forest
resources are oblained. Consequently, we decided to prepare the drawings to satisly the following
reguirements in a scale of 1/50,000. S _ _

+ Grasping the distribution of Mglkusi forests and other;vcgétation' lypes

'+ Grasping the land-usc status in the areas surrounding the forests
» Grasping the relation between forest reson rees and contents of the Forest Enventory Book, which
. describes the location and quantitics of forest resources :

Here, we decided to edit the drawing to determine the land-use status and distribution of
~ vegetation types {land-use and vegetation maps) scparately froni the drawving to determine the
 quantitative distribution of forest resources (forest-resources distribution maps) in accordance with the

respective puposes of theiruse. Therefore, the forest resources distribution maps would also havea role
.~ as drawings attached to the Forest Inventory Book, which will be discussed later in the section related to
entries in this book. : S

2.1.2. Study methods

" We employed a classification method t6 ensure a wide-ranging observation of the study arcaas a

" whole, and an on-the-spot determination of the charactenistics of land-use fonms and vegetation types. In
order 1o clarify the characteristics of each vegetation lype, we conducted a belt-transect simvey o
mezasure the forests and woodlands and a quadrat survey with regatd to grassland. We also utilised the
materials oblained through measurement of each plot. The method of preparing land-use and vegetation
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maps will be stated in the 2.1.6 section.”

2.1.3.  Divisions of Jand-usc and vegetation

The divisions of land-use and vegetation are as follows:
a.  Natural grasslands
b. Tree grasslands

bl. Mupane tree grasslands
b2. Natura! lree grasstands
bl. Adificially dcgmdcd tree grasslands

c. Woodlands

cl. Open woodlands
¢2. Closed woodlands

" d. Forests
‘¢. Farm latids

Although the above divisions will be dxscnbed in detait in the next secllon in cs(abhshmg the
_ lelSionS the following was taken into consideration: ‘

Most of the condilions for distribution of vegetation types cumnlly noted was mam!y achlcvcd
through bumning. It is not appropriate, therefore, 1o regard ther as actual findings of natural vegetation.

Notwithstanding this situation, we basically took the method of establishing the divisions of forests,

woodlands, and grasstands since such divisions have been used for a long timeé and people are

accustomied to them. However, in view of the fact that trees came to grow in grasstand along with the -

recent dry weather and that the area of bumned forests expanded to a large extent as a result of frequent
bu_,l mings, the divisio'n' of grasslands was subdividcd into “naluml grass!and” and “aniﬁcially degr'adcd

' Is:,ued by the Survcy qutmcnl of Zambia,

In distmgmshmg forests from artificially degmdcd {rec gmsshnd a crown cownge 0!‘ 20% was -
used as a standard; the land with a crown coverage of less than 20% was classificd as amﬁually -
degraded trec grassland, Further, the fact that the land near villages with a crown covérage of less than

- 20%, in which trees were scattered and where land was frequently used for grazmg, was also taken into
consideration.

Opcn forests without any shrub layura caklcd Mutequ whose surl‘aces could casnly be
intespreted in aerial photogmphs were classified as woodlands.

~ Indistinguishing closed woodlands from open woodlands, a vohlme of approxunately lO ' per
ha was used as a standard. Land having a volume below this standard was classified as open woodland
with no timber resources dls!ﬂbu ted. :

Areas that flood during the rainy season, such as fléod plams river channel amas, and marshes,
where herbs alonc grow, were classified as natural grasslands.

Naturat grasslands which were formerly flooded have becoine areas w here lues have started to
grow. These are called natural froe grasslands. Flood plain aréas where Mupane now grow are called
Mupane trée grasslands. Gcncrally, pure Mupane forests are small-scale concretions, and are usuatly
classified as Mupane woodlands. Ifowever, small-scale grasstands are mixed with Ihc Mupane, And
‘when a reduced scale of 1/50,000 is used, classification of these two becomcs difficult. So the éntire
distribution ared is referred o as Mupanc tree grassland. - : :
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Areas which used to be fordsts but now have only scattered trees as a result of buming, fanming
and grazing, as well as the arcas where shrubs fess than 6 min height and perennial herbs staited to grow,
‘were classified as artificially degraded tree grasslands.

Lands currently used for cultivation or lands having been used until recently were classified as
farm lands, while lands formerly used as farm lands but whose cultivation has been abandoned were not
classified as such,

Grazing is also a form of land-use. However, since fences were rarely used, the areas utilised for
this putpose were apt (o mave constantly. Also, the areas for hunting and nut gathering also shifted.
Such areas were not ¢classified as any specific type of land

-Inclassifying land, a iminuinun unit of 3 hawas used as thy standard. However, faking info account
the uhhsahon of rixips, work units were integrated from time 1o time.

For an interpretation of the area studied, aerial photographs in scatcs of 1/25,000 and 1/50,000
taken in April and May of 1994 were utilised.

2.14. Vegetatlon types and Iam!-use foritis

{1) Vegetalion types

As stated above, as a result of vegétalion surveys conducted in the past, distrbutions in the study
area of Mukusi orests, Munga woodlands Kalahan woodlands, Mupane woodlands, and (Damba)
grasslands have been reported.

In classifying this study, while former Mukusi forests were included in the division of “forests,”
Munga woodlands and Kalahan woodlands were included in the division of “woodland.” Further, .
former Mupaiie woodlands and {Dambo) grasslands were included in the division of “natural trec

. grassland” and “natural grasstand,” respectively.

The area of distribution and the area ratios of the following vegelahon types rt,pn,scnt data froma
 district of 500,904 Ka for which land- nse and vegetation maps were prepared.

a. Natufal grassland (22,472 ha 4. 5%)

Natural grasstand is dsstnbu(ed in flood plains, niver channel arcas, mar:,‘nf:q and dambo
: _whtch flood dunng thc rainy season, where percnmal planls cannot grow but annual herbs
' alone grow

b, Tree grassiand (170 334 ha; 3 0%)
bl. Mupane tree grassland (30,824 ha; 6. 2%)

Thisisiree grassland where Mupane is dominant and distributed mainly in flood plains in
the midstrean: and downstream watersheds of the Machilt River.- Annual herbs grow in
areas which are flooded during the rainy season. Pure forests of Mupane arc distributed in
concretion in arcasthatare 0.5to 1.5 m higherihan the flood water level do ot flood even
dunng ihe ramy scason, Large growing stocks of Mupane sometimes réach (00 m¥%ha.
Mupane grows in extremely hard soil and becomes the dominant specieés in overhumid or
humid soil. Mupane is very “active in its ‘natural rcgencratlon (s:.edlmg and coppice
;regeneratlons) However, natural mgeneratlon is hindered in arcas where buming takes
place. Flood plams have become mcrtasmgly dry in gencral and the range of Mupane’
distribution has been enlarged. Mukangala, "Muhoriono, Mukotokoto, Munga, ctc. also
grow, although their number and distribution arcas arg both linited.
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C.

b2.

b3,

Naturat trec grassland (33,548 ha; 6.7%) :

I the Mulayi dambo, Mutimakule ddmbo, Litonga dambo, et¢. ahd rivier channel arcas of
tributaries, which are no longer Rooded even duritig the rainy season, lrecs have slared to
grow in the areas which used to be hatural grassland. Mubako, Musese, Muzauli, Mulioto,
Muhonono, etc. are the pioncer tree species to grow first in natural grasstand. Dntire
watcrsheds are increasingly dry and the arcas whichare not flooded any more evén duting

the rainy season have expanded. Accompanying this trend, areas shifting from natural

grassland | to natural tree grassland have also been enlarged.
Adificially degmded tree grassland (105 962 ha; 21.2%)

This type of tree grassland has come inlo being through human impact, and is dlslnbutcd
in the slashes of buried forest or land rcc!amalton sTashcb for cultivation. :

In the case of burned forests, if the multl-slory structiire of the forest comprising tree and
bush layers is in good forest condition, fire tends to becorne a larpe-scale crown fire. On
the other hand, in a woodland where lower-story trees and bushes grow under poor
conditions, fire becomes a surface fice and the woodland itself is rarely bumed down. In
the burned slashes, trees which survived the fire are scattered and perenniat herbs such as
Nandhindu, Sanko, etc. as well as bushes grow on the larid surface.

Also in the slashes of cultivation, bushes and perennial herbs cover the land surface while
the remaining trces are scaltered. Such places are prone to frequent buming even :f ne
more cultivation is conducted,

Approximately 40% of the forests in lhc Forest Estates ha\e bccn burned down as ﬁres
have accompamed these bummgs intended for cultivation, grazing, ‘hunting, and honey

~ collection, including fires that were lefl unallended Thus the division of artifi ma!ly

' degmded tree grassiand came into being, which is still on the increase.

Woodlands {196, 535 ha; 39.2%)

Accordmg to'a bo(amcal research conduclcd in the past lhe Ka!aharl woodlands were
formitlated as a result of relrogressive succession from Mukusi forests to woodlands aﬂectcd
by fires, cultivation and the existence of elephants.

With a crown covérage that is smaller than that of fon.sts “oodlands are an opcn forest,
possﬂ:ly havmg been fonncd because compehhon for water has priosity over compeuhon for
light among trees constituting the woodlands. This wil bc discussed in detail in the sechon
related to land-use management.

¢.1 Open woodlands (43,383 ha; 8.7%)

Open woodlands represent a transition zone to natural tree grassland wﬂh very few trees.

As a wood resource, fts quantity is small, with its scale being apprommalcty 10 m*ha at

~most where Musese, Muzauli, Mukwa, Muhonono, Mulya Kapapati, etc. grow.

Asan cxampfe, the results of a belt-transect mcthod inthe Buhunda open woodlands are

_ provided below. Compared with that of closed woodlands, the number of tree species and

of live tr¢es was much smaller, and bolh the hclghl and diameler at breast height of the
(recs were also smaller. Tree specics appearing there were threg in number i.¢., Mubako,

" Museseand Kapapati, whose stand density is 300 trecs/ha with a small crown coverage of

c2.

16% (Figure 9 and Tab!e l2)
Closed \soodlands (153,152 ha; 30 5%)

Although the woodlands are an open foms;, lhéy are re'laii?ely closed. The shrub layers
and hetbs are in poor condition, Mukwa, Muzauli, Mungoengo, Muhonono, Mubako, and
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‘Mukusi are growing.

As an example th results of the beli-trahseet miethod in the Buhunda closed woodland
are provided below. The closed woodland of Buhunda is forried on a conlinuous
topography together with the Slkubmgwa forest, which will be discussed later. The
number of Mukusi in existence is small. With a diameter of 20 cm at breast height, the
height of the Mukusi barely reaches the medium and high fayers. The number of Muzauti
is the greatest of those in existence, with a trec height of 16 m reaching a high layer, anda
.maxinim diameter at breas! height of 46 em. The dominant species are Muzauli, mixed
with Muscse, Mububu, Mulya, Mubamani, Mukwa and Muwawa. Its stand density is 860
trees/ha, and crown coverage, 66%. The crown coverage for Mukusi alone is only 3%
(Figure 10 and Table 13). :

d Forest (86,021 ha; 17.2%—including 61,670 ha and 71.6% of the foresl cxisimg within the
- Forest Eslate)

In the conventional classification of forests, the division of “Mukusi forests” is cinployed
However, since one of the purposes of this survey was to clanfy the amount of Mukusi
resources, a coilcchve division of “forest™ was used mcludmg the forests where the Mukusi is

" not dominant. ‘The mixing ralios of Mukusi contents indicated in the Forest Inventory Book
wilthe discussed i m the secuon related to forest TESOUTCES SUTVeys.

Inatypical Mukusi fores{ Muku:;i and Muwaigta are dominant in the upper layer while a shiub
tayer consists of tregs called Mutemwa. The forests with growing stocks of 200 m*ha or miore
are included, and they are distributed mainly on medium and high terraces whn e Kalah'm

sand lay::rs are thickly dcpos:ted

In the areas where thick sand layers exist, shallow—rootmg species grow only in smal!
quantities, and Mukusi is dominant there, demonstrating its charactenstic of being deep-

rooted. Mukusi can grow evenin low and red tertaces. Although Mwangta is shallow-rooting,

itis dominant, having been m]xcd with Mukiisi due surface water. In those areas where sand

layers are thick. The mixing ratlos of Mukusi and Mwangla vary depcudmg on “here they
(‘Xlsl .

The compos:hon of tree specics for the plots surveyc,d in S? areas established in lhc entm

- range. survcyed are provided below. The breakdown of | 925 lrees \wlh diameters of 6 e or

more were: 841 Mukusi frees (44%) and 35! Mwangla trees (18%) “The total of the two
species accounted for 60% or more of the entire composition, The number of spemes next to
the above two were 180 Tsunde trees and 114 Kangolo trecs. The two species were shrubs

© constituting a lower Mutemwa fayer. Other species in ascending order of their number were:

Mukololo, Mulombelombe, Mububu, Muhonono, Mulalabainga, Muhoto, Mwalachi,
Mukena, Musheleshele, and Mulyanzove. :

As an example of the stand structure of Mukusi forests, the resulls obiamed through a belt-
transect survey performed in the Sikubiniga forest are described below. Mukusi, the dominant

' ‘spcmes in this forest with its tree height of 3 to 13 m, was dlslnbuled in shrub to hlgh free

layers and trees with dianieters exceeding 40 ¢m at breast height were included. The specics
next in quantity to Mukusi was Muzauli, whose tree height and diameter at breast height both

" indicated the highest valies of 14 ni and 64 cm respectively. The crown diameters of Mukusi

and Muzauli reached 8.5 m and 13.5 m respectively.

In addition to these two species; Sibobo, Isunde, and Mububu were mixed, its stand density

‘ bccommg 770 frees/a. The crown coverage of the stand as 4 whole and of Mukusi alone were

67% and 58%, rpspecmcly (Fi 1gur\,s 11 (1) and 11 (2) and Table 14). In addition, the stands
with Muhonotio of Muhoto growmg ina CO!’ldlhOl‘i similar to that of pure forests as well as
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stands mixed with various other tree species constituting woodland were also noled. The
characteristics of the location of thesc forests will be discussed in the section related to fand-
use management,

) L—and-usc mode

The study area is used for fanming, grazing, timber productios, hinting, as well as the collection of
honey, fruits and nufs, The areas where land is used in the above manniét are pronc to rapid changes and,
- therefore, the land utilised in a relatively fixed condilion was classrﬁed as fanit land. lts arcas and area
mtlo were 25,542 ha and 5.1%, mspccm'ely :

2.1.5. Acluat state of land-use and vegetation _
The actual state of lind-use and vegelation obtained’ through measurciment of land-use and
vegetation maps are indicated in Table 15. In this table, the amount of forest resources determined
-~ through a resource survey dre also indicated. :

The range of dlslnbutlon of atificially dcgradcd tree grassfand represents the area of burmed
forests, with 53,800 ha accounting for42.4% ofthe tota aréa of Forest Eitates, 125, 900 ha. In particular,
70% or more of the Forest Estates of Mululuve, Zungubo and Sichinga were buried down, whereas
60% or morc of the Forest Estates of Kasiki, Nanyonta, Zungubo, Nangotisbe, eic. wcru bumed down,
These data indicate the scriousness of forest fires. :

The arca of natural tree grasstand was mcasurcd and Ihc result was 33,500 ha, “This result also '

indicates that flood plains, marshes, and river channel areas in {ributariés are becoming dry, which may
- possibly be associated with the weather of the area studied, “hlch is getting mcreasmgly dry.

The area of forest dlslnbuhon is 86 000 ha, acconntmg for 17.2% of the total area of 500, 900 ha.
71.6% of the total arca of forests are distributed in the Forest Eslales. Al!hough the Forest Estates

incurred scrious losses owing (o forest ﬁre\s, the stand volume per ha in the Forest Estates is 1.9 timesthe.

stand volumic of other arcas. The forests in the Forest F.s!ates constitute valuablc forsst resourees in this
district, In paiticular, since 79.6% of the Mukusi resources exist in the Forest Lstates lhc Forest Estates
are positioned as a base to supply Mukusi resources. -

Mupane tre¢ grassland was measured aid an area of 30 800 ha was obtained. However since itis -

“also d:s!nbuted ouieldc of the arca studicd, it might be necessary in the futuze to graspan accumtc fange
ofits d;slnbmlon togclher with the amount of Mupane rcsources

Although woodland occupies an arca of 196,500 ha, the area of closed \\.oodfand w:th hmbcr
resources was 153,200 ha, accounting for 78.2% of the total woodland area, Mosl of the closed
woodland is distribuled outside of the Forest 1istates. : :

The fann land arca was 22,500 ha.

2.1.6. Proccdﬁre‘s for pr‘cpari ng the land-use and \'egetatloﬁ maps _
~ The tand-use and vegel'mon maps covering 500 904 ha were prx,pared by followmg the
procedum stated bclow :

+ On-the-spot grasping of the characteristics of acnal photographs per land-usu and vegelation
lype

* Preparation of interpretation standards for aerial photographs with comen{s similar to those
 stated in the section on land-use and v egelation, :

+ Interpretation of cach land-use and vcgclahon type based on the above mterprctauon standard,
and entry of the results obtained in acnal photogeaphs.
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» On-the-spot classification of the parts not intetpreted by acrial photographs

« Preparation of mosaic photographs

+ Intry of the results oblained through interpretation of actial photographs on niosaie photographs

s Preparation of drafts of fand-use and vegetation maps through transfer of {the above cniry onto
topographical maps on a scale of 1/56,000

+ Preparation of the land-use and vegetation maps by editing the above draft drawing.

Interpretatioti standards were decided based on the results of ficld surveys, the legends of maps
- recently employed by the Survey Department of Zambia and an exchange of views with the
represcntative of the above Department.
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Figure9 Belt-transect (Buhunde open woodland)
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Figire 10 Belt-transect (Buhunda closed woodland)
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Table 12 Belt-transect (Buhunda open woodland)

S " Diareter at Crown
Species Height breast height Diameter Number
. . _om cm m
¥ubako (¥bk) 5-8 6-16 2.5-6 1
Xusheshe (Xs) 3-6 6-9 1.5-3 6
Xapapati -~ (Kp) ] 13-14 3.5 2
Total 15

Table 13 Belt-tfransect (Buhunda closed woodland)

' Diameter at Crown '
Species Height breast height ~ Dianieter Number
. : )] —cm 1) I
Kukusi -+ (N) - 10 10-17 4.5 3
Kuzaiuli : (Nz) - 3-16 " 6-46 S 1-13.5 23
Kusheshe = (Ks) 11-15 C4-30 ©8-10.5 ES
Xububu (Kb) - 5-11 - 8-11 .. 2-% 4
Kulya (K1) . 4-5 -8 2 3
Xuhanani .. (Kmn) =10 33-45 3-17 3
Kukva XK R 12 2.5 2
Nuvava (Kwa) 9 16 3 1
Totai .43

Table 14 Bell-transect (Sikubingwa forest)

. . “Diameter at Crown
Species Height breast height Diameter Nuinber
L : cn em__ _m
Kvkusi (1D 3-13 1:43 1-8.5 61
¥uzauli ~ (Xz) 10-14 26-64- 5-12°. 6
Sivobo  ($) - 5-8 §-24 3-6 4
Isunde- (1) 5-6 . ©8-10 2-4.5 3
Nuvbuby (¥b) 4-b ~8-10- 2.5-4 3
Total 11
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2.2, Soit

2.2.1. Sllrvey pbriod and survey conl:énls

The soil suivey is dircetly related to the preparation of soil maps of arcas conlaining Mukusi
forests. In Phasc IE (A), a field reconnaissance to understand the gencral condition of the region was
conductéd between 7 August and § September, 1994 (30 days). - In Phase 11 (B), a soil profile survey
was conducted betwien 6 September and 9 October, 1994 (34 days) with cmphasison Mukusti forests in
order to collect the dald needed for soil classification in the preparation of maps. 1n Phase H (C), a soil
profilé survey and soil classification were carried oul in succession betwéen 17 January and 18 March,
1995 (60 days).

' Int Phase [11, soil maps were prepared and an overall study was made on explanations tobe given
on soil maps and on the tesulis of the soil survey. '

2.2.2. Survey plots

Survey plots were selected using interpretations of acrial photographs 1/50,000 and 1/25,000 in

_scale that weee taken in Phiase [{April 1994)." Also, the existing diagratns of'the Rhodesian Teak Forest

Area attached to the Rhodesian Teak Forest Woiking Plan {(1964) and ficld ceconnaissance in Phas¢ 18
{(A) were used as references. ' . :

Interprétation of micro-{opogtaphy from the aerial photographs was attempted. However, the’
topography was generally flat and classification of topography was not possible. The ficld
reconnaissance also confirmed that almost all Mukusi forests were located on neatly flat highland
topography (plateaus). Therefore, the survey plots for the soif prefile survey were selected from the
exisling “Zambia Teak Forest Area” data, focusing on Mukausi forests and woodlands.

The soil profile survey was conduéled'at one or (wo places for each Mukusi forest,

During the field réconnaissance in Phase [T (A), a soil survey was conducted of Mukusi forests,
woodlands, dambas and other places by simple pitting white roughly surveying the entire study arca. In
Phase I (B), 12 pits, Nos. | to 12, were dritled and 26 pits, Nos. 13 10 38, were drilled in Phase It (C) in

*forests, woodlands and other places to conduct the soil profile survey. Figure 12 shows the survey plots
for (he soil profile swvey. - : -

22.3. Su rvey method

In the ficld reconnaissanice, soil color and texture were mainly surveyed by simple pitting. Afer
arriving at survey plots, the plots ta be used as typical survey plots were selected in this survey, judging
from the surrounding environment, and pits were drilled for the soil profile survey. A vertical profile
was st in a pit o observe soil. Generally, a standard profile for a soi survey requires 1 m inwidthand

" 110 1.5 min depth. 1 bedrock is struck at a depth shallower than this depth, the pit depth is set al this
depth. Several steps are provided on the opposite side of the soil profile for survey work. The depth of

 soil profites was set at 1.5 to 2.0 m in this study because most of the soil in the arca was sandy soil and

it was difficult to decide the horizons and to discem variations in soil color. Fuithennore, the roots of
Mukusi were deep. ' o o

After roughly drilling a pit, scoop matks pul inside a profile to be examined were shaved using a
trowel, pruning shears and other tools for soil surveys, and plant roots were cut to make the profilc to be
examined smooth. After smoothing the soil profile, a scate was put on the lefi side of the profilc and atag
written with the survey plot name, survey date ard other information was put on the profile for
photographing. ' '
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Next, the profile. sketch, horizon d|fferumauon, texture; soit coler, compactness, distribution

 status of gravel and rools, and other information was written on a soil profile chatt. App. Figure | shows

a sample of the soil profilé chatt, The items and descriptions in the soil profile survey conform to the
“Guidelines for Soit Profile Description (2nd ed. 1977)” of the FAQ. App. Table 6 (1),(2) lists the
specific items and symbols used. Vegetation (tree niame and other informat ion), land-use status, and
other information of the survey plots are also written on the soil profile char. Swvey plots were
determined by the global positioning system (GPS) during the soil profile survey to identify the survey
plots on the topographic map. A GPS of the same grid (UTM ?'one 35) as that used in taking aerial
photographs was used.

2.2 4 Resulls of so:l survey and $0il classification

Each soil proﬁle was described as shown in the sample for duscnphons of the soil profile chart
shown in App. Figure 2 (ta), (1b), (2a), (2b), (3a), (3b). App. Table 7(1)-(4) lists the results of an
individual soil profile survey. The soil at each survey plot was classified in accordance with the “Soil
Map of the World Revised Legend (1988)" of FAO/UNESCO based on the soil morphology.

The surface geology of the stirdy area is Kalahari sand, which was acolian sediment during the
expansion period of the Kalahani deseit from the Pliocene of the Tetiary Period to Pleistocenc, forming '
a deep, sandy sedimentary layer. The soil of alinost all la)ers is coarse-grained.” Most of the soil types
appearing in highland topography (plateaus) approximately 1,000 m in elevation, where Mukusi forests
are distributed, are Arenosols (AR) [quaitz sandy soil] in major classifications of the FAO/UNESCO
soif classification.

The Soil Map of the World (1/5,600,000), Volume V1 (Africa), compiled by the FAO/UNESCQin
1972, shows the soil fype of the Kalahari sand area in south-wéstern Zambia to be Qc29 ta. Qc29-lais
a compound mode of the following soil units: ,

Dommanl SoitUnit Q¢ Cambic Arenosols
Associated Soils Ge : Eulnc Gleysols -
: : P Podzols
Inclusions V. Vertisols
‘ - Sg T Gleyic Soloncb'
Soil Texture 1 :  Coarse
‘Stope (Retief) ~  a  : - Levcltogently undulating 0 to 8%

ThlS map is a large scale soil map and includes eveérything from sandy soil in hightand arcas to
flood p?ams of the Zambezi River. After publishing the Soil Map of the Woild, FAO/UNESCO has
been revising its legends by accumulating new data and information thereafler throughout the w orld.
This study classifies soit types using the latest revised legend.

Zambia is now producing national soil maps on the scale of 1/1,000,000. The soil types for the
south-western part of Zambia shown in the maps are Aggregated Plateaus: Orthi-Ferralic Arcnosols;
Flood Plains: Gleyi-Dystric Fluvisols, Orthi- Calcic Vertisols; Dambos: Flbhc lllstosols and Orthi-
Umbhc & Dys{nc Gleysols.

In the soil unit stage, soil in areas with Mukusi fortsls{hlghland plateaus) is mostly reddish yeHow
to reddish brown Ferralic Arenosols. In some paits, pale yeltow Haplic Arenosols soil is found. The
soil is good soi, coarse-grained with good permeability. Soils produced from dcpos:tcd sand that
flowed ouf from the hightands, weathered subseil of Kalahari sand and sediment from upstream of the

-Zambezi River, organic materials which have not decomposed and other soils are mixed around the

rivers which ftow through the highland plateaus, then in lowlands such as dambos and plains. The soil

in the study is mainly Albic Arenosols with bleached layers and Gleyic Atenosols with gley horizons

and iron moltle layers.



The soil units are distributed according to vegetation and topography as follows:

Forcst of Woodland ' Main : Ferralic Arcnosols ‘(AR'o)
{Platcau) Sub Haplic Arenosols (ARh)
Grassland Albic Arcnosols (ARa)

. {(Dambo or Plain) Gleyic Arcnosols —— (ARg) -

To furthier classify soil unils, a method that combines the soil unit, stope and fexture is generally
used. However, the arca under study has no significant fhictuations in (opography or in texture.
Therefore, slope or texture cannot be used as a criterion for fuither classification. After studying a
method to further classify Ferratic Arenosols (ARo) which is widely distributed in the arca under study,
main soil cotors of subsoils (B horizon) were used as classification indexes. :

‘Ferralic Aretiosols (ARo) were divided into three subtypes, reddish, ofange and yel!ow -orahge,
based on (he subsoil colors, with the following criteria for reclassification:

(1) Reddish Ferralic Arenosols ----------------------4-4--4-----ij-4---(ARO-R)
B horizon: 5YR4/4 1o 2.5YRS/4 ' '
C horizon: SYR,2.5YR4/4 (6 6/8

(2) Orange Ferralic Arenosols «-----—----eereeeemeem- reeeiiei:(AROO)
B and C horizons: 7.5YR7/7to 7/8 (partially SYR) - -
" (3) Yellow—orange Ferralic Arenosols -—---ss-sesseeiesnseneinnionnlo(ARO-Y0)

B and C horizons: 7. SYR6/4 to 874 (patially 10YR)

Faclors that can be considered as réasons why these soil colors have appeared dre the differences
in the sedimentary pcnod of Kalahari sand 4s the parent material, the mixing of bedrocks with exposed
weathered rocks, the illuviation af iron camed by migration, lhc illuviation of Kalahan sand, and the
impact of iltuvialion and oxidation.

Table 16 shows the soil lype classification in each soil survey plot.
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Table 16 Classification and soil survey plots

:Tﬁ Forest Name FAO/UNESCO classification

Pit No.| incl.Woodland,Dambo,Plain Sqii unit (sub-type)

No. 1 Malavwe ( B.R.} ARh

No. 2 | Namakwa Dambo ARa

No. 3 Rdateme ~ ARo-0O (Orange type)

No. 4 Samatela Woodland ARo-Yo (Yellow orange type)
No. 5| sijulv 1" ARc-R (Reddish type)

No. 6| ‘Lumino - ARo-O (Orange type)

No. 7| Rangubu Plain | ARg , _

No. 8 | Lumbonba o ARo-R (Reddish type)

No. 9 Kayumbwana ’ ARo-R (Reddish type}
 No. 10 | Kalama ARo-O (Drange type)

No. 11 Kangubu ARo-R (Reddish type)

No. 12 | Samatela (East} AR0-0: (Orange type)

[ No. 13 | Samatela Woodland ""ARo-O (Orange type)

No. 14 Samatela "ARo-O (Orange type)

No. 15} Sisisi B ""ARo-O (Orange type)

No. 16 | "Kanyanga ARo-R. (Reddish type)

No. 17 | Nanga AR6-R (Reddish type)

No. 18| ‘Situmpa {ﬂorth) RRh :

No. 19 | Situmpa (South} B ARh S
[ No. 20 Namena West ARo-0 (Orange type)

No. 21 Namena East "ARo-0O (Orange type)

No. 22 | Xazu ‘ A ARO—O-{Orange:type)

No. 23 | Nalwama " ARo-0 . (Orange type)} o
No. 24 Lwangula "ARo-C (Orange type) i
| No. 25 Lonze “ARo-0O (Orange type)

No. 26 | .Sikubingwa ARo»YoEYellow orange type)
[ No 27 ) Simungdﬁa West ARono(Yellbw orange type)
No: 28 | Katemazana i 'ARo-0 (Orange type)

No. 29 { Zungubo ‘ "ARo-O. (Orange type)
No. 30 Simungoma East: (East) ARo Yo(Yellow'orénge'typef
No. 31| Simungoma East (West) ""ARo-0 (Orange Lype) T
No. 32 [ Buhunda Woodland ARo-O (Orange type)

No. 33| Monze. o ARo-O (Orange Lype)

No. 34| Sichinga . ARo-R (Reddléﬂ“{ype)

No. 35 Kasiki o - “ARo-0 (Orange type)

No. 36 | Malavwe (West) ARo-0O (Orange type)
iﬁg’w57f‘“ﬁgﬁyota ARD R ) : _“
No. 38| Mulvlwe 77| T ARo-Yo (Yellow orange type)

“ARa:Al

ARo ‘Ferralic Arenoaols‘,

nRh Hapllc Arenosols

bic Arenosols , ARg Gleylc Arenosols
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2.2.5. Preparation of sofl maps

The soil maps show the distribution of soil types obtained in the soil survey using the 1/50,000

topographical maps prepared in Phase 11 as the base map. The soil maps show single soil types or

combinations of several soil types. These soil types are divided in the topographical miaps and are
represented by symbols.

(1) Explanation of soil maps

The main soil groups found in the survey, the characteristics of soil unils and identification of them
- are defined in the Soil Map of the Woild, Revised Legend of FAO/UNESCO, as follows:

ARENOSOLS (AR): So:l which is coarser than sandy loam down to 160 cm f) ron1 the surface,
having less than 35% of the rock fragmcnls orother coarse i‘mgmcnis it al subhonzons within 100
em of the surface, exclusive of matesials vhich show fluvic or andic propertics, and having no
diagnostic horizons other than an ochric A tiorizon or an albic E horizon.

Laplic Arenosols (ARh): Arenosols having no diagnostic hotizon othef thair an ochric A horizon;
lacking ferralic properties; lacking gleyic propertics within 100 cin of the surface; non-calcaric.

Fersalic Arenosols (ARe); Arenosols showing ferealic propettics, and colouing of the B horizon
expiessed by chromas of § or miore or hucs redder than 10YR; tacking a clay increase or lamicllae
‘of clay accumulation within 125 cm of the surface; lacking an albi¢ E herizon with & minimum
thickness of 50 cny; lacking gleyic propertics within 100 cm of the surface; non- calcaric.

Albic Arenosols (ARa): Arenosols having an albic E horizon with a minimum thicness of 50 on
within 125 cm from the surface; lackmg gleyic propértics within 100 ¢ of the surface; hon- _
calcanc .

Gleyic Arenosols (ARg): Amno‘:ols showmg gleyic propertics within 100 ¢ of the surface. -

Diagnostic horizons are summarized as follows: | _
Albic 13: Bleached, usually sandy material, lacking clay and free iron oxides.

Permhc B: Highly weathered sandy toam or finer texturc Low CEC llluwai clay and w»alherablo
- minerals. : . , ‘

Ochrig A: A horizon of dry aréa. Pate, low organic mauer and/or thin or hard and massive.
 Exctuding finely stratified ma!cnal e.g.; aflavium.

Diagnostic propelms are summarized as follows:

~ Andic propedies: Recent voleanic deposits: hlgh Al and P retention, tow bulk densny, and/or hlgh
voleanic glass content.

Caléareous matenal. Slmng effervescene with 10% HCI, or > 2% Ca(fO3 equivalent,

Ferralic propertics: B horizons with CEC of <24 me/ lDOg clay.

Fluvic propetties: Fluviatile, marine'and lacustrine sedimeits. Regular addmons of fresh

materials and iregular organic matter content and/or slrahﬂcanon in at least 25% of soif volume

Gleyie propeies: Reduced conditions caused by ground-water saturation; caplllary fringe waches
surface; evident Fe reduction and segregation; > 95% of matrix white to black (N, or blue to green -
(GY, BG, G or B) cqloura, unless low or inert Fe colouring.

The soil type of each soil-profile survey plot is decided by a single soil unit. However, soil maps
allow associated soit and mixtures with several seil typesifplanar expansion istaken info consideration.
They are shown by symbols:
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