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Abstract: This study was undertaken between 2008 and 2010 to assess annual gum production 
potential per tree for different varieties of Acacia senegal (var. kerensis; var. senegal and var. 
leiorhachis) growing naturally in Kenyan drylands. Eight sample plots of 1.0 hectare were established, 
one at each site. All trees in each sample plot were measured for basal diameter and classified into 
three diameter size classes (3.0-6.0 cm, 6.1-9.0 cm and > 9.0 cm). Ten trees from each diameter class 
were selected for tapping while another ten trees left untapped as control. Results indicate that gum 
yield by different varieties of A. senegal varied with basal diameter (BD) size classes. A. senegal var. 
senegal yielded high quantities of gum compared to the other two varieties. Tapping increased yield by 
47.1%, 91.8% and 85.7% for trees in diameter classes 3.0-6.0cm, 6.1-9.0cm and >9.0 cm respectively. 
On average, tapping increased gum production by 74.9%. These results can be used for estimating 
gum yield potential of naturally growing A. senegal in relation to the variety, tree size and site 
conditions. Besides, the upshot of these findings offers new management guidelines that can improve 
gum production through tapping for the economic, social and environmental benefits of local 
communities living in the drylands of Kenya. 
Keywords: Acacia senegal varieties; Basal diameter; Gum arabic yield; Natural stands. 
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INTRODUCTION 
 

Acacia senegal is a legume and deciduous 
shrub or shrub tree belonging to the sub-genus, 
Aculeiferum (Arce and Blanks, 2001). The 
species grows to 2-15 m tall with a flat or 
rounded crown (Maundu et al., 1999). It is 
highly branched with many upright twigs (Von 
Maydell, 1990). This species is a multipurpose 
African tree highly valued for centuries for gum 
arabic production, which is used in food, 
pharmaceutical and other industries (Anderson 
and Weiping 1992; ICRAF, 1992). It also plays 
a secondary role in agricultural systems 
restoring soil fertility and providing fuel wood as 

well as fodder to livestock (Obua et al., 2006; 
Okunomo and Bosah, 2007). A. senegal is a 
xerophytic plant that grows in dry habitats that 
belongs to the family Mimosaceae. It is widely 
distributed because it tolerates aridity and 
eroded soils (Chiveu et al., 2008). It is 
extensively spread in tropical and sub-tropical 
Africa, from South Africa northwards to Sudan 
(Raddad et al., 2005). In Kenya, A. senegal is 
found growing in association with a wide range 
of vegetation types, from semi-desert 
grasslands to Anogeissus woodlands including 
dry Commiphora bushland. It prefers clay 
plains and rocky hill slopes such as Homa Hill, 



Wekesa et al., Gum Arabic Production Potential of Naturally growing Acacia senegal varieties in Kenyan Drylands 

Oct. Jour. Env. Res. Vol 3(1):100-111 
101 

parts of Baringo, Turkana, Kajiado and 
Samburu Counties in Rift valley province, Isiolo 
and Mwingi Counties in Eastern province 
(Beentje, 1994; Chiveu et al., 2008). Besides, 
high densities of pure stands of this species are 
found in many other parts of upper Eastern and 
Northern Kenya. According to Cheema and 
Qadir (1973), A. senegal tolerates a pH of 7.4 
to 8.2. This species grows in an altitude 
ranging from 100 to 1700 m above sea level 
(Maundu et al., 1999). It is generally 
recognized by its three-hooked prickles, central 
one curved downwards and the two laterals 
more or less curved upwards, or singly, the 
laterals being absent and with the flowers in 
spikes. In Kenya, A. senegal exhibits three 
different growth forms, recognized as varieties 
(Gachathi, 2002). The varietal differences in A. 
senegal are based on variation in natural 
distribution as well as differences in 
morphological characteristics such as presence 
or absence of hair on the axis of the flower 
spike, colour of the axis, shape of pod tips, 
number of pinnae pairs, occurrence of a distinct 
trunk and shape of the crown (Gachathi, 2002). 
The three different varieties of A. senegal found 
in Kenya are var. senegal, var. kerensis, and 
var. leiorhachis (Gachathi, 2002). 
 

Generally, A. senegal var. senegal is 
recognized as a tree with a flat or rounded crown 
and rough non-papery and non-peeling bark 
commonly growing on sandy alluvial loamy soils 
in plains or at the foot of hills in semi-humid to 
semi-arid areas. A. senegal var. kerensis grows 
as a single or several-stemmed shrub with 
lateral branches forming near the base and with 
smooth yellowish-brown peeling bark on the 
stem. It is common on rocky hills and ridges or 
sandy plains in arid to very arid areas (Gachathi, 
2002). A. senegal var. leiorhachis exhibits two 
growth forms; either as a struggling slender tree 
starting with a very branched bushy base then 
thinning out to 1-4 slender whippy erect tall 
stems with peeling bark or a well grown tree with 
open rounded spreading crown and yellowish 
papery and peeling bark on the main trunk. The 
whippy form occurs in clusters of small 
populations in extremely rocky gneiss-derived 
sandy soils in semi-arid to arid areas in plains 
while the tree form occurs in red deep sandy 

soils along drainage lines and areas with high 
water table (Gachathi, 2002). Gum arabic is 
defined as a dried exudate obtained from the 
stems and branches of A. senegal (L) Willd or 
Acacia seyal (FAO, 1999). Usually, gum arabic 
exudes from the cracks on bark of wild trees in 
the dry season, with little or none in the rainy 
season when the trees are in flowering 
phenological phase.  
 

A preceding study conducted by Chretin 
et al., (2008) indicates that gum arabic 
production in Kenya has been declining in 
recent years. Varying estimates of gum arabic 
yield have been presented (ITC 1972; FAO 
1978; NAS, 1979; Duke, 1981; Muthana, 
1988; Badi et al., 1989; Ballal et al., 2005; 
Dagnew, 2006; Chiveu et al., 2009; Wekesa 
et al., 2009). These estimates contain limited 
information on the yield of different varieties 
of A. senegal growing in regions with different 
ecological manifestation and hence hardly 
any reliable data are available to provide 
estimates of the potential production of the 
various varieties naturally growing in the gum 
belt particularly in Kenya. On average, a tree 
may produce 250 grams of gum arabic in two 
seasons (annually), although, production can 
range from a few grams to as high as 10 kg 
(NAS, 1979; Dagnew, 2006) or 0.2 to 6.7 kg 
(Duke, 1981). A yield of between 0.66 and 
0.81g per tree in a season has been reported 
for A. senegal var. kerensis in Kenya (Chiveu 
et al., 2009). The highest yield has been 
observed in individuals aged from 7 to 12 
years (NAS, 1979; Duke, 1981). According to 
ITC (1983), yield per hectare per year ranges 
between 30 to 40 kg in case of open stands 
and as much as 100 Kg in case of dense 
stands. Yields from cultivated trees are said 
to increase up to the age of 15 years, when 
they level off and then begin to decline after 
20 years (ITC, 1983; Abdel, 2001). Presently, 
the major problem facing gum arabic industry 
in Kenya is lack of reliable information on 
gum arabic yield that can be used as a basis 
for monitoring gum arabic production for the 
three different varieties of A. senegal growing 
in areas with varying ecological and 
environmental conditions. Consequently, 
there is need to evaluate quantitatively gum 
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arabic yield by these varieties growing in 
Kenyan drylands and in sites with different 
ecological characteristics. Moreover, there is 
diminutive information on how tapping and 
tree size and/or age affect the quantity of gum 
arabic produced by A. senegal varieties 
growing naturally in the drylands of Kenya.  
 

The aim of the current study was to 
determine and analyze the gum arabic yield 
variations in relation to different varieties of A. 
senegal, site ecological conditions, tapping and 
the size and/or age of the tree in order to 
provide definitive information on the yield 
potential of different varieties which is needed 
to improve gum arabic yields and offer 
management guidelines for enhancing gum 
production for the benefit of local communities 
living in the drylands of Kenya. 

EXPERIMENTAL  
 

Materials  
This study was conducted between 2008 and 
2010 in Isiolo, Baringo and Kajiado Counties of 
Kenya (Figure 1). The study sites were 
purposely selected because of the presence of 
high natural population of A. senegal varieties. 
Eight sites namely Ngare Ndare (var. kerensis), 
Kulamawe (var. leiorhachis), Ntumburi (var. 
senegal) and Daaba (var. kerensis) in Isiolo 
County, Kimalel (var. kerensis), Solit (var. 
senegal) and Rimoi (var. senegal) in Baringo 
County and one site (var. senegal) in Kajiado 
County were selected. Sampling plots 
measuring 100x100 m (1.0 Ha), one in each 
site were established (Table 1). 

Table 1. Latitudes, longitudes and elevations data of the study sites 
Site A.senegal variety County Northings Eastings Altitude (m.a.s.l) 

Ntumburi Var. senegal Isiolo 00o11'29. 9" 037o30'46. 7" 1725 

Ngare Ndare Var. kerensis Isiolo 00o30'39. 1" 037o22'16. 1" 984 

Daaba Var. kerensis Isiolo 00o32'00. 2" 037o45'39. 9" 935 

Kulamawe Var. leiorhachis Isiolo 00o33'32. 8" 038o01'38. 6" 750 

Kajiado Var. senegal Kajiado 01o53'08. 6" 036o45'25. 4" 1741 

Rimoi Var. senegal Baringo 00o39'52. 5" 035o34'16. 4" 1152 

Solit Var. senegal Baringo 00o25'38. 4" 035o55'06. 5" 1283 

Kimalel Var. kerensis Baringo 00o27'00. 0" 035o52'00. 0" 1686 
 

 
Figure 1. Map of Kenya showing Counties and the location of the study sites 
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All individual A. senegal trees within each 
plot were enumerated, assigned numerical 
numbers and their basal diameter (BD) 
measured. Trees were classified into three 
different diameter size classes as follows: 3.0-
6.0 cm, 6.1-9.0 cm and >9.0 cm. An 
assumption was made that trees with basal 
diameter classes of 3.0-6.0 cm, 6.1-9.0 cm and 
>9.0 cm were aged 5-9, 10-14 and 15-20 years 
old respectively. Thus, ten trees were randomly 
selected from each diameter size class for 
tapping using Excel Stata computer 
Programme. A similar procedure was repeated 
to select an additional ten trees from each 
diameter size class that were left untapped as 
a control. A total of 480 trees representing both 
tapped and untapped trees in equal ratio for 
each of the three diameter size classes were 
sampled for gum arabic collection in the eight 
study sites. The selected trees for tapping were 
tapped either on the stems or branches 
depending on the diameter of the stem and the 
branches. Consequently, all branches with a 
diameter equal to or greater than that of arm’s 
wrist (>3.0 cm) were tapped. On the other 
hand, those trees with branches with a 
diameter less than that of arm’s wrist (<3.0 cm) 
were only tapped on the main stem. The 
tapping tool used was the Sonke, a standard 
tool that was developed in Kordofan, Sudan. 
The diameter of tapped branches for the 
selected A. senegal varieties was measured 
and recorded. Tapping was done three weeks 
after the end of long rain season when the 
trees had shed about 50% of the leaves. The 
incision had a length of 80 cm and a width of 
2.5 cm. The first picking was done four weeks 
from the date of tapping and thereafter at a 
regular interval of two weeks until the end of 
dry season. The quantity of gum obtained from 
each tree was weighed and recorded to 
estimate the gum arabic production potential.  
 

Statistical analyses  
Given that not all sampled trees were able to 
produce gum during the assessment period, 
only data for the productive trees was 
analyzed. Data collected were analyzed for 
descriptive statistics for mean, minimum, 
maximum and range values of gum yield per 

individual tree in each diameter class and for 
each of the varieties in each study site. One-
way ANOVA was performed with site, A. 
senegal variety and diameter size class as 
treatment factors. The Least Significance 
Difference (LSD) comparison method was used 
to test significant differences in gum arabic 
yield between sites, A. senegal varieties and 
diameter size classes where the F-test 
demonstrated the significance difference at 
95% probability level. All the data collected 
were analyzed using Genstat version 10.0 
statistical package. 
 

RESULTS AND DISCUSSION 
 

Trends in gum arabic yield  
The yield trends of gum varied with varieties of 
A. senegal and site conditions and in particular 
edaphic characteristics (Figures 2 and 3). Gum 
yield of A. senegal var. kerensis in Daaba 
increased with increase in basal diameter for 
both tapped and untapped trees (Figure 2). 
However, A. senegal var. kerensis in Ngare 
Ndare showed a different pattern with tapped 
trees having a basal diameter of 6.1-9.0 cm 
producing more gum than tapped trees falling 
under diameter classes 3.0-6.0 cm and >9.0 
cm. In Ngare Ndare, untapped trees in 
diameter class >9.0 cm yielded more gum than 
those found in diameter class 6.1-9.0 cm while 
untapped trees in diameter class 3.0-6.0 cm did 
not produce gum at all during the entire 
assessment period. Gum production by A. 
senegal var. senegal in Ntumburi was greatly 
dependent on the age/size of the tree (Figure 
2). The quantity of gum produced decreased as 
the diameter of the trees increased in both 
tapped and untapped trees. Tapped A. senegal 
var. leiorhachis trees in Kulamawe produced 
gum in all the three diameter classes. Just like 
A. senegal var. senegal in Ntumburi, the yield 
of gum for tapped A. senegal var. leiorhachis 
trees with small girth was higher compared to 
trees with larger diameters. However, untapped 
trees of A. senegal var. leiorhachis in diameter 
classes 6.1-9.0 cm and >9.0 cm failed to 
produce gum during the entire production 
seasons studied. A. senegal var. senegal in 
Rimoi with basal diameter ranging from 6.1 to 
9.0 cm produced the highest amount of gum 
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when tapped followed by trees with a diameter 
of greater than 9.0 cm and then small sized 
trees with a diameter less than 6.0 cm (Figure 
3). Correspondingly, yield of gum of untapped 
trees was high in diameter class 6.1-9.0 cm. 
This was followed by A. senegal var. senegal 
trees occurring in diameter classes 3.0-6.0 cm 
and >9.0 cm in that order. The gum yield trend 
in Rimoi was similar to what was observed in 
Ngare Ndare even though the varieties are 
different (Figures 2 and 3). In the case of 
Kimalel (A. senegal var. kerensis), the yield of 
gum showed a distinctive trend for both tapped 
and untapped trees (Figure 3). As the size 
(diameter) of the trees increased, the yield of 
gum declined. A similar trend was observed in 
Solit for tapped A. senegal var. senegal trees 
across all diameter classes, where gum yield 
decreased as diameter increased. However, 
non-tapped trees in Solit occurring in diameter 

classes 3.0-6.0 cm and 6.1-9.0 cm did not yield 
quantifiable gum and hence underscoring the 
importance of tapping as a management 
strategy to enhance productivity. 
 

Both tapped and non-tapped A. senegal var. 
senegal trees in 3.0-6.0 cm diameter class in 
Kajiado were not productive; no single tree 
yielded measurable gum (Figure 3). 
Nevertheless, tapped trees with diameter 
classes of 6.1-9.0 cm and >9.0 cm produced 
considerable quantity of gum. Likewise, 
untapped trees with large diameter (>9.0 cm) 
produced little amount of gum.  
 

Comparison of mean annual gum arabic 
production by the three Acacia senegal 
varieties 
The mean values for gum yield for the three 
varieties were determined for the three-year 
period. The results are presented in Table 2.  

 

 
Figure 2. Influence of diameter class on gum yield in selected sites in Isiolo County, Eastern 
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Figure 3. Influence of diameter class on gum yield in sites located in Baringo and Kajiado 

counties, Rift Valley Province (Rimoi, Kimalel and Solit are in Baringo County) 
 

Table 2. Comparison of mean gum arabic yield per tree per season among three varieties of 
A.senegal  

Site Tapped Non-Tapped 

Diameter class (cm) Diameter class (cm) 

3.0-6.0 6.1-9.0 > 9.0 3.0-6.0 6.1-9.0 >9.0 

DB 12.48a 12.90a 42.59a 11.33a 11.60a 20.33a 

NN 10.42a 17.28a 12.60b NP 5.14b 10.31b 

NT 28.53b 21.06b 14.39b 18.38b 7.33b 6.67c 

KM 5.24c 3.98c 3.72c 3.24c NP NP 

RM 14.19a 26.86b 24.09d 5.62c 9.83a 5.11c 

KL 27.48b 19.84b 11.55b 9.25a 8.77a NP 

SL 25.37b 10.91a 11.62b NP NP 7.47c 

KJ NP 8.08a 7.17c NP NP 6.45c 
(DB-Daaba, NN-Ngare Ndare, NT-Ntumburi, KM-Kulamawe, RM-Rimoi, KL-Kimalel, SL-Solit and KJ-Kajiado) 

�Results marked with different alphabetical letters in the columns are significantly different (p<0.05) 
NP- Non-productive trees that totally failed to produce gum during the entire assessment period. 

 

As indicated in Table 2, no significant 
difference in yield was observed between 
Daaba and Ngare Ndare for diameter classes 
3.0-6.0 cm and 6.1-9.0 cm under tapping 
conditions (p<0.05). Conversely, for diameter 
class greater than 9.0 cm, significant difference 
was detected in the mean gum yield for the 

tapped trees (p<0.05) in Daaba and Ngare 
Ndare which are predominantly occupied by A. 
senegal var. kerensis. Considering untapped 
trees in Daaba and Ngare Ndare, the mean 
gum yield was significantly different (p<0.05) 
across the three diameter classes (Table 2). In 
fact, at Ngare Ndare, untapped trees falling 
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under diameter class of 3.0-6.0 cm did not yield 
gum at all for the entire assessment period. 
Further comparisons (p<0.05) were made for 
gum yield from tapped A. senegal var. kerensis 
at Kimalel in Baringo County with Daaba and 
Ngare Ndare in Isiolo County (Table 2). By and 
large, tapped trees (3.0-6.0 cm and 6.1-9.0 cm 
basal diameter classes), produced higher 
quantities of gum in Kimalel than Daaba and 
Ngare Ndare. However, the gum productivity in 
Kimalel was lower in trees with diameter >9.0 
cm compared to trees of similar diameter in 
Daaba and Ngare Ndare.   

 

A different scenario was observed for 
untapped A. senegal var. kerensis in Kimalel, 
Daaba and Ngare Ndare (Table 2). Untapped 
trees in Kimalel and Ngare Ndare produced 
less gum than in Daaba across all the diameter 
classes. High yields of gum were recorded in 
Kimalel than Ngare Ndare for trees that were 
not tapped in diameter classes 3.0-6.0 cm and 
6.1-9.0 cm. On the contrary, untapped trees in 
diameter class >9.0 cm at Ngare Ndare 
produced more gum than at Kimalel. Gum 
produced by tapped A. senegal var. senegal 
did not vary in Ntumburi and Solit for trees of 
diameter class 3.0-6.0 cm (p<0.05) as indicated 
in Table 2. However, the quantity of gum 
produced by similar variety in Rimoi 
significantly differed from Ntumburi and Solit 
and was lower. Trees (A. senegal var. senegal) 
in the same diameter class for Kajiado site did 
not produce any gum at all and hence was 
exceptional in comparison with the rest of the 
sites. Tapped trees in diameter class 6.1-9.0 
cm, did not show significant difference in gum 
yield in Ntumburi and Rimoi (p<0.05). Similarly, 
Solit and Kajiado were not significantly 
different. The production of gum in this 
diameter class (6.1-9.0 cm) was lower in Solit 
and Kajiado than Ntumburi and Rimoi. On 
average, the highest gum production in this 
diameter class (6.1-9.0 cm) was recorded in 
Rimoi. Gum produced by tapped A. senegal 
var. senegal with basal diameter >9.0 cm in 
Solit and Ntumburi compared well and did not 
vary (p<0.05). Tapped trees in this diameter 
class (>9.0 cm) in Rimoi yielded more gum 
than Solit and Ntumburi. Regarding yield of 
gum by untapped A. senegal var. senegal and 

for diameter class 3.0-6.0 cm, trees in Ntumburi 
produced more gum followed by Rimoi 
whereas Kajiado and Solit registered the least 
yield levels. On the other hand, trees left 
untapped in the diameter class 6.1-9.0 cm in 
Rimoi yielded the highest amount of gum 
followed by Ntumburi. Untapped A. senegal 
var. senegal trees in Kajiado and Solit in 
diameter class 6.1-9.0 cm totally failed to 
produce gum. Hence, a highly significant 
variation (p<0.05) in gum productivity was 
evident for the two diameter classes (3.0-6.0 
and 6.1-9.0 cm) in the four sites for untapped 
A. senegal var. senegal trees. Nevertheless, 
untapped trees with a girth >9.0 cm showed no 
significant difference in the gum yield among 
the four sites occupied by A. senegal var. 
senegal (p<0.05). Since gum arabic production 
potential of A. senegal var. leiorhachis was 
assessed in only one site, comparison could 
only be made with other two varieties studied. 
Generally, the quantity of gum collected from A. 
senegal var. leiorhachis was considerably 
lower compared with the other varieties (A. 
senegal var. senegal and A. senegal var. 
kerensis). This was observed across all the 
diameter classes for both tapped and non-
tapped trees. The maximum gum yield of 5.2g 
per tree per season produced by A. senegal 
var. leiorhachis was very low compared to 
64.0g (var. kerensis) and 91.0 (var. senegal) 
respectively. Therefore, from these results, it 
was authoritatively established that A. senegal 
var. leiorhachis has very low potential for 
exploitation of gum for commercial purposes.  
 

Minimum, maximum and range values of 
gum arabic yield by 3 varieties of Acacia 
senegal  
Under tapping conditions, the highest yielding 
A. senegal var. senegal tree produced 91.0g 
per season while A. senegal var. kerensis had 
64.7g per season (Table 3). A. senegal var. 
leiorhachis’ highest producer tree yielded 5.2g 
per season which was merely 8.1% and 5.7% 
of highest producers of A. senegal var. 
kerensis and A. senegal var. senegal 
respectively. When the trees were not tapped, 
A. senegal var. senegal that produced the 
highest quantity of gum had 69.5g per season 
whereas A. senegal var. kerensis had 33.0g 
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per season. The highest yielding untapped A. 
senegal var. leiorhachis tree had 3.2g in the 
seasons assessed representing a paltry 4.6% 
and 9.7% of high yielders of untapped A. 
senegal var. senegal and A. senegal var. 
kerensis respectively. Considering trees that 
produced the lowest amount of gum, the least 
amount of gum produced by A. senegal var. 
kerensis was 3.7g and 3.2g per season for 
tapped and untapped trees respectively. In the 

case of A. senegal var. senegal, the quantity 
was 3.3g and 2.8g per season for tapped and 
untapped trees respectively. The case of A. 
senegal var. leiorhachis was exceptional since 
the least producer trees were at the same time 
the highest yielders resulting into zero range 
values in both tapping and non-tapping 
conditions for selected trees that yielded 
measurable quantities of gum arabic. 

 

Table 3. Minimum, maximum and range values of Gum Arabic yield by three varieties in sites  
Site Class (cm) Tapped Non-Tapped 

Min. Max. Range Min. Max. Range 

DB 3.0-6.0 4.8 43.6 38.8 8.5 16.7 8.2 

6.1-9.0 3.7 32.8 29.1 4.3 29.9 25.6 

>9.0 10.7 64.7 54.0 3.2 33.0 29.8 

NN 3.0-6.0 5.0 32.3 27.3 NP NP NP 

6.1-9.0 6.1 18.7 12.6 5.1 5.1 0 

>9.0 6.1 18.9 12.8 4.7 29.9 25.2 

NT 3.0-6.0 11.9 53.2 41.3 4.0 69.5 65.5 

6.1-9.0 4.1 58.0 53.9 3.4 12.8 9.4 

>9.0 3.7 24.7 21.0 3.3 11.0 7.7 

KM 3.0-6.0 5.2 5.2 0 3.2 3.2 0 

6.1-9.0 4.0 4.0 0 NP NP NP 

>9.0 3.7 3.7 0 NP NP NP 

RM 3.0-6.0 3.5 40.2 36.7 3.4 8.6 5.2 

6.1-9.0 4.7 91.2 86.5 3.4 30.0 26.6 

>9.0 5.3 86.4 81.1 2.8 6.5 3.7 

KL 3.0-6.0 7.2 51.4 44.2 3.9 17.6 13.7 

6.1-9.0 3.8 45.4 41.6 7.9 9.6 1.7 

>9.0 4.2 17.8 13.6 NP NP NP 

SL 3.0-6.0 4.1 83.8 79.7 NP NP NP 

6.1-9.0 3.4 25.4 22.0 NP NP NP 

>9.0 3.3 36.8 33.5 7.5 7.5 0 

KJ 3.0-6.0 NP NP NP NP NP NP 

6.1-9.0 3.9 14.6 10.7 NP NP NP 

>9.0 3.4 17.1 13.7 3.4 15.4 12.0 
NP- Non-productive trees that totally failed to produce gum during the entire assessment period 

(DB-Daaba, NN-Ngare Ndare, NT-Ntumburi, KM-Kulamawe, RM-Rimoi, KL-Kimalel, SL-Solit and KJ-Kajiado) 
 

Different varieties yielded varying 
quantities of gum. The amount of gum 
produced by the three varieties of A. senegal 
also varied with diameter size classes. It was 
established that small sized A. senegal var. 
senegal in Ntumburi and Solit and A. senegal 
var. leiorhachis trees with a diameter range of 
between 3.0 and 6.0 cm produced higher 
quantities of gum than trees with diameters 
greater than 6.1 cm. As the basal diameters of 
tapped and untapped A. senegal var. senegal 

and A. senegal var. leiorhachis trees increased, 
the gum yield decreased. In Kenya, individuals 
of naturally growing A. senegal var. senegal 
aged between 7 and 12 years have been found 
to exhibit basal diameter range of between 4.2 
and 5.4 cm. Therefore, the A. senegal var. 
senegal  trees in diameter size class range of 
3.0-6.0 cm  which produced high quantities of 
gum than their counterparts in diameter classes 
6.1-9.0 cm and >9.0 cm fall within this age 
bracket of 7 to 12 years. Previous studies by 
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Wekesa et al., (2009), ITC (1983), Abdel 
(2001) indicated that gum yield increases up to 
the age of 15 years, before it levels off and 
then begins to decline after the gum trees 
attain the age of 20 years. Moreover, NAS 
(1979) and Duke (1981) reported that the 
highest yield has been observed in individual of 
A. senegal var. senegal trees aged from 7 to 12 
years as confirmed in this particular study. The 
gum yield trends too varied between and 
among A. senegal var. senegal varieties. The 
yield trend for A. senegal var. senegal in Rimoi 
was different from Ntumburi and Solit.  In 
Rimoi, A. senegal var. senegal trees occurring 
within diameter class of 6.1-9.0 cm yielded high 
quantities of gum while those in the diameter 
class 3.0-6.0 cm produced the smallest 
amount. On the other hand, the yield trend in 
Ntumburi and Solit was such that as the 
diameter size class increased, the amount of 
gum produced by individual trees decreased. 
This difference in the yield trend could be 
attributed to individual tree differences as 
reported by Chikamai (1997). Some of the 
selected A. senegal var. senegal trees within 
diameter class 6.1-9.0 cm could be natural high 
yielders. Hence, although they are assumed to 
be older than trees selected from diameter 
class range of 3.0-6.0 cm, their production 
potential was comparatively higher. A. senegal 
var. kerensis in Kimalel showed a decreasing 
trend in the amount of gum produced as the 
diameter size class increased for both tapped 
and untapped trees. This trend is similar to 
what was observed in Ntumburi and Solit for A. 
senegal var. senegal. This accentuates the fact 
that younger trees (smaller diameter) produces 
high quantities of gum than older trees (larger 
diameter) as earlier reported Wekesa et al., 
(2009, 2010). Clearly, there was high variability 
in gum production for A. senegal var. kerensis 
among the sites and diameter size classes as 
indicated by the variability in the yield trends. 
The gum yield trend for A. senegal var. 
kerensis in Daaba was directly opposite of 
Kimalel. The quantity of gum produced in 
Daaba increased with increasing tree diameter 
size class. This variability in gum yield trends 
and hence production observed in A. senegal 
var. kerensis could be attributed to genetic 

variations. According to Omondi et al., (2010), 
most of the genetic variation in A. senegal var. 
kerensis in Kenya is partitioned within (91.0%) 
rather than among (9.0%) of the populations as 
is characteristic of an outcrossing tree species. 
Hence, Kimalel, Ngare Ndare and Daaba being 
considered as different populations of A. 
senegal var. kerensis, the closeness to each 
other of mean gum yield values and hence the 
trends in yield in certain diameter classes of 
both tapped and untapped trees can be 
attributed to the genetic variation partitioning of 
A. senegal var. kerensis among populations. 
On the other hand, the significant variation in 
mean gum productivity and trends in yield for 
trees within selected diameter size classes can 
be attributed to the genetic variation partitioning 
of A. senegal var. kerensis within populations 
resulting from individual tree differences 
(Chikamai, 1997). Genetic variability brings 
about dissimilarities in individual trees and 
hence incongruities witnessed in productivity 
(Omondi et al., 2010). 
 

Soil physical characteristics seem to have 
a gigantic impact on gum production especially 
when the trees are not induced through tapping 
for A. senegal varieties kerensis and senegal. 
Soil moisture has an effect on the yield of gum 
with low soil moisture favouring increased gum 
production (Gaafar et al., 2006; Raddad and 
Luukkanen, 2007). Soil moisture is a function of 
the amount of water retained or available in the 
soil which is dependent on the soil textural 
characteristics. Thus, the difference in soil 
physical characteristics in the sites explains the 
sharp differences in yields among the sites. 
Soils in Ntumburi, Rimoi, Kimalel and Daaba 
are sandy-loam while in Ngare Ndare they are 
rocky and sandy. Sandy-loam soils have good 
water retention ability compared to rocky-sand 
soils implying that A. senegal var. kerensis  in 
Kimalel and Daaba and A. senegal var. 
senegal in Ntumburi and Rimoi are able to 
absorb and accumulate sufficient water which 
is used in formation of reserve carbohydrates in 
hydrophilic form from which gum is formed. In 
contrast, gum-producing trees in Ngare Ndare, 
Solit and Kajiado experience limited water 
availability due to poor water holding capacity 
exhibited by rocky and sandy soils resulting 
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into less hydrophilic reserve carbohydrates 
being formed. Gum formation has been 
regarded as a natural response of trees under 
dehydration stress to store a strongly 
hydrophilic form of reserve carbohydrate and 
therefore, gum yield is directly proportionate to 
the reserve carbohydrate in hydrophilic form 
formed within the plant by cambial cells of the 
inner bark (Anderson, 1995). Generally, 
tapping increased yield (gum production) by 
about 47.1%, 91.8% and 85.7% for trees 
occurring in diameter size classes 3.0-6.0 cm, 
6.1-9.0 cm and >9.0 cm respectively. On 
average, tapping increased gum production by 
74.9% irrespective of the size (diameter class) 
of the tree. Results of previous studies 
(Wekesa et al., 2009) indicated that tapping 
increased yield by 77.4% and this has been 
confirmed by the present findings. Agriculture 
Research Co-operation of Sudan (ARCS) has 
also reported that tapping coupled with good 
management increases gum production by 47-
60%, which is close to the results obtained in 
this particular study. 

 

In terms of yield, A. senegal var. senegal 
trees produced as high as 91.2g of gum per 
tree in one season. This quantity of 91.2g per 
tree per season compares well with a mean 
value of 99.2g per tree per season earlier 
reported for farmer managed natural stands of 
A. senegal var. senegal (Ballal et al., 2005). A. 
senegal var. kerensis highest producer tree 
had 64.7g per season which was higher than 
0.81g per tree per season as previously found 
by Chiveu et al., (2009). The highest reported 
yield obtained from an individual tree of A. 
senegal var. leiorhachis in Kulamawe of 3.05g 
per tree per season (Wekesa et al., 2009) was 
about 58.7% of the highest yield from an 
individual tree in current findings which was 
5.2g per tree per season. Previous reports 
have indicated that the yield of gum from an 
individual trees range from a few grams to 10 
kg (NAS 1979, Dagnew 2006). Therefore, our 
results confirms the findings by NAS (1979) 
and Dagnew (2006) and goes a step further to 
state that the yield range for three Kenyan 
varieties combined is 3.3-91.2g and 2.8-69.5g 
per tree per season for tapped and untapped 
trees respectively. In most of the diameter 

classes, A. senegal var. senegal ranked higher 
than A. senegal var. kerensis and A. senegal 
var. leiorhachis in average gum yield per tree 
per season. However, a combined average of 
both tapped and untapped trees in the three 
diameter classes gave A. senegal var. kerensis 
a high mean value of gum yield per tree per 
season followed by A. senegal var. senegal. A. 
senegal var. leiorhachis was ranked last. 
Therefore, A. senegal var. kerensis remains the 
main source of commercial gum in Kenya 
(Chikamai and Banks, 1993). 
 

CONCLUSION 
 

Age and/or tree size was found to be a 
critical factor that influences gum yield in 
naturally growing A. senegal varieties. The size 
and age of A. senegal influenced gum arabic 
yield per individual tree per season for A. 
senegal var. senegal and A. senegal var. 
leiorhachis with trees in basal diameter class 
3.0-6.0 cm producing more gum than their 
counterparts in diameter classes 6.0-9.0 cm 
and >9.0 cm. But, the size and age did not 
seem to have any pronounced effect on the 
quantity of gum produced by A. senegal var. 
kerensis. Tapping increased gum production by 
between 47.1 and 91.8% depending on the 
variety and diameter class. Specifically, tapping 
enhanced the yield of gum by 47.1%, 91.8% 
and 85.7% for trees occurring in diameter 
classes 3.0-6.0 cm, 6.1-9.0 cm and greater 
than 9.0 cm respectively. On average, tapping 
increased gum production by about 74.9% 
irrespective of the basal diameter of the tree 
under consideration. Comparatively, A. senegal 
var. kerensis produced high quantities of gum 
than A. senegal var. senegal and A. senegal 
var. leiorhachis. Consequently, different 
varieties yield varying quantities of gum. The 
amount of gum produced by A. senegal var. 
senegal and A. senegal var. kerensis varied 
among sites for the different diameter classes 
and did not show a clear-cut pattern. Soil 
physical properties particularly the textural 
formation likely affects gum production. Apart 
from variety differences, site edaphic conditions 
and tapping, this study indicated that intrinsic 
tree characteristics exhibited by individual trees 
also influenced the gum yield.  
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