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Abstract 
Twelve (12) Acacia senegal provenances were evaluated at the Rubber Research Institute of Nige-
ria, Gum Arabic Sub-Station Gashua, Yobe state. Gum yield and some morphological data were col-
lect in three years to estimate mean effects, genetic variability, heritability and genetic advance in 
Acacia senegal provenances. The analysis of variance revealed highly significant difference for all 
traits. Genetic component analysis showed that both genotypic coefficient of variation (GCV) and 
phenotypic coefficient of variation (PVC) were high for all the traits except bark thickness. PCV 
was higher in proportion than GCV with respect to all the traits. Gum yield gave the highest rela-
tive difference (RD) over other traits. Heritability estimates were high for bark thickness (77.36) 
and stem diameter (61.75). Expected genetic advance was high in number of tree incision (1.29), 
stem diameter (1.54) and yield in kg/ha (22.31). This study indicated that there was sufficient ge-
netic variability in Acacia senegal provenances that could be used as a base for improvement of 
yield and other component attributes of this species through direct selection and hybridization. 
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1. Introduction 
Acacia senegal is a leguminous multipurpose African tree species belonging to the family Fabaceae [1]. The 
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plant is a deciduous tree up to 12 m tall with short thorns of less than 1 cm in length located below the nodes and 
occurred in sets of three with the middle one curving downward. The leaves are small 3 - 8 pairs of pinnae each 
with 7 - 25 pairs of leaflets clustered together and pale green in colour [1] [2]. Tapping commences when the trees 
reach a height of 1.2 - 1.5 m with a main stem diameter of about 5 cm from 5 - 7 years of age depending on 
management practice [3]. The trees are usually tapped from the main stem and branches using a special debarking 
tool called axe which is used in removing the bark, while taking care not to damage the cambium [4]. Gum yield of 
about 300 g/tree/annum is common, however, yield of about 900 g/tree/annum or 1 ton/ha is possible among older 
trees [5]. The tree is highly valued for gum Arabic production utilized as a multifunctional food additive, con-
fectioneries, pharmaceuticals, food and beverages, brewing among others [5] [6]. The ultimate goal of Acacia 
senegal breeding is to improve the species earliness to tapping maturity, gum quantity and quality which largely 
depend upon the genetic variability, heritability and genetic advance of desirable traits. The magnitude and type 
of genetic variability help breeders to determine the selection criteria and breeding schemes to be deployed for 
improvement purposes. This investigation was therefore undertaken to estimate the variability, heritability and 
genetic advance in twelve (12) Acacia senegal provenances for improvement purposes. 

2. Material and Methods  
2.1. Germplasm Collection  
Twelve Acacia senegal provenances were collected from two major ecological zones (Sudan and Sahel) with 
strong evidence of the species in Yobe state, Nigeria in 2006 (Table 1). Collection was specifically made at 
Yusufari, Jajimaji Bulkati and Usur (Sahelian ecology) and Damaturu, Ngaburwa, Fune and Gujba (Sudan 
ecology). The selection criteria were based on the provenance trial recommendations of Burley and Wood [7], 
where provenance nomenclature was standardized using locational details with a minimum interval of 100 me-
ters apart to avoid inclusion of likely half-sibs in the collection. Healthiest pod in the best stage of maturity was 
selected from 25 trees in each provenance because of heterogeneous nature of the population. 

2.2. Provenance Trial and Design 
The provenance trial was established at the experimental field of the Rubber Research Institute of Nigeria, Gum 
Arabic Sub-Station, Gashua, located at latitude 12˚46'N, longitude 11˚00'E and altitude 360 m above sea level. 
Seedlings of the twelve (12) Acacia senegal provenances were nurtured in the nursery for four months before 
transplanting to the field in August, 2008 in a Randomized Complete Block Design (RBCD) with three replica-
tions. Each provenance consisted of a square plot with sixteen trees (4 × 4) row spaced at 3 m × 3 m [8].  
 
Table 1. Description of twelve Acacia senegal provenances and their geographical locations, Yobe state. 

Ecology Location Provenance code Latitude (N) Longitude (E) Altitude (M) 

Sahel Yusufari 1 P1 13˚2'6" 11˚8'44" 370 

 Yusufari 2 P2 13˚2'2" 11˚8'37" 371 

 Yusufari 3 P3 13˚1'59" 11˚9'4" 375 

 Jajimaji P4 12˚53'45" 1˚52'38" 370 

 Bulkati P5 12˚53'5" 1˚53'15" 364 

 Usur P6 12˚53'1" 1˚59'32" 360 

Sudan Damaturu P7 11˚41'27" 11˚56'39" 410 

 Ngaburwa P8 11˚45'34" 12˚7'56" 409 

 Fune P9 11˚41'43" 11˚41'46" 435 

 Gujba1 P10 11˚23'8" 11˚58'˚8" 450 

 Gujba2 P11 11˚24'27" 11˚59'27" 431 

 Gujba3 P12 11˚24'39" 11˚59'38" 456 
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2.3. Provenance Evaluation 
Each provenance was exploited for gum yield at four years after establishment using tapping knife to make an 
incision of 3 cm × 15 cm [9]. Number of incision was determined by counting the number of tapping cuts. Bark 
thickness (cm) and stem diameter (cm) were determined by using Venier caliper. Gum yield (kg/ha) was deter-
mined by harvesting the gum and shade drying to 15% moisture content before weighing on a digital weighing 
balance (Hecky High Precision). Analysis of morphological traits and gum yield were carried out for three years 
(2011 to 2013). Each year number of tree incisions, bark thickness and stem diameter were taken at the com-
mencement of tapping while number of gum bearing incisions and gum yield were taken monthly for three 
month. 

2.4. Data Analysis 
Data collected were subjected to analysis of variance; F-test was used to test for significant differences among 
the measured traits [10]. Provenance means were compared using Duncan’s Multiple Range Test [11]. The data 
were analyzed using the general linear model procedure of statistics analysis system software version 9.0 [12]. 
The mean squares were used to estimate phenotypic variance ( 2

pσ ) and genotypic variances ( 2
gσ ) [13]. The me-

thods of Burton and Devane were used in calculating the genotypic and phenotypic coefficient of variations [14], 
as: GCV(%) = 2

gσ  × 100/grand mean and PCV (%) = 2
pσ  × 100/grand mean. ( 2

pσ ) = genetic variance ( 2
gσ ) + 

environment variance (σ2e) by Acquaah (2007). The recommendation of Nechif and co-workers were followed 
in the determination of Relative difference (RD %) between PCV (%) and GCV (%) = [100 (PCV –  
GCV)/PCV [15]. Broad sense heritability ( )2 2 2

b g ph σ σ=  and genetic advance ( ) 2 2GA S b ph σ∆ × ×=  were  

calculated by using the methods adopted by Acquaah and Falconer & Mackay respectively [16] [17]. 

3. Results and Discussion  
3.1. Mean Effects of Gum Yield and Other Morphological Traits in A. senegal Provenances  
Provenances 11 and 12 though statistically similar, had superior growth traits compared to the rest of the pro-
venances most times except gum yield averaged over 3 years tapping season as presented in Table 2. The high-
est gum yield was achieved with P9 while the lowest was recorded by P6 and P3. Provenance three (P3) often 
resulted in significantly lower morphological and yield traits. The superior growth put up by provenances of 
Gujba origin is not surprising as variability in growth among provenance population of Acacia senegal has been 
very well documented [18]. Also, the higher gum yield recorded with P9 is in order because Fune vegetation 
type is reminiscent of sahelian agro-ecological zone. The specie has been reported to put strong growth and 
yield performance under hash environmental conditions [19].  

The analysis of variance result is shown in Table 3. The provenances showed significant differences for all 
traits measured in the study, indicating the presence of an adequate variability among the provenances for selec-
tion and identification of superior genotypes. Year effects were also significant for all traits except bark thick-
ness probably due to yearly differences in weather variables. 

3.2. Genetic Components of Variance, Heritability and Genetic Advance  
As shown earlier in Table 2, the twelve A. senegal provenances showed wide range of variability in most of the 
traits studied. Tree incisions, number of gum bearing incisions and yield were relatively low. This investigation 
revealed considerable amount of variations for traits like barks thickness and stem diameter (Table 4). Such 
wide variations indicate prospects for improvement in these traits. Provenance variations in A. senegal growth 
traits which include plant height, canopy spread and stem diameter were earlier reported [20]. 

The phenotypic variance ( 2
pσ ) was slightly higher than the genotypic variance ( 2

gσ ) for all traits except bark 
thickness that gave the same estimate. However, phenotypic coefficient of variation (PCV) was higher in pro-
portion than genotypic coefficient of variation (GCV) for all the traits suggesting the presence of environmental 
influence in the expression of these traits. GCV and PCV values greater than 20% are regarded as high, whereas 
values less than 10% are considered to be low [21]. Also, values between 10 and 20% are considered to be 
moderate. High GCV and PCV values were recorded for number of tree incision, stem diameter and gum yield 
while GCV was moderate and PCV high for number of gum bearing incision. These offer a wide range of  
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Table 2. Mean effects of gum yield and other morphological traits in A. senegal provenances evaluated across 3 years in 
Gashua. 

Provenance code TI (no) BT (cm) SD (cm) NGBI (no) GY (kg/ha) 

P1 2.61cd 0.38cd 5.27cd 1.63b-e 78.77abc 

P2 2.22de 0.36cde 4.92de 1.42b-e 125.96ab 

P3 1.61e 0.326de 4.15e 1.09e 55.67c 

P4 2.78cd 0.33cde 5.08cd 1.82a-d 118.83ab 

P5 2.94bcd 0.39bc 5.77bc 1.39cde 96.60abc 

P6 2.20de 0.31e 4.74de 1.24de 55.58c 

P7 2.46cde 0.476a 5.57cd 1.57b-e 109.19abc 

P8 3.11abc 0.45ab 5.49cd 1.78bcd 80.74abc 

P9 3.28abc 0.47a 5.83bc 1.92abc 135.78a 

P10 2.78cd 0.48a 5.41cd 1.67b-e 69.65bc 

P11 3.86a 0.51a 6.46ab 2.04ab 102.60abc 

P12 3.75ab 0.51a 6.70a 2.43a 116.26ab 

Mean 2.80 0.42 5.45 1.67 95.74 

S.E± 0.524 0.035 0.507 0.384 36.435 

Means followed by the same letter within a column of a treatment group are not significantly different statistically at 5% level of probability using 
DMRT. TI: tree incision, BT: bark thickness; SD: stem diameter; NGBI: number of gum bearing incision; GY: gum yield. 
 
Table 3. Analysis of variance for gum yield and other morphological traits in A. senegal provenances evaluated across 3 
years in Gashua. 

Source of variation df 
Mean squares 

TI (no) BT (cm) SD (cm) NGBI (no) GY (Kg/ha) 

Year 2 50.05** 0.42 46.98** 22.59** 24965.12** 

Rep (Year) 6 0.88 0.01* 0.87 0.60 1551.87 

Provenance 11 3.79** 0.05** 4.50** 1.21** 6635.32* 

Year × Provenance 22 0.47 0.0031 0.20 0.37 1857.30 

Pooled error 66 0.82 0.0044 0.77 0.44 3982.44 

*, **: Significant at P < 0.05, P < 0.01, respectively (F-test): TI: tree incision, BT: bark thickness; SD: stem diameter; NGBI: number of gum bearing 
incision; GY: gum yield. 
 
Table 4. Descriptive statistics and genetic parameters of yield and other morphological traits of A. senegal evaluated across 3 
years in Gashua. 

Traits Range 2
gσ  2

pσ  GCV (%) PCV (%) RD (%) 2
bh  (%) GA 

NTI 1.61 - 3.86 0.99 1.81 35.30 64.72 45.46 54.54 1.29 

BT(cm) 0.31 - 0.51 0.02 0.02 3.66 4.73 22.64 77.36 0.19 

SD(cm) 4.15 - 6.70 1.24 2.01 22.82 36.96 38.25 61.75 1.54 

NGBI 1.09 - 2.43 0.26 0.70 15.35 41.94 63.40 36.60 0.54 

GY(kg/ha) 55.58 - 135.8 884.3 4866.7 926.3 5097.6 81.8 18.2 22.3 

TI: tree incision, BT: bark thickness; SD: stem diameter; NGBI: number of gum bearing incision; GY: gum yield. 
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opportunities to carry out selection for the traits. High GCV and PCV recorded for number of tree incision, stem 
diameter and gum yield signifying that these traits are vital for gum Arabic improvement. RD estimates of GCV 
in relation to respective PCV were determined to judge the extent of genetic variation in these traits. These 
however, suggest that the observed variations in number of gum bearing incision (63.40%) and gum yield 
(81.17%) were mostly due to environmental factors. 

The estimated heritability ranges from 18.17% for gum yield (kg/ha) to 77.36% for bark thickness. Heritabil-
ity estimates were earlier classified as low (0 to 30%), moderate (30% to 60%) and high (above 60%). Consi-
dering this benchmark, heritability was high for bark thickness and stem diameter indicating a satisfactory pos-
sibility of genetic improvement for these traits through selection. High heritability values for bark thickness and 
stem diameter have been reported [22]. Low estimation of heritability was observed for gum yield(kg/ha) whe-
reas the number of tree incision and number of gum bearing incision showed moderate heritability values which 
indicated that total variability was due to genetic and environment effects. This result is similar to previous 
study which observed that heritability estimates for traits of most forest tree species ranged from low to mod-
erate and largely due to dominance, epistatic and environmental effects [23]. 

The genetic advances (GA) at 10% selection intensity for 5 traits are presented in Table 2. Estimate of GA for 
gum yield was 22.31, indicating that whenever 10% selection is made among high yielding genotypes as parents, 
mean yields of progenies could be improved by 22.31 kg/ha for the first cycle; meaning that the mean genotypic 
value of the new population for gum yield could be improved from 95.47 to 117.78 kg/ha. Bark thickness and 
number of gum bearing incision expressed low genetic advance. Thus high heritability coupled with moderate 
genetic advance observed for stem diameter and number of tree incision indicated that the traits were mainly 
controlled by additive genes and that direct selection for this trait could be effective whereas moderate or high 
heritability coupled with low genetic advance expressed by the remaining traits signified that the traits were 
largely under non additive gene control (dominance and/or epistasis) and environmental. 

3.3. Conclusion  
This study revealed that there was sufficient genetic variability in A. senegal provenances available in the germ- 
plasm that could be used for improvement in gum yield and other component attributes of the species through 
direct selection and hybridization. 
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