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Abstract 

The effect of climate change and variability has posed serious nutritional stress to livestock in 

tropical region. Although, high yielding fodder grass such as climate-smart Brachiaria have been 

recommended for smallholder dairy farming in semi-arid regions, little information is available 

with regard to growth habits, yield and their impacts on dairy productivity. The on-station 

experiments were conducted at Sokoine University Model Farm to investigate the growth 

characteristics of three Brachiaria cultivars and their influence on feed intake and milk yield of dairy 

cows. The Complete Randomized Design was used to examine the growth and yield attributes of 

three Brachiaria cultivars; Brachiaria decumbens cv. Basilisk (BdB), Brachiaia brizantha cv. Piata (BbP) 

and Brachiaria brizantha cv. Xaraes (BbX). The second experiment was feeding trial that used the two 

best selected Brachiaria cultivars (BdB & BbP); tested against two breeds of dairy cows (Friesian and 

Ayrshire) in terms of feed intake and milk yield using 2 × 2 factorial design. The results revealed 

significant higher numbers of tillers (46%) and leaves per plant (47%) for BdB. In addition the 

cultivar Basilisk exhibited significant higher above ground biomass yield (7545.2kg/ha) which was 

attributed to its morphological structure. Interestingly, dairy cows fed on Piata had relatively higher 

feed intake and milk yield. Establishment of BbP for smallholder dairy producers is recommended 

especially in areas characterized with sub-humid climate. Further studies on nutritional 

composition and digestibility of Brachiaria are recommended. 
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Introduction 
Livestock production is one of the largest 
agricultural activities that employ at least 1.3 
billion people globally and support the 
livelihoods of 600 million poor smallholder 
farmers in developing countries (Thornton, 
2010). In Tanzania livestock sector contributes 
about 7.4% of the country’s GDP (URT, 2019). 
The country has about 33.9 million cattle, 
21.29 million goats and 8.5 million sheep of 
which more than 90% depends on natural 
pasture (URT, 2021). However, seasonal 
fluctuation in forage availability and quality is 
adversely affecting livestock production with 
significant drops in the country’s DGP from 
18% in 2006 (Kanuya. et al., 2006) to 7.4% in 
2019 (URT, 2019). The effect of climate change 

and variability has posed severe nutritional 
stress to livestock in Africa particularly 
during dry season due to sharp decline in 
forage quantity and quality (Kanuya. et al., 
2006; Selemani. et al., 2013). This has resulted 
into low milk production per cow ranging 
from 4 to 5L in dry season and 6 to 8L in wet 
season for dairy cows with genetic potential 
of producing at least 15L per cow/day 
(Mtengeti. et al., 2008). Currently, the 
Tanzania is producing only 3 billion litter of 
milk per year (URT 2021) which is far below 
the milk market demand. Low milk 
production is attributed to among other 
factors, poor availability of high quality 
forage resources. 
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High yielding fodder grasses such as 
―Climate-Smart Brachiaria‖ have been 
recommended for smallholder dairy farming 
in semi-arid areas because of their ability to 
tolerate drought (Djikeng. et al., 2014). 
Climate-Smart Brachiaria refers to high 
quality, climate resilient and productive 
Brachiaria genotypes that were selected and 
improved in Latin America (Djikeng. et al., 
2014). The recommendation of Brachiaria is 
attributed to several desirable traits including 
its ability to adapt low soil fertility and 
acidity, tolerance to drought, shade and 
flooding, high biomass yield potential and 
ability to efficiently utilize Nitrogen (Ghimire. 
et al., 2015). Although Brachiaria is one of the 
most extensively studied tropical forage 
particularly in Brazil and Australia (Ghimire. 
et al., 2015), little information is available in 
Tanzania with regard to its growth habits, 
yield and its impacts on livestock 
productivity. The most common studied 
Brachiara species that have shown better 
adaptation to low soil fertility and drought 
condition in East Africa are Brachiaria 
decumbens, Brachiaria brizantha, Brachiaria 
mutica and Brachiaria ruziziensis (Ghimire. et 
al., 2015; Ondabu. et al., 2016). Little 
widespread adoption of Brachiaria practices in 
tropical regions is attributed to limited 
knowledge on the role of improved pasture to 
livestock production. The global increases in 
demand for animal-derived protein 
particularly milk (Henchion. et al., 2017 
coupled with declining natural forage 
resources due to the effect of climate change 
and variability renewed the interest of 
researchers to come up with climate resilient 
forage with high impact on milk production. 
The current study investigated the growth 
and yield of three Brachiaria cultivars;  
Brachiaria decumbens cv. Basilisk (BdB), 
Brachiaria brizantha cv. Piata (BbP) and 
Brachiaria brizantha cv. Xaraes (BbX) in the first 
experiment and the two best cultivars (BdB 
and BbP) were tested (in the feeding trial 
experiment) on feed intake and influence on 
milk yield for selected dairy cows. 
 

Material and Method 
Description of Study Area 

The study was conducted at Magadu 
Livestock Unit in the Sokoine University of 
Agriculture (SUA) Model Training Farm, 
located at Morogoro region Tanzania. The 
farm is located in the slope of Uluguru 
Mountain between 37º39E and 06º5ʼ S with 
elevation ranging from 500 to 600 metres 
above sea level.  The study area had sub-
humid climate with the average annual 
temperature ranging from 18ºC to 30ºC and 
the rainfall is bi-modal, ranging from 600-
900mm per year (Paavola, 2008). Short rain is 
normally occurs in November to December 
while long rain occurs between March and 
May. The current experiment was conducted 
between March and May. The common 
vegetation type is grassland with scattered 
woody plants typically Acacia species such as 
Acacia nilotica, Acacia tortilis and Acacia seyal. 
The dominant key grasses are; Pitted beard 
grass (Bothriochloa pertusa), Buffel grass 
(Cenchrus ciliaris), Rhodes grass (Chloris 
gayana), Bermuda grass (Cynodon dactylon), 
Giant African Star grass (Cynodon nlemfuensis) 
and Giant rat's tail grass (Sporobolus 
pyramidalis) (Selemani, 2018). Although the 
area contains high nutritious and palatable 
legumes such as Centrosema pubescens, 
Calopogonium mucunoides and Macroptilium 
atropurpureum, it is heavily encroached by 
notorious invasive species such as Lantana 
camara, Venonia glabra and Solanum incanum 
(Selemani, 2018). Soil texture of the study area 
is dominated by sandy (12% clay, 4% silt, and 
84% sandy) with pH of 6.6 (Kizima. et al., 
2014). The common livestock managed in the 
farm are cattle, goats, sheep, and few horses. 
 

Experimental Design and Sampling 
Procedure 
Growth Characteristics and Yield of 
Brachiaria 
Prior to feeding trial, the growth and yield of 
climate-smart Brachiaria cultivars were stud-
ied for one growing season. The study used 
the Complete Randomized Design where 
three Brachiaria cultivars (BbP, BbX and BdB) 
were randomly replicated four times in each 
experimental plot. Each cultivar was sown in 
four sub-plots of 4 × 5 m. The distance be-
tween sub-plots was 1 m apart. The seedbeds 
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were prepared by using hand hoe and the 
pasture seeds were sown at the depth of 0.5 to 
1 cm deep. The sowing rate was approximate-
ly 6 kg seeds/ha at specific rows maintained 
at 50 cm intervals between rows. The sowing 
in all experimental plots was done at the on-
set of the long rainy season in March 2019. 
The Triple Super Phosphate (250 kg/ha) was 
applied during sowing and Urea was used as 
top dressing fertilizer after 8 weeks of estab-
lishment. All sub-plots received similar agro-
nomic management such as manual weeding 
using hand hoe. 
 

Growth performance of each variety was 
monitored throughout the growing period 
from March to May. Data collection 
commenced one month after sowing and 
measurements were done for every two 
weeks. Number of individual plants were 
counted randomly using 0.5 x 0.5 m quadrat. 
Within the quadrat, four individual plants 
were selected randomly for height 
measurement and counting numbers of tillers 
and leaves per plant. Yield in terms of above 
ground biomass of each cultivar was 
estimated through Dry Matter (DM) 
determination of collected samples (free from 
weeds) in the laboratory. Fresh and green 
samples were collected from each cultivar 
within the 0.5 × 0.5m quadrat at ground level 
and weighed. Thereafter, each sample was 
chopped and from it, the fractions of samples 
were taken to the laboratory of the 
Department of Animal, Aquaculture and 
Range Sciences for DM determination. In the 
laboratory samples were forced-dried in oven 
at 105°C for 48h based on standard 
procedures (Brahmakshatriya and Donker, 
1971). After drying to constant weight, 
samples were weighed again to determine 
DM content and results expressed in kg DM 
ha. 
 

Feeding Trial Experiment 

The experimental design followed 2 × 2 
factorial arrangements with two factors; two 
breeds of dairy cows and two selected best 
Brachiaria cultivars (BdB and BbP) with high 
growth performance recorded from 
experiment one. Sixteen dairy cows (8 Friesian 
and 8 Ayrshire breed) were selected for 

feeding trial at SUA Model Training Farm. 
Out of 16 cows, eight dairy cows (4 Friesian 
and 4 Ayrshire breed) were fed BdB and other 
eight (4 Friesian and 4 Ayrshire breed) were 
fed BbP (harvested and chopped daily from 
University Model Farm) for four weeks 
consecutively. Each experimental animal was 
confined in a separate pen whereas feed and 
water were offered ad libtum. I addition to 
Brachiaria (as test diet) all experimental 
animals were supplemented equally with 
concentrate diet (approximately 4 
kg/animal/day). The concentrate diet was 
formulated using the following locally 
available feed ingredients; maize bran (70%), 
sunflower seed cake (27%), pre-mineral mixed 
(2%) and salt (1%). Data collection on feed 
intake and milk yield commenced after two 
weeks of feed familiarization. Feed refusals 
were collected daily at 6:00 am before next 
feed offered for estimation of feed intake. 
Milk yield were recorded daily for four weeks 
consecutively. 
 

Data Analysis 
The Proc Mixed Model of SAS 2004 described 
by Montgomery (2012), was employed to 
analyse the main fixed effect of different 
Brachiaria cultivars on the growth attributes 
and yield. The statistical model used for 
determination of influence of Brachiaria 
cultivars on growth and yield was; Responses 
(Growth and Yield) = General Mean + 
Brachiaria Cultivars + Sub-plots + Residual. 
The sub-plots and Residual were treated as 
random effect in this model. For feeding trial, 
the Proc Mixed Model of SAS (2004) was used 
to evaluate the interaction effects of Breed and 
Brachiaria species on feed intake and milk 
yield under the following model; Responses 
(feed intake and milk yield) = General mean + 
Brachiaria cultivars (BdB and BbP) + Dairy 
cow Breed (Friesian and Ayrshire breed) + 
Individual Cows (16 animals) + Brachiaira 
cultivars*Dairy cow Breed + Residual. Under 
this model individual cows and Residual 
were treated as random effect. In cases where 
significances were determined, Least Square 
Difference (LSD) was applied (at 5%) to 
discriminate the differences among the mean 
values. The distribution of data for dependent 
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variables were checked by the Anderson-
Darling test using PROC of SAS 2004 and 
were found normally distributed. 
 

Results 
The results on growth attributes indicated 
that, the mean number of tillers per plant, 
number of leaves per plant and plant heights 
differ significantly among different Brachiaria 

cultivars. Although numbers of germinated 
seedlings did not vary significantly among 
the cultivars, the BdB had significantly higher 
number of tillers (14.95 ± 0.87) and leaves per 
square meter (56.09 ± 3.76) for (Table 1). 
Nevertheless, BbP exhibited significantly 
higher mean plant height (88.66 ± 1.82 m) 
compared to other cultivars.

 

Table1: Growth characteristics of Brachiaria species at Magadu Livestock Unit_SUA Morogoro 

Species BdB BbP BbX Significance at 5% 

Plant number/m2 3.66 ± 0.14 3.50 ± 0.14 3.77 ± 0.14 0.512 

Tiller number/plant 14.95 ± 0.87a 8.83 ± 0.87b 8.29 ± 0.87b <.0001 

Number of leaves/m2 56.09 ± 3.76a 30.97 ± 3.76b 32.09 ± 3.76b <.0001 

Mean Height (cm) 59.29 ± 1.82c 88.66 ± 1.82a 77.57 ± 1,82b <.0001 

BdB = Brachiaria decumbens cv. Basilisk, BbP = Brachiaria brizantha cv. Piata, BbX = Brachiaria 
brizantha cv. Xaraes 

 

Generally, the number of tillers per plant 
were found to increase with increasing time 
from the first week of data collection (one 
month after planting). There was consistence 
pattern of tillering behaviour for three 

Brachiaria species recorded within six weeks. 
The BdB was consistently recorded to have 
higher number of tillers per plants for the 
period of six weeks (Figure 1).

 

 
Figure 1: Number of tillers per plant recorded within six weeks consecutively 

 

The above ground biomass production 
ranged from 7049 to 7545 kg/ha with mean 
value of 7268.67kg/ha. The above-ground 
biomass was significantly higher for BdB 

(7545.2 kg) followed by BbP (7212.9 kg) 
(Figure 2). The BbX was the least in terms of 
biomass yield (7049.17 kg).
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Figure 2: Above-ground biomass yield for three Brachiaria cultivars 

 

Two Brachiaria cultivars (BdB and BbP) tested 
during feeding trial indicated significant 
differences in terms of feed intake. Generally, 
the highest feed intake was recorded from 
BbP when compared to BdB. Although littlie 
interaction effects between breed of dairy 
cows and Brachiaria species was found, the 
main fix effects of breed and Brachiaria species 
show significant differences such that 
Ayrshire fed BbP had significantly higher 

intake compared to the rest of groups (Table 
2). 
 

The milk yield varied significantly among 
breed of dairy cows fed different cultivars of 
Brachiaria. It was found that, Ayrshire 
exhibited higher milk yield potential with an 
average of 11.28L/cow/day against Friesian 
cows that produced only 8.12L/cow/day. 
However, within individual breeds, animals 
fed BbP found to produce significantly higher 
milk compared to those fed BdB (Table 2).

 

Table 2: Interaction effects of Breed and diet on feed intake and milk yield 

 Interaction of Breed and diet   

 Ayrshire*Bd
B 

Ayrshire*Bb
P 

Friesian*Bd
B 

Friesian*Bb
P 

MS
E 

P 
value 

Feed intake 
(Kg/Animal/day
) 

37.17b 39.2a 37.26b 37.76b 0.21 0.0048 

Milk yield 
(L/Animal/day) 

10.66b 11.91a 6.57c 9.67b 0.37 <.000 

BdB = Brachiaria decumbens cv. Basilisk, BbP = Brachiaria brizantha cv. Piata 
 

Discussion 
The distinct growth habits were determined 
among the tested Brachiaria cultivars with 
signal grass (BdB) being superior in terms of 
growth and yield. The significantly higher 
numbers of tillers and leaves for BdB was 
indication of its reproductive and productive 
potential. The tillering behaviour of this 
cultivar was noted to be consistently 
increasing exponentially with time over the 

period of data collection. These findings were 
in line with those of Monteiro. et al., (2016) 
who established high number of productive 
tillers for B. decumbens compared to other 
Brachiaria species. Chung. et al., (2018) 
attributed the productive potential of B. 
decumbens with its aggressive growth habits 
and wide range of adaptation to varied soil 
types and environments. In addition to its 
adaptive ability, the signal grass reported to 
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grow in a wide range of altitudes ranging 
from 500 to 2300 m asl. (Njarui. et al., 2016) 
which was within the range of the study 
area’s altitude that lies on the slopes of mount 
Uluguru with altitudes of 500 – 600 m asl. 
 

The significantly higher above ground 
biomass for BdB (of about 7.5t/ha) was 
attributed to its tillering behaviour and 
decumbent habit. It is extremely productive 
tropical grass due to its high growth habit and 
adaptation to wide range of environment 
(Chung. et al., 2018). These findings were in 
line with those of Rodrigues. et al., (2014), 
who found significantly higher biomass for 
BdB against the cultivar Piata in Brazil. 
However, the findings of the current study on 
biomass yield was contrary to those of 
Gichangi. et al., (2017) and Silva. et al., (2013) 
who reported significant higher biomass of 
cultivar Piata when compared to signal grass. 
The notable disparity could be due to 
variations in climatic conditions in tropical 
regions (where the current study was 
conducted) against the highly controlled 
greenhouse experimental reported by Silva. et 
al., 2013 whereas moisture contents of soil was 
maintained through irrigation to 
approximately 80% of field capacity. The 
significantly lower above ground biomass 
from BbX in this study concurred with study 
of Selemani, 2021, who reported low value of 
cultivar Xaraes across three eco-climatic zones 
of Tanzania (humid, sub-humid and semi-arid 
condition). The productivity of cultivar Xaraes 
is highly sensitive to climatic conditions as 
confirmed by Garay. et al., (2017), who found 
relatively higher total dry matter 
accumulation of this cultivar only in the 
humid tropics of Ecuador. 
 

The DM intake by animals is influenced by 
several factors including the physical and 
agronomic characteristics of feed and nutrient 
composition of diet. In this context the dairy 
cows have shown high preference to cultivar 
Piata against Basilisk which could probably 
be associated to its morphological structure 
having higher leaf to stem ratio (Montagner. 
et al., 2013). Montagner. et al., (2013) also 
reported higher DM intake of BbP by beef 

steer which was associated to its structural 
characteristics and higher leaf to stem ratio. 
The morphological structure and appearance 
of cultivar Piata with green leaves throughout 
growing season presumably attracts the dairy 
cows. In addition to attractive physical 
characteristics, Costa. et al., (2014) reported 
that BbP has best chemical composition when 
compared to other cultivars such as Marandu 
and Xaraes. It has an average Crude Protein 
(CP) and Total Digestible Nutrient (TDN) of 
12.82% and 59.43% respectively when 
compared to BbB with 9.8% CP and 52% TDN 
(de Macêdo. et al., 2016 and Nguku. et al., 
2016). According to Baumont. et al., (2000) 
ingestibility of green forage depends on its 
nutritive value which is defined by chemical 
composition and digestibility of feed. Having 
higher CP and TDN implies that, BbP is 
highly palatable species to animals. 
 

The notable relatively high feed intake 
recorded from Ayrshire when compared to 
those of Friesian was associated to their 
higher nutritional requirements caused by 
their relatively higher milk yield. Dairy cattle 
with relatively higher feed intake tend to have 
higher milk production, if other factors are 
not limiting. Mutimura. et al., (2021) reported 
the linear relationship between higher 
voluntary DM intake of the cultivar piata and 
milk yield up to 50%. In another study 
Mutimura. et al., (2018) concluded that 
supplementation of dairy cows with BbP 
resulting into higher milk yield compared to 
Napier grass. The higher performance of 
cultivar Piata in terms of milk yield could also 
be linked with its higher nutritive value 
because the efficiency of forage conversion 
into animal’s products depends not only on 
amount but also the quality of feed offered. 
Maia. et al., (2014) reported relatively higher 
in vitro dry matter digestibility of cultivar 
Piata which was associated with its high 
Crude Protein (CP) contents and low crude 
fiber fraction. The knowledge of interaction 
between feed quality and efficiency of feed 
utilization is crucial for improving milk 
production per unit area. With increasing 
livestock population in Tanzania coupled to 
shrinkage of grazing land, the high yielding 
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pasture species such as cultivar Piata can be 
used to produce relatively higher milk yield. 
 

Conclusion 
The current study investigated the growth, 
yield and contribution of Brachiaria cultivars 
on milk yield from two dairy cow breeds 
(Friesian and Ayrshire) at SUA Model Farm. 
Out of three tested Brachiaria cultivars, the 
BdB was found to outperform others in terms 
of growth and biomass production. The 
outstanding performance of BdB was linked 
to its aggressive growth habit and ability to 
adapt wide range of environment. On the 
other hand, feeding trial indicated that BbP 
demonstrated promising results in terms of 
milk yield. The higher milk yield of the 
selected dairy cows was associated to higher 
feed intake demonstrated by animals fed BbP. 
Although, the current study demonstrates 
that BbP has potential for increasing milk 
production for small holder dairy producers 
especially in areas where land is a limiting 
factors, further studies on nutritional values 
and economic effectiveness of feeding 
Brachiaria cultivars are imperative. 
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