+* Burning of woodland can be prevenied.

« Honey can be sold as a commodily and cash reverue can be oblained.
 Health of locat residents and village economy wnll be cnh'mccd

* Will provide an opportunity to manage woodlands by local residents.

. \Viil provide an oppoiunily to plant flotwer trees in \t'oé(ilands

33,  Swrveyof Silviclillural Syslem

33.1. Present situation of silvicultural operations in artificial and natural forests

Described here arc the resulis of surveys conducted on sitvicultute opemllons such as forest
nurluring, tree cutling, llmber transpostation, etc.. During the 1960s and 1970s, cxpcnmcnts in
afforesiation were carried out wsing the direct sowing mcthod and pot plant stock plantation. Now 20to
30 years have passed and, in some areas when, growth is satisfactory, trees ‘have grown as high as 10
meters.

Since no other informatios: is available on forest dc,veloplmnt in the study area, the rcsults of this
survey may be useful as reference malenah for estabhshmg silviculture systems for Mukusi forusts in
the southwestem par of Zambla : : .

1)) Experiments in afforestatton using the diveet somng melhod

Convenllona! ly, snlwuﬂlurc has been attempted by sowing secds durectly in a forest in'the hope
that they would gmmnate and grow into scedlings. This method is called the direct sowing. It
eliminates the labor required for nursing, which means forests can be established more economically %
compared to these in which nursery stocks are used. - To achieve natural. forést sitviculture, it is
necessary 10 undersiand the development and growth palieins of naturally seeded young trees. In this
* regard, we can take advantage of reference materials based on ovir findings to make suppositions aboul
these malters. Smd;cs oii the consequences of Mukusi species s:lwculture were carried oul at a total of
four sites; three were within the southwest area, and one was adjacent fo the survey area. Also, simitar
sirveys were conducted for the Mukwa species, whose timber, tike Mukusi, is bemg grown for
commercial use. '

1) Assessment of Mukusi afforestation

a. Sisisi line 2 forest

The Sisisi line 2 experiment area, which is focated in the northwester part of the Masese forest
station, was established in 1965. The original sowing look place 29 years ago. The distance between
TOWS Was 3 m and between stocks 1 m. The ten planted rows within the experiment arca that extended
100 m in length, along the direction of planting, were selocted for this siurvey. In the survey area, the
number of remaining trees, stem conditions {troes having inain stems only, plural stemss, coppicmg ' g
stems, dead stems), Tree hieights, DBI, the number of coppicing stems, and the height of coppléing :
stems were surveyed (Table 39). As the table shows, the number of trées (the population equivalent to
per ha banS is shown in parentheses) is as follows: 612 (2,020) living trecs, 276 (910) trees with main
stems only, 319(1,050) coppicing stemimed trees, and 17 (60) dead trees. Ofthe 276 trees having main
stems, 30% grew with plural stems. Trees with coppicing stems accounted for half the total. Plural
stems resulted from stem dmb’acks "The causes of diebacks appear to be buniing and browsing by
animals. : : : :

As described latér in this repoit, mest scedlings grown from seéds directly sowed and young
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growlh regencrated by natiral seeding were damaged by buming. Consequently, they were cither dead
or had gencrated coppicing stems. The height of the surveyed lrees having miain stems ranges between
2.8 mand 12 m, and the average was 7.6 m. The DBH of the frees ranges between 2 o and 24 cm,
while the average was 10.7 cm. The average iumber of coppicing stems per stock was 1. Theaverage
height of coppicing stems was 0.6 m. About 30% of main stems had sproiits near the ground level. Of
the trees surveyed, 3% were in a damping-off'state. The major cause for this seems to be the stem and
crown fires caused by burning. Figure 31 shows the growth curve for tree heights obtained from a stem
analysis of typical trees in the study area. As the curve indicates, the ageat which trees reached heights
of 4 m and 6 m was 10°and 20 years, respectively.  The height of 29-year-old trees averaged 7.4 m.

~ Although 29 years have passed since the original sawing, the tree 4ge was calculated as 27 years. The

reasoi for this is thaf the scedling development was delayed for 2 years by the effects of buriing.
Genmination was promoted by soaking the seeds in waler for 24 hours before sowing.

b, Sisisi main line forest

The Sisisi main line experitnent area, which is located in the southwest of Sisisi line 2 nmentioned
above, was established in 1962, The original sowing took place 32 years ago. A space of | m was
provided between rows. Ten planted rows exte inding 50 m in length along the direction of planting were
selected for the survey and variobis items were measured (Table 39). As the table shows, the number of
trees {the population equivalent to per ha basis is shown in parentheses) is as follows: 277 (5,540) living

trecs, 103 (2,060) tiees with main steims only, and 159 (3,180) coppicing stemmed trees.” Of the 277

fiving trees, 60% had dead main stems and had sprouted coppicing stems.

10

g_

35

o o hge grade -years- - o
O Sisisi Line 2 + ¥ain Line o Dacbra & Fat.Buwda x Kat.Sin.E.

Figure 31 Growth of dgitect sowing and natural regenerated Mukusi |
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The average height and DBH of trees having main stems wete 8.5 mand 11.2 em, respectively.
The average number of coppicing sles per stock was 6. The average height of a coppicing stem was
1.1 m. Figuie 31 shows the growth ctirve of tree heights obtainéd from these resulis. 'As the curve
indicates, the age at which trees reached heights of 31, 6 manid 8.5 in was roughly 10, 20 and 30 years,
respectively. -

¢. 'Nalusoko forest

The Nulusoko expériment area is located on Line 15 on ihe south side of the Lilonga main line.
- The direct sowing method was used in this area, and the original sowing took place 32 years ago. The
~ area was divided into three sections in order to trace the growth of Mukusi under a varicty of ccmdmons
which included the presence or absepee of ddvanced growth and grass. In the Treatment A and B
scctions, all advanced growth and grass wete removed at their roots. Afer that, in the Treéatment A
section, no advanced growth was allowed to regenerate, and grass was al s0 r-.,moved complctcly Inthe
Treatment B seclion, advanced growth was allowed to regencrate, but giass was remioved copletely.
In the Treatment C seclion, only advanced growth, whose height was shoit, was allowed to remaisi. The
space between rows was 1 mi. Five planted rows extending 45 m in length in thé Treatment A seclion

- and Treatment B seclion, and 8 plantcd rows extending 20 min length in the Treatment C section were

' surveyed.

The results of the survey are given in Table 40, The highest trees amiong trees having maii slems

were found in the Treatment A section, where the average height was 6.5 m, followed by an averdge

hexght of 5.8 m in the Treatment B section. The Treafment C section had the shortest trees wilh an
average height of 5.0 m. Similarly, the DBII in the Treatment A section was the largest with an average
of 7.1 cm, followed by 5.4 cimin the Treatment B seclion, and 5.0 con in the Treatimient C section. Based
on the results, it is clear that in the sections where advanced growth and grass were removed adequate
space for tree development was attained and the trees exhibited sound growth. 1owever; in sections
- where the trecs had to share the space with advanced growth, the tree growth was somewhat hindered.

The types of advanced growth in the Tréatment B and C sections included K;ingdlo, Isunde,

Mulianzovu, Mwangula, Namulomulomu, Mulalabainga, Nankala and Kabunbwamutemwa. As for
grass, Sonko, which is a Mutemwa grass reaching a height 1 mto 1.2 m, was dominant in these sections.
Seeds wsed both in the Main line and Nalusoko experiment arcas were pretreated with sulluric acid.

d. Dambwa local forest

The direct sowing method was used in the experiment area of the Dambwa local forest. Because
the area is located in the Livingstone region adjacent to the Sesheke region, the area was selected to
compare the growth coriditions in the Sesheke and Livingstone regions and to prepare data to be used as
reference material for formutating the silviculture systems. The area was established in 1962, and 32
years have pnssed since the original sowing. The survey was conducted in the arca on 10 p]anled fows
extending 45 mi in length. The space between planted rows was 2m. :

The resulis of the survey are shown in Tablc 41, The number of'trecs (the popu?atlon cquwalen! to
per ha basis is shown in pwanlhcscs) is as follows: 103 (1, 143) living trees, 87 (965) trees havmg nain

stems, and 16{178) coppncmg stemmed ¢rees. The: average height of trees having main stems was 5.3

m, and their average DB was 8.3 cm. Both the hei ght and DBH figures arc smaller than those of the
Seshekeregion, Inthe Sesheke region, heights of 30-year-old trees ranged between 7 mand 8 m, having
a DB of about 10 cim, which are higher than those of the Livingstone region. - According to the lree
growth curve in Figure 31, the calculated tree height reached 8.1 min 30 years, This is because healthy
specimens were selected for stem analyses.
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2) Assessent of Mukwa afforestation
For Mukwa :afforg'sl_alidn,' the direct sowing method was used in the Dambwa local forest. This is
inthe same area as the Mukusi afforcstation, discussed carlicr, and was eslablished in 1962. The survey
was conducted on a test block of Mukwa. The block was comprised of 7 planted rows, each extending

~ alength of 60 m. The space between rows was 3.5m..

The results of the _suwey arc shown in Table 42. The riumber of trees (the population equivalentto
per ha basis is shown in parentheses) is as follows: 40 (272) living trees, 36 (244) trees having main
stems, and 4 (27) coppicing stemmied trees, Trees having only main stems accounted for 90% of the

tqtai; 10% had coppicing stems. Trees with plural main stems accounted for 20% of :lh_e total.
The iiumber of trces per ha was as low as 270. The figure represents a mere 25% of the 1,100 Mukusi

{rees per ha growing in the sanie region, suggesting that only a smalf number of Mukwa had actually
survived.

‘The average height and DBH of Mukwa having main sters were 8.9 m and 17 em; respectively.
The stem analysis data of the surveyed specimens and the tree growth curve are presented in Figure 32,
When (hese figures are examined in isolation, Mukwa appears to grow more rapidly than Mukusi.
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Figure 32 Growth of direct sowing Mukusi and Mukwa, Dambwa |
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3 Tree height growth in natural ‘\luk'usi forests

.. Forest creation using the direct sowing method is a system in which seeds are sown by hiunan
hand in a forest fand, wheie they germinate and raise scedhngs Regeneration by natural secdmg ocCurs
as part of a natural system when forests reach a mature stage, in which seeds miurally fallto the ground,
where they genminate and raise scedlings. It weuid be, thereforu, helpful to understand how natural
forests regencrate when assessing afforestation using the direct sowing method. Also, comparison data
on the state of growth between artificial and natural forests could provide 1mportanl research material
when pursuing natural forest operations. Figure 31 presents data oblained from the stem analysns onthe
' averagc height of Mukusi in the Buunida w oodland anid Simungoma east forest, Accordmg to thic (ree
height gmwih curve for those in Buunda woodland, tree heights reached 3.5 hyin 10 ydars, 6 min 20
~ years, and 8 niin 30 years. These figures are similar to those foind in the Sisisi line'2 and Sisisi main
line forests, whéte the dircet sowing method was used. On thé othér hand, in the Siniungoia east

forest, the tree heights reached 4.5 min 10 years, 7.6 min 15 years, and 10 m in 24 years. These figutes
for the Simungoma cast forest exceeded the figures obtained in the lwoafomncnlloned areas where the
“direct sowmg method was used. : o

(2) Aﬂ'oi‘eslatiun experiinents using pot plant sfocks

In 1975, an experiment was caricd out to establish an artificial forest using pot plant stocks in
' Simungomei west. In case regeneration by natural seeding cannot be expected, artificial afforestation
_using pot plant stocks may be a viable option. In preparation for that, a sludy on the growth of pot plant
- stocks is worth conducting.

1) Afforestation using pot plant stocks in Simungoma west

F:gure 33 shows the remaining trees and their positions and profiles in the survey azea. “These
trees survived 20 years after being planted fiom pot plant stocks. The size of the surveyed area is
20 m x 50.m, or 0.1 ha. The number of remaining trees was 22; 5o, the population cquivalent to per ha
basis is 220. Even the tallest tree did ot reach 3 m'in height. As Table 43 shows, the average tree
height is as low as 0.6 m. This is a mere one-tenth the height of troes established by the direct sowmg
mcihod as described cailier, in whlch trees grew to about 6 i over a 20-year period.

Accordmg tothe person in charge of the phnhlmn miost of the trees died within the fll'bl year that
stocks wer planled Based on asuivey of lhe root systems of the remaining trees, the tap roots grewlo
1.0 i or more in depth.

2) Raising pot plant stocks

Through the above experiment on plantations using pot plant stocks, we discovered some
problems that deserve finther consideration. Trees die duc 1o a lack of balance between the established
subsurface 100t systems of the pot plant stocks and the tranispiration from the branch leaves. It is
reasonable to suspeet that the dry season’ arived before the root systems were well-established; so the
trees simply died from drought damage The root systems of the planlmg stocks that had been raised
artificially and plantu.l must have grown to the depth where the root systéms absorbed sufficient water.
before the dry season arrived. Tmprovements in nussery practices and a review of the planting season
are necessay to increasc the survwal rat¢ of the pot plant stocks.

(3) Survey on root s'ystems of artiﬁcial forests and natural forests

The seasons as they relate to the growth of plants can bedemty dividedinto dry and ramy SCASOHS.

Therefore, trees that make up a forest survive by adapting to long-lasting dry seasons. In formulatin g

the silviculture systems, a requirement is that data concerning the roof system development be
assembled.
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1} Root systems of adult trces in artificial and natural forests

Figure 34 shows the oot systems of adult trees established by the direct sowing method, as well as
those of naturally grown trees. Forthe survey, the roots were studied at a depth of 1 mto 2 mbelow the
ground.  The Mukusi wete found to have thick bar-shapcd tap roots. At Sisisi line 2, trees that had
produced many coppice stems were studied. Even in cases in which the main stems of trees died dueto
burning, their tap toots continued to grow and regencrated the coppice stems near the ground level,
recurrently. Inan artificial forest, too, the bar-shaped tap roots of Mukusi were observed in a naturally
regenerated forest. '

As for the state of root systems pf adult Mukwa trees, only ong tree was studied in the Dambwa
. local forest. The specimen did not ha\"e the long tap root like that of Mukusi, bul it had a large, knotted
root system at a depth of 60 cm to 70 cm below the ground surface,

Pesition of survival trees
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Figure 33 Trees that suwiﬁed trial plan’latlo'n from pot stocks
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Table 43  Trees that survived trial plantation from pot stocks |
Location: Simurigoma west
_ o : _ : L Planted year: 1975
Tree No. Height  Basal diameter ¥ero
L)) (cm)

Foot depth: > 0. 8
Root depth: > [.0n
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2) Reot systems of naturally regencrated scedlings

Figure 35 shows the root systens of naturally rcgencm!éd seedlings of Mukusi andMuk\\.a For
the survey, the roots were exposed at a deptheof | m below ground,_whcre no difference was found in
terms of growth depth between the Mukusi and Mukwa. Characteristicatly, Mukwa had storage roots.

The storage root functions to store water and nutrienis for the growth of thé above-ground portion of the

plant. The physiotogical function of storage roots causes feaves to fall during the dry season. The knot-
type roots of the adult Mukwa trees in the Dambwa forest, as described above, are thought tobeatype
of storage root. The coppice stems in Kalama forest shown in Figure 35 weére only 0.3 m high. 1t was

thought to be at a 5-year level based on the annual ring survey of the root,

{4) Survey of natural forest operations

1) Ldggfng survey of nafural forests

Maloggingsitein Simungoma wést where Mukusi were logged i 1995, thice quadsats, 100 m

100 m each, were established (o trace stumps. Figure 36 shows the location of stumps within cach

quadrat. Table 44 gives the diameters of the stumps. The average stump diameter and the diameter
range (shown in parentheses) for each quadrat are as follows: 48 ¢m (30 ¢ to 65 cm) in quadrat 1; 45
em (30 cm to 60 ci) in quadrat 2; 44 cm (40 cm to 50 em) in quadrat 3. All of the average diameters
satisfy the culling regulation of 30 ¢m to 100 ¢y DBH.
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Tn a natural forest near the logging site, the relation between the diameter and DBH was examined.
As shown in Figure 37,2 strong relation was found between the diameteral 03 m and DBH. Using this
finding, the DBHs were estiiated based on the stump sizes at the survey site. Then, tree heights were
calculated using the retation factor between DBH and tree height. Finally, the cut volume was assessed
using a volume table. The votume for quadrat 1 was 46.6 m?, 46.1 my* for quiadrat 2, and 56.6m’ for
quadrat 3. According to the Forest Inventory Book covering the ncighboring cutover sites in
Simungoma west, the volume of cut Mukusi per ha is about 150 m®. Therefore, the logging volume of
the surveyed quadats represented between 30% and 38% of the book value.

Table 44 - Logging traces
' Localion: Simungoma west

Diancter of stumps {cm)

Stuap No. : ‘ :
» Quadcat_| Quadrat 2 Quadrat 3
il 50 500 40
) 50 50 45
‘3 50 40 40
4 50 - 40 40
5 60 50 45
6 40 490 50
7 40 40 50
H 60 40 50
9 50 50 40
10 40 40 50
11 40 50 45
12 40 &0 50
13 50 60 40
i4 30 40 40
15 40 60 45
i6 A0 50 40
17 45 45 40
18 50 45 40
19 60 ] 40
20 60 IR 40
21 50 * 50 40
22 50 40 50
23 59 40 40
24 65 40 50
25 45 45
26 40 50
21 40
28 50
29 40
0t 45
H 40
x1E 50
33 _ 40
Average 48 5 T
Range 30-65 30-60 ~40-50
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- 2) !mprox ement of selective cutling Ieasures based on the resulls of the stump survey

Selcclwe logging in the aréa means cultmg trecs seleclwcly and Icavmg the cutover land to
regcneratb naturally. However, at the time of loggmg, the next generation of trees must have already
begun to grow. Inaddition, a number of regencrated seedlings should be present o a suitable number of

mother trees shounld be preserved in order to sccure the seeding rugenemllon inthe cutov er land.

Mukusi sceds are relatively heavy so they cannot be expected to producc su:dhngs far from the
mother trees. When stump locations in Figure 36 are examined, dlSparlll(:S are seen in the way the frees
were selected. At some sites within the cutover lands, trees were cut in groups. When a group of trees
iscul in anarea, some niother trees that can potentially regeénerate by seeding muist be preserved in each .

vicinity.

B '

g In some dreas of the forest ﬂoor, grass such as Sonko grows dmsdy This grass may hinder or
prevent the seedling development. Therefore, some forest floor treatment for promoling the
development of regencrated seedlings, including weeding after secdlitigs appéar, may be necessary.

‘These measures can actively assist natural regeneration.
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3.3.2, Fact-finding survey on regenération

"To assume a sustainable supply of the Mukusi resources, regencration must be ensurcd. First, we
conducted a survey on regenerated scedlings developing in the round-shaped plots, which were
established in a number of Forest Bstates. Then, we analysed the tree stratum conditions of mature trees
and scedings in each of the permanent plots in the Nange forest, Kalama forest and Samatela woodland.

(1) Regeneration of Mukusi and other species in round-shaped plots

A total of 112 round-shaped plots were ¢stablished to collect data for the resource analysis.
Among these, the state of regeneration of Mukusi and other species was sarveyed at 100 plots. The
findings are summdrized in Table 45, Mukusi was found in 52 of the 100 plots. Among them, scedlings
with a height of less than 1.5 m were found in' 42 plots and the number of seedlings per ha was 125.

© Mukusi seedlings with a height of 1.5 mor higher were found in 30 plots; the number of seedlings per ha
was 93. As for other species, 995 regencrated young seedlings were found per ha, whose height ranged
from 1 mto 6 m. The number of different species found was 10 as shown in Table 46. Among them, the
dominant species were Kangolo, Muchinga, Isunde and Mulyanzovu. |

Table 45  Result of seedlings

L Mekusi . {ther species
i o p<iis - izs - (Al lin shrub stratum
Plot - 42(28) 30013)} 52 s o0
lieight (m) 0.2-1.5 1. 5-6.0 1.0-6.0
Yean nun. /ha 125:4:5] 93443 995::148
Max num. /ha 310 560 3,840 -
Hin.num. /ha 10 20 ' 180

(" “Phasc- It (Jan. -Feb. ).

Table 46 Domlnant specles In shrub stralum
'sz,cms(l,ozr) iSymbos ‘Botanical name

~*1Kangolo - 4T Conbretum celastroides .
2iMuchinga” IS . |Popowia obovata
3 sunde 1S - Baphia massaiensis /ssp obovata 3
4'Mulyanzovu S Palbergia martinii
5bulalabainga T {Combretum elaegn01des
GiMwaiachi - "T T 'Markhamla acuminata
7:Mulonbelomhe':T‘ iStrychnos potatorum
. 8ISilutombolwa |G |Combretum mossambicense
~9%Mukena - JT.S° ICroton gratissimus ‘
10iN=ani_ 'T . 'Fagara trijuga

T

- T Trces/S Shrubs/C Cllmbers
@ chmeraiion in the Kalama forest

Inthe Katama foresi penmanent plol-3 (Table 49) was established. Iinthe pcrmancht pfot asurvey
site was set to trace the growth of regenerated seedlings. The dominant tree, Mukusi, grows 1hfck!y in
the small and middle tree sirata, but docs not reach the Jarge tree stratum. The DBH of large trees is the
30-cni level and the largest tree crown is about 8 m. Inthis Mukusi forest, 7 species, suchas Muhoriono,
Mukena, etc. are mixed, and the number of trees per hais 1,150. The site quallty by the height of Mukusi
is lower than that of the Nanga forest.
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1) ‘Tracing the regencration of scedling

- Regenerated scedlings are classified into twe types: those having a main stem, and those having
multiple coppicing stemms. ‘The seedlings were first surveyed during the rainy scason in February, 1995
How were they doing in July 1995 during the dry season? Their corlition was traced, and the results are
presented in Table 47 and Figure 38. In the 20 m x 25 m survey area, the number of regenerated

seedlings was 20. Ofthem, thete were two that had main stems in February. These two seedlings were

growing despite the damage caused by buming; onc was 21 cm tall, and the other 39 cm. These
seedlings were surviving as of July. Bighleen trees had coppice shoots.” The number of coppice shoots
~ per stump rariged between 8 and 60, and the average height of the stems ranged between 8 cm and 60
ém, The main reason for the regencration of these coppice shools was the bum damage:

Inthe July survey, survey tree No. 3 was fouind to have died from drought damage. Tree No. 4 was
* damaged by an eaily buming, and most of its stems above 10 cm point were dead. Eartly buming was
riot done throughout the survey area in 1995, and only tree No. 4 was affected because it happened to be
located near the buming. In July, & portion of tre¢ No. 4 near the ground was still alive; so coppice
shoots might still be regenerated.

om
-3

Stock Mo.3d ) T
pead by drought

=0

Stock ¥o. {
Dead by fire
(lore than 10cm
atove ground)

-~12.%

A

10 _
Hotes :

013 : Regenerated Wukusi

(:z:): Upper tree

Figure 38  Regenerated young growth in Kalama forest
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2) Tree stratum structure of mature trées

As Figure 39 shows, Mukusi do not reach a large trée stratum, but grow deasely in the small and
middle free strata.  Also, as mentioned catlier, there was a large number of scedlings in the ground
surface stratum of the arcas surveyed. The trec strata in the forest stands were in serics, and there was a
healthy amount of natural regencration in the Kalama stand. Thercfore, resources for the next
gencration are guaranteed.

(3) Samatela wo‘odland

Permanent plot-4 (Table 50) is a permanent survey plot established in the Samatela woodldand, and
the regeneration of seedlings was traced in this W vodland. The nuinber of Mukwa trees as well as the
CIOWN COVerage are higher than those of Mukusi in this forest stand: The number of trées and the crown

coverage for these fwo specues are 10 and 36% for Mukwa, and 5 anid 10% for Mukusi, respectively. In

 this forest stand, five species, such as Mupumangoma Mulya, efe. appear neat these two specics. The

number of téces per ha in this forést stanid is 460.

Fxgure 40 shows the location of regénerated seedlings and mother troes lhat were strveyed in
Februaty, 1995, This plot was established in the woodland, and the number of Mukiva secdhnga

_exceeded Mukusi. As Table 48 indicites, of the 12 ngenerated Mukusi seedlinigs (having coppicing
‘stems resullmg l‘rom buming) that were confirmed to be alive in the Pcbnlary survey, only tree No. 5

** was still alive; while the other trees were dead at the time of the July survey, because an early buming
~ had taken place.- As for Mukwa, 19 seedlings having main stems and 8 trees derived from coppicing

shoots were confirmed alive in Febivary. In the July survey, one seedling with a main stem and only

 three tree'stems dcm ed from coppicing shoots were confirmed alive: No. | (2 out of 7 coppicing stems)
No. 6 and No. 9 (l out of 13 coppicing steins). :

“Based on the results of the follow-up sutvey conducted on the Samatcla woodland, 1( is cwdcnt _'

“that most of the regencrated secdlmgq were damaged by the early burning.” So even carly buming can
=have negative consequenceq since, in this case, lhe dcgn.c of dainage was quite severe,

_ (4) Tree sl'ra't a composition’s ofa mature forcst Nan’ga forést.

Pennanent plol-z (Table 5 1) has becn established in lhe Na nga forest,

As shown in Figure 39 the Mukusi in lhc Nanga fon,st make up a tlllulllplc-!ayend forest stand
that encompasses all lhn,e sleata from shrubs to high'trees. At the ground surface stratum, a targe
number of Mukusi seedlings were obscrved. The tallest tree in the area reached 18 m, and some {rees

‘had a DBH excceding 50 cin. In the surrounding district where this forest is located, natural

regencration appeared to be in the best condition of all areas surveyed. The forest stand in Nanga is a
mature Mukusi forest stand that reachied the climax forest stage, with a crown coverage of 0% and the
number of trees per ha 750.
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Table 48 Follow-up of regenerated young growth in Samatela woodland
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Table 49 | No. 3 ﬁermanent plot (Kalama forest) (No.14 Balt-transect) .

Diameter of Crown
Species Height breast height Diameter Number
m cim
Mukusi {M) 5- 18 -6 - 33 15 - 3 92
Muhonono = {Mh) 7- 12 9 . 38 35 - 18 9
Mukena - {Mk) 6 - : 7 - 10 4 - 5% : 4
Muhoto (M) 8- 12 10- 3 2 - 3 3
Mukololo (M) 4 - 10 6 - 15 3 - 5 2
Sibobo 8) 3 - 5 8§ - 11 1S - 45 2
Muisilu C(Ma)y 0 - 11 10 - 13 7.5 2
tsunde )] 4 6 3.5 3
Total 115

" Tablo50 No. 4 Pérmanent plot (Samatela woodland) (No.7 Bélt-iransect)

Diameter of .

_ : Crown
. Species - Height breast height Diameter - Number -
i : om <m .

Mukusi ) 5. 1310 - 47 7.8 5

" Mukwa (Mk) s- 13 7 - 43 1.5 - 13 10

* Mupunangoma (Mp) 6 - 7 6 - 7 4 3

Mulya S(MI) 4 - 8 8§ - 2 3 - 65 2

Mukenge:  (Mp) 5 8 ' 45 1

 Mububu . (Mb} -8 7 25 1

Muhamani  (Mm). 9 18 45 1
: Total : S

‘Table 51 No.2 Permanent plot (Nanga forest) (No.8 Belt-transect)

L Diameter of - Crown

Species Height breast height Diameter Number
_ I .o.m . am:- 0 ] : .
Mukusi (M) 5- 18 8 - S8 25 - 185 45
Kangolo (K) 4 - .7 6 - 10 45 - 7 15
" Mwangula (Mw) 9 - 17 9. 64 5- 16 ¢
Isunde () 6 - 8 6 - 8 4.5 3
" Nzani N) 5 7 4.5 i
" Nankala (Nk) 7 10 55 1
- Total 75
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3.3, Guideline for natural forest operation technologles

(1}  Promaotion of Sccdﬁng regeneration by na.tural seedin g

Nalural regengration is a sure and economical method for Mukiisi regencration in this region.
Mukusi seeds are relatively heavy so that their distribution range is limited to the aréa dirccﬂy below the
crowns. Thus, the sceds will not drill beyond that range. Tn effeet, Mukusi regeneration is achieved by
the so-called sced shedding from overhead trees.” In order to promote the regeneration of seedhngs an
appropriate number of the mature (rees must be préserved to serve asmother irces. So, when conducting

logging ‘operations, it is important to secure the regeneralion of succeeding trees whlch will be the .

constituent forest members of the next generation.

Opetations to clear the forest floor including, for example, the removal of densely grown grass, are
very important in order for naturally fallen seeds to germinate and thrive. Such operations are needed to
help promote seed regeneration. The grass that grows densely on the forest floor obstruct the light
coming froin the above, teducing the light intensity to be received by the régenerating seedlings and, in
extreme cases, causing them to dic. Whils cutting the grass by manual fabor s a simple forest floor
treatment method, more effective methods are to expose the geound surface by plowing and to scarify
the soils. These forest floor treatment operations should be conducted prior to seedling regeneration, in
order to help promote hatural regeneration. These operations can be achieved more effectively by using
mechanical power such as bulldozers.

(2) Infroduction of cnrichnwnt technologics

When thers is a shortage of sucwcdmg trees for the next generation, and the rcgcnerauon and

 thriving of seedlings cannot be expected, cnnchment !echnologles can be introduced to assist in natural

regencralion,

Mecthods of enrichment include tine planlmg and gap planting. In linc planting, a low quahty

~natural forest is cleared, then the seeds are directly sowed or pot nursery stocks are planted ini fong and

narrow strips of land. In gap planting, the gaps of the forest stand are cleared, lhen aftorestation is
promoted

(3) Improvements in sced technology and nursing icéhtiblogy

1) Accumulation of pheaological information

Forest operations aie penerally aftected by the cycics of the rainy and dly seasons. In pamcuiar
the timing for dirctt sced sowing, pot plant stock nursing and stock plantation is influenced by weather
conditionis and soil moistire content. Therefore, an accumulation of phenological in formation is
cssential for increasing the seed genminalion rate and the survival rate of the pot plant stocks. Foliation,

-~ defoliation, owering and seed bearing of the broad-keaved trecs react sensitively to the changes in the
- rainy season cycles. Therefore; it is neCcssary o accumulate data through observahon over a long

period of time and improve the sceds and nursing téchnology.

2) kmyprovement in pot plant stocks

The result of an aforestation experiment using the pot plant stocks in Simungoma wesl presented
several problems yet to be solved. The death of planted seedlings was caused by an imbalance belween

the growth of the pot plant stock roots and the transpiration from the branches and feaves. Htis apparent.

that the trees died from drought damage because the dry season began before the roots had suflicicntly
grown,
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Usuaily, two methods are adopted for nursing the pot plant stocks; one is to sew the sceds directly
ina pot and rear the genmnaled stocks; the other is to transptant the stocks that have been cultured in a
fursery {oapot for further rearing. Ofthese two methods, the forvier is recomnended for the following
reasons: the labor ruqulmd for transplantation may be eliminated; drought dainage may be avoided: the
nursery practices are easier. _When adopling this method in which the sceds are dircetly sowed in a pot,
it is necessary tostudy in advance the numbet of secds (0 sow per pot, the growth height of the seedlings,
and the growth of toot systenis before they can be planted.

The humbcr of seeds to sow is deterinined by conducting a génmination test on the eeeds When
using ‘secds that showed a germination rate of 30%, five seeds should be sowed in a pot. When
determining the size of the pot, the most important factor is the depth which fimits the growth of the

* roots. Usually, the pot should have a depth of 15 cm to 20 cin. The number of days required for
: gcnmnallon of the seeds sowed in this pot and the height growth after thé date of germination must be

recorded to be used as basic reference material. It is also recomimended to record how deep the rools.
have grown, at least twice a we ek, Seedlmgs whose roots have grown to the bottom of the pot may be
planted.

Seedling planting must take plan duiring the rainy season. Measure the growth dépths of the roots

~ ofthe planted pot cultured stocks sevéral times wntil the end of the rainy seasoh and, when the dry season

starts, check to confirm that they are surviving. Since the growth pattem of the roots of the planted pot
cultured stocks is unknown, it is necessary to grasp the relation between the growth depth of the roots
and the survival rate by digging in the caith o expose the roots.” The roots inust have grown decp

“enough to absorb water before the dry season starts, and such a depth is csln.mted to be more than 1 m

~1.5 m below the ground level,

(d) Improvements in sclective culting operallons

When conducling cutling operatlons it is recommended that a selcclwe cutling method which

securely pnscn'es the succeeding trees in the next generation foiest be chosen.  Selective culting is
" superior to clear cilting because the sere may be secured more readily and the forest land preserved

mone cﬂeﬂwely Ofthe selective cutting methods, group selection cutting and sirip selection cutiing are
superior to single tree selection culling because intensive management is possible. ‘Trees must be felled
after they have dropped their seéds in abundance and a great number of seedlings have grown.

Group sclqctton cutting alms to promote seed sheddmg froin oveihead trees by cutling a certain
number of Mukusi trees as a group. Also, when conducting strip selection cutting, the cut widih'should

_ be the same as the tree height. The maximum tree height of Mukusi is about 20 m. This may be used as

the standard. Regeneration by seeds shedding from overhead crowns miay be expected on the both sides
of the strip, but in order to cover any insufficient sced mgcnerahon it is recommended that adificially
enriched seeds be selected.

Although the mother trees play a role, vaTious lhi'n‘gs must be taken into consideration, such
burning damage and the disappearance of regencrated seedlings afler ¢ulting mature trees, when
selcchng the tregs to be cut. At this time, a suﬂu:len! number of moihcrlrces should be preserved so as

. to secure lhc seed source.

" Based on the resulis of SUIveys conducted on naturally regencerated forests and planlalmns how

“ the Mukusn (rees regeneraté coppice stems, grow to having multiple stems and eventually become a
 forest were observed. 1t was made clear from this obscrvation that Mukusi is a species having an

extremely high sprouting power. At the above- mentioned site, coppice shools were not observed

- because the survey was conducted -:honiy aftera cullmg However, it is expected that the coppice

shoots from the cut stumps will grow to become coppice stems. Inordertoreatize this, it is necessary to

“properly conducl forcst floor treatment around the ground surfaces af the cut stum ps.



'(5) Expanding the dispersion of Mukusi secds by utilizing rodents

Damagc by rodents for example, Mukusi sceds taken away by rats and regcneratcd seedlmgs
eaten by duikers, may be prevented in an experimental scale by applying a cheinical agent to the seéds
or by surrounding the scedlings with nets. However; these measures cannot be adopted in the actual
cases. Proposed below is an approachto facilitate the disteibution of Mukusi seeds by utilizing animals,
regarding them not as pests but as members of the forest ecosystem participating in regeneration.

In Japan, it has been confirmed that the Apode mus spegiosus ainu (large Japancse field mice,
Apode s speciosus ainu) participates in the regmcratlon of Japancse oak trees. The rodents usualiy
store the seeds in shallow underground places withina dispersion area of scveral tens of mctem There
is a report that the dispersion and storage of sceds by rodents serve to help maintain the popuhllon of
Japancse oak trees and graduatly expand thc dlslnbuilon range. The seeds of Japanese oak trees are
refatively heavy and seeding regeneration is limited in the gravitational direction. Therefors, it can be
safely said that the Japanese oak trees are dependent on animals for dispersing their seeds to wider arcas.
Regenerated seedlings are often found at such places where the underwood is cleared.

When more knowledge concerning the regencration of Mukusi forests in Zaimbia is accumulated,
and data on the participation of rodents for the d1spensxon of Mukusi sceds are collected, it wild be useful
for the future recovery of the forest ecosystein.

3.34. Forest damage due to burning and preventive measures

(1) Destructlon of lhe forest ccosy stem due te burning

The direct damage to forests I'mm buming in the survey arca amounts (o the des{rucllon of lhe
forest ecosystem. Coppicing stems scen in such large numbers at the site were derived from the main
stemns, which were killed or damaged by buming.: The coppicing slems not only cause a significant
delay in growth, but they also tend to become plural stems; resulting in a poor tree form and degraded
- quality. Ifthe bumiing is repeatedly conducted, the ecological succession, in which a forest goes through
the natural sere and reaches its climax, would be hampered. As a resuli of secondary sticcession caused
by burning, 4 relrogressive succession takes place, the destruction of the forest stand structure

progresses and, eventually, 2 woodland or grassland appears. - :

As such, if (he vegelation is destroyed by buming, the humus, the souree of nutrients to the soils,
will bé lost, lowering the foresl productivity and reducing the diversity of lhe forest ecosystem.
Eventually, the forest will be exhausted and head for barrenness.

(2) Prevention of burning damage

- 1} Installation of fi rebreaks and managemenl

Since grass tends to thrive and shrubs grow atthe edgcs of forcst slands the stands are vulnerable
to burning damage. A ground fire that occurs at a grassland located at anedgeofa fon,sl stand Spreads’
tothe inside of the forest, becoming stem fires, growing to branch fires, and then crown fires, killing and
burning the standing trees. In order to prevent this, fircbreaks are required. The reason why the
experinient areas for direct sowing method have been saved fromthe fire for approx. 30 years is because
fiebreaks were established around these arcas. The width of firebreaks surroundmg the plantahons is
4~5 n. ' :

* In Japan, fire prevention forests have been created as a part of lhe forest protccllon management
policy. The practices adopted in Japan are to piam fire-esistant sp—eclcs and fo create bare tands by
removing the surface ground. Luropeart counleies along the shore of the Moditerranean havé been
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employmg the firebreaks as the forest fire protection micasures since these regions have little rain. In
France, besides creating firebreaks, the practice of removing the undergrowth in the forests was
adopted. In lialy, the establishment of fircbreaks and firc-prevention forest roads is specified by law. In
Greece, forest larids are subdivided by the firebreaks for the inanagement of shrubs which are the major
combustibles.

The establishment and management of forest roads that also serve asthe firebreaks were discussed
in section 3.3.5. Inaddition, it would be a good idea to construct administrative roads at the boundarics
between forest lands and agricultural lands, because they would constitute the fire-prevention bufter
zones. As fircbreaks, bare lands could be created by removing the surface ground. In such bare lands,
herbs and shrubs canniot casily grow and, therefore, the fire-prevention effect will be mamtamcd

' Firebreaks can be easily created using bulldozers. :

2) Review of carly burning system -

There is a need to review the importance of lhe early bumning system as a forest managemcnl_
procedure. Follow-up surveys conducted in the Kalama forest and Samatela woodland showed that the
scedlings of Mukvsi and Mukwa withéred and were damaged by early buming. [t is said that early
buming is usefil because it protects the forest from complete déstruction of its vc,gchuon possibly
caused by late buming. Towever, as a result early burining is recommended, so it is feared that
unrestricted and ill-timed bumings fuay increase. _

In'addition, it has been suggested that lhe'gehﬁinétion of Mukwa seeds is improved by buming,
but experiments do ot support this claim. However, in the cases of Lodgepole pine and Jack pine inthe
U.S.A, fires play a cerain part in the improvement of germination of forest tree sceds. But in the case

~of Zambla, which is suffering froim constant forest fires caused by burting, unless the benefits of
* burning ¢an be scientifically established, il is neadly 1mp0331hte to Jushfy early buming because
lhoroughly controlled bummg cannot be expected.

3. 3 5. Cutting, hauhng and lransportahon of timber

, (l) Present state of cultmg

_ Cum,nﬂy, decisions oh culting are reached through apphcahons from contractors havinga hcensc
to cut forest trees. For»st Departinent regulalmns specify that the minimum and maximum diainéters at
breast height of trees to be cut shall be 30 em and 100 cm, rtspcctnvc]y, and trees whose DBH falls
within this range ntay be cut. The regulations also specify thal the minimum log leénigth shafl bel2m

~ andthat the cut log shall not be decayed or defonned.

Cutting llccnses include the following three types:

1. Sawmilling Concessions- s years
2. Pitsawing Concessions - 8 years
3. Casual Licences : . 14 days

As per cutling mcthod single tree cuumg is adopted and appropnatc and malurc Mukusi frees are

'bemg cut Contractors are iristructed to cut trees so that the stump is no piore than 15 cmabove ground

However, based onour obscrvatxon atthessites, the hcighls of the remaining stumps were, in many cases,

bct\‘.een 30cm and 40cm, probably because it is easier to cut trecs at these heights when chain saws are

tsed. Only the fiirst lmnks of'the (rm are harvested and other stems ancl branches are !eﬂ behind around
the stimps.
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(2) Forest roads and spur roads

Since forest roads are indispensable for efﬁc:enl forest management and propcr f‘on,sl .

maintenance and control, it is important to keep such road in good condition. However; there is no
concept of forest roads in Zambia, so the maiter must be considered based on the nation’s road
standards. Road standards are classified as follows:

Road standards _
“Typel - Roads, pavid roads
“Type? — Local roads, gravel foads, all-w eaiher -ype roads
Typed — Scasohal toads, roads with ditches and roads with cross sectional grades
Type4 - Roads made by s:mply clearirig herbs and shrubs and leveling

The survey area is comprised of sandy soit covered by Kalahari sand. Theyefore, the type 3 and
type 4 roads can be used even during the rainy season. ‘When constructing roads in the survey area, type
3 roads for the forest roads and the type 4 roads for spur roads would be adequiate.

. ‘1) Current state of timber hauling and transportation

“In the survcy area, logging and forest management operations aré carried out using the roads
- (lypes 2, 3 and 4) which connect bemecn viltages and spur roads.

In the survey site, two companies, Zambezi Sawmills and Mukusi Sawmills, as well as pitsawyers | _
and those with casual licences are cutting trees. The two companies mentioned above are construcling

spur roads. Yardmg is conducted by skidders and forwarders and the timber is transported by trucks.

Zambezi Sawmills has two sawmills in the survey site, which are vsed as the basis for logging
operations. 'The spur roads runsing from the sawmills to the logging sites are used more frequently and,
for a tonger period of tine, than those [ocaled at the logging sites; therefore, these roads may bé calted
forest roads. The spur roads at the logging sues are used only for hauhng timber and their surfaces aré
‘quickly covered by shrubs and closed. :

Spur roads are nade by simply clearing the herbs and shrubs and teveling. Smcc these roads are
constructed on sandy soil which has excellent permeability, they can be used even during the rainy
season. However, the vegetation quickly retums afler the togging operailo:l is over. Therefore, the
clearing w ork is sometimes required i in order to secure the traflic before the next loggmg opcratlon

"2} Yorest roads and firebreaks

The boundaries of the Forest Estate located in the survey arca are nol clear. C!garmg the shrubs
using manual Jabor and establishing fire-prevention forest roads would require about 146,000 taborers.
This figure suggests that itis not practical to clear these boundaries using manuat tabor. Since the survey
area is flat where the winds blow only intenmilteatly, major fires may be prevented by creating the

fircbreaks at certain inteivals (ﬁre preventlon spur roads that can also be used for forest management -

operalions).

Based on the above i'mdmgs itis urgenl that facdthes be prowded that ﬁmclmn to prevent fires
caused by bumning, such as forest roads (fire prevent ion forest toads) and the fircbreaks (ﬁ 1é prevmhon
$pur roads) in order to protect forests against the retrogressive succession caused by fires and to facilitate
the sound growth of forest trees. It is recommended that forest roads be conistnicted along the
~ boundarics of the Forést Estates, and that they be mamtamed and managed to function as fire pmventton
forest roads as well as the firebreaks.

Ideally, fircbreaks (also utitized as spur roads) should have a width of 5-6 m and be provided at
intervals of 500~3,000 m, from the forest managenient and umbcr inanagement points of view. Such
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fircbreaks may be created refatively easily by using butldozers.

3.3.6. Forest managémeiﬂ organisations and forest management

’Ih_c forests in Zambia are, in principle, state-owned. The Forest Estates where Mukusi trees are
distributed and growing are managed and controlled by a national projéct, The Teak Forest Project, of
the Forestry Department,

"The Teak Forest Project is comprised of the following organisations:

PROJECT WANAGER

GTZ feremmmmmerammmemeneeene CONFIDENTIAL SECRETARY

FIRE CONTROL OFFICER

___________ ADYINISTRATIVE.
OFFICER .
T T T T
FORESTER - |- IDFD - forp . | |oFp | oFD - [ JOFD. |
8 EXTENSION SESHEKE [. |SENANGA | [WASESE| |MACHILE:| ™ |LIVINGSTONE| |
ASSISTANT FOREST NECHANIC |!
S U EE A ] §
FR RO IR ] |RR LR F.R- |
NURSERIES| |PATROLS| |LICENSING | IPITSAVING| [FIRE CONTROLS| |SARNILLS | !
FOREST GUARDS :
e eemeed | s ammasssssamswderr 1
“ GENERAL RANGE . REGISTRY | 1 | STORES
"FORKERS | | GUARDS |l | cErk OFFICER
¢ 3 | | THPISTS f--t---- OFFICE .
ORDERL{ES

GENERAL FORKERS

_ : Note: F. R.: Forest Ranger
The staff engaged in the Teak Forest Project number 48 and the workers 67.
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Project responsibilities include the following:

Forest Fire-fighling and Control

CS

Forest Demarcations and Surveys

Forest Boundary Maintenance

a o

Forest Managed Eady Buming
Forest Research (Indigenous Sifviculture)
Commercial Sawmilling Supervision

Forest Produce Licensing

= @ = e

Révenue Collection and Bankiﬁg '
i. Forest Extensioh

j. Forest Tree Nursciy Establishment
k. Protective Forest Patrols

The 'orgahisations established for this project appear to have adequate human resources but lack
suflicient budget allocations and mobile powers. In addition, the number of automobiles and the
instruments necessary for surveys and management are riot suflicient. Consequenl ly, surveys of current

conditions in the forests, research at experimental sites, control of wood harvesting, and managementof .

existing firebreaks are being not conducted in a satisfactory manner. Morcover, the inadequacy of the
fire-fighting equipment and iobite forces in the event of a forest fire is one of the causes that prevent

active action from being taken, action that is needed to check the spread of fires in thelr eaily stages.

' Urgenlly requited are the sufficient budget allocations that permit those organisations to take the
necessary measurcs for foresi management and the prevention of forest fires. ' :

Fudhennore the total forest area and the volume of resources in Zambia have not be accurately
grasped, and it scems that no operational plans for logging, afforestation and nursing have been drafted,
Under such circumstances, the ﬁndmgs and data obtained from a number of afforestation experiments
conducied in the 1960s and 1970s, in an altcmpl to clarify hese facts, should be ulitized as a guideline
when conducting future forestry in this reglon
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34.  Survey for Land-Use Management

3.4.1. Land-usc based on the natural conditions of each locale

The goals of land-usc planning change according to a socicly’s needs, which are generally
determined by a society’s stage of social evolution. For example, there is fand use for the direct-
production of daily necessities based on farming, forestry, livestock breeding, ete., land use for
industdal, urban and residential areas, land usc for environmenial protection, tand use for human w*li
being derived from public parks and green belts, and fand use for pubtic facilities,

The tand use proposals in this survey are givenasa pan of the forest management plan, and they
focus on productive environinental organizations, However, the proposals, which ain at achieving
perpetual productivity for land, are not simply limited to the issuc of applying productton technologies,
but include consideration for natural conservation issucs.

In this survey, it was found that the land used for farming, foresiry, grazing, etc. depends on the
natural characteristics. Therefore, this survey concentrates on local conditions within cach survey area,
and how land there is being used.

Although Forest Estates exist, unfil a leltcr undustandmg is obtained from the local villagers, the
problem: of farmers seeking to expand their farmlands will continre. Also surveyed was the relation
i between farm land and forest larid, as viewed from a natural habitat shndpoml

342, Classification of site characferislics

(1) Method and results of terrace and flood plain elassification

Figure 41 illustrates the land conditions of a 639,800 ha arca that includes the area of study.

Wheii the summit level map that is included in this figure is surveyed, the survey area appears as

a plattan somewhat dissected and genlly sloping in a southeasterly direction. Although, the plateau

- classification is not acwmte, due to the fact that the area is covered with the Kalahati sand layer, areas

- above the elevations of 1,040 mio 1,060 m are classificd as high terraces, areas with clevations less than

940'm 1o 960 m (along the Zambezi River) are classified as low terraces, and areas with elevations of

960 m to 1,000 m are classified as middle terraces. West of the Loazamba River, however, the division
between high and rmddlc terraces is riot clear.

In the case of many lrlbulanes middle and hlgh terraces appear shﬂllow, yel have wide leench
cross-seclion profiles. For this reason, in many cases, even low terraces sometimes extend to banks, and
the delincation between higher terraces canniot be easily determined. Particularly, in the case of valleys

with cross-section profiles that fail to exhibit a terrace structure, it is difficult to distinguish flood plains

from low terraces and middle terraces. Therefore, when deciding on a low terrace classification, the
‘point at which a terrace structure could easily be ldenhﬁed was used as a bench mark. And, for sites that
couldnotbe classitied casily, they were classified by assuming alow terrace edge along aline extending
from the bench mark, using the refative clevation differences.

For classifying flood plains, we relied on, without 3mendmg, the results of i lmcrpn:lanons donc by
engincers al the Zambia Survey Department for their 1/50,000 topographical maps.

By using the above classification method, the area of high terraces was known to be 119,148 ha; or

- 18.6% of the area. Middles terraces were 309, 939 ha, or 48.4%, the low temaces along the Zambezi -

River 21,454 ha, or 3.5%; and the low terraces along the tributaries 56, ‘701 ha, or 8.8%. The area of the

flood ptains and marshes was 132,557 ha, or 20.7%. But the area along the Zambezi River alone was

24 136 ha, or 3.8%. Ilowever thelow lemces and flood plainis along the Zambezi River are numerous,
and are not included in the survey arca. So the actual area is considerably larger.
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1 (2) Site chavacteristics of alluvial plains of rivers

Alluvial phains of rivers are dlvided into o types: flood plains covercd by River water during the
rainy seasoit, and non-Nooding phins and lowlands including low temaces. Significani differences in
thé features of sediment plains and soil forming plains were obseived between flood plains atong (he
main River, where turbulence constantly churas up sediment, and the flood plains along the inbutarics
with their modest watet flows, enabling the retaining of old sedimeéntation layers. For this reason, the
different flood plains arc discussed separately. '

a. Flood plains and low temces along the main course of the Zambezi River

The area is composed of highland tercaces covercd with a thick laycr of Kalahari sand, The
- Zambezi River wirids thiovugh the area, forming wide flood plains and low terraces.

In the upstreaim portions of the river in the northwestem pait of Sesheke, the bedrock is close
to the surface. There arc segments with swift currents and rapids, and the main river cousses
througha slightly valley-shaped terrain. (At this point, the river has not formed a canyon, but
rather small-scalé flood plains and rocky low terraces.) The river changes direction from
‘sontheast to east near Scsheke, and then a short distance on, stddenly encounters a gentle

‘slope. From this point, traveling downstream, to near Livingstone (about 150 km), the river

“forins targe-scale flood plains with widths of 10 km to 20 kmas it flows toward the Namibian
border to the south. .

" Historically; the area is assumed to have been a desert during the latier pait of the Neogene
period, when it was covered by a thick layer of acolian soil, which originated from the central
patt of the Kalahari deseit and westen plains. Furthermore, during the most recent Difuvian
episode of the geological age, it is believed that the arca again became a large-scale desert.
The Zambezi River formed low terraces and even lower formations by eroding the a¢olian

- soil and redistributing sand. Perhaps, because the history of river erosion and sedimentation
is rclatively recent, the sand layers that comprise the flood plains and low terraces consist of
relatively fresh materials for this region. Interestingly, as the acolian soil was flushed by
water activity over the years, the grain sizc of the flood phain soil is larger than that found in
the sediment layers of the middle and high terraces, and the grains are slightly square. These
are characteristics of a sandy soil, so because of thei, an abundance of pores is seen in the
sand layers. As a whole, the layers share sand characteristics and forms, but detailed soil
texture and the degree of hardness and density vary according to the geographic relation to the
main course of the river and the river's velocity at a given site. -

All of the low tetrace surfaces shace a similar history of sedimentation after being decply
eroded by the Zambezi River. Inthe course of the river’s winding, scemingly, the low terrace
surfaces were divided into either water channels having deep river beds, or sediment plainsof
" different thickness, which together formed the present topography. Given this phenomenon,

" although the relief of ground surfaces differ, the bases of their sediment fayers seem to have
the characteristic of being decper thaix current river level while, at the sanie time, sharing

 continuous sahd tayers at the lower paits. Thus, it seems that the groundwater levels of low
terraces and flood plains have a strong tendency to fluctuate in response to the water level of
the Zambézi River’s main course. ERRPINEE

It is furiher suspected that the relative elevationis of flood water surfaces during the rainy
season together with the groundwater levels are essentially characterizing water conditions

" which influcsice the development of soil horizon levels. If the groundwater levels are
influenced by the water level of rivers, it is reasonable to postulate that the water enviromment

 of sediment layers has been characterized by the difference in the refative levels of the rivers
to their topography.
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Because the groundwater level in a sand Iayer near the flow channels of the river does not
change qulckiy, even during the heavy rains comition 1o the rainy season, the groundwaler
* sonictimes maintains a hi gher water level than the river as the dl‘}‘ season approaches {Onthe
other hand , there ate instarices when the river watcr level rises rapidly dué to heavy mmfall
upstreantin the early rainy scason—atime of little rainfal locally or downsirean - white the
groundwater level in sand layers renains low. But we regard this phenomcnon as
exceplional )

“Thus, it is reasonable to suspect thatif sand layers are continuous, shlﬂs it inland groundwater
levels are usitally a bit behind river water level changes, and, in many instances, the average
annual levet may be higher. Here, we have assumed a diroct coreelation in the up/down
maovement of groundwater levels with thase of the river (Figure 42).
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Figu're'42 Schematic profile of low terrace

~al. Low ﬂood plains

Low ftood plains are flooded afniost every year during lhc ramy SCASON. Smce the plams
are dry for more than 6 months of the year; it is possible for heibs 10 grow. Many of the

plains have been turned into grasslands.” But at some placés, tributaries have created flow |

" ‘channels into rivers during rainy seasons, eroding lhc lop so:l and exposmg ‘sand layers,
which has pre\enled tobe grasslands

The plains, where hetbs can BrOW ummpeded are shghlly hlghcr than the exposed sand -

"layers. The A and B hotizon, which are parhally compnsed of humus, are séen on these
“plains.

When hetbs start to grow, erosion is prevented by the dense root systems, even ifthe plains
should flood. Furthennore, sedimentation is accclerated by dense fohage Gradually,
~ sedinient tayers thicken and become higher than the flow channels. The horizons of the A

and B layers develop rapidly, because rool systems die cach year and rof, prov:dmg hamus

 {othe swuiface layers of the soil.
a2. High flood plains

The high flood plains are slightly hlgher, and therefore less ﬂooded than (yplcal flood
plains, Plants grow more successfully on high flood plains than low ﬂood plains. Not only
heibs but also shallow-rooted trees and moisture-tolerant trees (e.g, Muhoto, Muhonono)
giow there. In addl_non, since the gmundwatcr level is close to the surface, the water
supply is reasonably assured during dry seasons; so plant growth is vigorous.
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In general, the plains that provide surfaces for sedimentation are called alluvial plains.
When examined in detail, their surfaces can be broken down into two to three
classifications according to their elevation.

ad. Low terraces

Low terraces are generally 2 to 4 m higher in clevation than flood plains. Even during the
dry season, as groundwater levels fall 5 to 7 m below the surface layer, water is supplied
by capillary action in the B and Chorizon, whichare madeup of relatively dense sediment
_deposits. The B and C horizon scem to maintain a continuous supply of water witha value
of around pF 2.7 (a soil moisture value indicating casy absorplion by plant roots). Thetop
horizon, the A horizon (20 to 30 e in thickness), is often dry because its non-capillary
porasily is too great, so the resulting lack of continuity betwech macro and fine pores
hampers capillary action. ‘This indicates that soil is a suitable environment for wild trees
and shrubs to grow because of their relatively deep root systems, but it would be a severely
dry environment in which to cultivate fanm crops. - (Herealter, the A horizon (tmold) is
excluded, unless cited, and only horizoii B, C and below are subjects of the report.)

Owing to its relative elevation that is miore than 2 m above the flood plain, alow terrace is
not likely be overly wel. Therefore, all species including shallow-rooted, deep-rooted,
and hygrophyic plants can grow on tow terraces. And, with regard to the crown coverage:
(stand density), where, by degiee, the competition for light overtakes the compelition for
waler, this arca of the plain is the most favoied in teims of water résources. The
development of the soil horizon is sound, having nutriéhl rich A and B horizon. The arca
provides excellent conditions for both forést teces and herbs. When focusing on soit near
the surface, many problems arise since the top soil dries out during the dry scason.

In reccit years, the excellent soil conditions originally found at many sites are
disappearing as a result of soit overuse, including slash-and-bum practices on cutover
lands by agriculture interests, which is often fol fowed by excessive grazing, uncont rolled
burning, and consolidation. If efforts are made to promoté the growth of herbs for the
recovery of humus layers, the soil actually has the potential to recover quickly because of
: its supreme location. Thercfore, care should be taken in using land (in tems of cyeles).
b. " Lowlands along tributaries (flood plains and fow terraces) _
As a whole, lowlands possess unique sand charactenistics. However, along the tnbwtaries, a
* higher percentage of fine sand has been ground by the progeession of weathering than that
found on the flood plains and low terraces along the main channicl of the Zambezi River, which
explains the denser sedinmentation found along the tributarics. This is due to (he fact that
‘exposed surfaces of the tnbwlary lowlands rétain more of the older deposils because the
* flushing action of the water flows is weaker than that found in the main channel ofthe Zambezi
River. So, soil hardness anid density depend, in part, on factors such as to whether the area
‘experienced swift or Kisurely water flows. Also, the evolution of the soil horizons and
“groundwater conditions have been influenced by a site’s elovation relative to rainy season
flood surfaces. ' ' -

bl. Areas of swift water flows on flood plains

The River nins thiough fixed channels when passing through ravines. Tlowever, when the
iver entersa low flattand, the land can be viewedas a wide flodd plain. Relalively narrow
channels wind across the surfaces.” Tn the dreas surroundinig these channels and the
recently discontinucd channels, white sands are ¢xposed during rainy seasons. The reason
for (his 1iés in thé swiflness of the curient, which has conliried to promote a soil crosion

" and sedimentation cycle, resulting if the 10ss of $oil fonmation. On most flood surfaces,
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‘ however, where water flows are moderate, the formauon of soil was obsérved, as

b2.

described in the following section.
Areas of moderate water flows on flood plains

Many areas that flood only during rainy scasens are not main water channels, and water
movemeht inthese areas is gradual. Although the arcas are subject to mild susface erosion
duting occasional flooding, it seems that in most instances, sedimeiits that had been
dislodged and suspended by river currents reseftle for sedimentation.” The annual voluime
of deposits might not be farge, sirice the discharge is 1ot farge, but, on the whole, the area

" is thought to typify a sediméntation environinent,

- b2.} Concave land formations with bad dmiﬁagcfdish-shapeﬂ, genlly stoping surfaces

In anenvironment where the groundwatér level remains al or near the surface level
after rainy seasons, providing moist conditions throughoul the year, herbs will fail to
thrive; so soil formation will be severely hampered. In such places, some erosion
was apparent, which was due to the activity of currents uniimpeded by hetbs. When
currents taper off near the end of the rainy scason, sediments begin to scitle into a
dense inorganic state. Through the recurring cycles of dry-rainy-dry seasons, large
gaps are created and large pores are formed at some places within the strata. But,
since the main composition of sedimentation is fine grain sand, which tends to float
- even in slow currents, as a whole, the sedimentation lacks pores and is very hard and

dense. The hardness of the layers exceeds 30 nun (a figure equivalent o some rock),

which prevents the pcnctrauon of oot systenis. :

Stlil even in this enwronment as seduucntanon Progrosses and the high humldny
subsides during the diy season, herbs start to take rool. At spols where herbs begin

~ grow, the tight binding of the herb rool systems inhibit soil erosion. Also, the foliar

- helding accelerates sedimentation. Asa result, the sod:meni layer gradually deepens.
Furthermore, since there is an active life/death cycle, the heib root systems begin to
contnbule humus that allows soif formation to progeess rapidly.

- Al sites where herbs grow flood surfaces have forined wnh the soil hénzon
becoming oné step higher than exposed lands (mentioned above). In many cases,
hard and dense layers (also menhoned above) develop as hard pan under the
sediment layers which have become soil. This soil structure is not good. When soil

‘layers havé been established, leaching materials froni the A horizéi seltle and are

"deposited onlo the denser layérs, with the result of makmg the hard pan even harder

and denser.

Gencrally, the poition of land on which heibs grow is grna(er than that of the barncn

surface. Next (o the herb growing areas, and one step. higher, the hlgh flocd plains

and low terraces take shape. When the depth of the sedi iment layer r-:aches about 1.5
. m, the adverse situation caused by stagnant water trapped by the hard pan lessens,
- and good soil conditions appear. :

b2.2 Flat tand formations with refatively good drainage—hi gh flood pIams

~Herbs also grows inarcas where water drains with relative ease aftet rainy seasoris, as
fong as the area remains refatively humid during dry seasons. Inthese locations, the

. probability fora good sedimentation environment is hlgh Thls happens because soil
erosion is prevented by lhe tight root systems of herbs and the damniing action of
dense foliage. The result is that scdimentation layers gain’ deplh with each Nooding
and topographic features usually develop, which average around U mt in height, one
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step higher than the barren, low marshy land.

* Deécause humus is supplied cvery year by rotting herb root systems, the soil horizon

develops rapidly. Many A and B horizon witha depth 0f 0.3 10 0.5 in were found.
Also, many white layers Were found to have developéd beneath the humus layers.
The white laycrs arc the result of a process in which metals, such as iron, attached to
sand grains are dissolved and discolored by humic acids. Since the dissolved and
discolored materials conlaining fine soils scitle and deposit on lower layers, the pan
becomes increasingly hard and dense. '

As 4 characterisiic of tropical arcas, often basic featurcs arc crealed because of the
rapid humus decomposition in the A horizon. A result of this process can be the
dissolution and discoloration of the silicic acid contained in lower layers; thus, strong -
basic white layers are formed. When a surface layer suddenly disappears, the strong
basic sand layers are exposed, making plant growth quite difficult.

Usually, in the first stage of flood plain formation, the river establishes the main
winding channel by eroding a rather deep groove in the landscape. In the next stage,
along with movements in the winding course, the location of the main channel

_\ changes, and the old groaved beds bocome buried. A flood plain gets created by
. these ongoing actions, and a wide, flat topographic surface is formed. When only a

deposit profile with a depth of 2 to 3 in is examined, old sediment Jayers are rarely
found within the profile, but the same soil layer structures are commonly found. In
high flood areas, shallow-rooted and moisture tolerant species, such as Mupane, are
distributed. :

23 U-shaped valleys—gently sloping landscapes
; With tributaries that have only small catchment arcas; the flat flood surfaces
(described in the previous section) cannot be fonned. ' Instead, gently sloping
- surfaces are created, The surfaces appear as U-shaped curved surfaces when viewed

in profile. Under the Kalahari sand sediment fayers, often ancient topographies
(predating thé last dituvian episode) lic buried. ‘And above them, as if: covering them,

‘ a'dark:reddish pari {abundant in iron and aI.'umirmm),_ known as curasse, is spread.
' Different characteristics distinguish these locations; i.¢.; either the new U-shaped
slopes were fotined when curréats eroded and destroyed the 61d topography along

with the pan (Figure 43a), or: the ancicit hard pan and its surface contours have

*remained intact so that the ciirent U-shaped topography was fi ormied over the ancient

topography (Figure 43b).

a

Flﬁure 43{a,b) Schematic profile of rivulet
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In the former case, the ancicnt hard and dense sediment layers were gone, and the
hard pan, which can frap stagnant water, was also gone. The enlirc scdinicnt strata
have refative swellinig characteristics. As for plants, 4 suitable environment has been
formed (Mulayi dambo, Muhmaku!c dambo, etc.)

In the latter case, not much new material has been deposited. Evenif soil had forimed,
the present environment is not suitable for plants (especially in the valley boltom),
because the hard pan that traps stagnant water is so evident, ‘Also, when the surface
soils have been lost to soil erosiof, hard ahd dense stibsoil is ¢xposed, making plant
growth difficult. Thus, the environment may be easily destroyed (Sanembo dambo,
~ ele). : : '
b3. Low terraces
“ The low terraces along the lnbutancs do not get overly wet dunng lhc rainy s¢ason. And,
* in the dry scason, waler is wpplled from groundwater and from the upper tevel slopes
(middte or high terraces). Thetefore, low terraces provide good conditions for all plants.
- At preseitt, many of the terraces ate used as fannland. - However, the soil in the farming
arcas has too high a level of porosity to enjoy the benefit of a good waler supply. On the
othér hand, for trees whose root systems can reach the B and C horizon, low terraces
provide good conditions since they can easﬂy absorb water from the lower strata via
capliiaxy action.

(3)  Middle and high terrace characteristics defined -

[hc peolopy of plateau sirata and 'eand layer fonmalion

The types of bediock discovered are sandstone (Kalaharl sedlmenlauon) shale, and
* nictamorphic rock (the old bedrock), including § goeiss and crystaltine schist. On top of the
bedrock lies basalt (siirface layers weathéred to red), reddish weathering gravel layers, and

dark reddish fine sand layers (hard and dense, conforming to the shape of thé lands and
* mountains). - The deposits fonned in the above ordér exhibit a few eéxceptions. (These were
fornned befofe'ihé middle of the Dillivitlm ) :

There are. no sand layers that ongmaled from the desert during the course of the above
formation. The sand layers that originated as deserts formed between the late Neogene period
and the end of the Diluvium age. Sand layers that fonned before the middle of the Diluviam
are reddish orange in color and vecre deposited in contours that conformed to the shape of the
lands and mountains. In contrast to this, the sand layers formed at the end of Diluvium to the
post-glacial epoch buried the land and mountain contours, with the resulting sediment surface
having flat, hlghfand contours. Many of the sand layers beneath C horizon are (orange) yellow
in color (Figure 44).
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‘Figure 44 Schematic profile of high and middle terrace

The desert formed during the mid-Diluvium acted in a tyrannical fashion and formed a very
thick sand layer. Aflerthat, in the late Diluvivim, the surrounding environment was aftected by

- ashiftto a hwnid ctimate. Under the regimen of this clinate and weathering system, soil was

formed, weathered and emdyd becoming what are now the current soil layer\ In shod, it is
suspected that vegetation ‘had been récovering for a fong penod of time,

The region had ot functioned as a desert for a long penod of time. Rcddish sand layers -

- formed, conforming to the basement’s shape. Dark reddish curasse was formed at the base

(the surfaces of bedrock). The course of these fonmations is indicated by the state of reddish

- sand layers deposited along level lands and mountains. Once again, a descrt formation
- occurred during the end of Diluvium to the postglacial age. The massive volume of sand that

covcred all lanid and mountain contours was comprised of l't.ddlS“l sand layers, which
ulhmalely created a flat hlghland topogmphy

Since then, pmbably slarlmga few thousand years ago, the progruss of the descrt ccased as the
climate changed {0 one in which vegdal;on could lhrwe teading to the situation found today

‘(Figure 45).

We c¢an examine the history of l\\"o pr’ominent desext formation episodes in the mid- to late
Diluvium by studying the status of sand layers found i in the geological profile. In the case of
the reddish sand layers; erosion of the layers progressed in a moderate fashion in the presence
of vegetation afler deseit progression ceaséd. Thisanalysis is based on the way the sands were
dnposued in parallel with the concave-convex !opogmphy

The soil layers that formed in parallel withthe curved suifaces of the baserncnt su ggosl that the
sedimentary sand layem were being stabilized by vegclahon and, at the same time, small
amounts of sand were being lransferred toand seltled in thearea. Thatistosay, wecan assunme
thatas nonnal erosmn progressed, a hilly topography was caalcd that had a greater relief than

' preaenlly seen. The big differences in color (one, grain size, and hardness and density in the

sanid layers give evidéace to the greal dll’!crences in the' mochanmns of redistribution and
dcgn.cs of wcathenng that Yook place’ during theic formation. it also indicates that for a long

' penod of hme ‘the process of sedimentation was suspcnded

o151 -



Xigdle Yerrace High lerrace’

RcddaSn pru'tld

-« -

Dy

Figure 45 Schematic profile of high and middte terrace

On the other hand, the final desert formation (¢nd of Diluvium to eaily post-glacial age) took

place in such a severe manner that the existing concave-convex topography was destroyed and
buried. There was no evidence found that vcgetauon resisted the sand layc.r deposits during -
the time. This clearly indicates thal not only Iarge quantities of acolian sand were transferred

' from the adjacent Kalahari desert, but that the region itself was ina deseit state. Asthe preseat
period approached, climate ¢onditions again changed, with heavy rainfall patleriis emerging
causing deseit formation activity to cease. “To date, this latest ¢limate characteristic has
remained unchanged; so the recent period has witnessed a recovery of greencry in the region.

As to whether these conditions will continue, there has not been enough phenoniena |

uncovered or information collected to'make such a prediction. According to the memories of

~ local elders, both the d;schargc of the Zambezi River and its tnbuhncs has been steadily
decreasing over the past decade. This indicates that rainy seasott pmlpltalton has been
decreasing. Itisunknown, but womisome, as to whether the climate is goingto lead directly to
desert conditions. [A few decades ago, the waler level of the Zambezi River was intich hi gher :

“than itis today. A fork branched off the lefl bank of the inain course near Pimbwae, about 25
km upstream from Sesheke, and ran through the Mulayi daritbo. In short, the platcau located
from the lefl bank of Zambezi River downstream 1o the right bank of the Loanja River
(downstream from the Masese ar¢a) was presunmed to be a fan. ‘

. Surface soil layers
- bl. Surface soil layers ini dissected areas

In lhe arca su lroundmg both banks of the Zambczl Rwu from Scsheke to 40 km upstream,
as well as the upstream arcas of the Loanja and Machili Rivers, decp vatleys traverse the
plateaus, ‘and hilly lopographles are common. Afong with the deep. valley dissections
through which the rivers’ main channels flow, the valleys conlaining the small fributaries
are also decep, having rather stcep slopes. Soil niovement in these aréas seems to be
intense. As a result, the distnbution of yellow ta gray color Kalahari sand fayers is less
pronouniced than that found in the highland areas. More succinctly, the gray color
Kalahari sand layer distibutions are limited to wide, gently sloping susfaces, such as the
upper surfaces of broad, ridge-shiaped plateaus. 'In many places, orange to reddish color
sand layérs (base courses) are exposed. As a result, in many places the orange to reddish
color sand layers, which were formed when the réddish sand layers mixed with gray sand
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layets, now form the surface soils.
b2. Surface soil layers of flat highland areas
As mentioned éarlier, al one time or another Kalahari sand layers covered all valleys and

ridges in the region. When this was examined in detail, it was found that the buricd
topographics have aflected the soit character and color tones of surface soil layers.

At places that once were ridges of buried hills, Kalahari sand layers are ¢ither thin, or do
notexist. Thesurfacesoil Jayers of the region are a mixture of reddish sand layers and gray
sand layers, or orange to reddish sand layers. The fayers dre band or clod-shaped. These
are old sand layers aind are predominantly found buried in the highland arcas.

In the fare case of a rise, orie step higher than its immediate aréa, its surface and every other
surface, whether higher or lowet, iticluding the scarp, ate covered with layers of Kalahari
~ sand. In many cases, however, the surface of the scarp and the cdges of the upper hill
-~ surfaces are covered with only a thin layer of Kalahari sand.
Many mixed layers comprised of old and new sand layers, or base courses (old sand
layers), were found. ' '

¢. - Middte 1o high teiraces and eronndwater levels in dry seasons

A féw middte and high terraces share groundwater (connected with the water levels of rivers)

with low terraces or flood plains. However, most of the upper erraces have old, hilly terrain
(with substantial relief) buricd beneath them. 'On top of the plateaus, Kalahari sand, with a
minimum thickness of | to 3 r to a maximum of several meters, covers the plateaus, inaking

them flat. Therefore, the groundwaler conditions under many plateaus are influenced by the -

buried topographics. Thus, many middle to high terraces inherently have varying

groundwater tables, which also differ from low terrace tables.

' In the event a middle teriace sharcs a groundwatér table with a low terrace, the relative depth
o the groundwater becomics significant. Insucha circumstance, a simooth capillary climbing

action to the B and C h_orizi:jm, which are close to the surface layer, may be impossible.
Therefore, the water-relaining capacity is a key factor.in detérmining the soil water

* environment, rather than the presence of a groundwater t'dble._ In cases where topographies

exist beneath layers of Kalahari sand, groundwater might be contained within the geological
structure of the old topography at some places.’In any event, middle to high terrace
groundwater tables do not scen to maintain high water volumes in dry seasons. And, in this

* circumstancé as well, the water-refaining capacity within the strata would be akey factorin the

soil’s water environment.

Frankly, the decper the sedimertalion strata, the greater the potential water storage volume on
aplaléau. Thisis an advaniageous condition for Mukusi, a decp-rooted specics. However, the
watet envitonment of plateaus is not quite that simple, and the reasons why will be described
in the following sections. ' '

Water held in sand soil layers

As for the waler-retaining capacity of the soil layer; many places can be expected to retain

‘stored water at a value l_dv’.*{enhan 2.7 p¥ inmacropéres during the rainy seasori and the 20 days

immediately following the rainiy season. - After that, stored waler, like gravitationat water,
gradually gets deeper and deeper. Viewed in detai), although the macroporosity is low {aboul
5%), the existence of stored water with a value lower than 2.7 pF can be oxpected for2 to 3
months into the dry scason at deep polnts (about § m) within the soil strata. Eventually, afl the
stored water will disappear. ‘Thus, almost all tayers are characterized by exhibiling retained
water in fine pores (porosity: about 15%), with values between 2.7 pF and 4.2 pF. {Shallow-
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rooted species, including Mukwa, Mwangula, Mungongo, Muhoriono, and Mubuyu, shed
their leaves quickly when the value of groundwater near the surface drops below 2.7 pF.
Then, the trees become dommant. But, deep-rodled species; s_uch as Mukusi, can utilize the
deeper water of the soil strata and, thereby, postpone dormancy for a while. 1fMukusi leaves
never tum color, the area is considered to have a stable reserve of watér beneath the soil layer.)

Swamps'and swampy lands

Often, at inland sites on a plateau, aquictude layers can be found below the surface, which
make sideway draining difficult and downward infiltration nearly mlposssble Such places
become quite wel during the rainy season.

It is not uinuisual to find basins 6r concave-shaped ar¢as on dnies, This isalso true for plateaus
that arc coveted by Kalabari sand. At these concave-shaped places inside plateaus and
concave-shaped gentle slopes, rainy seasons create wet soil conditions, The resulting swamp
formation (infand dambos, flood plains, grasslands) and swampy lands (at elevations higher
than swamps, and where onty hygrophyhc trees grow, including Muhoto, Muhonono,

~ Mubako, Mupane) are in evidence.” Mere precisely, at concave-shaped sites where the

thickness of the Kalahari sand layer is 2 to 3 mor less, and assuming & porosity of 45%, if there
is rainfall of 300 mm to 500 mm during the rainy scason, then a swamp is likely to form.
Moreover, at similar sites on high terraces and highlands covered by thin layers of Kalahari
sand, the buned concavc—shaped topographies easily trap water (Figure 46).

‘ flood slain ~ Seal-rlood olain ~ wet sround  Qry ground
Grass Treé qrass . Weodland Woadiangd

~Waodland ~Forest
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Figure 46 Schematic profile of thin sand layer

H izh surfaces around inland swamps

Fven w:th ground ad_paccnt to lhe over-hmmd ground mcnltoncd bcforc, the lowcr soil layers,
which are 1.5 to 2.0 im higher than the over-humid ground, bocomc overhumld duning the
rainy season. Incoiparison, the lop layers are alays moist, and i many specics grpw there. In

such cases, owing to perhaps plant rools rot in over-humid soil, imany root systems do not

travel down deeply. Inthis circumstance, even the deep-rooted Mukusi develops root systems

1o a maximum depth of 2 m. Thus, deep-rooted species cannot take advantage of their deep

root systems and shed their leaves early. In addition, there is greater competition among all

- species for the water available down to a depth of 2 m. As a result, open forest conditions

(woodlands) appear (Figure 47).
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Figure 47 Schematic profite of fiood ptain

In the case of deep Kalahari sand layers

In areas where the depth of the Kalahari sand layer (gray - yellow) reaches 4~5m down and

covers old low anid middle terraces, everi when the lower layers reach saturatiori during the
rainy season, it is believed that there is little chance the surface soil layer will experience an

over-humid state. The water storage ¢ondition in the decp soil layers remains stable in dry

“scasons. And, since deep-rooted specics can take advantage of decp root systems, the
"compelition for water is alleviated. Thus, such an area can be asscssed as having a high

potential for growing trecs. Under this condition, forests develop where leaves are shed late,

and the canopy closure rate is high. The Mukusi species thrives in this type of environment.

. Old orange to reddish sand soil layers

The relatively high elevations, such as old topographic ridges and highlands, had litile chance
of being covered by Katahari sand. Atmany of these locations, the chief composite material of
the soil is the orange to reddish sand soil layers. The reddish weathering aclion takes place in
relatively good water drainage conditions. In the case of arcas where the orange to reddish
sand soil layers are being exposed al present, it is assuined that the waler-retaining condition
refies on the reddish soil layer’s water-retaining capacity rather than the Jayer's relation with

the swamp condition. This type of sand layer was subjected to reddish weathering activity. So

it is ostimated that the Soit layers contain more fine grain scdiment than new Katahari sand
layers and have a large water-retaining capacily per cubic meter.

Becauso of the residual sedinientation, it is assumed that layers 4 to S mvin thickness were nol

distributed on ridges of narrow width, The distribution of thick layers of 410 S mare found on
many ridges with large widths and on plateau type areas. Ifthe thickness of the sedimentation
layer is substaniial, say, more than4 m, there would sufficient water slorage capacity; soahigh
canopy closure type forest consisting of deep- rooted species mixed with others could emerge.
In contrast, if the thickness of the sédimentation layer is less than2 m, then the absolute water-

- retaining capacity would be inadequate. In this circumstance, a type of woodland where the
- comipetition for water overtakés the conipetition for light comes into being.

In many instances, a dark reddish pan was distributed beneath the flator gently sloped red sand

" layers. So, if the red sand layer becomes thin, the influence of this impenneable, hard and

dense layer becomies strong. In such an event, the probability of chvironmental degradation
becomes high. S o . '

" Subsoil

Rcéenlljf (20 to 25 years ago), civil eﬁgineeﬁng for road construction was carried out in the
region, and large-scale culting, banking, and soil sampling took place. Asaresult, surfaces of
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the subsoil {ayers beneath the soil layers and inorganic sedimerit layers were excavated from
deep underground and are now exposed here and there.  Afler some 20 years, the current
conditions for vegetation at these sites remain poor, and the herb survival rate is extrentely
low. Morcover, the growth of individual plants is not good. In places where sand fayers were
dissolved and discolored under the humus horizon and arc now covered by only a few
centimeters of soil, no herb growth was seen. The wide distribittion of subsoit beneath the soil
layers indicates that there was no influcrice of vegetation.

The site classifications and the characteristics discussed so far are summarised in Table 52.

Table 52 Site classification

Localion

- " Characteristics
big-L. middle-L. small-L., '

Floed plains and Liow terraces :
Floed plains and Low terraces along the Zambezi River

Low flood plains .

: o - Arnual grass only can grow
- Middle flood plains _
: ; _ ‘Annual grass only can grow
“-. High flood plains

_ Shalfow-rooting and moisture-tolerant tree species and herbs can grow
- Low lerraces . ) - o )
' Various indigenous trees and grass can grow in the best ‘water condi-
tions in Ihe study arca. Soil genesis is also good.:

(Suitable arca for trécs and grass.)

Flood plains and Low terraces afong Zambezi River tributarics
Low floed plains - o o o
‘ - Annual grass only can grow
Channel of flood plain in rainy scason »
o .. Bare area of sand appeared duic to soil erosion -
Concave and dish-like slope of diminishing gradient in the flood plain . -
" Sedimentary condition is loo hard for root clongation. In casé the rela-
. five height is more than 1.5 m abové the flood level, the water condition
_ is suitable for vegetation. D '
High flood plains S o o
: : Moisture tolerant tree spocies (Mupang, cte.) can grow. Poor drainage.’
_ . The middle ftoed plains are distributed outside the study area. -
Concave and valley-like slope of dinvinishing gradient -~~~ S o
- In covering buricd landforms, growth of vepctation is bad and devasta:
tion by erosion is feared. Incase buried 1a n&gform's are absent, growth of
- vegelalion'is good, : : ' :
Low tefraces _ o _ .
Suitable area for all kinds of indigenous treés and grass

Middle and High terraces N
Overhiimid places in back of plateau - o
' R‘!arshcs . : Annual grass only can grow
Wet places . Hygrophytic treés can grow
High places around the marsh™ - : . ‘ :
o Many kinds of indigenous frecs and grass can grow but the root system
Jcan} not reach the overhumid horizon. QOpen forest conditions are nor-
. mal, ' .
" Thick Kalahari sand layers . _ o
S T : Forest is dominated by Mukusi
-+ Distribution arcas of yellow-reddish sand layer oo
Thickness of sand tayer is more than 4 m .
- _ Deed-rooting tree species are distributed
Thickness of sand layeris lessthan 2 m S
_ Woodland is distributed and devastation is feared by eroston
-Bare area of subsoil layer :

Entry of vegetation is difficult

*The niiddfe flood plain is distributed culside the survey area.
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34.3. Site characteristics and forest tyee growth

The growth of irecs in tocations with litile rainfall depend on their roof systems to {ind those soi!
laycrs where moisture can be obtained. Ttis not possible for us to publish the results based on real data,
since we conducted no detailed investigations on underground root systems. However, wew outd tike to
express our views from the standpoint of ecological inferences regarding inatters that we observed.

(1} The depth of root systems

The depth of a root system depends on the tree species. Many deciduous species which shed
teaves carly in the scason are known to be shallow-rooted. These include Mukwa, Mungongo
Mwangula, Muhonono, Muhamani and Mubuyu (Baobab). Those species which shed leaves late in the
season are deep-rooted. (Mukuisi is iricluded ainong these <:pccn<,s) It should follow, then, that those
specics Which shed Ieavcs in nid-seasen have middle depth root systems, :

The depth of tap roots is restricted by the state of the land. ifthere i is hard bedrock not far bcncath
the soil layer, the depth of root systems is mstnctcd by the depth of that bedrock. Ifthe bedrock is soft
rock (hardness factor of less than 30 num), the root systems etongate in the rock.

The depth of root syclems is also m;lncled by the rainy season’s groundwater level. lf a oot

' .syslcm elongates below the groundwater level, the inain part of the root system will probably rot during
© the rainy season. So root systems seem not 1o clongate below the highest groundwater level.

The moisturc-tolerant species, including Mupane and Muhoto retain vital roots and have tonger

. toot systems than other species. The long root systems help to store water for dry seasons, whichis why
‘ these treés remain green welk into (he leaf-shedding scason.

(2) Water-rctaining capacity'ol' soil :_uld the statc'of forest tree growth .

1) Water—rctaming capamly of soil .

© Macropores in the soil hald water values of pl* 20to pF 2.7 dunng thc rainy season ( Dcmmber

e - March), thereby promoling the growth of plants. ‘After the rainy season ends, the soil looses stored
~ waterand drops to a value less than pF 2.7 (easy (o absorb, gravitational water) in about 20 days. Then,
- during the 6- to 7- month-long dry séason, plants use :the water in fine pores with a vatue between pF 2.7

(-500 gF) and p¥F 4.2 (wilting point: -16, 000 ¢F). Those trees and herbs that carinot absorl this water

- retained by the strong negative power s shed their leaves during the dry season and enter a donnant state.

The water- rctammg capacity of sandy soils was estimated from  the average hardness chtors shown
below (Note that assumed values which are close to real vahies are used in this estimation.)

" Depth of so:l steatum - 1 i (containing A and I3 horizon):

+ Macropors - storing water capacﬁy inainy season - - 150 mmy
Fine pore relaining water capacnly in dry season : ~ 160 mm

Dépih of il stratum - more than 1 m (conlammg C horizon):

Macropore - storing water capacity in rainy season 40 mnvm
Fine pore retaining water capacity in dry season - 150 mmv/m
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Table 53 Calculated holding water in sandy soil

Depth of soil sirafum m 1 2 3 4 5 6
Storage volume during rainy season {Aggrogate) | mm 130 190 230 270 310 350
Dry scason ponding volume min 100 250 {400) (550) (700} (B50)

Not¢: Vatues in parenthescs refer to an groundwater fevel of S to 6 m.

2)  Required transpiration of l'orcst trees and the stand density -

Aqsummg the ruqmrcd teanspitation volume for a forest durmg the r'lmy scason to be 500 mim,
then, according to the above calculations, a stored water supply of 150 mm, a retamed water supply of
100 mm, and a percolating water supply of 50 mm mean that a total water Rserve of only 300 mm is

~ available fof forest trees that have root syslcms of fess than 1 m in dcpth This bemg the case, it is
impossible for all trees in this soil to survive. Only 60% of them will smvive. (300 mny/500 = 0.6),

When water supplies are not a problem, then the compelltlon for light becomes the key restrictive
factor to stand density (total crown closuiré rate), and tie canopy closure rate approaches 100% Onthe
other hand, when the waler contained in the soil is in short supply, then the competition for water

- between forest trees is the factor that lowers densily (canopy clostire). This means that even if the tolal
spnf_:d of root systems reached 100%, the crowns in the above example forest would stay al about 60%.
Those forests without full canopy closure are called wood!lands. Fhis type of forest is viewed as one in
which the competition for water overrides the competition for light in terms of forest tree growth

Forests maintain their vitality by absotbing small amounts of water during the dry scason (some
species keep growing). The retained water available in dry seasons is very scarce, restricting growth
density,

‘In addition to forest stands comprised of shalfow—rootcd ln.c groups st:mds with a mix of deep—
“rooted (assumed depth of 5 m) and shallow-rooted species and stands of deep-rooted species groups are
discussed below. In these forest stands, the available water volumé is generally suflicient in both rainy
~and dry seasons. Sothe compdition for water is ustrally not a restricting factor to stand density {canopy
closure rate). In this case, canopies reach nearly 100% (lhe tolal crown closure rate will exceed 100%),
and the forest allains a state of completion.

However, even inthe case of dcep-rootnd tree: spccws tf the deplhs of the root syslems are G‘nalh)w

~ due to high groundwater levels during rainy seasons, then the avaitable water is Himited to the stored

water and retained water in the upper 1 m to 2 m portion of the s6il layer. The comipeition for water
becomes intense, and similar to a woodland, the canopy composmon (stand density) thins.

If the groundwater table is at a depth of 4 to 5 m during the rainy season, then the groundwatcr
capillaiy action from the table alleviates the competition for water, and the canopy closes creating a state
of forest completion. :

3) Groundwater level and vegetation distribution

So far, detaits on the “relation betw ¢en the growth of vegelation and the water environment” have
been deseribed. The following secllons sunumanze the relation between the growth of vegetation and
gmundwaler

A reas flooded during rainy seasg_s

These arcas include major river bed systems (including dambo) and inland swamps (mclud ing
Ntood phms) The vegetalion is natural grasstand.
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b, Topography that is 0.5 to | m higher than the flood surface
 These dreas Include high flood beds, high sutfaces around the flood plains, and diy and old
flood plains. The natural tree grasslands appe'ar ‘wheré Miipane, Mubako, Muhoto, and
Muscse grow.

¢. Topopmphy thatis 11a 3 m higher than the flood surface

These areas include low and middle terraces along with ributarics. All tree species can grow
here, and forests appear.

d. Dry surfaces _
‘Woodlarids ar¢ distributed on the ridged plateaus (sometimes, old ridge type sediment layers
arc exposed). These are areas where clay soils (red to orange in color) with large water-
retaining capacities are distributed; deep-rooted tree species also appear.

" ¢. Plateaus 5 to 7 m above the Rood surface
These areas include middle to high ténaccs._ If the soil layer (sand laycr) is thick, then forests
appear in which deep-rooted species, such as Mukusi, dominate. Parlicularly, if the
gioundwater tablé is 4 t6 6 m below the surface in dry seasons, then growing conditions are
good. [fthe soil layer (sand layer) is thin, then woodlands appear.

f  Droughi progression and changes in plant distrbution

‘Over the pasi decade, the water level of the Zambezi River has been dechmng Repons

*“indicate that the water volume of tributarics has also declined, which makes sense. Many

flood plains and Dambo that were distributed among terraces and within terraces are now diy,

becoming land. Affected by this, changes such asa detline in groundwater levelsand eveiithe

- disappearance of groundwater have occurred. - The distribution of vegetation has also

gradually changed. Based on the progress of groundwater decline, trees have encroached
upon natural geasstands, turning them to natural free grasslands, then open woodlands. Duelo '

" the progress of drought and cven the disappearance of groundwater, otd forests have been

denuded, becoming forest stands similar to woodlands. Some woodlands have turned fo

" natural tiee grasstands. Repeated burning is preventing herb regeneration, stopping soil

- recovery and accelerating the changes. :

- 344 Land-use guidelmes _

ln this sect:on we shall dcscnbc Iand use melhods that wall be hercafter used for forcsl
managt,menl

0} Sui'table sites for forest Jand

" The areas along the main channel and tributarics of the river where low terraces are distributed are
the sites with the best water conditions. Thésearcas provide the conditions suitable for the growth of all

' tree species, including shallow-rooted, deep-rooted, drought-tolerant and moisture-tolerant species.
- Thesearcas are best suited as forest areas. Also, among middle terrates along the tributarics, some areas
.~ thatare | 103 m higher than flood surfaces in rainy seasons are favored with good water conditions and

are also suilable for forests (prenner sites for forest lands).

" The mlddle and high terraces whem thick Kalahan sand tayers séttled and which are more than 5
m above the ldod surfaces are suitablé for deep-rooted tree species forests, places where Mukusi trees

- wilt dominate. In pamcular, ifthe gmundwaler tevel is 4 m to 6 m below ground, Mukusi will grow

soundly Tfilie Kalahari sand layc,t\ are thick, these areas wsll not be used for any other purposc suchas
fanming, because of the poot watér situation. These arcas are and will be suitable for use as forests.
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Those forests that are currently dominated by Mukusi, or weré ‘once Mukusi doiiinated, have
“ already been designated as Forest Estates. In keeping with the land-use plan bascd on site
characteristics, such a designation represents a wise measure (a secoird grade site for forest lands).

In areas where the Kalahari sand tayers are thin, even if the height fromithe ﬂood surface is more
“than § m, the water conditions are poor and forests are confinually subject to dcnudalmn These arcas
are not good targets for fore statlon {third grade site for forest fand).

In arcas where the ancient omngc to red sand layer sedlmcn!alwn is41o 5 m thick, forests can be

expected to grow. However, there are problems for growing forest stands ducto the high pereentage of

 fine grade sediments. If the orange to red sand layer thickness is less than 2 m, thei, these arcas are
suitable for woodlands but not a good target for forestation (third grade site for forest land).

On high surfaces dnd hygrophytic arcas that surround swamps within plateaus of niiddlc to high
terraces, or on high surfaces within the floed plains of low (o middle terraces, mainly hygrophytic tree
species grow. These arcas arc aflected by floods, torrential rains and othier extreme weather. In light of

this, itmust be accepted that these areas are unlikely largets as comimercial timber production areas. The

areas may poss:blybo precious resources for local villageis as supply sites for home use materials (e.g.,
charcoat and firewood). (A third prade site for forest land)  Although thiis forest [and is givenasa third
grade site, Mupati¢ distribution arcas have the potential of being used as permaanient sites for the
production of forestry products and for processing, provided pruparahons for natural and social
conditions are carried out ( gnen later).

Note that some of the high surfaces of flood plains and high major river beds that are eurrently

natural grasslands, natural tree grasslands, dried swamps, and low flood plains should be excluded as
targels for forest lands for the time being. ' : :

(2) Potential fafgct areas for agroforesiry and l'arl_hland_adjusn_nent areas

Arc’és'\-vilh gﬁod water envirdniﬁeﬁt ‘ pai‘(iculéﬂy the low terraces along the main channel of the
Zambezi, where water conditions are stable throughout the year, have the bcsl condxlrons for the
‘ mtroducllon of agroforeslry :

Basically; all types of trees can grow in these areas. Their bourtifol Walef 'cnvironmém allows the
arcas to be used for agricultural purposes at the same {ime. However, the reahly is ihat most of th;, areas
have been reclaimed.

Lxc»ssnm repetitive fanming practices and bummg haw broughl land to the pomt of exhauslton
Currently, at many sites, even fanmning has been abandoned.  Yet, the arcas remain suitable for
agroforestry development, including soil recovery through compost introduction or herb growth.: The
low terraces along tributaries, and the arcas within middle tercaces along tributaries that are 1 to 3 m
above the flood table during rainy seasons have relatively good water conditions, though they remain

vulnerable to cach year's weather condmons Thesc arcas are potential targets for the mlroduchon of

agmforxstry

chardmg forxst managcmem in the poh.nhal !arget areas for agrofores{ry, lhere is a 11eed for
adjuslmcms in usagc with farming,

Yor shallow-rooted tree species, the soil should have a depth 0f2 t0 3 m below the surface, and the
water conditions and soil conditions in that depth range are important considerations. With farming,
these conditions are crucial in the 1 mdepth range. So, it is necessary to conduct on-site surveys al
individual target sites on water and soil conditions, and their distribution scales an;l stablhly Itisalso
ncceﬂsa:y to survey the horizon development process and the sml s tilling probablhty by expcnmemmg
with the tilling means to be used on the land. Based on survey resalts, pohcms can be dec:dgd and
adjusted regarding the long-tenm, effective and productive use of the land. Finally, people should be
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mindful of the danger that the exposure of old hatd and dense layers or inorgahic subsoil of middle
terraces presents. The eavironment could be devastated by such exposure, possibly making plant
~ growth qmte diflicult.

Regar{img the site classification already discussed, tand suitable for foreshy, agncuilure and
animal husbaridry is shown in Table 54 as reference data.

‘Yable 54 Site classes

' ) Loéaiion _ . o . o
% . ) T - ' Forest1and Farm ldnd Grazing land
big-L. - middle-L. small-L. ‘ _ :

FIood piams and Low terraces

Flood plams and Low teriaces
‘along Zambezi River -

' Low ﬂei:'»od plains _ * ot &
High flood plains ' * O Lo
Low leriaces _ t O O
Flood ptains and Low terraces '
along Zambe2| River tributaries :
% Lowﬂood plains . # : * .0
: Channet of Nood plains C# * *
in rainy $¢ason
" Concave and dish-like slopes * * *
of diminishing gradient
‘g in the flood plain
In case the relative height is ' 2 O O
more than 1.5m : - - : ' :
" Highfood plains o 3
Concavcs and valiey like
_slopcs of dummshmg gradlent _
In covc_nngbnned landforms O - O
 In case the covering buried 2 o O .
~ landforms is absent
. Low teraces - o
Middle and High terraces :
Qverhumid places in back of plateau
- Marshes ' * * ©
L :Welpiaces L * * o
g\ o . High places around the marsh 3 D O
" Places of thick Kafahari sand layer R b + +
Distribution area ofyellov. -reddish sand Iayer
Thickaess of sand fayeris 2 O O
U mofethandm : ' :
Thickness of sand layeris - '3 O
less lhan 2m . : :
& . * ¥

_Bare area of subsml laycr 7 o . _ _
' ~ (Notes) 1-3: site class, ©: svitable fand, O: vsable land, *: urisuitable land
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Q) Use of land in Forest Estates

A Forest state is dcﬁncd as a forest arca according o use of the land. Thcn,fbre forest
management overrides other interests in the estate. According to the fegulations, people living arotind

a Forest Listate are altowed to harvest forest materials only after completion of prescribed procedures

(application and payment). The cxistence of Forest Estates has not beeii fully understood by tocal
people; so sometimes problems occur with fanmers who want to expand their fannlands,

The Forest Estates located in the survey area are forest areas where the Mukusi species dominates
or once demmated Asmentioned carllcr, forests where Mukusi doiinales appear in those areas where
thick Kalahari sand layers exisl, where the water environmerit in the soil surface layers is insufticient for
many specics of plant, and where the deep-rooted Mukusi thrives by utilizing its distinct advamage to

- absorb water from deep within the soil. The shallow-rooted Mwangla species are also se¢h in these
areas. However, as described before, only 300 mm of water exists deeper than 1 m below the surface of

- sand layers. Therefore, the appropriate land use of Forest Bstates is, and will remain, its use as forests.

Fuithermore, the ts¢ of Forest Estates for purposes other than forests should not be condoned.

345 General inquiry info use of Jand

The areas most in need of altention are farm lands, as it is here whete buining managément and the
prevention of soil exhaustion need to addressed. The distribution of fann lands now in use is shown in
Figure 41, Inthis Figure, most of the fain ands are located in the low terraces (including the lower part
of the middle terrace scarp) that are found along the main stream of Zambezi River, the low terraces
distributed along the tributaries, and at a height of 1 to 3 m from thé flood surface, dround the flood lands
during the rainy season, in the middle temaces distributed along the same tributary. These areas are in
the same sile zones as the area subjected (6 agroforestry. This shows that the fan'nera in this area have
already been selectively ulllmng areas favored with water from long years of cxpenence

But even in the low terrace areas distributed along the main stream of the Zambezi River,; arcas
extremely favored by the water conditions, the humic nutrient decreases and traces of abandoned farm
land arc conspicuous. In these fanm lands, growing herbs supply humic substances through death and
regeneration of high density root systems and should provide favorable conditions for the recovery of
+ exhausted soil. But herbs compete against productive crops and, after farming, a trend hannful to hetb

growth is maintained. Frequent buming is a cause of anxiely as the soit exhausted by fanning tums into

a sand laycr with a lesser nutricat content. Excessive grazing accelerates this tendency. Especially, the.
grazing of goats kills even the roots of herbs and rapidly accelerates the exhaustion of soil. Even in the
most favorable land, the rotating cultivation cycle in soil recovery - production - soil recovery is
inhibited and lower productive land is spreading. In avoiding the casy introduction of cheinical

fertilizers, soil recovery, with plants providing the supply of compost aleng with the use of herbs, is

urgent. Thus, recovery is possible, even for local residents riot having the funds :lo puichase ferilizer.

Withthe progression of soil cxhaustlon the movement of arable landtothe upper part of a hill can
be read from the arable land distribution map of Figure 41. But the new place is in ¢ven worse condition.
The land is influenced by the amount of a rainfall every year and soil is also relatively slow to recover.
It is not regarded as land to be used for a tong time. In addition, the recent trend towards dryer climates
is a cause of additional uneasiness.

Recently, burning has been conducted without purpose and forest fires causcd by bummg have
frequently occurred. ¥ora land used as forest land, the need for binming managemenl is extremely high.
Fires kill succeeding trees and obstructs the gmwlb of sound forests .

Ina sandy layer zone, infiliration capac;ty is higher, and erosion from watcr current is not read ily
apparent, so soif deterioration is not consplcuous But the sand layers destroy the nulnenl supplymg
mec hamsm through vegetation destructt ion. Itis important not to make a poor nutrieht inorganic sandy
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stratuin appear. ‘The phenonenon, that a sand stratum of low nutdient civil work does not allow herbs Lo
grow in that gﬂace, scems to indicate that the important thing isto pievent the desedifical ion of the sandy
straturn zone. These are matters that requite our attention.

3.4.6. . Proposal for future land-use

(1) - Proposal for securing farin land

~ Inthisarca, both bumed-out forests and soil ekhaustion are progressing rapidly. Moreover, there is
"a trend towatds dry climates and a reduction in fanm products. The usc of Jand to support residents in
this aea is considerable, so in thie future its mai use may be agriculture. Even though the study period
is short, we propose a plan for the preservation of arable soil il accordance with the results of the survey.

The low terraces distributed along the main stream of the Zambezi River have a groundwater level
of 5 to 7 th from the surface horizon, though the water level falls dusing the dry season. Soi! water
absorbable for the roots of plants is always retained in the B horizon and C horizon through the supply
of capillary water from the grotindwater level - Fora wood plant or shrub having a relat ively deeper rool,

this environment is suifable. However, A horizon (20 to 30 cin thick) composed of the surface horizon
of soil has a high porosity and is in a dry condition. This indicates severe conditions for fanning,

The fact thal groundwater exists near the surface and connects to the water level of the main
stream of Zambezi River is an extremely favorable condition for fanning. The dry surface layer,
however, is the problem. To overcome this problem, digging many shallow wells of 5to 7 mand
supplying water 10 the arable soit would make farming possible even during the dry season. ‘The
Zambezi River is a large river and the development of its low terraces is su flic i_e_ntly extensive tohave a
scale sufficient to supply the nulrients for the area’s residents. Ground water is drawn up in large
quantitics, and the supplied water is returiied to the main sirean of the Zambezi River through the
ground. itdoes not have a bad influence on the natural environment. Also, in this ease, it is natural that
the management of bumning, soil recovery by means ofheibs, and the production and supply of compost
arcessential. . ‘

~ Thehigh flood plain distributéd along the main stream of the Zambez River is a vast plain having

a low frequency of flooding. This aréa, however, hasa hacd and steadfast soil and is difficult to plough

with the fann implements that the local residents now possess. 1T periodical ploughing is possible

through the introduction of some new power filless, then the area can be used as suitable fami land

* favored with water and soil recovery powers. However, in flood years, there is a danger that harvesis
cannot be realized during the rainy season. '

These two areas are expected to guarantee the future living standards of the residents at a
comparatively small investment. Its realization is desired by the authorities and the persons concemed.

: @ Proposal for land use of flood plain

From'the midsiréam and downstream basins of the Machili River to the midstream and
downsiream basins of the Loazamba River, a very large-scalé flood plain can be found. As the
downstream basins of these fivers ars excluded from the survey areas, the full picture cannot be grasped,
but its area is estimated to be 50,000 to 80,000 ha. A part of this arca is submerged during the rainy
season aiid forms a niatural grasstand. Butin the arca spared from submergence, pure forests of Mupane
grow.

The use of Mupane in this arca is now pennitted, bul it is mainly limited to poles for resident
hories. As a result, only a small quantity of the smaller and medium diameter trees can be cut down.
Most of the Mupane resources are in a state of preservation and cannol be used.
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The reason for all the attention gu en lo the Mupane is due to the large scale of Mupanc TCSOUECES;
also, buming has not been camied out.” It has permanence as a resouice with very vigorous secding
regencration and coppicing. It can be tised as a raw miaterial for charcoal production, and is already
being used for this purpose.

Grasping the amount of Mupane resources is not the direct subjecf of this survey. Accordingly, its
quantity can only be roughly estimated. Supposing that the arca of the flood plain (inchides the low
flood plains of grasslands), where Mupane is distributed, is given as 50,000 ha, the utitisation culting age
is given as 20 years and the growing stock perha is given as 10 m’ (a conservative estimale), a perpetual
supply of standing trccs of 25,600 n?’ is p0351blc This corresponds to about two tinics the present
cutimg quantity of Mukusi.

“The trend in flood plains is towards dryness and along with lh!S trerid lhc distnbuhon mnge too
has expandcd. As-a means of overcoming an overall decrease in farm prodicts production due to
dryness inthe suivey aréa, an investigation into the possibility of using Muparie resources in the survey
- areasis propos:,d

The subjecis are as follows, and the points at issue for each subjécl to be overcome:

+ Possibility of cutting trecs for use as charwa] (Barots¢ Royal Establlshmcnt forbids cultmg
trees for this purpose.)

. Possublhly of openinig domestic and foreign markets.
. Knowmg the exact amount of resources; the possibitity of managx.d cullmg

"+ Possibitity of a !horoughgomg fite-prevention strategy, including the eslabhshmenl of
 firebreaks coupled with roads for the transportation of materials.

. Possrblhty of mlroducmg charcoal production using a constant charcoal kifn,

J Pcss:b:hty of ant organisation in which residents can paruapale and the reatisation of profits by
the residents.
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4,

FOREST MANAGEMENT PLAN

The forcsts and woodlands of the region, primati ily the Mukusi fOI'LSlb (Zamb:an teak fOl’tSiS) in
the southwestern r»gion of Zambia, were exarmined by ground surveys and observation and
intérpretation of aerial photographs. The information obtained from (hese surveys was analysed and
examined. As a result, the patural state of the forests in the southwesteri region of Zambia has become
considerably clear. Here, based on the composilion, state, and features of the forests, the resulis of the
areas covered in the chapters up to here will be stmmarized and the most suitable approach for forest -
management will be corisidered. At the same time, guidelines will be given and proposals made as to

- necessary matters.

4.1, Region Suiveyed

Zainbia is a central African country located slightly south of the cquator The fegion surveyed this
time is located in the forest belt at the southwestermn porilon of the count:y wilh a troptcal seml arid
climate.

The Zanbezi River, which nuns down from the northwestem pomon of Zambia (uglon sl rttchmg

from Zaire to Angola), flows soulhward f‘or a while, but when crossing Mongu and flowing a further

170 ki downwaid approaches the region near the Kalahari deser, where it turss castward ot east- _
southeast and then proceeds toward the Indian Ocean. Onthe lefl bank ncat this bend i in the river is the

 towh of Sesheke. Nearby, the Zambezi River cuts lightly into the highland belt (nlatwe height of within

10 t0 20 m) whlle having a broad flood plain. The region surveyed was the approximately 500, 000 ha

" highland areas (including the alluvial land of the iributarics of the left bank of lhe Zambezi River)

‘stretching from Seshehe 120 ki to the Northeast to Mulobezi.

This region mainly consists of highland areas and includes mllonal foresls (mohtdmg some local)
and traditional lands controlled by chicfs around the altuvial area of the tributaries cutting through it

" (including surroundmg highlands) (sec Figure 1). The Mukusi forests mainly covered in this survey arc

" distributed widely over the fonner National Forest Iistates, 56 the main region surveyed was the 120,000
- ha of the Forest Estates. The other forests and woodlands were surveynd ona secondary basis.’

‘Highland area . : Medium to high terraces: 430, 000 ha (6’1%)
“Alluvial low land : Low terraces: 60,000 ha (9%} ﬂood phms 130 000 ha (2 | %)

42 _ Basic Matte_rs Rclatmg to Po;csl lmprovcmcnt '

4.

2.1. Charac(erisucs of Locahon

The southwestem region of Zambia was once a dcseri area in a previous gcologml period, but
presently has changedin climate to one feceiving 600 mim to 1,000 nimi of rinfall in the riny season. It
is characterized by beconiing a green forest belt in the rainy season. Accordingly, the region as a whole
is covered by a thick layer of desert-derived sand called “Kalahaii sand”. Tn general, the image one
receives when hearing a “sand layer’ is of poor refention of water and poor fettility. inmost cases, such

landis cons:den.d atypical case of mferhle land. The thick layer of sand of this region, however, has the

I‘ollowmg advamagcs and therefore fomis an environment conducive ta the growth of certain types of
planls ' _ . -
The generally known béach sand is composed ol‘ the quariz-like components left as residue aﬂcr

W eaihmng and is characterized by a poor content of bases aind other iriorganic fertilizer components.
The sandy parllcles from the desent; however, arg chelmcaliy speaking wiweathered rock paiticles, so

- ‘some of it ‘containg abundant amounis of mineral particles rich in bases. This region is one of little
ramfail s0¢ven 1hough1he cnvnronmennslroplcal there isno markcdwcathenng Inside the sand layer

165 -



where the water is held, however, there is chemical weathering of the base mincrals and therefore
replenishnent of the inorganic nutrients.

in pan:cular the sand fayer formed i inthe pasl had once been undcr a humid iropzcat chmalc inthe
diluvial epoch, so there was considerable weathering. The change in the base mingrals caused an
increase in the clay patticles and in quite a few cases created propentics close to those of génerat soil.

In pencral, a sand layer has itile sall aiid fine pores per unit volume (C'ipilhry action height: 1 to
S5 m-5 ta 100 m), so compared with ordinary soil, which is rich in silt and clay, is considered inferior in
terms of a water environment. A thick sand layer, however, compensates for its low porasity by its
thickness. Ifa sand layer is over 5 to 6 m in thickness, then overall it may be deenied to have ar antount
of pores superior to of at least ot inferior to that of general soit (usvally 1 to 1.5 m thick). In the dry
season, the capillary action of water held in the deep layess moistens the surface layet, thotigh poorly.
Further, deep-reoted trees whose root systems cxlcnd dowii to the deep paits of the soil are able to
absorb water directly.

- A gencral soil layer, wh:ch isrich in ﬁnc grained soil, hds low water mﬁltratlon so when lens of
meters from ariver, generally is no longer affected by the water tevet of the river. A sand layer, however,
features good water infiltration, so in the alluvial tand along a large rivec, there is a ground water belt
linked to the water level of the river fonmed even at points 2 to 3 km from the fiver. Accordmgly, since
alluvial land, evén when somewhat highér low terraces, docs not have (hat higher a relative he:ght

 conipared with the water level of the river, relatively low tocations in all arcas will hold an ab\mdant
amount of ground water, which wilt moisten the surface soif (sand layer) by capillary action. In some
locations, there may even be overly wet ground. This region, due to the Iar,g,c area of the alluvial land
along the river, can be said to be blessed with'a good focation.

4.2.2. FEcological featui'cs

- Kalahari sand seil has Iargu pores in lhe surf ace layer (30 to SO cm) $0 in many cases is traw. rscd
by networks of small to fine pores, Even if there is an abundant ground water belt in the deep layers,
therefore, the water cannot be uxpcctcd to rise smoothly by capillary action. Further, about 1 in of the
surface layer of the highland arca has a high relative height from the water holding bel, so it becomes

remarkably dry in the dry scason. In this way, during the dry seasor, ihe level of moisture of lhc soil -

differs tremendousty depending on the depth,

Plants differ greatly in the state of development of their root sySIems‘decnding on lh'cir Spec'icé

Duc to this and to the chariges in the state of dryness in the soil during the dry séason, an ecosyslem of

the following features is assumed.

Most hetbs have root systems extending to a shallow 40 cin or less, so during the dry scason are

not supplied with water by capillary action. Their above ground portions wither and die and their root
systems either die or become doimant. In the rainy season, the rool systems rapidiy develop and grow.
On the other hand, in flood larid and overly wet land, growth is inhibited in the rainy seasoh, but afler the
water is drained at the end of the rainy season, there is growth for a short pesiod. . - fo

The depth of the root system of shallow rooted tices differs somewhat depending o the
environment, but generally is from 110 1.5 m (as much as 2 m in deep cases). Since the surface layer of
the soit is exteemely dry in the dry scason, these frees substantially become donmant in the diy season.
Almost all the trees shed their leaves. On alluvial plains and at low terrace areas where the ground water
levelis close by, however, there is substantial replenishment of moisture, so the trees in quite a few cases
remain continuotsly green even in the dry season.

' Trees tike the Mukusi and Muzauli which i remain green year round or semi-year cound are déep-
* rooted species. They have the ability tomake direct use of the water held in the deep layers ofthe ground
cven during the diy season at locations with deep sand fayers. Accordingly, even at highland regions,

- 166 -



s

they continue to remain gréen even in the dry season. In particular, there are many cases where they
reinain consiantly green thraughout the year at locations with large water retention or at low tewraces

near the ground water level.

' Ailocations where the soil is shallow and locations whete the ground water level ishigh and which
até overly wet in the rainy scason, even the deep-rooted specics have root systems which penetrate only
shallowly. Therefore, like with shallow-rooted species, they are forced to compete for waler at the
surface layer of the soil. In this case, when the dry scason staits, they quickly shed their leaves and enler
astate of domnancy. - . '

' Bveiiinthe highland regions, at arcas where the soil layer (sand layes} is deep, when deep-rooted
Mukusi and shallow-footed specics intenmix, it is befieved that they segregate in habitat ii the soil in the -
véitical ditection, {liereby casing the competition for water. Under such conditions, high stock forests
with high stand densities and ctosed forest crowns appear. The same configuration is believed iobe seen
even inlow terraces which are favored by moisture the year round. Conversely, in locations where even
deep-rooted species are inhibited in rool growth and cannol desive the benefits of their natural
characteristics, such as locatioris of a shallow seil layer or locations whiete the ground water level is too
shallow in the rainy season, this vertical segregation of habitats is not possible, so the competition
among lrees for water becoines fierce in the dry season. Accordingly, even with a composition of -
species similar 1o that of a forest, the stand density and the forest crown coverage become low and
forests or woodlands with little stock appear. ' ' '

In such an ecosystem, evergreen or sémi-evergreen saplings (young frees) have to have root
systems which grow by at least 1 m during the rainy season or else will not be able to secure water in the

~ dry season and will die. Cultivation of scedlings of such decp-rooted young trees, however, is

technically difficult at the present time and therefors the practice has been for reforstation by direct
SOWing. '

423, State of stand stock and causes of destruction

- The survey on stands’ revealed that the greatest stock in the region was of over 250 mha. The
standard stand stock for a healthy condition was; however, estimated to be about 200 m¥/haat Site L.
Inthe béginniélg,'the survey on resources was commenced with the assumption that forests of such
stock accounted for the majority of the 120,000 ha of the Nalional Forest Estale, but as the survey
progressed, il was leamed that there has been remarkable forest destriction. Fable 55 shows the stock
and area of foresls by species as caleulated from the totals of the inventory books obtained by this

~survey. Fromthe figures in the table, it is clear that the stock and arca of stands which can reatistically be

utilized are extremely small.

' Hefe,'if forests with stocks per ha of over :75 m/ha are defined as cuitable stands, then the arca
would bejust about 32,000 ha (25%) of the 120,000 ha of the National Forest Estate, The average stock
per ha is a smalt 156 m'/ha as well (80% of standard). ' .

Bvenifthic standard is lowered and the area of the parts of the National Forest Estate with forest or

“woodland ecologies is counted, the result would be only 64,000 ha (about 52%). T he average stock per

ha would be 104 m¥ha or just about 52% of the standard stock. Further, if the average stock in the entire
National Forest Bstale including deforested arcas {but excluding plain grasslands) is counted, the figure
would become an even lower 55 m/ha (28%).

| In a forest with a high forest crown closure, in stands with a high volume occupancy and closed
forest crowns, Mukusi is intermixed al a rate of about 55% (in idcal standard stands, estimated to
account for 80%), but in stands with a low degrée of closure, it is interimixed ata rate 'of tess than 50%.

© Atthe present time, of the cuttable stands of about 32,000 ha, the (otal stock is about 4.95 million
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m®, of which Mukusi accounis for aboit 2.67 miltion m?. Ithisstock can be obtained in 80 to 100 years,
the annual growth (yicldable volume) can be toughly estimated {o be 50,000 to 60, 000 mYyear for all

species and 27,000 to 33,000 m/year for Mukusi. Since the current demand for Mukasi logs is about
6,500 m*/ycar, if the rate of usc of standing trees is 50%, there would be a cutlmg demand volume of
13,000 to 14,000 m*year in terms of standing teee volune. This demand is under the nnxnmum
allowable level even now with advancing forest destruiction.

* Normally, excessive cultmg is mentioned as the cause of forest (Icslmchon but as mentloncd
above the amount of cutling is less than the amount of growth. Even ifthere had been a large amount of
cutting in the past compared with the present, healthy forests should have grown by more than three
~times the current forest vohimg, so the cause could not have been excessive culling. Accordmgly, the
~ forest de shucllon may be considered to have progrcs:,ed due {0 causes other than culling. Thc first cause

taken uip hete is forest fires spreading from burming.

Tab!e 55 Foresl stocks of individuat foresi types (Natlonai fores!)
(summarlsed irom inventory books)

Foresl Crown 3]} . ) 7 (03

Do “TFotal
\, Clovsute | 20%<Cc<d5% 45%<Cec0% Ce>70% _
Crown \ 1 oEm m¥ha| S [m¥hal It |mVhal Em’ | m¥ha

Zha - ’ Zha

Size N\ Eha' _Zha :

Gy | Al tee | 879,065 63 |1.816328
Co»10m| Mukusi | 370258 265 986,319

136 | 3,100,720( 196 | 5,796,213 ] 127.6
63 | 1,673958] 106 | 3,030,535 | €6.7

Site 1| area 13.955ha 15,6580 1582004 45,433ha -
Abailabled A1} tree : - |a917048] 1562
Forest | Mukusi : ' o i 2,660,277| 845
only area’ L ) oo . 5i.478h;a ‘
G (Al wee| 69216 ;42 ‘ 42_,135 77 |- 29920 16 141871 586
Castom| Mukusi | 30638 186] 1493| 27 | 7asyf 34| s3o6 | 219
Site | aea | aa8ha | sssha [ 220ka | 2,423ha

Cr | AN nee | 268520 35 | 1esg00] 60 | 21887] 85 653295 502
eca<ioml Mukusi | - 71026] 93| 35964 13 | 37387 145) 144377110

Site H | area . 1672ha’ - 2,165ha 2,575ha 13,01Zha
C |Allwee | 29053 17 | 21,398] 26 212480 32 | 75695 | 239

Cd<6m [ Mokusi | 3732|220 ~ 385] .05 21600 32| 62| 21
Site @ | ‘arca - 1,70%ha | 823ha’ | o 66%ha | 3201ha

Forest | All tree [1,245.9540 499 | 2046361| 988] 3,370,760} 1748| 6,663,025 | 1040
Total | Mukust | 475,654] 19.7] 1,037,603 52.4['1,720958| 89.2|3,234215| 505

area - | 2498eha 1 "19,800ha - | © 19,284ha | 6406%ha

| Abaitable] Al tree E - 4945968| 156.1
Yorest | Mukusi | | | 26330 842
only Larea' ' : ' ' ' ] angeem

D1,Di,Ds clasmﬁed by foreﬂt crown closure.

GG, GCh classmed by « Crown size {crown dtameter) ol‘ foresi tice.

- 168 -



4.3.  Cuiting Yield

Fven it Zaibia, regions with refatively abundant rainfall, for example, the Ndola region in the
“Mid-North, man-made forests of pine (uniform forestation) have been formed and are atteady reaching
harvesting age. In the southwestem region where there is little rainfall and the land is covered by
Katahari sand, there are no successful examples of man-made forests. All of the forests arc natural.
Accordingly, the culting yield in this region is derived completely from natu ral forests.

43.1. Cutting method

Iii uniform man-made forest belts accompanied by cleat cutting, if conditions such as noymal
layout of stainds within the region are satisfied, it is considered that effort is being made to sustain the
forests. That is, effort is being made to sustain forests for the region as a unit. However, within natural
broad-leaved trees, regencration is tinder natural conditions, so cutting has to be performed while
ensuring the continued existence of séed tres or succeeding trees and therefore the sclective culling
methiod is employed, ’

" Alook at the composition of trecs among healthy broad-leaved trees, which are mainly Mukusi,
shows ihat wheh the trees are classificd by diameter class; the number of trees increase as the tree
- diametes becomes smaller, Bvei in the main tree group, there is a characteristic tendency for there to be
Fower trees as the diametet increasc. That is, when cutting and harvesting older trecs ina stand, a nonmal
composiion is considered to be one where succeeding trees are successively prepared (in the formof a
greater number of young trees), so a forest is sustained in units of stands. Accordingly, there is an iron
rule that sclective culling be performed s0 as not to deslroy the sustainable composition in the stands.

432, Altowable amount of cutting

Here, the rate of volumé use is high with trees having a breast height diametér of 40 ¢m or more,
50 the study was conducted covering stands comprised mainly of trecs of large diameters of at least 40
¢, The allowable amount of culting, by common sense, must not be more than the growth of the stand.
As explained earlier, however, the growth of a stand in the sirict sense difters considerably even with
stands of closed forest crowns if the age and diameter of the treés coinprising the stand differ. No
uniform quantitative value can be given. Stil), the general trend is for the ihaxitimhi staind stock to be
~ ‘exhibited at an average‘age of 80 to 100 ycars. After that (100 years or morc), the stock declines
© somewhat, but a constant valug is shown. Accordingly, the average growth is judged to be within the
following range: ' : ' :
Maximum average growth  Av,_ - = V780 (year)
Minimum average growth Av, =V 00 (year)
where, V: present stand volume (m%_a) ‘ _
_ If the culting cyele of selective cutting is Yc, the allowable amount of cufting per cach culling
cycle, thatis, AVc, is o ' : o
AVe - =Yc(V/100) to Yo(V/80)-
* The allowable amount of culting AVem in the case of sclective cutting of only Mukusi is -
- AVem =0.5Yc (V/100) 1o 0.5Y¢ (V/80) E
- The S}iitéblébllttiﬁg cycle is ‘considered to'be 20 years since the culling efliciency falls if the
~ numbgr of the Mukusi trécs Is small. The allowable amotnts of cuiling AV, in 20-ycar cycles for stand,
AV, for Mukusi, are _ o
AV, =20(V/100) fo 20 (V/80) ST ¢ N
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AV, = 10(V/100) (© 10(V/Z0) ooooooioceererreecrnne (4.2)

For open forests or woodlands, a stand of V 275 (m’ha)is considered as cuttable stand and the
allowable amount of cutling AV-w' and AV, * become

AV, =035(V-T5} i, vt (4.3)
AV, " =000V -T75) oo B @4

Asa usuh ofthe cuitable stand that is applicable, Sl(c I D, C;, D,C;and Site 11 D, CJ, lohl about
32,000 ha.

433, Largc succcedmg trees to be Jeft (Molhcr lrces)

Atthe prcsent time, the onty gu;delme for allowable cutling is the diameter class !n th:s case, even
if trees of a certain diamcter class or more are cut, there shiould be no problem in ensuring tice sceds so
long as a large mimber of trees of smaller diameters are left alive. There has been a probleri in the past
however where there are large diameter trees, but no smatl diameter trees. Under the present sules, trees
of a diameter at breast height of aver 30 cm may be cut, but even if this rule wi ere observed, thete is a

 high risk of not enly succeeding trees, but also seed trees bein I ehmmatcd This situation is considered
* - unsuilable in ensuring continvation of the forest.

The pmsem survey found that the merchantable volume becomes hi gher with a diaméter at breast
height of over 40 em, so saising the standard could be one micans of ensuring the survival of succeeding
trecs. Just raising the standard, however, would leave the same prob!cm as menliohed above, so ag'un :
would not be enough.

When considering the continuation of a s{and smh a d;amctcr standard or ailowab!e cuttmg is
unsuitable as a standard of aliowance. The question is to what extent large diaifieter frces (hert, meaning
trees of diameters of at least 30 cmy) able to serve as seed lrces remain, Here, since the sceds of the
Mukusi are poor in driflability and do not fall over that much wider a range than the spread of the tree
crown {(about double. the spread of the crown is considered to be the limit), to maintain a rate of
intermixing of at Ieast 50%, it is considered necessary that at least 30 trees of diameters of over 30 ¢cm
(tree crown area: 90 m?) remain per ha: Ideally, the rate of infermixing should be close o 80%. In IhlS
case, survival of at least 50 trecs per ha is requmd Accopdmgly, if 30 seed trees cannot be left standi ng
per ha, then it is necessary to prohibit cilting or, when there are few saplings or young trees able toserve
as succeeding trecs, that is, fewer than 100 per ha, (0 reforest the stand (reforestation by direct sowmg)
or riccessary to make reforestation in the cutover land obhgalory

Assuming a stand has a Mukusi mixing rate of 50%, it is recon1:11'¢ndcd that the allowable cutting
area be limited to about 10,000 ha in stands where mother trees are (o be preserved.

4.3.4. Guidelines

Cutling method: Selective cutting in 20- year cycles

Allowable amount of cutting: According to fomutas (4.1), (4. 2) (4.3), and (4. 4), the allowable
amount of Mukusi should be this multiplied by the intermixing rate, that is, a standard of about 50%

Cuitable diamieter of cutting of Mukusi: diameter at bieast hei ght 240c¢m

Nuinber of main tiees 10 be left standing: At least 30 treés/ha (diameter at breast hei ght 2 30 om)
should be left as sced trees for natural sowing. ithis condition is not met, cutting is not allowed. Furthes,
if the number of saplings or young trees is less than 1 00 ha, reforestation (reforestation by direct sowing)
in the stand must be performed. :
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4.4.2. Reforestation by direet sowing

44.  Reforestation and Management

Inthis region, there are farge arcas of forest land damaged by fire. There are extreniely open stands
(25,000 ha 20%) and almost treeless forest land {50,000 ha 40%) in just the National Forest Estate.
Restoring these forest lands ot treeless land (former forest fands) to forests once again is impoitant in
sustaining the resources and environmental protection. Further, raising the rate of intermixing of
Mukusi and other useful trees in the forests is neccssary as a reSOUICE MCASUre.

44.1. Regeiicration by natural sowing

The seeds of the Mukusi do not drift far, so seed trees arc impottant if regeneration by natural
sowing isto be expected. In healthy Mukusi mixed forests, there are aboul 65 to 100 trees/ha with large
diameters of over 30 em diamieter at breast height and the crown coverage of Mukusi is from 55 to 70%.
It appeats that there has been a steady replaccinent of genenations of trecs. In the past, however, pethaps
because there had been selective culling of only Mukus, even in considetably good forests, there appear
io be many localions in which the number of Mukusi trees of large diameters of over 30 cm (DBII) has
falleni to 30 to 80 trees/ha and the crown coverage has dropped to 40 to $5%. Further, if just Mukusi is
selectively cut, the’ fatio of Mukusi in the upper story trees serving as the seed tree group will
increasingly falt and their continuation will be'endangered. In padticular, in the past 20 to 30 years,
froquent forest fires have reduced the number of succeeding trecs of 30 years age or younger. This
downward trend is accelerating. o ;

* At the present time, it is important to scratch the surface and take other action so that regencration
by sowing from the upper story trees continues smoothly and also take other supplementary action such
as reforestation by direct sowing as discussed next. '

Mukusi is a deep-rooted species with long veitical toots. These irces have the ability (0 absotb

* waler hetd in the deep parts of the eaith even aﬂc'r_ the end of the rainy sedson, $0 confimic 10 reniain
“green and grow for a while cven afier the start of the dry season. To deal with this sitvation, it is

important to ensure that young trées which have sprouted during the rainy season b encouraged to grow
below ground rather than grow above ground and grow decp root systems of at least 1 n1 by the end of
the rainy scasorn. T : o -

' Inthe process of production {)f'secdiia]gs, silch rapid grdwlh of the root system iszobsén'."cd,' but it

" js said thiat if the roots are cul to facilitate transplanting, subsequent growth of the root systen is inhibited

and the reforestation ¢nds in faifure. As opposed to this, the growth of the root system is not inhibited in
reforestation by diréct sowing, so healthy growth after sprouting can be expected.

If good quality seeds are selected and these are buried, even lightly, in the soil, there is smooth
acclimation in the carth after rooling and damage to the seeds by animals can be prevented, so this is

 contidered advantageous. In particular, this should be done in cutover land.

_Reforcsi_alibn of M_ﬁkusi by direct sowing would be done under sha:_jé trées as mentioned later, so

the planting density would not be that high, but in view of the fact that there are fewer trees of less than

30 years age at the pre'se_m time, reforestation of at least 100 trees per ha, in extreme cases, about 400
trées per ha, is envisioned. :

443. Planting of scedlings

: Trarisp!axllirig and e_siabliéh:ﬁem of scedlings with fonig root systems without cufting is technically
difticult, so production of Mukusi scedlifigs has not been successful: However, if a'special method of
shoot growth is devised, such as sowing simultaneois with the start of the rainy s¢ason, growing for a
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_short time as pot seedlings, then planting early at a stage where the root systen is less than 20 e in
length, then it might be poasub!c to overcome these problems.

Mukusi is a unique specics adapted to a special environmient of thick sand, so cru.allvc lhmkmg is
important when growing the seedings.

As explained later, a certain amount of shading is hiccessary for saplings or young trees of Mukusi

- to achieve smooth growth. To create the preceding trccs necessaty for the creation of this shaded

cavironment, it is necessary not only to directly ensure the growth of Mukusi scedlmgs but also to grow
'sccdimgs of intolerant specics able to withstand simple torestation. '

Comparcd with Mukusi, Mukwa and other intolerant deciduous species are shat!_ow fodtcd, sothe
seedlings are considered easy to raise and easy to plant. Systemisation of the techiology is desirable.

444, Protection of young trees and saplings

Thc iew leaves of young lrees and saplings are favorite foods of animals, so are considered
remarkably susceptible to animal damage. Itis importan to lighteri this damage. This survey, however,
did not attempt to leam about this situation, so this is only mcntioncd asa pcndmg issue.

Seen overall, however, the cause of the greatest damagc to }'oung trees and sap]mgs may be
considered to be forest fires causcd by buming. :

445, Preceding'réforeslatioh o

- Asa result of a survey of the state of growth of young trees at different arcas, it was found that in
Mukusi forests with normal states of growth, there were nore trees the smaller the diameter class. This
was interpreted to mean that saplings sproit and grow in the forests and form a group of succeeding

- trees. That is, this shows that when the trees are young or saplings, leaving aside the strong shading, they
grow healthily under the crowns of upper storey trees and middle storey trees. Mukusi is a scmi-shade
bare (tolerant) specics in its sapling and young lree years and is bel ieved 10 change to a ‘intolerant
dominant trees when it reaches the stage of an adult tree (40 to 50 years or more). 1 histrend is a general
one seen in trees fonnmg climaxes in dlﬂ'erent climates. Mukusi is Judgcd tobca sum!ar specnes '

It is known that species of trees which favor a shaded envirohment in their young years do riot
exhibit a healthy growth of leaves under an environment exposed to direct sunlight and therefore there
tends to be inferior growth of height and dmmctcr Thls is believed to be the reason why the growih of
the trees in Mukusi land reforested by direct sowing in the past has been inferiorto the growth of Mukusi
under natural conditions. The fact that trecs planted near existing large irees and the medium and lower
storey (rees in the stands grow well while tees planted in open arcas exposed to sunlight al all times
wither at the tops and have lrouble growing is conmdercd {o be an example of this,

In the Forest Estates, over 40% of the land had lost al most all forest crown coverage and became
treeless or else had become extremely opeh due to forest fires, These were all environments with strong
direct sunlight. When trying to restore forests in such denuded arcas, it is impossiblé to intraduce specics
forming climaxes directly in view of the light cnvironment, so first it is crucial to introducé intolerant
species and then, afier a cestain level of shaded environment is formed, introduéé Mukusi ‘and other
climax species. The rool systems of intolerant species are shallow, while the root systeins of Mukusi arc -
deep from the young years, so even if growing later, there should be no friction with preceding species
in terms of competition over water. Accordingly, so fong as there ar¢ no extn.mcly hcavy sbadmg
conditions, it is not anticipated that there would be any obstacle in growth.: '

Note that the shading requirement of saplings spoken of _her_c docs iiof mean a resistance to shading
enabling the saplings 1o grow even when suppressed by herbs or bushes. When suppressed by herbs or
bushes, it is crucial to quickly reimove the herbs and bushes even in the ¢ase of shade species. ‘
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Here, in some locations, reforestation is necessary by growing seedlings of intolerant species and

by planting of the same etc., bt at the present time the idea of first growing forests of such intolerant

species has niot become established, so the technology is not perfected yet. Accordingly, it is crucial to
survey the ecological characteristics of Mukusi in its young years to confirm its propertics and to clanify
the composition of the upper storey trees enabling smooth growth in the forest. Specifically, il is
necessary to develop technology such as a method of selecting suitable intolerant species for the
composition of the preceding covering trees (nurse trees) and growing seedlings or young lrees of the
same, a method of planting them in forest larid, anda method of tending them after planting. As for such
species, if possible, a useful deciduous species like Mukwa would be preferable, but whatever the case,

any shallow rooted species comprising the woodlands which do ot produce dense branches and leaves

would be catididates.

4.4.6. Guidelines

+ Thert is a great possibility of strain being caused in the seed tree composition due to sclective
cutting of Mukusi in the forests and posing a danger to the continuation of Mukusi. It is
necessaty to provide technical assistarice for regencration of Mukusi by natural sowing and to
antificially grow saplings in the forest by reforestation by direct sowing. .

« In forest tand where the forcst crowns ar¢ open, increased planting of saplings and growth of
succeeding lrees must be promoted by reforestation of Mukusi by direct sowing.

It is necessary to develop creative shoot growing technigues commensurate with the vertical
rooling of Mukusi. - : .

Mukusi and other climax species are believed to be strong in nature as semi-tolerant trees when
they are young and saplings. When tiying to régenerate forests in treeless arcas or extrerely -

‘open arcas where the direct sunlight is strong, it is crucial to first introduce intolerant species

~ (species comprising wood lands such as Mukwa) and whei these have maturéd to a certain,
- extent and a certain extent of shaded environmicnt is formed, then introduce Mukusi and other
*cliimax species (reforestation by direct sowing: 100 to 400 trees/ha).

'« Ttis nécessary to develop techiniques for the crdation of preceding covering rees. -

45, Management of Reforestation for E‘oresi's'_bf Different Stand Corpositions

Up to now, consideration has been given o management of reforestation focusing on the
contiriuation and régeneratioi of forest. In the Forest Inventory Book, the stands are classified taking
note of the magnitude of their forest crown coverage (B, D,, D)), the magnitude of the size of the
individual tree crowns comprising the forest crowns (C,, C,, C)), and the site quality (11, H,) (C D 1,
C,DH,... C,D, CDH) (see Table 55), but in this section a study will be made of the detailed
management {or re forestation for each individual stand classification. :

a C'SDjlill

This is a mature forest of a complete forest crown closure, a stand volume of 200 mha, and site

-~ quatity I. The allowable culling volume is 40 to 50 m¥ha, corresponding to 20 1o 25%, of which about
- 50 to 60% is Mukusi. In cases where the rate of intenmixing of Mukusi is particutarly low, sometimes
- cistting is prohibited due to the number of seed trees which should be left, but in general this constitutes

a healthy forest with no such concemns.

bh. CD,H,

This is a forest which has been opened to a forest crown closure of 50 to 70% due to culfing, forest
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fires, and other factors (site quality I). It is necessary to restore itto a forest with a forest crown coverage
- of over 80% in 30 to 50 years, so it is necessary to restrain cutting, but if the current stand volume is 120
m'/ha, then according to formula 4.3 and formula 4.4, ¢ulting of about 16 m¥/ha for all species and 5 mY/
* ha for Mukusi is atlowed. When there is a tack of saplings and young trees, reforestation is performed.

¢. CDH

_ This is a forest destroyed by firc or other rcasons, wuh aforest crown closur»., of20 lo 45%, and of
a site quality 1. Since the stand volume is a low 66 m'/ha, culting and harvestmg are not perfonncd The

“goal of the management becomes solely restoring it to the healthy forest state. If the dlSlnblllIOH of
remaining high trees is uniform, even if sparse, then reforestation of Mukusi By direct sowing is poss&blc

as is, but when there are large treeless areas, it is desirable to first plant sun broad-Teaved trecs and latec
refonst by direct sowing or reforest by natural sowing.

d CDM,

‘This forest is of the site quatity 11 and therefore is inferior in terms of site, but is a healthy forest

with a substantially closed forest crown. The stand volume is a low 140 ny'/ha, but since it is a closed
fotest where no further major growth may be expected, the alfowable cutting yield is anticipated to be 20
to 25% or 28 to 35 m¥ha, (Mukusi is about 35% of same.) No special treatinent is required for
~ continuation.

e C,lnvzul

This is a forest with a forest crown closure of a low S0 to 70% caused by forest fires and culting. In
addition, it is inferior in terms of location being a site quahty 11, so the stand volume is a low 75 m'/ha
- and the forest is not suited for culling and harvesting. It is crucial to keep the growth of the existing (recs
from being hindered so as to achicve a closed forest in 30 o 50 years. When there ate fow saplings or
young trees in the forest, it is desirable to posm\cly n,fon,st it by direct sowing.

. CDH,

This is a destroyed forest with a low forest crown closure of 20t0 45% Since lhe stand volume is
a small 40 m'/ha; the forest is not suited for cutting and harveqm g. To increase the number of (recs and
stock, pos:lwe refon,stahon eftorts are required.

g CDII

-~ This is a young forest which is covered by the tree crowns, but is comprised mostly of medium
diameter trees (or a forest which is particularly low in site quality and is comprised of high agg trees of
poor growth). The stand stock itself sometinies is over the allowable level, biit since the trees are smiall,

the forest is nat suifable for culling. There is no pamcular need to take steps for re[‘ort,slauon but full-

scale cutting should be put oft for sevemt decades.

" h. CDMH

i D

This is a young forest or woodland with a fow fores( crown closure of 50 to 70% and compnse{l
mainly of medium diameter teees. Since the diamicter class is small, it is not suitable for cullmg and,

further, even if JeR alone, it will have difficulty in growing into a healthy forest, so §ome amuhaly '

reforestation means such as reforestation by direct sowing in the forest is required.
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L CDH,

Thits is a medium diameter class woodland of a destroyed state with a forest crown closure 0f 20 o
45%. Cutting is not performed and some posilive reforesiation measures are necessary to promote
crown closure, Consideration may be given to partially reforcsting by direct sowing while planting sun-
species.

j CDM,

This is a forest with a closed forest crowa, but comprised mostly of saplings or young frees of
small to medium diameler. At the present point of time, alimost all of the stands are not suitable for
harvesting, but ifthe forest is allowed to grow as is it can be cxpocted 1o become a healthy forest in the
future.

k. CDH,

This is an mcomplelc forest of saplings or young trees with a forest crown closure of 50 to 70%.
Due to the increase in saplings caused by natural sowing, itmay grown intoa healthy forest or woodland
evenif Il alone, but some help in reforestation such as planlmg of sun specws or reforestation by direct
sowing would be desirable.

L CDH

Thisis a forest witha low ratio of saplings or young frees with a forest crown closure of 20 to45%.

" There s little hope of it growing into a healthy forest or woodlandif left alone, so reforestation steps are
" necessary. This forest laind, however, often is of a type which becomes overly \\.ct inthe rainy s¢ason, so
- it should be given a low priority. :

ni. CD!I

L |

ﬂus is a location which used to be a good quality forest of the site quality I in 1the past, but became

. treeless duc to forest fires. If becommg a forest, it would very probably become a high stock resouice
supplying area, so posilive reforestation is desirable. The method of reforestation and the management
- system are not yel established at the present time, but since close to 20% of the National Forest Estate is

constituted by this, it is crucial to procecd while experimienting with them. The melhod for the time
being should be to first plant sun specics, then, afler a certain extent of shaded environment has been
formed (after 20 yeans) reforest by dmct sowing.

n. CDIL

L.

" Thisisa treeless area of the site quahly It and constitutes 10% of the National Forust Estate. ltisa

location where reforestation and management should be encouraged on a positive bas:s like wnh the

precedmg lype The samc is towe of the managemcnt

0. CDH

'ﬂus is a location with a strong tendency toward a grassland Aflorestation is desirable wh:le

.studymg the site condmons such as whether the site becomes overly wet.
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4.6.  Soil Conscrvation Measures

The soif in this region is not inherently festile by any means, bit thefe appear to be large areas
where the local inhabitants depends oi the fertility of the soil for famming and saising livesiock. In fact,
however, there is a contradiction in that the inhabitants thémselves are causing the fertility of the soit to
fall by buming off land while not being aware of this. H is important that they understand the mechanism
of soil formation and take steps for its conservation.

4.6.5. Basics ol' soil conservation

Viewed overall, the central role in maintaining and pronioting the functions of the soil is playt,d by
herbs. : ;

(1) Soil evosion and herbs

If the surface of the soif is exposed and struck by direct rainfall (including rain from the tree

crowns), the infiltration structure at the surface will be destroyed and clogging caused to thereby cause

a reduction in the infillration. As a result, surface flows will occur and soil erosion will e caused. In

- particular, during strong rains, strong concentrated flows will occur and cause rill and gully erosion.

~ Thiserosion causes a loss of the A horizon and B horizon, which are the storchouses of the soil nulrients,
and fuﬂher a loss of the sonl asa whole.

To avoid this situation, it is necxssaly that the surface of lhc soil be covered by some s sort of buffer
against rain drops sa as to protect the surface structure from their dest ructive force. This protective role
is played by the tayer of fallen leaves and stalks and leaves of the herbs. In the tropics where the rate of
decomposition of fallen leaves is fast, the role of the herbs is pamcularly great,

In Zambia, this type of devastation is remarkable in the red soil belt.

' (2) Soil orgamsms and herbs

- Toexpress the fe dility of the soil, use may be made of lhe content of the himus at the soil surface.
The humus is derived from the residue of living maltér, in particular plants, but more directly is derived
from the residue of root systems distributed in the soil. The fallen leaves, fallen brariches, ete. supplied _
“to the surface also may be mixed into the soil, but they are limited to the surface-niost pOl’llO!‘l and their
effect on the A horizon and B hon?on of lhc soil may be conisidered to be small.

llem, a companson oflhc oot syﬂkms of the trees and hérbs in the sod c;hows that the denslty of
the small and fine roots of the herbs is 20 to 30 times that of the trees. Further, the root systems of hetbs
arc shorter in lifetime, so dead systems are supplied to the humus tayer on a yearly basis.- The rool
systems of trees extend deeper than herbs and when they dic help to improve the soil at the dn.cp fayers,
but since Ihcy are long in lifetime do not work to improve the ferdility of the soil every year. '

That is, the fedility of thé soil in the ~:ho:t term or on a yearly basls may be conmdcru] to bc
suppotted by the herbs.

{3) Surfaceleaching and herbs

Sandy soil is formed by rough particles, so basically has a high water infiltration. ven without
covenng protection of plants, it will not drop in water infiltcation. Fuither, it tends not to suffeF'much
- from soil etosion. 1herefon with sandy soil, there is no quantitative reduction in the soil and even if
devastation occurs, it docs not appear to progress. However, there is progressive qualitative
dcknorahon at the surface portion of sandy soil, though not noticeable. -
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If sandy soil is exposed and is shuck directly by rainfall, the bases, iton, and other weathering
substances and organic substances which had been held at the oiitside of the sand paticles are leached
out and a situiation occurs wheré only the minéral-like sand particles which are poor in fedtilizer content
(mostly white or grey quarlz) remain. Ifa fayer of such leached out sand particles covers the surface of
the soil, then even herb-like plants, which have astrong ability to proliferate, will be hindered in growth

~ and recovery of the plant life will become difficult. Therefore, once leaching oceurs, this phenomenon
spreads and in some locations white fayers of mote than 20 cm thickness are found.

This whitening of the surface soil is accompanied with not enly chemical deterioration, but also
moveinent of fine particles freed or suspended by the feaching to the lower layers. These deposit or
accumulate at locations of a depth of 30 to 50 cm to for an impermeable pan, which becoines a
probleni; If siich a pan is fonmed ata relatively shallow tocation of the soil, then infiltration of the water

" to the deep parts of the soil will bé inhibited even with the precious rainfalt of the rainy seasois and

~ conversely a layér of stagnant water will be formed at the surface layer to cause ani overly wet state. If
this situation occurs, then even if plant life regenerates and theie is a recovery inintermixture of humus
in the surface soil, there is a good chance tliat the forest will not retum 10 a good quality. It is believed
that desetfification and formation of savannas occur in this manner. C

4.6.2. Coexistence of herbs and trees

_ When forests are buined and the resultant Jand is used for shifting cultivation, the fertile soil
formed during the forest period becomes a source of mitrition for the crops, but ntany people appear to
 believe that the hunius which had served as the storchouse of the fertilizer components is created solely
by the trees. The direct suppliers of the humus layer which suppoits. the fertility is, however, as
mentioned above, the herbs. If there is no undergrowth of herbs in the forest, then rich soil will not be
" formed. - o : :
When cullivating crops by shifting cultivation, herbs become competitors of the crops for water
and nulrients, so people seem to tend strongly to view heibs adversely. Even when cullivation ends,
herbs continue to be viewed adverscly. It is perhaps because of this that there is frequent burning in the
forests. o L _ ' ‘ '

" If the role of the herbs in supporting the fertility of the soif is understood, then the meaning of the
existence of herbs on the forest floor should be viewed piore importantly. Forest management from an
environmental viewpoint should end up by consequence promoling of the coexistence of trees and
wnderground. . _ ‘ ' , o

Note that in the rainy season, if condilions are conduciveto the strong regencration and recovery of
herbs, when the undergrowth has‘suﬂ‘lcicn_l'ly growi, use of the above ground portion (in some cases
even buming) will not obstnict the decomposition of the root systems, 50 human usage is not completely

- rejected. :

4.63. Guidelines

Forest management from the standpoint of environmental protection aims at the coexistence of
herbs and trees. Fortunately, the forests and wood!ands in this region are of a type enabling sufficient
coexistence with herbs evén under natural conditions, so there is no particular need for more posifive
technical measures. However, the following is important as a negative measure: ' '

~ “Forest utilisation or {reat ment whi'ch reduces the herbs on the forest floor should be avoided.”
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4.7,  Fire Prevention Measures

it has bccomc evident that almosl 40% of the National Forest Estates have bewme Ir-,cless, that
the av eragc stock perhainallre gions is 25% of the stand value deemed standard and $0% even wewmg -
just the forest land, and that the cause of this is all forest fircs spreadmg from burmng Up to the previous
chapter, consideration had been given to the continuation of forests by observation of suitable amounits
of culling or forcst management, but if forest fires cannot be prevented, all of this patient study and
1clmn would become meaningless.

4.7:.1 ' llerbs and burning -

Thereisa strong tendency to set fire to any dry hcrbs seen. ﬂlese fires f‘rtqucnily spread and cause
forest fires. ~ -

When cultivating crops by shifting cultivation on cutover fores! land, herbs are wewcd as an
adversaty to the ctops. From this viewpoint, even when not cultivating crops, pérhaps because the hetbs
continue lo be viewed adversely or perhaps because of the misunderstanding that the fertility of the soil
is supported by the trees, the function of herbs in maintaining the environment is viewed lightly and
there is a tendency for them to be easily eradicated.

Local residents should be made to understand that herbs are the major factors in mamlammg and
restonng the fertility of the soil and should be imade to protect the growth of herbs in forest land,
cultivated cutover land, and pastureland and intum observe orderly burning. : :

4.7.2. ‘Bushes and burning

The root systems of bushes, according to the example of temperate regions (Japan), are between
those of large sized trees and herbs, but in the end fall among the class of trees. They are not as dense as
those of herbs and are nol as short lived 4s herbs. That is, bushes are cvaluatcd as not havi ng that greal an
ability to supply humus on a continiial basis to the soil. :

Most bushes have fittle value as matenals f'or uscin the lives of tocal rcsxdenls or as firel. Fuﬂhcr
a feature of the bushes in dry tropical n,f,lons is the large number of specics wilh strong ‘thoms.
Therefore, these beconie major obstactes to humman action and in many cases rather are ¢onsidered
- negative presences. In addition, they have stemns “hl(‘h while thin, are exlremely lough and flexiblé and
therefore cannot be easily climinated by mowing. :

1T most bushes are specics which are valucless to pcoplc and have such many defects and furthcr
are difticult 1o cut or clear, then buming would be understandable in the sense of eliminating them.
These bushes are difficult to butn in the early pait of the dry season, however, so the oplimal period for
their cradication by buiming would be around the end of the dry season ihen their sterins and branches
are the driest. This would be on¢ acceptable reason for burning at Jate periods when buming is-in
pnncnple not allowed. Whalever the case, it is difficult to set ﬁrc to only bushes, so it appcam that thc
practice is to first set firc to the herbs. : ; '

Thomiy bushes are difficult and dangerous to clear even using n11ach1nezy and equipment hke bush
claancm $0 care must be !aken in trying to eradicate them,

4.7.3, Roevalualmn of ei‘ﬁ(_'acy of burning

Various objectives are given for all-of the buming including early buming method. Ofticially,
almost all bumning is for specific objectives. There seems to be a strong tendency for evaluating it in this
way. In fact, however, as mentioned already, it inflicts destructive damage to the forests. From the
standpoint of forest management, first priorily should be assigned to suppressing it.
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The practice of bummg itselfis a traditionat one long observed in southem Afnca but itisbeticved
lo have intensified inthe past 20 {030 years. Itis considered that the damage reached the national forests
in the southwestern region and spread at arotind the same time, 4 ;

Once carly buming begins, a considerable amount of buming can be justtt' icd for various reasons,
but this may simply reflect the fact that burning is casy and scems socially acceptable to residents. The
biggest reason for the increase in fires may be considered to be the spread of devices such as matches
and lighters enabling fircs to be easily started into the hands of the general populace, but it is [eared that

.the encouragement and allowancé of burning by oflicial organisations serve to incite buming whcn
- viewed from the perspective of the general populace.

In the ficlds of agriculture, ammal husbandry, and prevention of discase, buming is actually
justificd and encouraged, though with restrictions. Orié feels that the time has come for the efficacy of
this to be reassessed and a study made of how this action is perceived in the minds of the gencral
populace. Note that the problem of buming will be studied in fuither detail in the chapter on the
environmen. .

474. Guidelines

Prevention of fires iri the forests basically means restriction or rectification of the buming which
directly leads to forest fires. An important incans for improvement is to prevent the spread of forest fires
which do eccur to the forests. In terms of hardware, hention may be made of improvement of fire- .
fighting equipment and machinery and establishment of fire breaks. These will be dlscussed ii the next
semon :

_4.8. lmprm emout of Infrastructure for Forest ’\1auagement

“To manage the growth and continuation of fon:sts in a healthy staté aud make efficient utilisation
of the same it a8 manner commensurate w1th modem sociely, it is necessary to rmprove the roads 'md
machinery and equtpment :

4.8.1. Transport vehieles and roads

To grow and cut trees in a Vast Forest Estate, it is m.ccceary fo have vehlclcs for Iransportmg lhc
equrpmem and personnel vehlclcs for: canymg the cut trees, and roads enablmg passage by the \’thck‘s

The vehicles reqmred an, !arge-s:zed trucks for carnrying the cut traes (logs) and small-sized

(medrunvsrzed) trucks for ‘carrying équipment and personnel. Vchtcles with whcds having large
~ ground contact pressures are desired to enable dnvmg through sand in the dry season and mud in the

rainy season.

Al the present tinie, the vehicles requtred for transpomug the wood and for transporting personnel
and equipment are provided by the sawmills. In the future, if forestation is conducted on a full-scale
basis, the forest managcment organisations will also have to equip themselves with vehicles for
lransportmg forestation equ:pment and personnel and vehicles for forest managcmcut In concrete

ternis, if this project is tobe realised, thi vehicle type, number of vehicles, cte. willbe rcqumd 'lccordmg

to scale and need. Currently, therd is a necd for at feast 1 or 2 jecps.

Forest roads are eslablrshed as roads having a constant high frequency of use, while work roarts
are established as road:. used tempomnly such as used only during culting, Simple roads are mostly

“made by bulldozmg away the rool systenis to clear the land, but usuatly in this case the surface of the

‘roads beconie muich lower than their surroundings. In focations which become wetlands in the rainy
season, consideration may bc given to constructing roads by digging up the surroundings and bunidmg
up the roads in level.
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When roads are hot used for 2 or 3 years, shiubbery springs up to make the roads impassable.
Accordingly, the 2 o 3 roads which have a very high usage f‘h,quency (total length of 50 km
surrounding Mesese) are used as forest roads and are thus imaintaincd. With regard to other forest roads,
concrele plans and construction are put into effect when projects, such as sitviculture, cutting, cte., arc

- divided upon. -

A road width of 5 m is considered to be suitable. Since this area has a leve! sandy stratum, public
engincering works such as the building of asphalt and concrete roads, bridges, elc. ate hardly required.
Roads and can be constructed and repaired by bulldozers, so it is nccessary that forest management
organisations be provided with them. -

4.3.2. ‘Matagement roads also sérving as ﬁrcl}l'éaks -

Whet fires break out, of when a fire is strong in force, it may jump and spread over sevéral dozen
metres. In many cases, however, experierice Has shown that a firébreak 6f abotil 6 th width ¢an probably
stop the spread of a fire, Officially, burning is allowed in areas other than forests such as grassiaitds dnd
tree plantations, This is corisidered in many cascs to spread to the forest and cause forest fires.
Accordingly, establishment of a firebreak along the boundary between the forest and othér land soasto
surround the forest could prevent the outbreak of forest fires.,

A firebreak isa strip ofno vegelation where the ground surface is exposed, so should take the same
form as a road of a width of 6 m. Accordmg!y, if a management foad of @ width of 6 int is established

around a forest and it is repaired every year 50 that bushes and herbs are prevented from encroaching

upon it, it could be expected 10 serve as an excellent firebreak. Although the Forest Estale boundaties
will be expanded by about 550 km, there is a dire need to exp’md by about 300 km near Sesheke and
Masese.

It is desirable to introduce bulldozers as the machineiy for tht: constmcﬁcn and npair' of
management roads serving also as firebreaks. Note that if the machinery is only for repair and
management work, then use could be made of four-whee! drive vehictes to which ground scratching
attachinents can be affixed.

4.83. Forestry machinery and equipment

Ideally, high pcrfommnc» forcstry machmery whtch can handle cultmg, buckmg, yardmg, and |

other work all at once could be irtroduced, but at the present point of time theré is a shortage of small
forestry cquipnicnt such as hatchets, sickles, saws, axes, spades, and saly shalpcuens s0 these musl first

be augmented. Further, it is essential (o first provide small sized forestry machinery such as bush

cleaners and chain saws. I this region, in particular, there is marked growth of dang-,rous thomed
bushcs $0 it is necessary (o introduce long-handled bush CIt‘;’ll’lE‘l’b to clear them away

4.84. Sced smrohouses ‘

At lhe pn,sem time, Ihe only lechmquc for forcs{ regenemhon wlnch is subs{anllally pcrfccled is
reforestation by dircet sowing. This technique has as a basic reqturemcnt lhe securing of good quahly
sceds. It is necessary to establish sced storchouses (with air- condmomng) for them.

48.5. Firefl ghling equipment

Conunon sense dictates that {arge mobile fire trucks efc. beprowdcd bul when the: aréa covered is
vast and has no well developed road network, even a mechanically well equ;pped ﬁrcﬁghtmg system
cowld not be expected to function well. Effort should be conccnlraled in prevenuve MCASHIES as
‘mentioncd ahove. :
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