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The growth and long-lived growth patterns observed in many Savanna shrubs may be advantageous for 
survival in harsh physical environment. This study was conducted to estimate the growth potential and 
biomass yield of Securinega virosa, Cajanus cajan, Stylosanthes mucronata and Tephrosia purpurea in 
the northern region of Ghana. A total of 16 experimental beds of size 4 x 4 m with 1 m spacing between 
beds were constructed. Observation after sowing was made daily to record emergence. Plant growth 
parameters were taken fortnightly for 13 weeks on four representative plants randomly selected from 
each species. The biomass production data were subjected to two-way analysis of variance (ANOVA) 
assuming a complete randomised design. C. cajan had the highest germination of 75% observed from 
3-5 days after planting, while S. virosa recorded the least germination of 63% observed from 5-8 days 
after planting. C. cajan and T. purpurea had the highest growth rate, while S. virosa showed very low 
growth rate. S. mucronata had the largest mean stem diameter, followed by C. cajan and T. purpurea 
and S. virosa being the smallest. Similarly, S. mucronata obtained the highest mean number of shoots 
followed by S. virosa, while T. purpurea had the least. Linear and positive relationships were observed 
among plant height, stem diameter and number of shoots of all the shrubs. No significant difference in 
mean total dry matter yield among the shrub species and among the different maturity stages was 
recorded. All the shrubs except S. virosa produced seeds. Livestock farmers are encouraged to adopt 
and integrate these shrubs in their farming system to provide adequate forage to boost animal 
production. 
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INTRODUCTION 
 
In West Africa, pasture species evaluation with the 
objective of identifying the most productive and adapted 

species has been of interest for some years 
(Babatoundé, 2005). Biomass, especially above-ground 
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biomass is one of the central traits in functional plant 
ecology and growth analysis. It is the key parameter in 
many allometric relationships (Niklas and Enquist, 2002).  

Repeated measurements of biomass are the basis for 
the calculation of net primary production and growth rates 
and thus a basis for quantifying physiological responses 
of plants to environmental conditions and their 
development processes (Cornelissen et al., 2003). Like 
other vegetal formations, biomass or phytomass is a key 
structural variable in the investigations of the dynamics of 
ecosystems, the level of biodiversity they sustain, their 
role in the carbon cycle and their sustainability (Cerrillo et 
al., 2006). In addition, the quantification of above ground 
biomass resources constitutes necessary information for 
numerous studies, including the analysis of fixed-
emission of carbon dioxide (Nabuurs and Mohren, 1995).  

There is an increasing need to improve the accuracy of 
biomass estimates as they determine the actual amount 
of carbon reaching the atmosphere (IPCC, 1996). 
Traditionally, biomass estimation in forest ecosystems 
has been obtained through direct methods (destructive or 
extractive) or indirect methods (dimensional analysis) 
(Wharton and Griffith, 1993). The destructive methods 
are based on harvesting and weighing all the plants in the 
sample plot. They give very accurate estimates but the 
extraction of a large number of samples is very laborious 
and costly. Indirect methods are based on the measuring 
of different morphological variables used in mathematic 
models to estimate vegetal biomass. These methods give 
estimates that can reach prediction levels of the former 
methods and in addition permit a large number of 
observations at a relatively low cost (Montes et al., 2000). 
Indirect methods to determine biomass are based on 
developing a relationship between plant weight and an 
easier-to-measure attribute such as plant height, rainfall 
or cover. Although, non-destructive methods are less 
accurate in a per sample unit basis than cutting methods, 
they take less time per observation and involve less 
physical effort by the operator. According to Mannetje 
(2000), these non-destructive or indirect methods can be 
grouped into three categories, viz, visual estimation, 
height and density measurements, and measurements of 
non-vegetative attributes that can be related to dry matter 
yield. This study therefore seeks to determine the growth 
rate of Cajanus cajan, Stylosanthes mucronata, 
Tephrosia purpurea and Securinega virosa, estimate and 
compare the biomass yield of the shrubs at three maturity 
stages and to assess the seed production potential of the 
shrubs. 
 
 
MATERIALS AND METHODS 
 
Experimental site 
 
This field experiment was carried out from October, 2014 to 
February,  2015   at   the   experimental   farm   of   the   Faculty   of  
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Renewable Natural Resources, University for Development Studies, 
Nyankpala Campus, Ghana. This area is located within the 
savanna ecosystem on latitude 09° 25' N and longitude 00° 55' W 
and with an altitude of 183 m above sea level. Further description of 
the study area is in Ziblim et al. (2015). 
 
 
Experimental design 
 
Completely randomized design (CRD) was used in this experiment 
involving four native savanna forage shrub species with four 
replications. The land at the site was cleared of debris, ploughed to 
a fine tilth and furrowed. Experimental plot of size 4 x 4 m was 
constructed. Seeds of the shrub species were planted onto the 
plots and their emergence monitored. An average of two seeds 
were placed in a hole of 0.5 cm depth and covered with light soil. 
Plant height, number of shoots per plant and root collar diameter 
were determined on four (4) randomly selected plants of each shrub 
species. Measurement of the growth parameters was done 
fortnightly, beginning a month after emergence. On each plot, 16 
plants spaced 1 m between rows and 1 m within rows were planted. 
Watering was done throughout the experimental period. Routine 
weed control was also carried out by hand weeding to avoid 
competition with the planted shrub species and to also loosen the 
soil to facilitate aeration. 
 
 
Study shrubs  
 
Four indigenous forage shrub species were considered; they were 
C. cajan (“Adua”), S. virosa (“Susugra”), S. mucronata or S. 
fruticosa (Retz.) (“Mamongmakpam”) and T. purpurea (“Banglari”). 
Seeds of these shrub species were harvested from the wild and 
sown directly onto seedbeds. These shrub species were selected 
based on a preliminary survey that was carried out with livestock 
farmers on the various species and were considered palatable and 
used by their animals.  
 
 
Sampling for dry matter and seed yield 
 
Dry matter yield was estimated from four (4) representative plants 
of each shrub at 7, 10, and 13 weeks after plant establishment 
(WAE) (Larbi et al., 2005). The estimation of the dry matter yield 
was carried out by uprooting the representative plants of each 
shrub using the destructive technique. The sample plants were 
separated into leaf, stem and root fractions. Fresh weights were 
taken directly and were oven-dried to constant weight at 80°C for 
48 h for determination of dry matter yield. The fodder yield per plant 
was divided by the total above ground biomass and multiplied by 
100 to estimate the percent fodder (Larbi et al., 2009). Total 
biomass was calculated by adding the oven-dried weights of the 
three fractions.  

Seed yield was estimated from four (4) representative plants of 
each shrub species that were labeled and monitored throughout the 
growing period (Larbi et al., 2009). Flowering period of each shrub 
species was observed and recorded. Mature seeds at the end of 
the growing season were hand-harvested, air-dried, cleaned and 
weighed. Seeds harvested from each plant were bulked at the end 
of the study and total seed yield estimated per shrub species. 
 
 
Statistical data analysis 
 
The biomass production data of the shrubs and their interactions at 
the various maturity stages were subjected to a two-way analysis of  
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Table 1. Emergence, flowering and fruiting dates and seed yield of the shrubs. 
 

Shrub species 
Emergence 

Flowering (days) Fruition (days) 
Mean seed yield 

(kg/ha) Days Emergence (%) 

C. cajan 3-5 75 72 80 161.46 

T. purpurea 5-8 65 45 51 41.67 

S. mucronata 3-5 74 49 55 15.63 

S. virosa 5-8 63 - - -- 
 
 
 

 
 
Figure 1. Trend in mean plant height of the different indigenous shrub species from October to 
December, 2014. The error bars used are standard error (SE). 

 
 
 

variance (ANOVA) assuming a complete randomised design. 
Genstat Release 10.3 DE (2011) was used. The mean height of 
shrubs, mean stem diameter and mean number of shoots per plant 
were graphically represented to show trend in growth with error 
bars indicating the differences. Excel spreadsheet was used to plot 
the graphs. Total seed yield of the different shrub species were 
estimated by weighing the seeds harvested from the representative 
plant. The relationship among plant height, number of shoots and 
stem diameter was established using scatter diagrams with 
goodness-of-fit lines. Significant treatment means were separated 
using Fisher’s protected least significant difference (LSD) at 5% 
probability. Unless otherwise specified, the level of significance was 
declared at p<0.05. 

 
 
Results 
 
Agronomic properties of the selected shrub species 
 
Table 1 below indicates the emergence, flowering and 
fruiting dates and seed yield of the shrub species 
investigated. It can be observed from Table 1 that both C. 
cajan and S. mucronata took the least number of days (3 

to 5) to emerge, while T. purpurea and S. virosa had 
higher number of days (5 to 8). Percentage emergence 
was highest (75 %) for C. cajan, while S. virosa recorded 
the lowest (63 %). On flower initiation, C. cajan took the 
highest number of days (72) while T. purpurea used the 
least number of days (45). Flower as well as fruit initiation 
could not be observed in S. virosa during the experiment. 
All the species showed monopodial shoot growth pattern 
after emergence. 

 
 
Growth rate and biomass production 

 
Growth rate  

 
Shrub species showed significant difference (p<0.05) in 
growth rate during the period of the experiment from 
October, 2014 to February, 2015. The mean plant height, 
mean stem diameter and mean number of shoots of C. 
cajan, S. mucronata, T. purpurea and S. virosa over 13 
weeks   period   are   shown   in   Figures   1,   2   and   3,  
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Figure 2. Trend in mean plant stem diameter of the different indigenous shrub species 
from October to December, 2014. 

 
 
 

 
 

Figure 3. Trend in mean number of shoots of the different shrub species from 
October to December, 2014. 

 
 
 
respectively. The highest mean plant height was 
observed in C. cajan and T. purpurea, while S. virosa had 
the lowest. The mean plant height among the species 
ranged from 39.3 to 128 cm. Based on plant height at the 
end  of  the  13

th
   WAE,   the   shrub   species   could   be 

classified into fast (C. cajan and T. purpurea), slow (S. 
mucronata) and very slow growth rate types (S. virosa) 
(Figure 1).  

At 4 weeks after establishment, C. cajan, T. purpurea 
and  S. mucronata  had  similar  growth  rate  in  terms  of  
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Figure 4. Relationship among the height, number of shoots and stem 
diameter of C. cajan. 

 
 
 
height. Also, at 8, 10 and 12 WAE, no significant 
difference (p>0.05) in height was recorded between C. 
cajan and T. purpurea. However, both C. cajan and T. 
purpurea were significantly different (p < 0.05) from S. 
mucronata. S. virosa was observed to have significantly 
lower (p < 0.05) growth rate (height) among the four 
shrubs. 

S. mucronata recorded the highest mean stem 
diameter (1.6 cm), while S. virosa had the lowest (0.7 cm) 
(Figure 2). It was observed from Figure 2 that C. cajan 
and S. mucronata were not significantly different (p>0.05) 
from each other at 4 and 6 WAE. At 8, 10 and 12 WAE, 
all the shrubs were significantly different (p<0.05) from 
each other. 

The highest mean number of shoots was observed 
from S. mucronata (47 shoots per plant), while T. 
purpurea obtained the lowest (13 shoots per plant) 
(Figure 3). S. mucronata had significantly higher mean 
number of shoots. Shoot numbers in C. cajan and S. 
virosa were not significantly different (p>0.05) at 8, 10 
and 12 WAE. T. purpurea registered significantly lower 
shoot number.  
 
 
Relationship among growth parameters (goodness-
of-fit) 
 
Results   of   the   analysis   showed    that    there    were  

relationships among plant height, number of shoots and 
stem diameter of all the shrubs under investigation. 
Figures 4, 5, 6 and 7 shows the graphical representation 
of the relationships. From Figure 4, it is noted that both 
number of shoots and stem diameter had very strong 
relationships (R

2 
= 0.887 and R

2 
= 0.732 respectively) 

with the height of C. cajan.  
Similarly, very strong relationship (R

2
 = 0.859) existed 

between the height and number of shoots, while strong 
relationship (R

2
 = 0.661) was observed between stem 

diameter and height of T. purpurea (Figure 5). Very 
strong relationship (R

2 
= 0.840) was noticed between 

plant height and stem diameter for S. mucronata but 
moderate relationship (R

2 
= 0.530) existed between 

height and number of shoots (Figure 6).  
From Figure 7, the line of goodness-of-fit indicated a 

strong relationship (R
2
= 0.693) between plant height and 

number of shoots of S. virosa. However, moderate 
relationship (R

2
 = 0.568) was observed between height 

and stem diameter.  
 
 
Dry matter yield of some indigenous shrub species 
 
Leaf dry matter yield varied significantly (p< 0.05) among 
the shrub species and ranged from 33.53 g/plant

 
for S. 

mucronata at the 10 WAE to 45.86 g/plant for T. purpurea 
at  7  WAE.  No  significant  differences  (p> 0.05)  in   dry  
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Figure 5. Relationship among the height, number of shoots and stem diameter of T. purpurea. 

 
 
 

 
 

Figure 6. Relationship among the height, number of shoots and stem diameter of S. 
mucronata 
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Figure 7. Relationship among the height, number of shoots and stem diameter of S. virosa. 

 
 
 
matter yield, however, existed among the various harvest 
durations except in C. cajan where leaf yield at 10 WAE 
differed significantly (p<0.05) from that recorded at 13 
WAE (Table 2).  

Mean stem dry matter yield varied significantly (p< 
0.05) among shrub species. Mean stem dry matter yield 
for T. purpurea and S. virosa was significantly higher(p< 
0.05) than that of S. mucronata and C. cajan at the 
various harvest periods except at 13 WAE where no 
significant difference (p> 0.05) in mean stem yield existed 
among the shrub species. Mean stem yield ranged from 
38.37 g/plant to 50.88 g/plant. Mean stem yield of the 
individual shrub species across the three harvest periods 
was also observed. Except for S. mucronata and T. 
purpurea where mean stem yield varied significantly (p< 
0.05) at 7 WAE, no significant difference (p> 0.05) in 
mean stem yield was noticed for C. cajan and S. virosa 
among the harvest periods (Table 2).  

Mean root dry matter yield ranged from 39.67 g/plant 
for S. virosa to 63.46 g/plant S. mucronata (Table 2). S. 
mucronata recorded a significantly higher (p< 0.05) root 
dry matter yield at 7 WAE as compared to other species, 
while T. purpurea registered a significantly higher (p< 
0.05) root dry yield at 13 WAE. Generally, mean root dry 
matter yield in all the species increased from the 7 WAE 
to the 10 WAE but declined in 13 WAE. Apart from S. 

mucronata where a significant difference in root yield was 
shown between 7 WAE and 10 and 13 WAE, no 
significant increase (p> 0.05) was observed for the other 
species across the harvest periods.  

Total dry matter yield showed no significant difference 
(p> 0.05) among the shrubs. However, S. mucronata at 
10 and 13 WAE recorded the lowest total dry matter 
yield.  None of the shrub species showed significant 
difference (p> 0.05) in total dry matter yield among the 
harvest periods except S. mucronata. Total dry matter 
yield ranged from 116.20 to 145.39 g/plant (Table 2).  

Moisture content also varied significantly (p< 0.05) 
among the shrub species and among the harvest 
durations. However, among the species and harvest 
durations, S. virosa was noted to have the lowest 
moisture content in all the parts examined. In general, 
moisture content increased from the 7 WAE to 10 WAE 
but declined in the 13 WAE. 
 
 
DISCUSSION 
 
Agronomic properties of the investigated shrubs 
 
The results showed slight variations in emergence 
(number  of   days   and   percentage),   flower   and   fruit  
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Table 2. Variations in mean dry matter yield (g/plant) among indigenous shrubs 
harvested at 7, 10 and 13 weeks after establishment. 
 

Shrub species 7 WAE 10 WAE 13 WAE SEM 

Leaf DM 

S. mucronata 37.55
A,b

 33.53
A,a

 42.50
A,a

 0.80 

C. cajan 40.31
AB,ab

 37.99
B,a

 36.75
A,a

 0.59 

T. purpurea 45.86
A,a

 38.26
A,a

 40.94
A,a

 1.52 

S. virosa 45.35
A,a

 39.95
A,a

 40.81
A,a

 2.08 

SEM 1.04 1.28 1.26  

Stem DM 

S. mucronata 44.37
A,ab

 38.61
B,b

 40.61
B,a

 0.49 

C. cajan 40.11
A,b

 38.37
A,b

 40.72
A,a

 1.15 

T. purpurea 50.88
A,a

 44.04
B,a

 47.24
AB,a

 0.99 

S. virosa 48.62
A,a

 46.53
A,a

 45.12
A,a

 1.71 

SEM 1.30 0.54 1.05  

Root DM 

S. mucronata 63.46
A,a

 44.06
B,a

 46.05
B,ab

 1.23 

C. cajan 48.03
A,b

 44.58
A,a

 48.09
A,ab

 1.46 

T. purpurea 48.64
A,b

 47.81
A,a

 52.22
A,a

 2.12 

S. virosa 47.48
A,b

 48.30
A,a

 39.67
A,b

 2.34 

SEM 2.10 0.94 1.53  

Total DM 

S. mucronata 145.39
A,a

 116.20
B,b

 123.42
B,a

 1.97 

C. cajan 128.45
A,b

 120.93
A,ab

 131.31
A,a

 2.92 

T. purpurea 145.38
A,a

 130.11
A,ab

 140.40
A,a

 3.57 

S. virosa 141.45
A,ab

 134.79
A,a

 125.61
A,a

 2.99 

SEM 2.47 2.25 2.83  
 

SEM– standard error of mean. Means in each row that do not have the same upper case letters 
are significantly different at p< 0.05. Means in each column with the same lower case letter are 
not significantly different. 

 
 
 
initiation dates among the shrub species and these could 
be influenced by their physiological make up. It was 
observed that C. cajan with the biggest seed took the 
least number of days (3-5) to emerge and also had the 
highest percentage emergence (75 %) and S. virosa with 
the smallest seed had the least percentage emergence 
(63%) and took the highest number of days to emerge (5 
to 8) (Table 1).  

It was observed from Table 1 that percentage 
emergence significantly declined with reduction in seed 
size from C. cajan to S. virosa. This situation could have 
been influenced by the amount of carbohydrate reserves 
in the seeds. It has been noted that heavy and large 
seeds contain more food reserves than smaller ones 
which is helpful in germination and emergence by 
providing more energy (Lusk, 1995). The observed 
results have been similarly reported by Sharma and Sood 
(1990) and Singh and Shah (1992). However, smaller 
seeds germinated and emerged better in some Cassia 
and Acacia species as reported by Swaminathan and 

Srimathi (1994). The reason for this, probably is because 
large seeds need water uptake more than small seeds 
and it is assumed that small seeds absorb water more 
rapidly as compared to large seeds which result in 
increasing germination and emergence rate.  

According to Lopez et al. (2000) and Naidu and Jones 
(2007) larger seeds of Eucalyptus germinated and 
emerged better than smaller seeds and this is of 
operational importance in nursery management as seeds 
can be sown according to size to improve uniformity 
within a crop. Gholami et al. (2009) observed increased 
germination percentage as well as greater germination in 
larger seeds compared with small seeds. Increase in 
seed size had also been observed to lead to higher 
germination and emergence (Mut et al., 2010). 

Seed yield varied significantly among the shrubs, from 
zero for S. virosa to 161.46 kg/ha for C. cajan (Table 1). 
The differences in seed yield may partly be due to 
seasonal variation in flowering time among the shrubs. It 
could also be  attributed  to  the  size  of  the  seeds.  The  
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results of the study show that all the shrub species under 
study except S. virosa have high potential for seed 
production for any shrub technologies. Availability of seed 
and other propagation materials is a major challenge to 
adoption of shrub technologies. It was noted that species 
with larger size seeds such as C. cajan produced higher 
seed yield (161.46 kg/ha) as compared to species with 
smaller seeds such as in T. purpurea. This observation is 
in line with Stougaard and Xue (2005) who indicated that 
the use of larger size seeds improved grain yield by 18% 
and the use of small seeds reduced yield by 16% in 
wheat. The significant differences in the seed yield could 
also be attributed to the tillering capacity of the different 
shrub species and the number of spikes per tiller. The 
higher the number of tillers, the higher the number of 
spikes that will yield more seeds. 
 
 
Morphological traits of the selected shrubs 
 
It was observed from the findings that C. cajan and T. 
purpurea attained the highest plant height while S. virosa 
had the least. This variation in the plant height could be 
genotypic and therefore expressed in the form of better 
adaptability to environmental conditions. Similarly, 
genetic variation in growth and biomass production 
among some browse species have been reported 
(Palmer and Ibrahim, 1996). The size of the shrub seeds 
could also be an influential factor affecting the height 
since C. cajan with larger seed size had the highest 
height and S. virosa with small seeds had the lowest 
plant height. This assertion is in line with Kolawole et al. 
(2011) who indicated that seedlings produced from large-
sized seeds were significantly taller than those from 
medium-sized and small-sized seeds. The lower height 
observed for the small-sized seeds may be a function of 
delayed germination and emergence, which indicates that 
seedling growth, although indirectly an effect of seed 
size, may be directly linked to rate of germination 
(Kolawole et al., 2011). 

The findings also showed some variation in stem 
diameter among the shrub species. S. mucronata 
registered the largest stem diameter and S. virosa 
recorded the least. The growth in stem diameter could be 
related to the seed size. However, this observation is in 
contrast to work by Kolawole et al. (2011) who noted that 
seedlings produced from large-sized seeds had 
significantly larger stem diameter than those from 
medium and small-sized seeds which did not differ 
significantly from each other. Moles and Westoby (2006) 
indicated that seedlings from large-sized seeds had been 
observed to have higher survival rates than seedlings 
from small-sized seeds.  

The mean tillers per plant in Figure 3 indicated that S. 
mucronata produced maximum number of tillers, while T. 
purpurea  produced  the  least.  The  differences  in   tiller  

 
 
 
 
numbers among the various shrub species may be due to 
their genetic makeup. It was also noted from the results 
that species with thicker or bigger stem diameters tend to 
possess the highest number of tillers. This could mean 
that the species with the bigger stems have higher 
capacity of storing reserve food materials and will result 
in the production of tillers. 

Edible forage production during the experimental period 
was low, probably due to reduced photosynthetic activity 
as a result of the lower moisture levels during the period. 
Similar results in L. leucocephala and G. sepium were 
obtained by Cobbina et al. (1990) who reported lower 
coppice productivity rates in the dry season relative to the 
wet season in southwestern Nigeria. Large seeds have 
the ability to store greater amount of carbohydrates in 
their cotyledons than small seeds (Milberg and Lamont, 
1997). This may enable early development of an 
enlarged resource gathering system to produce a faster 
growing plant (Hewitt, 1998). 
 
 
Relationship among growth parameters 
 
The positive relationships between the height and 
number of shoots and stem diameter of the shrubs 
indicated that as the heights of the shrubs increased with 
the number of shoots as a result of the increased in 
lateral buds. This assertion is in line with Yang et al. 
(2008) who indicated that trees grow a lot of branches 
when they are growing in height. On Cajanus cajan and 
Tephrosia purpurea, very strong relationships were 
observed between plant height and number of shoots and 
this could mean that an increase in height of the shrubs 
resulted in corresponding increase in the number of 
shoots. However, with S. mucronata, there was moderate 
relationship between plant height and number of shoots 
and this could be that an increase in height resulted in a 
greater increase in the number of shoots. This could be 
genetically motivated. The relationship of plant height and 
number of shoots on S. virosa also showed that an 
increase in height resulted in corresponding increase in 
the number of shoots. 

Similarly, there was positive relationship between plant 
height and stem diameter of all the shrubs. This was 
because as the plants increased in height, there was the 
need for corresponding increase in stem diameter to 
support the increasing weight of the plant. This assertion 
correlates with the findings of Henry and Thomas (2002) 
who observed that from a biomechanical perspective, 
stem diameter, stem stiffness and root anchoring must be 
sufficiently high relative to stem height to ensure the 
mechanical stability of plants against stem buckling or 
uprooting. Osunkoya et al. (2007) also indicated that 
under field conditions, plants must be strong enough to 
resist stem buckling and uprooting under additional 
loadings  such  as  wind   and   precipitation.   Mechanical 



 
 
 
 
 
stimuli such as wind exposure tend to result in increased 
stem diameter growth relative to height growth (Anten et 
al., 2005). The difference in relationships between height 
and stem diameter among the shrubs could be influenced 
by their genetic makeup. Interestingly, on S. mucronata, 
there was a very strong relationship between height and 
stem diameter. This could mean that as the plant 
increased in height, there was a greater corresponding 
increase in stem diameter. 
 
 
Dry matter yield of the selected shrubs 
 
The differences in dry matter yield among the shrubs may 
relate to variations in anatomic, physiologic and 
morphologic characteristics associated with the 
acquisition of moisture, sunlight and nutrients for biomass 
production (Dong and Zhang, 2001). They could also 
reflect differences among the shrubs in residual buds, 
leaf area index and amount of carbohydrates reserves 
(Oppong et al., 2008). The ranges in dry matter yield 
agree with reports on several shrubs (Ben-Salam et al., 
2005).  

The linear increase in total dry matter yield from the 10 
WAE to 13 WAE could be partly attributed to the 
increases in the number of growing buds and new shoots 
(Perez and Mendelez, 1998). It could also be as a result 
of the greater light interception and stem carbohydrates 
reserves coupled with active growth during that period 
(Partey, 2011). There was however, a linear decline in 
total dry matter yield from 7 to 10 WAE and the reason 
for this decline is unclear but could be ascribed to 
inadequate moisture availability in the soil during the 
period (Duivenbooden et al., 1999). However, the 
insignificant mean total dry matter yield among the three 
stages of growth could be due to inadequate spacing 
among the stages. 
 
 

Conclusion 
 

All the shrubs studied showed very good growth potential 
that could be used in agroforestry technologies for better 
fodder productivity. In terms of plant height performance, 
C. cajan and T. virosa had fast growth rate, S. mucronata 
had slow growth while S. virosa showed very slow growth 
rate. On stem diameter, S. mucronata attained the 
largest, followed by C. cajan and T. purpurea. S. virosa 
had the smallest stem diameter. Similarly, S. mucronata 
obtained the highest number of shoots followed by S. 
virosa, while T. purpurea had the least. The study 
showed no significant difference in mean total dry matter 
yield among the shrub species and among the different 
maturity stages. All the shrubs except S. virosa produced 
seeds that could be relied upon as important avenue to 
ensure continuous propagation of  the  shrubs.  Livestock  
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farmers in the study area are encouraged to adopt and 
integrate these shrubs into their farms to boost forage 
production. 
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