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Abstract 

Tanzania is classified as among the 15 poorest nations in the world, with an estimated per 

capita income of less than US$ 190. Over 80 % of the country’s population of about 46 

million lives in rural areas. Living in such a poor country, the people have few feasible 

alternatives to exploiting the forest resources resulting in high deforestation rate estimated at 2 

% annually. Nevertheless, many timber species are still not known to users, resulting into 

over-exploitation of few well-known timber species. The timber stakeholders need 

alternatives and the national economies need better ways to derive value from the remaining 

forests in order to maintain their many useful but under-valued functions. One option is to 

optimize the production and utilization of lesser-known and lesser-utilized indigenous timber 

species which are potential for agro-forestry. One of such species is Vitex doniana Sweet 

which belongs to the family Lamiaceae.  It is a deciduous tree with medium-growth rate and 

is widespread in tropical Africa. V. doniana is being threatened by habitat loss. This paper 

attempts to analyze some potentials of V. doniana as an agroforestry tree. The studied 

properties were: i) Physical – Tree dimension, form and quality, wood colour, texture, 

workability and basic density ii) Strength - Static bending, compression, shear and cleavage 

and iii) Anatomical - growth rings, vessels arrangement, density and size, gum deposits, 

parenchyma and ray tissue. The average physical properties are as follows: The sapwood is 

white while the heartwood is pale greyish-brown and basic density is 650 kg m
-3

. The strength 

properties are: Modulus of elasticity (11,100 N mm
-2

), Modulus of rapture (98.14 N mm
-2

), 

Work to maximum load before failure (0.131 mm N mm
-3

) and Total Work (0.239 mm N mm
-

3
). The impact bending strength was 1.02 m, Hardness (4,580 N), Compression parallel to the 

grain (52.5 N mm
-2

), Shear parallel to the grain (15.6 N mm
-2

) and Cleavage (9.0 N mm
-1

). 

This species depicts well-marked growth rings and therefore ring-porous, meaning a course 

textured timber. The average strength properties are closely comparable to those of Tectona 

grandis (Teak). Also, Vitex doniana has other multiple benefits: bears edible fruits, suitable as 

ornamental tree and windbreak, shade and its leaves are useful as vegetable and as well as for 

soil improvement. 
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1 INTRODUCTION 

 

1.1 Background information 

FAO (1996) recognized the richness in tree species composition of Tanzania’s 33.6 million 

hectares of natural forests. It was earlier on however, realized by FAO (1976) that the 

presence of wood species with varying properties and characteristics impair the full utilization 

of these forests. Consequently, only a few well known timber species have commercially been 

utilized, and often used for purposes which other lesser-known or lesser-utilized but equally 

suitable and cheaper timber species could be used.  

 

The well-known commercial timber species such as Milicia excelsa, Pterocarpus angolensis, 

Ocotea usambarensis and Khaya anthotheca are increasingly over-exploited to the extent that 

they are now very scarce if not depleted and their regeneration is threatened (Ishengoma et 

al.; 2000; 2004). But, improving timber utilization calls for optimization of the values of the 

individual species. The greater use of the lesser-known and lesser-utilized timber species of 

commercial importance adds to the benefit of consumer as well as that of the nation as a 

whole. This can be achieved through optimization of the production and utilization of lesser-

known and lesser-utilized indigenous timber species which are potential for agro-forestry. 

One of such species is Vitex doniana Sweet syn.Vitex cienkowskii Kotschy et Peyr., Vitex 

cuneata Schum. et Thonn. which is also known as Mfudu/Mfulu (Swahili) or Prune leaf/Black 

plum (English). This species belongs to the family of Lamiaceae.  It is a deciduous medium 

sized tree growing to 8 – 18 m high, with a heavy rounded crown and a clear bole reaching 5 

m length.  

 

The species has medium growth rate with trees reaching maturity at age 45 years (Orwa et al., 

2009), abundant and geographically widespread in savannah regions. According to Mbuya et 

al. (1994), Storrs (1995), Burkill (2000) and Ruffo et al. (2002), Vitex doniana is common in 

coastal woodlands, riverine, lowland and uplands where water table is high and the soils are 

deep sandy-loam. The species is reported by Ky (2008) as being threatened by habitat loss but 

not by genetic erosion. 

 

1.2 Objectives 

This study investigated some potential of Vitex doniana as an agro-forestry timber species in 

Kilosa District, for enhancement of its efficient utilization. Specifically, the study dealt with: 

 

i. Determination of the following physical properties of V.  doniana 

a. Tree dimension, form and quality 

b. Wood  colour, texture and workability 

c. Wood basic density. 

 

ii. Determination of the following mechanical properties of V.  doniana 

a. Wood static bending properties including  

- Modulus of Elasticity (MOE) 

- Modulus of Rapture (MOR)  

- Work to Maximum Load 
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- Total Work in bending. 

 

b. Wood impact bending strength 

c. Wood compression strength parallel to the grain  

d. Wood tangential shearing strength 

e. Wood Hardness strength 

f. Wood cleavage strength. 

 

iii. Characterization of the following anatomical properties of V. doniana 

c. Growth rings, vessel arrangement, density and size, gum deposits, parenchyma and ray 

tissue. 

2. METHODOLOGY 

2.1 Study area description 

This study was conducted in Kilosa District, Morogoro Tanzania. The district is located 

between latitudes 5°55’ and 7°53’ S and longitudes 36°30’ and 37°30 E. The data for Vitex 

doniana tree characteristics and sample materials were collected from Rudewa Gongoni 

Village Forest Reserve in Kilosa District, Morogoro Tanzania. The forest is located about 25 

km north of Kilosa Town, at latitude 6°47’ S and longitude 37°08’ E and altitude of 495 

meters above sea level.  

 

2.2 Sampling and data collection 

The information concerning uses of Vitex doniana was availed during a timber stakeholders 

meeting involving 65 participants. A total of 30 mature trees were assessed for their general 

external physical characteristics. The assessment was on Diameter at Breast Height (Dbh), 

total height and tree form.  

 

The wood samples were collected from three mature and defect free trees, randomly picked 

after thorough observation of their physical appearance. The trees represented small, medium 

and large sizes (Table 1). They were felled and three billets of 1.5 m length were cut from 1.3 

m height upwards from each tree felled.  

 

Table 1: Sample tree measurements for Vitex doniana from Kilosa District, Morogoro 

Tanzania 

 

Tree No. Dbh  

(cm) 

Crown diameter  

(m) 

Height  

(m) 

1. 102.5 7.5 25.5 

2. 68.0 7.0 23.5 

3. 35.5 6.8 20.0 

 

The billets were sawn to cants and then transported to SUA for further processing. Using 

standard methods, the cants were re-sawn to scantlings and stacked for drying until the 

moisture contents became lower than 15 %. The scantlings were further planed down to 20 
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mm x 20 mm x 1,500 mm from which various dimensions of different test samples were 

extracted (Table 2).   

 

Determination of moisture content of the samples was done according to Desch (1981) using 

oven dry method. The colour of the timber was determined using standard methods described 

by ISO 7724 (1984) after authentic samples were seasoned and planed. The texture was 

determined by visual methods, supplemented by feeling with hand the fineness of the planed 

timber surface. The timber workability was assessed through sawing, planning, sanding, 

nailing, screwing and polishing. The different mechanical properties, were carried out 

following the procedures described by BS 373 (1957; 1976), Lavers (1969), Panshin and de 

Zeeuw (1980), ISO 3130 and ISO 3133 (1975).  

 

Table 2 Vitex doniana wood test samples for strength properties  

 

Type of test Test sample size (mm) Sample count 

Static bending 20 x 20 x 300 72 

Impact bending 10 x 10 x 50 72 

Compression parallel to grain 20 x 20 x 60 72 

Shear parallel to the grain 20 x 20 x 20 72 

Cleavage parallel to the grain 20 x 20 x 45  72 

Hardness  20 x 20 x 60  72 

 

2.3 Data analysis and interpretation 

The obtained data were summarized and subjected to Excel Computer packages for analysis 

employing mostly, descriptive statistics. The properties of Vitex doniana were compared with 

those of selected well-known and better or even over-utilized timber species as documented 

by other researchers. These species are Tectona grandis L.f. (Teak), Milicia excelsa (Welw.) 

C.C. Berg (Mvule) and Pterocarpus angolensis DC. (Mninga).  

 

3. RESULTS AND DISCUSSION 

 

3.1 Tree description 

The inventory results showed that Vitex doniana is a single-stemmed tree, growing high to 

heights ranging from 17 to 30 m with a mean height of 26 m. The mean dbh was 45 cm and 

ranged from 32 to 180 cm. These observations are an indication that the species is highly 

prolific in terms of merchantable timber. From this biomass, the species is suitable for 

mitigating climate change through carbon sequestration (Marland and Schlamadinger, 1995; 

Schlamadinger and Marland, 1996; Gustavsson et al., 2006; 2007; SRU, 2007).  

 

The tree bole is straight, round and cylindrical, the characteristics which improve timber 

recovery during sawing. The results are congruent to observations made by Orwa et al. 

(2009). These features make the species an excellent ornamental, windbreak and shade tree. 

Other observations confirmed that V. doniana is a semi-deciduous tree with average crown 

diameter of 10.5 m. These findings are an indication that the species has large crown making 
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it suitable for shade and wind protection as also noted by Orwa et al. (2009). Moreover, the 

fallen leaves produce a useful mulch of litter, improving the soil nutrients and other 

properties. Mapongmetsem et al. (2005) reported the annual quantity of dry litter produced by 

V. doniana to be about 200 g m
-
², compared to a range of 0 – 250 g m

-
² of various agricultural 

crop species recorded by UN (2001). The fruits of V. doniana are edible and are quite useful 

in times of food shortage.  

 

3.2 Timber description 

3.2.1 Physical properties 

Tree dimension, form and quality 

Vitex doniana has white sapwood whereas the heartwood is pale greyish–brown and very 

decorative. According to Gurmartine (2009), the heartwood is very similar to that of Tectona 

grandis (Teak). The timber texture is coarse with wavy grain and well-marked growth zones. 

The timber saws easily and machines to excellent finish. 

 

The mean basic density is 650 kg m
-3

 (Table 3) implying that the timber is moderately heavy. 

The timber of V. doniana is heavier than that of Teak with 625 kg m
-3 

and very close to 

Pterocarpus angolensis (Mninga) and Milicia excelsa (Mvule) each with 657 kg m
-3

 (Table 

4). Where weight is a determining factor for timber use, V. doniana can be used as a substitute 

of Mninga and Mvule.  

 

Basic density and its variations 

Variation in basic density was assessed between and within a tree in the radial direction based 

on average values. Results for the between tree variations are presented in Table 3. The 

variations of density between the three studied trees were not significant (p ≤ 0.05) indicating 

that any mature defect free tree of Vitex doniana can equally be weighted if however, careful 

assessment is conducted during sampling. 

 

Table 3: Between tree variation in basic density and strength properties for Vitex doniana 

from Kilosa District, Morogoro Tanzania 

 

Strength property Tree mean value Overall mean 

value Tree 1 Tree 2 Tree 3 

Basic density, kg m
-3

 692 628 646 650 ± 28 

MOE, N mm
-2

  10,94.64 11,602.16 11,203.3

3 

11,100± 504 

MOR, N mm
-2

 104.77 93.36 95.66 98.14± 8.05 

WorkMax, mm Nmm
-3

 0.132 0.129 0.132 0.131± 0.09 

Compression, N mm
-
² 54.42 51.12 51.91 52.5± 1.0 

Hardness, (N) 4,890 4,310 4,525 4,580± 288 

Shear stress, N mm
-
² 17.43 14.13 15.58 15.6± 2.39 

Cleavage, N mm
-
²              Radial 11.19 8.01 8.83 9.0± 1.85 

Tangential  13.5 9.62 11.02 11.3± 1.98 
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The radial variations of basic density within a tree are presented in Fig. 1. Vitex doniana has 

the most dense wood in areas towards the bark (672.7 kg m
-3

), followed by a decrease inwards 

with the lightest wood around the pith (about 637 kgm
-3

). Conversely, statistical analysis 

indicated non-significance in the observed differences for both directions (p ≤ 0.05). This 

pattern was also congruent to that of Tectona grandis, reported by Malomo et al. (2002). The 

observations for the variation can be explained by the prominent nature of the growth rings 

which is an indication of uneven distribution of vessels and wood substance. According to this 

nature, Vitex doniana could be confirmed to belong to class of ring porous hardwood species 

(Panshin and de Zeeuw, 1980). Deepak et al. (2010) noted the same pattern for Tectona 

grandis. 
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Figure 1: Basic density radial variation of Vitex doniana from Kilosa District, Morogoro 

Tanzania  

 

3.2.2 Strength properties 

The mechanical properties of Vitex doniana are presented and compared with those of the 

three commercial timbers of Tanzania; Tectona grandis, Milicia excelsa and Pterocarpus 

angolensis in Table 4. 

 

Static bending 

The timber of Vitex doniana was found to have Modulus of Elasticity of 11,100 N mm
-2

, 

Modulus of Rupture of 98.14 N mm
-2

 and Work to maximum Load before failure of 0.131 

mm N mm
-3

. All of these values are higher than those of Tectona grandis, Milicia excelsa and 

Pterocarpus angolensis. Variations in static bending strength between trees as shown in Table 

3 were proven statistically non-significant (p ≤ 0.05). Likewise, within tree variations were 
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non-significant for MOE (Fig. 2) and MOR (Fig. 3) but significant for Work to Maximum 

Load (Fig. 4). 

 

Table 4: Mechanical properties of Vitex doniana in comparison to those of some commercial 

timbers of Tanzania  

 

Property 

Values  

Vitex 

doniana 
a
 

Tectona 

grandis
 b
 

Milicia  

excelsa 
b
 

Pterocarpus 

angolensis
b
 

MOR, N mm
-2

 98.14  85.00 90.00 94.00 

MOE, N mm
-2

 11,100 10,930  9,345 8,443 

Wmax, mmN mm
-3

 0.131 0.072 0.088 0.104 

Total Work, mmN mm
-3

 0.239  0.117 0.184 0.313 

Impact Bending, m 1.02 0.81 0.71 1.06 

Compression, N mm
-2

 52.5 52.5  54.7 57.0 

Hardness, N mm
-2

 4,580 3,969  5,600 6,578 

Shear, N mm
-2

 15.6 15.0  15.6 17.2 

Cleavage, 

(mm width) 

Radial 9.0 8.8  12.4 12.7 

Tangential 11.3 11.3  14.6 13.3 

 

Source: 
a 
This study,

 b 
Bryce (1967)  
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Figure 2 Modulus of Elasticity and Hardness radial variation of Vitex doniana  

 from Kilosa District, Morogoro Tanzania  
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Figure 3 Modulus of Rupture, Compression, Shear and Cleavage radial   

 variation of Vitex doniana from Kilosa District, Morogoro Tanzania  
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Figure 4 Work to Maximum Load radial variation of Vitex doniana from   

 Kilosa  District, Morogoro Tanzania  
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Compressive strength parallel to the grain 

The resistance to compression forces parallel to the grain for Vitex doniana was 52.5 Nmm
-
² 

which is equal to that of Tectona grandis but lower than those recorded by Bryce (1967) for 

Milicia excelsa and Pterocarpus angolensis. This property value is still high (Aydin and 

Yardimci, 2007), making the timber species suitable for work such as construction where 

loading is parallel to the direction of the grain. In other words, Vitex doniana is suitable for 

structural applications. 

 

Variations in compressive strength between trees as shown in Table 3 were proven 

statistically non-significant (p ≤ 0.05). Likewise, within tree radial variations were non-

significant (Fig. 3). 

 

Hardness  

In hardness strength, Vitex doniana with 4,580 N mm
-2

 surpasses Tectona grandis (3,969 N 

mm
-2

) and is weaker than Milicia excelsa (5,600 N mm
-2

) and Pterocarpus angolensis (6,578 

N mm
-2

). According to Bryce (1967), the famous timbers for parquet flooring materials in 

Tanzania have hardness strength of at least 7,200 N mm
-2

. They include Bobgunnia 

madagascariensis (Paurosa) with 7,200 N mm
-2

, Milletia stuhlmanii (Pangapanga) with 7,227 

N mm
-2

 and Brachylaena huillensis (Mhuhu) with 9,733 N mm
-2

. The lower hardness strength 

of Vitex doniana exhibits that the timber is unsuitable for parquet floor. There were no 

statistical differences of Hardness strength between trees (Table 3) and within a tree in the 

radial direction as depicted in Fig. 2. 

 

Shear strength parallel to the grain 

Shear strength of Vitex doniana was found to be at an average of 15.6 N mm
-
² which also, is 

equal to that of Milicia excelsa and a bit higher than that of Tectona grandis (15.0 N mm
-
²) 

but lower than that of Pterocarpus angolensis (17.2 N mm
-
²). Nonetheless, this strength 

property, which is highly sought for designing of joints in construction work, is still low as 

hinted out by Bryce (1967). There were no statistical differences of Shear strength between 

trees (Table 3) and within a tree in the radial direction (Fig. 3).  

                  

Cleavage strength 

Vitex doniana timber has cleavage strength of 9.0 and 11.3 N mm
-
² in the radial and tangential 

direction, respectively. These values are of equal magnitude with those of Tectona grandis but 

lower than those of Milicia excelsa and Pterocarpus angolensis (12.4 and 14.6 N mm
-
² and 

12.7 and 13.3 N mm
-
² in the radial and tangential direction, respectively).  Bryce (1967) noted 

that timbers with such strength are easy in splitting, therefore suitable for uses needing easy 

splitting for instance pulping and for firewood. The conspicuous nature of the growth rings of 

these timbers can explain for this characteristic. With reference to Table 3 and Fig. 3, there 

were no significant differences noted between and within tree (p ≤ 0.05). 

   

Relationship between basic density and strength properties 

The results presented in Table 4 as indicated by coefficient of determination (R
2
) show that in 

Vitex doniana timber, there is a strong relationship between basic density and all strength 

properties studied with an exception of Shear which had R
2
 of 8% only. However, the low R

2
 



International Journal of Contemporary Applied Sciences                Vol. 3, No. 1, January 2016   

(ISSN: 2308-1365)                                                                                            www.ijcas.net 

 

 

109 

 

does not mean that there is no correlation but that the correlation is weak and non-linear. The 

strongest relationship was between basic density and hardness (R² = 0.84) and basic density 

and cleavage (R² = 0.83). This means that basic density contributed to about 84% to hardness 

and 83% to cleavage strengths and the remaining 16 and 17%, respectively by unexplained 

factors. Therefore the cause and effect between basic density and hardness and cleavage is 

strong. The same argument stands for the other strength properties.  

 

 

Table 4 Relationship between Basic density and strength properties of Vitex  

 doniana from Kilosa District, Morogoro Tanzania 

 

Strength properties Regression equation 
Coefficient of determination 

(R
2
) 

Modulus of Elasticity Y =  4,237.6 + 9.87χ 0.37 

Modulus of Rupture Y =  – 14.25 + 0.173χ 0.60 

Work to Maximum Load Y =  – 0.78 + 0.001351χ 0.52 

Compression parallel to grain Y =  39.01 + 0.0226χ 0.69 

Hardness 

Shear parallel to grain 

Y =  64.52 + 6.785χ 0.84 

Y =  – 2.42 + 0.0285χ 0.08 

Cleavage Y =  4.79 + 0.011χ 0.83 

 

 Where: Y = Strength property, χ = Basic density  

 

3.2.3 Anatomical properties 

 Observations on the anatomical properties of Vitex doniana timber revealed that there is 

distinct seasonal variation in tracheary-element diameter, growth rings are therefore 

prominent. Due to this kind of vessel arrangement, the timber is placed in ring-porous 

hardwood group as far as major classes of wood anatomy are concerned (Phillips et al., 1996). 

The vessels are numerous, with a mean density of 18 mm
-2

. The vessel size ranged from 0.02 

mm to 0.1 mm. The timber does not have gum deposits. The parenchyma tissues are indistinct 

and ray tissues have density of 12 to 16 mm
-1

, very fine with size less than 0.05 mm. Tectona 

grandis, a closely related species has abundant rays (Ahmed and Chun, 2011). Those of 

Pterocarpus angolensis are 12 to 17 mm
-1 

and size reaching 0.05 mm, for Milicia excelsa is 3 

- 9 mm
-1 

(Richter and Dallwitz, 2000). 

 

The above observations for Vitex doniana indicate that the timber is permeable to chemical 

preservation. In other words, the timber can readily be impregnated satisfactorily under both 

non-pressure and pressure methods. 

 

4. CONCLUSIONS AND RECOMMENDATIONS 

 

From its merchantable timber volume, Vitex doniana is a prolific potential lesser-known 

indigenous agro-forestry tree that is also fairly fast in growing.  The species is a multipurpose 

tree suitable for amenity, shade, fodder, edible fruits, soil improvement, firewood and timber. 
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It can therefore, be grown in agro-forestry systems and sustainably managed for other 

purposes before it reaches its rotation age. 

 

There are no statistically significant differences between and within Vitex doniana trees 

(radially), in all of the studied properties. Any properly selected mature and defect free tree 

therefore can be of equal importance as far as mechanical properties are concerned. 

 

The studied properties indicate that the timber is suitable for furniture, cabinet work, paneling, 

veneer, and construction purposes. The average strength properties are closely comparable to 

those of Tectona grandis (Teak). From the technical information gathered on Vitex doniana it 

is important that this species is marketed. It is henceforth, recommended that this species is 

used as an agro-forestry tree in Kilosa District. 
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