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Introduction
Boswellia papyrifera (Del.) Hochst is a deciduous dry-land tree spewieeh belongs to the family Burseraceae.
The family is distinguished by the presence ofrrekicts in the bark and production of aromatic aild resins. It is
geographically distributed in drier parts of Afrit@m Nigeria in the west to Eritrea and Ethiopieathe East, being
dominant in Ethiopia, Eritrea and Somalia (Whit883; Ogbazghi, 2001). s a multipurpose tree species with
diverse socioeconomic and ecological importancenost all parts of the tree are used for differemtppses. Its
wood is used for pole and timber locally. It is #@urce of frankincense (gum olibanum) tapped &shdncome and
local uses. The leaves and seedB.gfapyrifera are highly valued as dry season fodder for goasiets and other
livestock (Adam, 2003; Gebrehiwot et al., 2003)eTdweet smelling flowers, that appears when the faé its
leaves, are important sources of nectar for hoeegb

The leaves, bark, root and the resin are also asedaditional medicines for curing various dissa@eucker,
1986; Eshete et al., 2005).The species is recomatefust economic development and desertificatiortrobiiStiles
1988). The major use of the species is the prodluaif frankincense or “olibanum” by tapping thenstéTucker
1986), and in the Horn of Africa it has an impottapplication in local communities for medicinakssand during
religious and coffee ceremonies (Coppen, 1995¢ri@tionally the resin is an important commoditytas a source
of essential oils in among others the cosmetic @matmaceutical industry (Chikamai 2002; Lemenih @e#etay,
2003). In addition to its commercial produBpswellia has important ecological role owing to the enviremtal
conditions that the species is naturally distridute
Boswellia in Sudan is common savanna tree species as a f@m@ sr mixed with other species lilgerculia
setigera, Combretum spp., Terminalia and Commiphora species on slopes and land hills (Salih et al22@@am
2003).The survival of the species in such margamahs makes it a key stone species that can prpladé cover
and protect the soil and provide shade. It alsgspéan important role in desertification controlcgnit acts as defense
line against desert creeping southwards.
For conservation and proper management of theiegi8oswellia stands in Nuba Mountains, it is important to
understand the species population structure, deasd natural regeneration. The objectives of tyeep were thus
to (i) quantify the population structure and densitB. papyrifera; (ii) analyze the natural regeneration status ef th
speciesand (iii) assess the harvesting intensity andoléstlamages on thgoswellia trees. In doing so we studied

two Boswellia stands in reserved and unreserved forests.
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Materials and methods
Description of study area

The study was conducted in Rashad locality in tarests which are located in the Nuba mountainoregiouthern
Kordofan state about 680 km from Khartoum city. THeba mountains range is situated almost exactithén
geographic center of the Sudan covering an areatd#@)0 kM. It is situated between latitude 43 N and
longitude 28-33° E (EI Tahir and Gebauer 2004). The climate ofahea is classified as sub-humid with annual
rainfall ranging from 400 mm to 800 mm annually.eThainy season extends from mid-May to mid-October
allowing grazing and seasonal rain-fed agricultdree region is known for its diverse flora and pistential in
providing diverse verities of NTFPs (El Tahir andb@uer, 2004).

Data collection and analysis

A rapid vegetation assessment survey was condumctedo Boswellia stands, Tajmala reserved forest and Kajinat
unreserved forest at Umabdella village in ordeexamine the status of the resource base. The trestfetands
correspond to reserved forest and unreserved foréstotal of 33 sample plots of size 20 X 20 m evéaid at
regular interval along parallel transects with dexatample plots of size 5X 5 m nested in the cesteach plot for
regeneration count. The first sample plot was faitlomly and the others systematically at pre-§ipelcintervals to

be distributed in the surveyed forests. 21 samjaes pvere taken from Kajinat reserved forest altmge parallel
transects with an interval of 500 m and 300 m irgkbetween sample plots. From Tajmala unresergessft 12
sample plots were taken with similar design ahefKajinat Forest.

Diameters of all trees with greater than 5 cm DBid &eight of selected trees from all diameter easa the
sample plots were measured and species type retdrdéhe regeneration plots the numbeBo$wellia seedlings
and saplings encountered were counted. Based oalwibservation tapping intensity, damage typesiptes cause
of the damage and number of d&adwellia trees were recorded from each sample plot. Thelptpn structure of

the species is depicted using frequency histogrfagimmneter classes and number of regeneration

Results and Discussion

Population structure doswellia

Population structure (proportion of individuals draing to different size or age classes), density r@generation
status are commonly used indicators to evaluatadéipf NTFP extraction from a given forest aredvéstown,
1982; Shahabuddin & Prasad, 2004). Information @pufation structure of a tree species indicatesisiory of the
past disturbance on the species and the environamehbhence, used to forecast the future trendeoptipulation of
that particular species. The population structdr8.qapyrifera in Kajinat reserved forest and Tajmala unreserved
forest is given in Figure 1 and 2.

The population structure in both forests showed tha population is dominated by mature individualih
complete lack of juvenile and regenerating indialdu(<11 cm DBH). All the individuals of the spexim both
surveyed stands have diameter greater than 11 aninverse J-shaped curve that shows very high ptiopoof
seedlings and saplings in relation to mature tieesonsidered to represent a healthy regeneratomulation
(Shahabuddin and Prasad, 2004). Sharply declinewgsities of individuals in successively larger s{pe age)

classes produces the inverse J-shaped diametsrdiisbution for a species.
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Figure 1 Population structure d8. papyriferain Tajmala Figure 2 Population structure d. papyrifera in Kajinat reserved

unreserved forest, Rashad Forest, Umabdalla

The bell shaped structure that was found in theesd stands in the study area (Fig 1 and 2) itglittzat the
population of Boswellia in the study area is unstable and under threat tdutack of recruitments through
regeneration. Similar population structureBopapyrifera were reported from Jebel Marra, West Sudan by Khami
(2001) and Adam (2003). Several studies in Ethiqgshete et al. 2005; Lemeneh et al. 2007) andrimmek
(Ogbazghi, 2001) have also reported unstable ptpotaofB. papyrifera in different sites. This is an indication that
the species is under threat not only in the studw dut also in several geographical locationshéregion of its
distribution due to continuous tapping for incerm®duction, human induced fire, overgrazing andnatic
anomalies. For instance, Rijkers et al. (2006)iHlated that untapped trees produce three timémhigealthy and
filled seeds than tapped trees with germinatiorces® being highest in stands with untapped tree®0¢) and
lowest in ones with tapped trees (< 16). The samthoas also indicated that at tree level, sexuptaduction
decreased with increasing tapping regime irrespedi tree size.

Density ofBoswellia stands

The densities oB. papyrifera were 81 + 79 trees Haand 52 + 50 trees Han Kajinat reserved forest and Tajmala
unreserved forest, respectively (Table 1). The ithen$ the tree species observed in the two stafsvs variation.
The highest density (81 treeshavas registered from Kajinat reserved forest drellowest (52 trees Hafrom
Tajmala unreserved forest (Table 1). The denstiljcates the disturbance level of the two standssé&Higures are
lower than the density d. papyrifera in Jebel Marra, West Sudan (114 tree®)haported by Khamis (2001).
Higher densities oB. papyrifera trees were also reported in different sites inrEzi(80-270 trees Ha(Ogbazghi et
al. 2006) and Ethiopia (64-225 trees'hd_emenih et al, 2007).

Table 1 Density and frequency & papyrifera in two forest stands

Forest Average Density of all| Frequency
density of B. | tree species | of
papyrifera treesha™ occurrence
treesha™ %

Kajinat reserved 81+79 126 + 78 80

Tajmala unreserved 52 £ 50 87 £ 52 82

More than 10 tree species that inclustmcia garradii, Anogysus leicocarp, Combretum hartimanium, Combretum

spp., Lannea fructlase, Serculia setigera, Dalbergia melanoxylen, Ziziphus spinachristy, Tamarindus indica, and

Terminalia spp.were found in association witB papyrifera. The density of all tree species found in the syed

stands was found to be 126 + 78 tree$ &iad 87 + 52 trees Hadn Kajinat reserved and Tajmala unreserved forests
respectively (Table 1)Boswellia constitute by respective 64% and 58% of all the species in the two stands.

Higher frequency of occurrence (percentage of sddample plots) dB. papyrifera was observed in stands, 80%



at Kajinat forest and 82% at Tajmala forest (TableThis shows the uniform distribution of the widuals of the
species in both forest stands. There is a visibhEnge in the population of the species. Tribal descand local
community members indicated that natural mortalityensive tapping, continuous tapping withoutirestperiod,
mis-tapping (deep tapping), and insect attack lagentajor causes for the decline of the populatibthe species.
There is no supervision of production areas anthanagement and protection activities being cawigtd The local
community blames the outsiders/ migrant frankinegm®ducers for the death Bbswellia trees that since they are
not permanent residents in the area they tend tonmiee yield from trees by making many tapping sp@n the
other hand migrant tappers (outsiders) blame ttalddfor improper tapping and using improper tagpools.
Natural regeneration statusBdswellia

No seedlings and saplings of the species were atead in all the sample plots. Khamis (2001) dtsod that
there was no regeneration Bbswellia trees in Jebal Marra, West Sudan showing that ¢dalegeneration and/or
establishment of the species is a common probletineirSudan. However, Adam and El Tayeb (2008) tedahat
they encountered quite high number of seedlingshef species in the same area. The possible reasothd
discrepancies could be the season of the regemerstirvey that Adam and El Tayeb (2008) conduched the
regeneration survey immediately after the rainyseaaand the survey was conducted during the drsoseia case
of the present study as well as Khamis (2001). vidration in the regeneration results can be tasan indicator
that Boswellia has the ability to produce ample quantities of Begsl but these seedlings face difficulties of
establishment. The lack of regeneration of the isgemuld be attributed to intensive tapping, comus tapping of
the trees, fire, and over grazing (Khamis 2001 efslet al. 2005).

Frankincense harvesting I ntensity and Visible Damages on Boswellia

In Kajinat reserved forest, tapping intensity (Nwmtof tapping spots per tree) was surveyed to evalthe
harvesting intensity. 6-12 tapping spots were cadioin 53% of the tapped trees. The rest 47% wppethon more
than 12 spots. Surprisingly 20% of the trees wappéd on more than 15 tapping spots. Althoughetiemo
scientifically recommended tapping intensity, expeced tappers regard 8-12 tapping spots are natending
on the tree size. Thus, 43% of the tapped trees\@etapped or intensively tapped. This couldHeeresult of the
tappers intention to maximize their yield and hebeeefit from a given area. Symptoms of insectchtigere also
observed on 17% ddoswellia trees in the sample plots. Browsing of the bartheftrees by cattle was also observed
as another threat that 10.3% of the standing inege affected by this threat. Moreover, large nundjdrees were
observed dead and fallen in the woodland (17 tte®Y. Such high mortality coupled with the absence of
regeneration and recruitment clearly indicates ¢hallenge on the sustainability of the resource smgply of
frankincense. The historical records of frankin@ens “olibanum” exports from Sudan show that thisrgradual
decline in annual export from about 1119 Metric Tior2001/2002 to about 182 Metric Ton in 2006/0&iCal
Bank of Sudan 2006; 2007) which could likely beoassted with the decline in of the tree populatiand
degradation ofBoswellia stands. Despite the critical problem of lack ofeeeration, insect damage, browsing
damage and mortality &oswellia trees in the study area; nothing is being donesbgansible bodies.

Conclusion

The population structure oBoswellia illustrates that natural regeneration is lackimgaill two study areas.
Additionally, the population oBoswellia in the study areas is unstable and under threatallaek of recruitments
through regeneration. Based on the stands struanabysis, it is hypothesized that lack of natuesgeneration is
primarily caused by livestock grazing pressure #rel absence of recruitment is largely caused bk tdcseed
production by mother trees as the result of intensapping of the frankincense. Forest ecosysteame lktomplex

interrelationships that extraction of non timberefst products (NTFPs) can seriously affect plamiybations as



negatively as timber harvesting (FAO 1995a). Theeru population status and threats to the speemdted from
commercial extraction of the product without progdasnning and management of the resource reveatsthie
commodity chain is unsustainable from the perspedf ensuring steady supply of the product. Theaimption that
NTFP extraction is less destructive than timbewésting is unfounded in the case of frankincengbénstudy area.
Sound knowledge of the resource base and regulaitoniog is essential to check negative impactseda® the

resource from commercial harvesting of NTFPs te tamedial actions in time.
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