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Abstract: Boswellia papyrifera is an important resource in the drylands of theeBllile State. It

is a multipurpose tree species with various ecchligienvironmental, cultural and socio-
economic values. However, little information isadable with respect to its traditional uses and
moreover, the accurate or proper time for tap@ngayrifera in the Blue Nile State was not
clearly set. Tapping oB. papyrifera was carried out on randomly selected trees orereifit
altitudes or elevations namely on the foot and lupkRour tapping dates: 15 September, 15
October, 15 November, and 15Dercember were te$tage tapping directions viz. east- west;
north- south and all directions, as control, wesstdd. Tapping date and tapping direction
showed significant (P < 0.0001) effects on resmldyiper tree. Tapping towards the sun light
gave better results. The study showed that altitualé no effect on resin yield per tree. A
significant positive relationship existed betweée third, fourth, fifth, sixth, and the seventh
picking of resin on the one hand and the totalnrg&ld per tree on the other? R0.49, 0.63,
0.67, 0.66, 0.57,¥0.0001, respectively. The data suggest that thesse pickings seem to be a
decisive factor in resin yield fromB. papyrifera and could be used as a measure for the
prediction of total resin yield in the subsequesng.

Introduction

Boswellia spp are among the key species in the drylandsasten Africa which have a wide
range of environmental and economic benefits to thel communities and national
governments. The main valued economic benefit fsome species doswellia is frankincense
(also named gum Olibanum) used in both local ce#wnd commercial industries, mainly those
manufacturing cosmetics and drugs. However, regasdbf the benefits and potential for rural
development, not much is being done in Sudan teldpwthis resourcdB. papyrifera is the only
species oBoswellia identified in the Sudan. The species is foundiffeent parts of the country
south of latitude14R. Main regions include; Blue Nile, Kordofan, andriur. Several estimates
put the total area under the species at approxiynd# 000 ha, but no official inventory has
been taken.



In the Blue Nile State the only species which bgléo the genus i8oswellia papyrifera a
deciduous tree up to 10 m high with pale yellowwimgpapery bark, peeling off in wide strips,
with red-and imparipinnate leaves. Flowers are pohkstered and short cushion like side
branches, fruits are ovoid 1.85 cm long and bedkémimin, 1990). It has been shown by Khan
(1977) that the typical sites fd3. Papyrifera are the hilly areas with shallow soils of low
fertility. The species appears to be able to adapthese harsh conditions. In neighboring
countries it was found in similar growth habitats.

In the Blue Nile Stat®. papyrifera stands are found in Jebel El Gari, Ingessana hitid along
the Sudan borders with Ethiopia. The area whictve stocked with species in this state is
approximately 130280 ha of which only 4880 ha a&®erved forests (Chikamai, 2007). The
populations ofB. papyrifera in Sudan and specifically in the Blue Nile Stats ldecreased
during the last decades, mainly due to an incrgasinman population, resulting in the
conversion of woodlands into agricultural fieldsdaimcreasing livestock pressure hampering
natural regeneration. Frankincense is an ancieodyst more than 4000 years and today,
remains important article commerce on the inteomati market. It is traditionally used as
incense in religious or social ceremonies. Howettels in the cosmetic and pharmaceutical
industries that the commodity holds great poteridiatievelopment.

Despite the economic and ecological benefits of species to the livelihood of the local
communities, government and the entire sub-regiogeneral, very little effort has been under
taken to develop the resource. Lack of reliablermiation is one of the major constraints that
hamper the efficient and economical developmentumedof the species.

Like other dryland specieBoswellia has been given little attention in the past amd iesearch
work was carried out during 1960s by the Forestgsdarch and Education Institute which
concentrated on the silvicultural aspects of thecsgs especially its propagation as reported by
Khan (1977).

Tapping and collection of gum olibanum froBn papyrifera is carried out following specific
pattern around mid-September up to end of the dasan, usually June. The technique of
tapping usually involves the shaving of a very thia. 2 mm deep and 4-8 mm wide, external
circular layer of the bark starting at 0.5 m frone tbase of the stem using a hand tool locally
known as ‘Mengaf ‘. Mengaf is a traditional tool i has small flattened blade and a wooden
handle with prominent edge to protect the labordh&om injury during tapping. It is used
vertically, with light stroke on the stem to makevaund on the bark without penetrating the
wood. The size of wound varies from 2 cm to 4 cime iumber of wounds range from 6 to 12
per tree and mainly depends on the age and site dfee.

When Mengaf is used for tapping, care should bertakot to damage the sapwood since
wounding should be confined to the bark to indugedates of the gum from the plants
(Chikamai, 2007; Habte, 2003; Tadessal., 2003). Once the first tapping is done, the sdcon



tapping (collection and replenish) will take plaadter 30 to 40 days, and involves a moderate
widening of the wound, which was started during fin&t tapping. This tapping process will
continue for 3-4 months until the wound has reacheth in width. Wounding will be done from
east and west sides of the stem of the plant tiitéae faster drying of the gum resin by
exposing wounding spots to sufficient light. Usydhree such tapping spots are made on each
side of the tree, but they could also be four imeaases. Thus, 6-8 tapping spots are made as a
whole on each plant depending on its size. Too maynding spots on the same tree can affect
the quality of the gum produced, since the exudatkde small drops, thereby reducing the size
of gum resin granules.

After each wounding, the exudates start to leak l@@bme dry in two to three weeks when it
will be ready for collection. The wound is renewetnediately while collecting the gum resin
to prevent the hole through which the exudates coame drying. The whole process is repeated
at intervals of two to three weeks until the onskthe rainy season. The collection of gum
Olibanum is normally ceased during the first wedkJone since the plant starts producing
leaves, which enables it to start the process aftgdynthesis. However, dry hot weather
enhances exudation, while cold weather slows tbegss. Early rain showers have bad effects
on Olibanum quality. The Frankincense tree is apoirtant resource in the drylands of the Blue
Nile region. However, little information abouB. Papyrifera is available concerning its
traditional uses and the optimum tapping date i Biue Nile State. The importance and
contribution of the tree to the livelihood of tleecél people and its effect on poverty reduction is
one of the driving forces to justify this researdine general objective of this research is to
provide knowledge on the potential useBopapyrifera in dryland of the Blue Nile and to make
available management tapping protocol for optimueh sustainable resin yield.

Hypothesis of the study
The date, direction of tapping and altitude aftbetresin yield produced [Boswellia

papyrifera.

Materials and methods
Tapping of Boswellia papyrifera

A randomized complete block experiment with threglications involving tapping date, tapping
direction and elevation was conducted in a natssaid ofBoswellia papyrifera was conducted

at Jebel El Gari in the Blue Nile area. Four tagpilates viz. 15 September, 15 October, 15
November, and 15 December were tested along withdifferent elevations namely the foot
and uphill and three tapping directions: east- westth- south and all directions, as control,
were tested. The selected trees were more thamli& diameter. Mengaf, which a traditional
tool was used in tapping the trees. Tapping invdie removal of thin layer of 2 mm deep and
4-8 mm wide, external circular layer of the barkrshg at 0.5 m from the base of the tree stem.
After each tapping, the exudates start to oozebaedme dry in two to three weeks when it will
be ready for collection.



Results

Effect of tapping date, tapping direction and elevation on resin yield

There were no significant interactions between different factors tested in this experiment.
However, the data showed a highly significarkQ©001) effect of date of tapping on resin
yield. The difference between the earlier datesapping (15 September -15 October) and the
late dates of tapping ( 15 November-15 Decembes)weay clear. The mean gum yield per tree
in the first date of tapping (15 September) ingbeond season was 374.7g per tree. The rest of
tapping dates gave moderate gum yield per tree anmguto 347.5, 260.1 and 219.1g
respectively, (Figure 1).

Similar to tapping date, there was a highly siguaifit (p<0.0002) difference between mean resin
yield in the three directions in both seasons e3rhat are tapped on the east — west direction
ranked higher as compared to the other remaineafrivents followed by those tapped in the
north - south direction and the control treatmevitich gave the lowest resin yield. The mean
resin yield in relation to the first direction ofpping was 199-339g while the other two
directions gave 165-267 and 201 -296g per trekanwo seasons, respectively (Figure 2).

In line with previous results, there was no sigmifit (< 0.05) difference between the mean
resin yield produced by trees on the upper altgugled those in the foot of the hill. Trees in the
lower altitude ranked higher as compared to thngbe upper altitudes. The average resin yield
by trees in the lower altitudes was 191-315g &z, twhile the average of tree yield in the upper
altitudes was 186-2864g per tree for the two seasespectively (Figure 3).

A significant positive relationship existed betweha third, fourth, fifth, sixth, and the seventh
pickings of gum on the one hand and the total rgihl per tree on the other. Thé R0.49,
0.63, 0.67, 0.66, 0.57<B.0001, respectively; (Figure 4 a-e and Table hg data suggest that
these gum pickings seem to be a decisive factoesm yield fromB. papyirefera or could be
used as a measure for the prediction of total ngeid in the subsequent years.

Discussion
Resin yield from B. papyrifera

The average resin yield per tree was 375 g, forfitse date of tapping (15 September). This
average was low compared to the data given by o#ssrarchers working in the same area i.e.
Jebel El Garri in the Blue Nile State. For examMe®hemmed2008) reported an average of
600 g resin per tree per year. This low yield cdadcexplained by the fact that the rainfall during
the years 2009 and 2010 was low as compared tantioeint of rainfall in 2008. It could also be
due to incidence of wildfires in the area. Ali (2)dn Nuba Mountain reported resin yields
about 655 g per tree; Ali (2006) in South Kordofaported an average resin yield in the second
week of October of about 576 g of resin per treeJdbel Marra, Khamis (2001) reported an
average yield of about 2800 g per tree. Howeveratlerage yield in Somaliland was reported to
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vary between 2000 to 3000g per tree. Alternatitkéy yield from a single tree in Ethiopia was
estimated to vary between 500 to 1000 g per tra®(R2002; Abejegt al., 2005).

In this research, the frankincense yield procedB. ipapyrifera seems to be highly affected by
the date of tapping. Earle tapping after the raiop had strong effect on frankincense yield (cf.
Raddad, personal communication; &lial., 2009).

Tapping of the tree in relation to directions shdveggnificant results. Tapping the tree in the
East-West direction gave high gum yield comparedht other two tapping directions i.e.,
North-South and tapping in all directions (contrdlhe high yield in the east- west direction
could be attributed to the effect of sun light whkeems to boost the temperature at the side of
the wounds. Sun light enhances gum arabic exudgtiooess and affects the purity of gum
(Adamet al., 2009).

The reduction in frankincense yield due to tappiirgction could be related to the effect of sun
light which increases the temperature in the m@aind later in the afternoon on east and west
sides, respectively. That would probably has insedhe yield positively (Adaret al., 2009).

From the results of gum yield per tree per pickimgelation to the total gum yield per tree, the
gum vyield in the first two pickings was lower anidain the seven picking compared to the
middle (3 to 6) pickings. In the first two pickingssin yield was affected by the cold weather in
the end of the rainy season, and in the last pickasin yield was affected by the beginning of
the rainy season when trees produced new leavelke, mwithe middle pickings the weather was
hot, this indicated that there is a relationshipieen the tree yield and high temperature.

In conclusion,B. papyrifera tree in the study area is considered as an endah@eye species
that needs more attentions with respect to pratecgropagation and management. Recently
many studies and researchers mentioned that tlerdden a decline and degradation of the
populations ofB. papyrifera trees in their natural habitat whether in the BNi&e or in the
western parts of the Sudan (Raddad, unpublished.dat

The stock ofB. papyrifera in the study area was affected by some negativeatic and socio-
economic factors and their interactions. Theseofadbave threatened the sustainability of resin
productions of the tree. Despite tlidspapyrifera is sought after to offer additional income for
the local communities besides its known ecologioglortance.

Conclusions

= Tapping in early September and October resulteaigh resin yield when compared to
tapping in November and December.

= The direction of tapping showed a significant gesitimpact on resin yield and
especially tapping towards sun light (east and \detctions.

»= No significant difference between the mean reseldyproduced by trees on the upper
altitudes and those in the foot of the hill.

= A significant positive relationship existed betwetbie third, fourth, fifth, sixth, or the
seventh picking of resin on the one hand and tte tesin yield per tree on the othef (R



=0.49, 0.63, 0.67, 0.66, 0.57<P.0001, respectively). The study suggest thatethesin
pickings seem to be a decisive factor in deterngimesin production frorB. papyirefera
and could be used as a predictive measure ofrestal yield in subsequent years.

Recommendations

Boswellia papyrifera is an important resource especially in the savargen of the Blue Nile
State. It is a multipurpose tree species with weriecological, environmental, cultural and socio-
economic values. The present study suggests tlesvioy recommendations:

= Tapping ofB. papyriferain September and October is recommended.

= TappingBoswellia papyrifera in east and west directions with three or fouisions on
each side is recommended.

= The total resin yield per tree in a certain year ba predicted from the yield of th& 4
5" or 6" gum pickings; this relationship can be used impiag and implementing the
annual gum harvest.
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Table 1. Mean correlation coefficients (R) betweesin yield per tree at different resin pickings
from Boswellia papyrifera, Blue Nile State, Sudan.

Resin yield (g/picking) 1 2" 3 4m 5" 6" 7"

1% picking 1.00

2" picking 0.50

3 picking -0.53 0.17

4" picking -0.05 -0.02 0.47

5" picking -0.14 -0.07 0.47 0.69

6"picking -0.15 -0.08 041 062 0.75

7" picking -0.18 -0.08 043 054 064 0.80

Total resin yield (g/tree) 0.11 0.26 0.70 0.79 .820 0.81 0.75

4007

3007

2007

1007

Total resin yield per tree(g)

15Sept 150ct 15Nov 15 Dec
Tapping date

Fig. 1. Effect of tapping date on resin yield (g/ef) ofBoswellia papyrifera, Blue Nile, State
during 2009 and 2010.

10



3007

2007

1007

Total resin yield per tree(g)

East-West  North-South All directions
Tapping direction

Fig. 2. Effect of tapping direction on resin yi€lgl tree) ofBoswellia papyrifera, Blue Nile, State
during 2009 and 2010.

Total resin yield per tree(g)

o
[1

Lower Upper
Altitude (m)

Fig. 3. Effect of tree altitude on resin yield {gge) ofBoswellia papyrifera, Blue Nile, State
during 2009 and 2010.
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Total resin yield per tree(g)
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Total resin yield per tree(g)
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Fig. 4. Relationship between resin yield per tiegeparate pickings and total resin yield per (ege
b, ¢, d and e stand fof*3 4" , 5" 6" and 7' gum pickings ,respectively) Data were collectedrtu
two years (2009 and 2010; trees were selected naliydn a natural standf Jabel Gari eastern Blue
Nile State.

14



