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OPEN ACCESS 

Context. Planted grasses are becoming an increasingly important feed resource for tropical 
smallholder ruminant production; yet, limited research has been conducted to quantify productivity 
or enteric methane (CH4) production of animals consuming these grasses. Aim. An experiment was 
conducted to assess yields and nutritional attributes of the following three tropical grasses: Cenchrus 
purpureus var. Kakamega 1 (Napier), Chloris gayana var. Boma (Rhodes) and Urochloa brizantha var. 
Xaeres (Brachiaria), and quantify enteric CH4 production of cattle fed on them. Methods. Yearling 
Boran steers (n:18; initial liveweight 216 ± 5.8 kg (mean ± s.e.m.) were allocated to one of three 
grasses, in a completely randomised design and fed ad libitum for two feeding periods, each 
period lasting for 70 days. Intake, liveweight (LW), apparent total-tract digestibility and enteric 
CH4 production were assessed. The grasses used were grown on site and biomass yields were 
monitored over a 2-year period. Animal growth was also simulated to a final weight of 350 kg, 
and the amount of feed and size of land required to produce, and days to reach final weight, 
were estimated. Key results. Mean voluntary dry-matter intake (DMI) and ADG were higher 
(P < 0.05) in Period 2 than in Period 1, but did not differ among treatments (P > 0.05) within 
period. Methane yield (MY; CH4 g/DMI kg) was similar among treatments (26.7–28.5, P = 0.26) 
but Napier had a higher CH4 conversion factor [Ym; CH4 (MJ)/gross energy intake (MJ)] than did 
Rhodes and Brachiaria (0.0987 vs 0.0873 and 0.0903 respectively; P = 0.013). Our modelling 
indicated that steers consuming Rhodes took at least 30 more days to reach the target LW, 
required larger land area for feed production and produced more enteric CH4 than did the other 
two diets. Conclusion. Even though animal performance and MY among treatments did not 
differ, the animals had higher MY and Ym than currently estimated by the Intergovernmental Panel 
on Climate Change. Implication. The three grasses supported similar animal growth rate, implying 
that growing of higher-yielding grasses such as Napier offers an opportunity to optimise land 
productivity in the tropics. However, suitable feeding practices such as protein supplementation 
need to be explored to enhance ruminant production and reduce enteric CH4 production. 

Keywords: beef, biomass yield, East Africa, feed requirement, live weight gain, methane yield, 
respiration chambers. 

Introduction 

Sown pastures and natural rangelands form the world’s largest land-use system, occupying 
up to 43% of terrestrial ice-free earth surface and supporting domestic and wild ruminant 
populations (Gibson 2009). A growing human population and increasing demand for 
animal protein is putting pressure on this land to support higher animal production 
despite the adverse effects of climate change on its productivity and increased 
competition for land for other land use (Thornton 2010). In Sub-Saharan Africa where 
up to 40% of the cattle population is kept in mixed crop–livestock systems (Cecchi et al. 
2010), fodder cultivation is increasingly being practised as land ownership decreases, 
leading to intensification of livestock systems (Thornton 2010) to optimise land 
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productivity. Tropical (C4) grasses are the main fodder used 
in these systems, yet these have attracted limited research 
attention in terms of their nutritional value to ruminants 
(Parr et al. 2014). However, what is evident in the available 
literature is that animal productivity on (at least some) 
C4 grasses is lower than that on temperate (C3) grass 
species (Caswell et al. 1973; Barbehenn et al. 2004). Tropical 
grasses grow faster, yielding high biomass, but in the 
process deposit more structural carbohydrate, such as neutral 
detergent fibre (NDF) and lignin to support plant stature 
(Caswell et al. 1973). Low crude protein (CP) concentration 
that is also typical of tropical grasses, together with high 
NDF concentration decrease their intake and nutrient 
digestibility by animals and thus lower animal productivity 
(Buxton 1996; Gibson 2009), compared with animals fed 
on better-quality diets. Minimal variations in fodder quality 
among tropical grass species grown in the same environ-
mental conditions are expected on the basis of their growth 
patterns, but management practices such as soil amendment 
and age at harvesting (Pinares-Patiño et al. 2003; Lee et al. 
2017; Bedaso et al. 2021), as well as climatic factors such 
as precipitation and temperature, have been shown to have 
a more pronounced effect (Lee et al. 2017; Habte et al. 2020). 

Studies assessing growth rate in cattle when fed tropical 
forages are limited and have largely been conducted 
outside Africa, such as in Australia (average daily gain, 
ADG: 0.4–0.5 kg: Kurihara et al. 1999; Tomkins et al. 2011) 
and Brazil (ADG: 0.5 kg: Paciullo et al. 2011; Lima et al. 
2019). Few available measurements from East Africa 
align well with these findings, with Kariuki et al. (1998) 

reporting ADG of 0.5 kg while feeding Cenchrus purpureus 
to growing Friesian heifers and Kariuki et al. (1999) 
reported 0.41 kg on growing Friesian × Sahiwal heifers fed 
on the same grass. 

Ruminants produce methane (CH4) during their normal 
fermentative digestion in the rumen and this is a problem 
because of the impact of CH4 on climate change and 
accounts for up to 12% loss of gross energy intake (Johnson 
and Johnson 1995), negatively affecting animal production. 
Nutritional parameters including quantity, feed type and 
quality are the main determinants of the level of enteric CH4 

production (Broucek 2014; Charmley et al. 2016). Low-quality 
diets (higher CP and lower fibre content) are associated with 
longer rumen retention time and alter fermentation pathway 
to more acetate production, with these two phenomena 
being associated with a higher CH4 yield (MY: g CH4/kg 
DMI; Beauchemin and McGinn 2006; Janssen 2010). Enteric 
CH4 measurements from cattle fed tropical grasses seems to 
vary a lot (Table 1) but there is a general trend that MY and 
CH4 conversion factor (Ym: CH4 (MJ)/GEI (MJ)) are 
negatively related with diet quality and intake. 

The observed differences in MY and Ym within tropical diets 
highlight the limitation of applying universal equations in 
predicting enteric CH4 emissions and emphasise the need for 
more context-specific measurements, using local feed resources 
and local animal phenotypes to improve the accuracy of enteric 
CH4 calculation purposes and to inform development of more 
suitable mitigation strategies. 

Napier and Rhodes are the dominant grasses cultivated in 
East Africa. Napier grass is predominantly cultivated in cut 

Table 1. Animal phenotype, diet fed, methane yield (MY) and methane conversion factor (Ym) (mean ± s.e.m.) of cattle fed on different tropical 
diets. 

Cattle phenotype Diet NDF CP MY Ym Citation 
(g/kg DM) (g/kg DM) (g/kg DMI) (CH4 (MJ)/GEI (MJ)) 

Brahman steers Chloris gayana 718 89 30.4 ± 1.18 0.096 ± 0.0058 Hunter (2007) 

Brahman steers Dichanthium aristatum 753 24 26.4 ± 1.18 0.087 ± 0.0058 Hunter (2007) 

Brahman and Chloris gayana dominated 721 70 30.1 ± 2.19 0.092 ± 0.0071 Tomkins et al. (2011) 
Bemont red steers pasture 

Brahman steers Heteropogon contortus 743 33 19.2 ± 1.13 0.060 ± 0.0033 Kennedy and 
Charmley (2012) 

Brahman steers Cenchrus ciliaris 699 62 21.67 ± 0.90 0.069 ± 0.0030 Kennedy and 
Charmley (2012) 

Brahman steers Bothriochloa insculpta 697 37 21.5 ± 0.99 0.068 ± 0.0032 Kennedy and 
Charmley (2012) 

Brahman steers Astrebla lappacea and 667 40 17.3 ± 0.48 0.055 ± 0.0015 Kennedy and 
Astrebla elymoides Charmley (2012) 

Brahman steers Chloris gayana 683 15.5 19.0 ± 2.23 0.060 ± 0.0028 Kennedy and 
Charmley (2012) 

Brahman steers Digitaria eriantha + crop residues – 115 22.8 ± 1.01 0.073 ± 0.0020 Chaokaur et al. (2015) 

Brahman steers Urochloa mosambicensis 770 31 19.5 ± 1.4 0.058 ± 0.35 Perry et al. (2017) 

Boran steers Chloris gayana fed at restricted 783 67 29.0–31.2 ± 0.81 0.091–0.101 ± 0.0023 Goopy et al. (2020) 
intake levels 
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and carry systems, whereas Rhodes is commonly grown for 
hay. Napier grass is grown extensively in East Africa because 
of its high biomass yield (up to 60 t DM/ha.year), wide 
ecological adaptation, ease of propagation and persistence 
(Anindo and Potter 1994). However, in recent years, its 
productivity has been compromised by smut and stunt 
diseases that reduce yields by up to 60% (Farrell et al. 2001; 
Jones et al. 2004). This has led to researchers looking into 
suitable alternative species that could perform similarly in 
the region. Recently, improved Brachiaria grass varieties, 
(originally native to Africa) have been re-introduced to East 
Africa from South America (Djikeng et al. 2014; Ghimire 
et al. 2015), where they are being used extensively in beef and 
dairy production (Holmann et al. 2004). Initial experimental 
work on the introduced varieties in East Africa has focussed 
mainly on agronomic aspects and laboratory-based feed 
measurements (Ondiko et al. 2016). Longer-term studies 
comparing biomass yield, chemical composition, animal 
performance, enteric CH4 production and land requirements 
of the different locally available grasses relative to the newly 
introduced Brachiaria grass varieties are needed to fill these 
knowledge gaps. 

The objectives of the present study were to quantify 
biomass yield of two commonly grown tropical grasses in 
East Africa, in comparison to newly introduced Brachiaria, 
and to evaluate growth and enteric CH4 production in 
cattle fed ad libitum on the three grass species. We evaluated 
the agronomic performance of each grass by using our 
experimental results to model pasture resource requirements 
and enteric CH4 production of animals fed to reach a 
pre-determined weight. Because the three tested grasses 
were grown and managed under the same conditions, we 
expected minimal differences in the fodder quality and, 
therefore, we hypothesised that (1) voluntary intake, total-
tract digestibility and ADG would not differ among the 
treatment groups, (2) daily enteric CH4 production, MY and 
Ym do not differ among treatments, and (3) the amount of 
land required to grow fodder needed to feed growing Boran 
steers to a predetermined weight gain, and cumulative 
enteric CH4 produced do not differ for the three grass 
treatments. 

Materials and methods 

Study site and climate 

This study consisted of two parts: 

(a) An agronomic trial to assess growth and composition of 
three locally available tropical grasses undertaken over 
a 2-year period, and 

(b) An animal feeding experiment to evaluate growth and 
enteric CH4 production from steers fed solely on each 
of the cultivated grasses. 

Both trials were conducted concurrently at the Mazingira 
Centre of the International Livestock Research Institute 
(ILRI) Nairobi, Kenya (1.27102359S, 36.72329510E; 
1795 m above sea level). The area receives about 980 mm 
of rain annually and mean annual temperature of 17.5°C 
(Pelster et al. 2016). Temperature and rainfall data were 
recorded from an on-site weather station described by Zhu 
et al. (2018). The agronomic trial was conducted from 
March 2018 to March 2020 and the animal experiment 
between May and November 2018 (Table 2). 

Grass establishment and biomass yield 
measurements 

The three experimental grasses, namely, Cenchrus purpureus 
var. Kakamega 1 (Napier grass, NG), Chloris gayana var. 
Boma (Rhodes grass, RG) and Urochloa brizantha var. 
Xaeres (Brachiaria grass, BG) were established on newly 
cultivated land that had previously been used for intermittent 
grazing for 12 years, colonised mainly by Cynodon 
plectostachyus and RG. The field was prepared 3 months 
prior to planting of the experimental grasses by disc 
ploughing to a depth of 0.3 m and was harrowed 1 month 
later. The field was then divided along the slope into three 
plots, two measuring 15 000 m2 each where RG and BG 
were established, and the third 10 000 m2 where NG was 
established. Rhodes grass seeds were sown in furrows 3 cm 
deep, with inter-row spacing of 0.4 m, whereas NG was 
planted in rows using cuttings with a spacing of 0.5 m 
between plants and 1 m between rows. Brachiaria seedlings 
were planted in rows with a spacing of 0.3 m between 
plantings and 0.8 m between rows. A buffer zone of 1 m 
was maintained in between the plots. The grasses were 
initially established in May 2017 and gap-filling using 
stolons was undertaken in March 2018 because of high 
plant mortality in the three grasses (>50%), after which 
biomass yield measurements were started, continuously for 
24 months. The grasses relied mainly on rainfall and were 
irrigated only during drier than average periods to simulate 
average precipitation to prevent undue water stress. The RG 
and BG plots were divided into five equal blocks each, 
whereas the NG was divided into four, along the contour. 
The initial cut for the three grasses was then conducted in a 
staggered manner, with a 14-day interval from one block to 
another to ensure that the grass forages harvested during 
the trial were at a similar stage of growth throughout the 
animal experiment. Each block provided fodder for six 
steers for 14 days in the respective treatment groups. 
Napier grass was harvested and fed to the animals at 
56 days of regrowth, whereas RG and BG were harvested at 
70 day cycles because NG grew faster than did the other 
two grasses and attained the recommended harvesting 
height (~1 m) earlier. Grasses were harvested manually 
using either a machete or brush cutter (RG). 
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Table 2. Timeframe and respective seasons (wet or dry) over the period when the agronomic study and the animal experiment described in the 
present study were conducted. 

2018 2019 2020 

March– May– July– Sept– Nov– Jan– March– May– July– Sept– Nov– Jan– March– 
April June Aug Oct Dec Feb April June Aug Oct Dec Feb April 

Experiment Wet Wet Wet/dry Dry Dry Wet Wet/dry Dry Wet/Dry Dry/wet Wet Wet Wet 

Agronomic study × × × × × × × × × × × × × 

Animal experiment 

Period 1 × × 

Period 2 × × 

For the assessment of biomass yield, three-quadrats 
measuring 1.5 × 2 m, 1.2  × 2.4 m and 1 × 1 m for NG, BG 
and RG treatments respectively, were selected randomly 
within the respective blocks during each round of harvests 
and the aboveground biomass down to 2 cm above the soil 
harvested. Fresh biomass was weighed with a digital mini 
crane scale (Model: HOS-02, Zhejiang Haoyu Industry & 
Trade Co. Ltd, Zhejiang, China) and the weights were recorded 
in a field notebook. The fodder was homogenised by quadrat 
and 1 kg of the harvested material sampled and chopped to 
3–5 cm lengths. This was again homogenised and a subsample 
of ~300 g was picked and packed into paper bags prior to 
transferring to the laboratory for drying at 50°C for 72 h. 
Dried samples were then ground using a hammer mill (MF 
10 basic, IKA, Werke GmbH & Co. KG, Staufen, Germany) 
fitted with 1 mm sieve and dried again at 105°C for 24 h in 
an air-forced oven to obtain the true DM. Biomass yield per 
quadrat on a DM basis was determined as follows: 

Biomass yieldðA; kg per  haÞ= FMðkgÞ × DM at 50ð%Þ � �
10000 

× DM at 105ð%Þ × 
Quadrat area 

where FM is total fresh forage weight as harvested; DM at 
50 is the percentage DM obtained after drying samples at 
50°C and DM at 105 is the percentage DM obtained after 
dying the pre-dried samples at 105°C. Biomass yields were 
extrapolated to per hectare basis by multiplying the output 
by 10 000 m2 (1 ha) divided by the area of the quadrat 
harvested in square metres. 

During each harvest, the yields obtained in the three 
quadrats (A) were averaged to estimate biomass yield in 
each block (B; n = 4 for Napier, and n = 5 for Rhodes and 
Brachiaria), these being replicates at plot level (grass) but 
biased on time. At plot level (C), yields in each harvest 
cycle (n = 6 for Napier and n = 5 for Rhodes and Brachiaria 
per year) were obtained by averaging block yields (B) over 
each harvest cycle. Total biomass yields (D) for Year 1 and 
Year 2 of measurements were obtained by summing yields 
(C) in the harvest cycles in each year, and the mean annual 
yield over the 2 years was obtained by summing the yields 
from the 2 years and dividing by two. 

Experimental animals and housing 

The experimental design was reviewed and approved 
by the institutional animal care and use committee of ILRI 
(approval no: IACUC-RC2017-15). Boran steers [n = 18; 
initial liveweight (LW): 216 ± 5.8 kg; age: 18 ± 2 months 
mean ± s.e.m.)] that were sourced from ILRI Kapiti 
Research Station located about 60 km south-east of Nairobi 
were used. On arrival at the experimental facility, the animals 
were treated with a pour on acaricide (Bayticol® Pour-On, 
Bayer New Zealand Ltd), drenched with albendazole 
anthelmintic (Albafas 10%, Norbrook Kenya Ltd, Nairobi, 
Kenya) and vaccinated against foot-and-mouth disease. 
The animals were ear-tagged and kept in a quarantine 
facility for 1 month before being released into paddocks 
where they were grazed on pastures dominated by Cynodon 
plectostachyus, for 8 months. Twenty-eight days prior to 
the commencement of the trial, the steers were moved to 
the experimental facility and housed in individual pens, 
initial LWs were taken, and the animals were drenched as 
previously described (see above) and placed on a pre-trial 
diet consisting of ad libitum chaffed RG hay with continuous 
access to clean water and mineral block (Afya Bora Ready 
Block, Unga Farm Care Ltd, Nairobi Kenya; elemental 
composition (%): calcium: 18.8; phosphorus: 2.8; sodium 
chloride: 31.2; magnesium: 0.09; manganese: 0.084 zinc: 
0.17; iodine: 0.0068; copper: 0.055; iron: 0.115; cobalt: 
0.0009, and selenium: 0.0004). 

Steers were stratified by LW then randomly allocated to 
three groups (A, B, C), each with six animals. The animal 
groups were then allocated randomly to either RG, NG or 
BG dietary treatment and the steers remained in the same 
treatments in both experimental periods. Two animals from 
each treatment group were allocated into one of the three 
management groups (Groups 1, 2, and 3), with animals in the 
same management group going through each measurement 
protocol at the same time. At any given time, two manage-
ment groups were housed in a partitioned open animal yard 
covered with sailcloth, in individual pens measuring 1.90 m 
by 2.87 m, while a third was housed in a fully enclosed and 
partitioned animal unit, with individual pens measuring 
1.0 m by 2.0 m, where total collections of faeces and urine 
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were undertaken. Each group was transitioned through the 
enclosed unit for apparent total-tract digestibility studies at 
an interval of 21 days. 

The feeding trial consisted of two feeding periods, with 
each feeding period lasting for 70 days and a wash-out 
period of 28 days in between where the animals were fed 
on the pre-trial diet (chaffed Rhodes grass hay). The period 
effect was designed to demonstrate the effect of season on 
pasture growth and quality, with the first feeding period 
coinciding with a rainy and, the second, a dry spell. 
One animal from the BG group was diagnosed with 
anaplasmosis 2 weeks prior to the end of Period 1 and was 
euthanised 1 week later because the animal continued to 
lose body condition even after treatment. As the disease 
compromised mean intake, the animal was excluded from 
the statistical analyses and treated as a missing value and a 
replacement animal was introduced during the second 
experimental period. Also, an animal from NG group 
contracted lumpy skin disease and was euthanised 2 days 
before the end of Period 2, but the animal’s data were 
included in the analyses because there was no evidence 
that the intake was affected. 

Feeding and data collection 

Steers were fed on fresh grass harvested from the 
experimental plots as described earlier in the text. Grasses 
were harvested each afternoon, transported to the animal 
facility, and chaffed to 2–4 cm the following morning 
prior to feeding. Daily feed intake throughout each period 
was determined as the difference between the grass 
offered and the refusals collected the following morning. 
Feed was offered at 110% of the net intake in the previous 
day in three equal tranches (0900 hours, 1200 hours, 
and 1600 hours) to minimise wastage from the feeding 
troughs. Orts were collected, weighed and recorded, then 
pooled by treatment, and samples were taken (~300 g) 
and stored  in zip-lock polythene  bags  at  −20°C. Samples 
of the feed offered (~300 g) were also taken on alternate 
days, put in polythene bags and stored as described for the 
refusals. Stored samples were thawed every 14 days, 
pooled by treatment for rations and refusals separately 
and a representative subsample (~300 g) was transferred 
to labelled paper bags. Fresh weights were recorded 
then  dried  in an air-forced  oven (Genlab  Oven, Genlab  
Ltd, UK) at 50°C for  96  h before the  final weight was 
recorded. Steers’ LW measurements were taken twice 
weekly before morning feeding, by using a digital animal-
weighing scale (Gallagher Weigh Scale W210, Australia; 
precision = 0.5 kg). 

Total faeces and urine collection 

Total collection of urine and faeces was conducted the 
week after the enteric-CH4 measurement, for each animal 

management group in each period. Faeces were collected 
from each pen at least every 2 h and aggregated every 
24 h in labelled buckets for each animal. Total faeces from 
each animal were weighed every morning at 0900 hours, 
homogenised by hand and a subsample of about 400 g 
(with the actual weight recorded) was transferred to 
labelled and pre-weighed aluminum foil trays for oven-
drying at 50°C for 96 h. The dried samples were then 
packed in zip-lock polythene bags and stored at room 
temperature pending further processing and analysis. 
Urine was collected continuously using urine collection 
bags over 7 days for N-balance calculations (data not 
presented). 

Enteric CH4 measurements 

Three open-circuit respiratory chambers (No Pollution 
Industries, Edinburgh, UK) were used to conduct measure-
ment of daily CH4 production (DMP; g/day) of the steers. 
Construction and operation of the chambers has previously 
been described in Goopy et al. (2020). In brief, chambers 
(3.08 m L × 1.50 m W × 2.00 m H) had an internal 
volume of 8.90 m3 and were equipped with individual 
environmental-control units. The internal chamber environ-
ment was set at 22°C and 50% relative humidity with 
internal air circulation of 220 L/s and exhaust were set at 
~18 L/s.  A  cavity  ringdown  laser absorption spectrometer  
(Picarro G2508 Analyzer, Santa Clara, CA, USA) was used 
to measure CH4 concentration (μg/g) of the inlet and 
exhaust airstreams of the chambers, with the instrument 
taking a sample from each chamber in succes-
ion, every 12 min. Air flow rate (L/s) was measured using 
a venturi apparatus with differential pressure transducers 
(Model DP 2500-R8-AZ, Johnson Controls Inc.). Daily CH4 

production was calculated as total volume of air flow 
through the chamber multiplied by the net mean CH4 

concentration over each measurement event. Enteric CH4 

production was determined over ~22.5 h extrapolated to 
24  h by applying the  mean  concentration of CH4 and air 
flow over the last 3 h of the measurement applied to the 
final 1.5 h. Measurements were conducted on three 
separate, alternate days for each animal in both feeding 
periods, blocked by chamber. Recoveries for CH4 were 
measured for each chamber at the start and at the end of 
every measurement period by injecting known amounts 
of CH4 into the chamber by using a gas-phase titration 
unit (Environics 4020, Environics Inc., Tolland, USA) and 
measuring CH4 concentration in the  exhaust air  at  
equilibrium. Recoveries were 96 ± 2.6% during the first 
phase of the experiment and 76 ± 0.49% during the 
second period (due to deterioration of the rotor seal in the 
16-port distribution manifold of the analytical instrument). 
Recovery losses were corrected for arithmetically. 
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Sample analyses 

Dried feed and faecal samples were ground through a hammer 
mill fitted with 1 mm sieve and analysed as follows: true DM 
was determined at 105°C for 24 h in an air-forced oven, while 
ash was determined by combustion in a muffle furnace 
at 550°C for 4 h (Heraeus M110 muffle furnace, Heraeus 
Holding GmbH, Hanau, Germany) according to AOAC 
methods (Association of Official Analytical Chemists (AOAC) 
1990, Method no. 924.05). Feed and refusal samples were 
analysed for neutral detergent fibre (NDF) and acid 
detergent fibre (ADF; Association of Official Analytical 
Chemists (AOAC) 1990, Method no. 6.5.1 and Method no. 
6.5.2 respectively), by using an Ankom200 fibre analyser 
(Ankom Technology Cooperation, Fairport, USA) with alfa-
amylase enzyme. Total nitrogen (N) content in the samples 
was determined by the Kjeldahl procedure (Association of 
Official Analytical Chemists (AOAC) 1990, Method no. 
988.05) using selenium catalyst tablets, and CP was deemed 
to be total N multiplied by a factor of 6.25. Gross-energy 
content of feed was determined by bomb calorimetry (Par 
6300, Par Instruments). Apparent total-tract digestibility of 
the diets (%) for DM, organic matter (OM), NDF, ADF and CP 
was calculated by subtracting the total amount of nutrients 
excreted in faeces from the respective amounts ingested 
and dividing the difference by the net nutrient intake. 

Estimation of land requirements for fodder 
production and enteric CH4 production 

The data from grass production, plus intake, LW gain and DMP 
measured during the animal experiment were used to estimate 
land-area requirements for fodder production and total enteric 
CH4 production during the period required to bring animals 
to a pre-determined market weight for each of the three 
experimental grasses. These estimates were then used as 
indicators of resource use efficiency. Assuming an initial LW 
of 216 kg and a market weight of 350 kg, we used the mean 
ADG of each treatment group to estimate days on feed 
required to reach market weight. For the estimation of DMP, 
LW on any given day was deemed to be the ADG plus the 
LW in the previous day (Eqn 1) and was used to set daily 
DMI where this was estimated according to Eqn 2 below. 
Daily CH4 production was deemed as the product of DMI 
and mean MY (Eqn 3) for the respective grasses. Total 
calculated feed intake was increased by 10% as an allowance 
for wastage, in calculating total biomass requirement. 

LWðkgÞ = Previous day’s LWðkgÞ + ADGðkgÞ (1) 

DMIðkgÞ = LWðkgÞ 
× DMI intake rateðas a proportion of LWÞðkgÞ (2) 

DMPðgÞ = DMIðkgÞ × MYðg CH4=kg DMIÞ (3) 

where LW is estimated daily LW; ADG is the ADG per 
treatment; DMI is estimated daily DM intake and MY is 
methane yield. 

Land needed to produce the amount of feed required for 
each fodder type was estimated by Eqn 4, as follows: 

� � 
kg nYield ×year 365 

Land size ðm2Þ = × 10 000 (4)
Feed required 

where yield is the amount of annual biomass yield per hectare 
for each grass species; n is the number of days needed by the 
animals per treatment to reach final LW and feed required is 
the net DMI adjusted for 10% losses. 

Total enteric CH4 production was calculated as being the 
sum of DMP over the number of days required to reach 
market weight. Methane intensity was defined as total CH4 

produced divided by the LW gain (g CH4/kg weight gain). 

Data analyses 

Statistical analyses were performed using R 3.5.3 
(R Development Core Team, USA). All dependent variable 
data were first checked for normality by plotting normal 
quantile–quantile plots in R. For the agronomic trial data, a 
linear mixed model was fitted, as follows: 

Yijk = μ + Gi + Hj + Gi × Hj + Bk + eijk 

where Yijk is annual biomass yield, μ is the overall mean 
biomass yield, G is grass species (i = 1–3), H is year of 
harvest (j = 1–2), Gi × Hj grass species by year interaction, 
Bk is the random effect of block (j = 1–5) and eijk is the 
residual error. The chemical composition in the diets was 
analysed by fitting the following model: 

Yij = μ + Di + Pj + Dj × Pj + eij 

where Yij is the dependent variable, μ is the overall mean of 
the variable, D is diet (i = 1–3), P is period (j = 1–2), Di × Pj is 
diet by period interaction, and eijk is the residual error. 

For the animal trial measured parameters (intake, apparent 
total-tract digestibility, ADG, DMP, MY and Ym), a linear 
mixed model was used, as follows: 

Yijk = μ + Di + Pj + Di × Pj + Ak + eijk 

where Yijk is annual biomass yield, μ is the overall mean 
biomass yield, D is diet (i = 1–3), P is period (j = 1–2), 
Di × Pj is Diet × Period interaction, Ak is the random effect 
of animal identity (j = 1–12) and eijk is the residual error. 
ANOVA Type 3 analysis was then used to test the effect of 
fixed factors in the models fitted and where interaction was 
not significant, this was dropped from the model. Least square 
means were calculated using ‘lsmeans’ package (Lenth and 
Lenth 2018) and Tukey’s method was used to separate 
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means employing ‘Multicompview’ package (Graves et al. 
2015) in R. Level of significance was determined at P = 0.05. 

Results 

Grass composition and biomass yield 

Chemical composition of the three grasses is presented in 
Table 3. The DM concentration of all grasses was higher in 
Period 2 than Period 1 (P < 0.001), with NG consistently 
having lower (P < 0.001) DM than the other two grasses 
over the two periods. Napier grass also had lower (P < 0.001) 
OM and GE concentration in both feeding periods than did 
the other two diets that did not differ from each other. 
Fibre concentration in all the grasses was higher (NDF: 
P = 0.006) and ADF P = 0.0035) in Period 1 than in Period 2, 
with RG having a higher NDF concentration than the other 
two grasses in both periods. 

Rhodes grass yielded the lowest (P < 0.001) mean 
cumulative DM biomass per annum compared with NG and 
BG, which did not differ from each other (Table 3). Biomass 
yields for all the three grasses were higher (P < 0.001) during 
the first year than in the second year of measurements (data 
not shown). 

Feed intake and weight gain 

There was a significant (P < 0.001) interaction between 
species and period with respect to mean DMI (over the 
65 days of measurement; Table 4) and the interaction 
persisted even when expressed on a NDF basis (P = 0.0226). 
Thus, all further results are reported by period. DMI did not 
differ (P = 0.27) among dietary groups in Period 1 but 
animals fed on RG had a higher (P = 0.0055) intake than 
did those fed on BG, but not NG, in Period 2. Grass species 

influenced CP intake significantly (P = 0.0093) in Period 1, 
with animals fed on RG having a lower intake than for 
steers fed on NG. However, the CP intakes in Period 2 were 
similar (P = 0.17) across the three dietary groups. The OM, 
NDF and ADF intakes by animals fed on RG were higher 
(P < 0.05) than those of animals fed on the two other diets 
in Period 2, but there was no difference among the diets in 
Period 1 (Table 4). Whereas there was no difference 
(P = 0.1) among the diets in the GE intake in Period 1, RG 
animals had a higher (P = 0.0011) intake than did those on 
the two other diets in Period 2. The ADG of animals fed on 
RG tended to be lower (P = 0.09) than that of animals fed 
on NG and BG in Period 1, but ADG did not differ 
(P = 0.99) among the diets in Period 2 (Table 4). Animals 
fed on RG had a higher ADG in Period 2 than in Period 1 
(P = 0.02). Initial LWs were 214 ± 6.9 versus 242 ± 7.7 kg, 
while the final weights were 243 ± 9.0 versus 276 ± 9.5 kg 
for Periods 1 and 2 respectively. 

Apparent total-tract nutrient digestibility 

The period and period by species interaction effects on DM, 
OM, CP, NDF and ADF nutrient digestibility were not 
significant (P > 0.05) and, as such, the results are presented 
as a mean for the two periods (Table 5). The DM and OM 
apparent total-tract digestibility of steers fed on RG was 
lower (P < 0.05) than that of animals fed on NG, but not 
different from that of animals fed on BG (Table 5). Feeding 
of RG also resulted in a lower (P < 0.05) CP digestibility 
than did feeding of NG and BG, with no difference between 
the latter two diets. 

Enteric methane production 

Steers fed on NG treatment had higher (P > 0.05) DMP, CH4 
per OM intake and Ym than did those fed on RG, but were not 

Table 3. Chemical composition and biomass yield of Cenchrus purpureus var. Kakamega 1 (Napier), Chloris gayana var. Boma (Rhodes) and Urochloa 
brizantha var. Xaeres (Brachiaria) (n = 4) fed to growing Boran steers ad libitum over two feeding periods each lasting for 70 days. 

Grass Napier Rhodes Brachiaria PSEM P-value 
species Period 1 

n = 5 
Period 2 
n = 5 

Mean 
n = 10 

Period 1 
n = 5 

Period 2 
n = 5 

Mean 
n = 10 

Period 1 Period 2 
n = 5 n = 5 

Mean 
n = 10 

Species Period (P) 
(S) 

S × P 

DM (g/kg) 124c 200b 162Z 240b 316a 278X 218b 294a 256Y 8.3 <0.001 <0.001 <0.001 

OM (g/kg DM) 854b 845b 850Y 897a 888a 893X 889a 881a 885X 4.3 <0.001 0.0152 0.50 

CP (g/kg DM) 92.3 85.6 88.9X 80.2 73.5 76.8Y 86.4 79.7 83.0X,Y 4.02 0.007 0.0258 0.18 

NDF (g/kg DM) 678b,c 649c,d 664Y 709a 680b,c 695X 682b,c 654c,d 668Y 6.7 0.001 0.0002 0.29 

ADF (g/kg DM) 407a 358b 383X,Y 411a 362b 386X 394a 345b 370Y 4.1 0.0215 <0.001 0.80 

GE (MJ/kg DM) 16.1b 15.9b 16.0Y 17.1a 16.8a 17.0X 17.0a 16.7a 16.8X 0.10 <0.001 <0.001 0.006 

Biomass yield 44.4a 19.4b 36.6a 9.08 <0.001 
(t DM/ha year) 

Least-square means and pooled standard errors of the mean (PSEM) are displayed. 
Within a row, least-square means without a common letter differ significantly (at P = 0.05), with the lowercase letters used for between-period comparisons and 
uppercase letters for grass species mean comparisons. Means at species level over the two periods have been bolded in the table. 
DM, dry matter; OM, organic matter; CP, crude protein; NDF, neutral detergent fibre; ADF, acid detergent fibre; GE, gross energy. 
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Table 4. Mean daily nutrient (kg/100 kg LW) and gross-energy intake (GEI; MJ/100 kg LW) of Boran steers fed on Cenchrus purpureus var. 
Kakamega 1 (Napier), Chloris gayana var. Boma (Rhodes) and Urochloa brizantha var. Xaeres (Brachiaria) over two feeding periods, each lasting 
for 70 days. 

Parameter Rhodes Napier Brachiaria P-value 
n Period 1 Period 2 Mean Period 1 Period 2 Mean Period 1 Period 2 Mean s.e.m. Species Period S × P 

6 6 12 6 6 12 5 6 11 (S) (P) 

Intake as fed 9.97c 8.62b 9.26Y 15.95a 13.47a 14.62X 11.75b 8.51b 10.13Y 0.300 <0.0001 <0.0001 0.0046 

DMI 2.28b 2.64a 2.45 2.24b 2.47a,b 2.34 2.41b 2.34b 2.37 0.057 0.36 0.0005 0.0008 

OMI 2.04b 2.34a 2.18X 1.91b 2.08b 1.98Y 2.14a,b 2.04b 2.08X,Y 0.050 0.04 0.003 0.0008 

CPI 0.187b 0.203a,b 0.194Y 0.219a 0.201a,b 0.208X 0.209a,b 0.213a,b 0.211X 0.0048 0.0480 0.95 0.0016 

NDFI 1.60b 1.77a 1.68X 1.48b 1.61b 1.54X,Y 1.64b 1.44c 1.53Y 0.0392 0.0207 0.23 0.0001 

ADFI 0.92a 0.921a 0.917X 0.89a 0.865a 0.871X,Y 0.93a 0.710b 0.815Y 0.0228 0.0078 0.0001 0.0001 

GEI 39.1b 44.3a 41.5X 36.4b 39.0b 37.4Y 40.6a,b 39.3b 39.9X,Y 0.946 0.0217 0.0062 0.0026 

ADG (g) 368 479 403 425 471 447 477 476 471 35.8 0.41 0.013 0.08 

Within a row, least-square means without a common letters differ significantly (at P = 0.05), with the lowercase letters used for between-period comparisons and 
uppercase letters for grass species mean comparisons. Means at species level over the two periods have been bolded in the table. Supplementary material is italicised. 
Median LW in each period used. 
DMI, dry-matter intake; OMI, organic-matter intake; CPI, crude-protein intake; NDFI, neutral detergent-fibre intake; ADF, acid detergent-fibre intake; ADG, average 
daily gain; PSEM, pooled standard error of the mean. 

Table 5. Nutrient intake and apparent total-tract digestibility of Boran steers fed on either Cenchrus purpureus var. Kakamega 1 (Napier), Chloris 
gayana var. Boma (Rhodes) or Urochloa brizantha var. Xaeres (Brachiaria) over two feeding periods, with the measurements lasting for 7 days. 

Parameter Rhodes Napier Brachiaria PSEM P-value 

(n = 12) (n = 12) (n = 11) Species Period Species × Period 

Intake (kg/100 kg LWA) 

DMI 2.30 2.29 2.31 0.078 0.96 0.073 0.09 

OMI 2.03 1.94 2.03 0.069 0.51 0.23 0.10 

CPI 0.193 0.214 0.208 0.0111 0.37 0.35 0.97 

NDFIA 1.59 1.51 1.51 0.056 0.48 0.77 0.0174 

ADFIA 0.859 0.859 0.798 0.0287 0.16 0.0023 0.0227 

Apparent digestibility (%) 

DM 54.3b 61.3a 58.6a,b 1.31 0.0046 0.27 0.82 

OM 57.1b 64.0a 61.0a,b 1.37 0.0076 0.34 0.64 

CP 59.1b 67.7a 65.7b 1.52 0.0021 0.092 0.36 

NDF 58.9 63.6 61.3 1.51 0.10 0.51 0.81 

ADF 55.1 61.4 56.3 1.94 0.064 0.14 0.72 

Within a row, least-square means without a common letters differ significantly (at P = 0.05). 
AMedian LW in each period used. 
DM, dry matter; OM, organic matter; CP, crude protein; NDF, neutral detergent fibre; ADF, acid detergent fibre; ADG, average daily gain; PSEM, pooled standard error 
of mean. 

different from those fed on BG (Table 6). However, when CH4 Land requirements for fodder production and 
enteric methane production was expressed per unit DMI (P = 0.26), DOMI (P = 0.77) 

or weight gain, there were no differences among the 
three diets. There was a grass species by period interaction Steers fed on RG took more days to reach target LW than did 
effect (P = 0.021) and period effect (P = 0.048) on DMP the steers fed on either NG or BG diets (46 and 34 days 
(CH4 g/day), with emissions in Period 2 being higher than respectively; Table 7). The amount of RG fodder required to 
those in Period 1 in RG and NG diets. feed a growing animal over the estimated growth period 
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Table 6. Daily methane production (DMP), methane yield (MY), methane conversion factor (Ym) and methane emission intensity of Boran steers 
fed on Cenchrus purpureus var. Kakamega 1 (Napier), Chloris gayana var. Boma (Rhodes) and Urochloa brizantha var. Xaeres (Brachiaria) on ad libitum 
basis over two feeding periods, with each period lasting for 70 days. 

Parameter Rhodes Napier Brachiaria PSEM P-value 

(n = 12) (n = 12) (n = 11) Species Period Species × Period 

DMP (CH4 g/day) 161a 184b 164a,b 6.9 0.048 0.0001 0.021 

MY (CH4 g/kg DMI) 26.7 28.5 27.5 0.77 0.26 0.65 0.70 

CH4 per kg OMI (g) 30.2a 33.9b 31.5a,b 0.88 0.023 0.37 0.75 

CH4 per kg DOMI (g) 52.9 53.2 51.7 1.57 0.77 0.84 0.39 

CH4 per kg ADG (g) 407 437 364 41.1 0.46 0.82 0.57 

Ym (CH4 (MJ)/GEI (MJ) 0.087a 0.099b 0.090a,b 0.0025 0.015 0.47 0.80 

Within a row, least-square means without a common letters differ significantly (at P = 0.05). 
CH4, methane; DMI, dry-matter intake; OMI, organic-matter intake; DOMI, digestible organic-matter intake; ADG, average daily weight gain; GEI, gross-energy intake. 

Table 7. Animal performance, fodder requirements, land size 
needed to produce the fodder and cumulative enteric-methane 
(CH4) emission by growing Boran steers fed on Cenchrus purpureus 
var. Kakamega 1 (Napier), Chloris gayana var. Boma (Rhodes) and 
Urochloa brizantha var. Xaeres (Brachiaria) modelled for growth, with 
an initial LW of 216 kg and finished at 350 kg. 

Parameter Rhodes Napier Brachiaria 

Animal performance 

Average daily gain (kg/day)A 0.403 0.449 0.468 

Days to reach target LW 333 299 287 

Feed and land requirements 

Daily intake (% of LW DM basis)A 2.45 2.34 2.35 

Forage DM content (%) 27.8 16.2 25.6 

Cumulative feed required to reach 2542 2181 2102 
target LW (kg DM) 

Forage biomass yield per 19 900 45 500 37 200 
ha per year (kg DM)B 

Land size required for fodder 1165.4 392.7 444.3 
production (m2)C 

Methane budget 

Cumulative CH4 produced (kg) 63.69 60.17 56.87 

Methane intensity (g CH4/kg ADG) 475 448 423 

AValues were obtained from the present animal-feeding trial. 
BYields were obtained from the present agronomic study. 
CSize of land required to grow grass sufficient to feed one animal fed ad libitum to 
grow from 216 kg until 350 kg. 
LW, liveweight. 

was about 20% higher than the amount needed for BG and NG 
diets over the same growth phase. Because of its low biomass 
yield per unit area among the three grasses, RG needed at least 
twice the size of land compared with that of the other two 
grasses to produce enough fodder that is needed. Feeding 
RG diet was also predicted to produce numerically the 
highest cumulative CH4 (kg) and CH4 intensity (g CH4 kg 
LW change) over the growth period, while the BG diet had 
the lowest estimates for the two parameters (Table 7). 

Discussion 

Grass biomass yield and fodder chemical 
composition 

Biomass yield of the three grass species under identical grow-
ing conditions varied dramatically, with RG in particular 
achieving only about half the yield of the other two species. 
Reasons for the difference were not investigated, but all 
grasses were grown under high-rainfall conditions, with 
supplementary irrigation provided to reduce water stress and 
help maintain a harvesting schedule. It is well recognised 
that RG is adapted to conditions of lower precipitation and 
is more tolerant of water stress (Cook et al. 2005) and thus 
it seems reasonable to postulate that the relative performance 
of the three species may differ considerably under different 
climatic conditions. Yields in all the three grasses were 
higher during the first year than in the second year and this 
could have been caused by the grasses being established in 
plots that had just been cultivated after 12 years of use as 
grazing field. Ploughing is known to stimulate soil OM 
(SOM) mineralisation (Sainju et al. 2007) and this could 
have led to increased nutrient availability for grass growth 
during the first year. Since no soil amendments were 
applied, the drop in yield in the second year could be an 
indication of slowdown of SOM mineralisation. 

The results of chemical composition reported here for the 
three experimental grasses were similar to those in other 
published studies in both chemical composition (Tran et al. 
2009; Archimède et al. 2018) and biomass yield (Kariuki 
et al. 1999; Arshad et al. 2016; Kifuko-Koech et al. 2016; 
Njarui et al. 2016). The higher fibre concentration in the 
grasses fed to the animals in Period 1 that coincided with 
the wet season (May–July 2018) compared with Period 2 
(September–November), which was relatively dry, was 
consistent with the findings of Habte et al. (2020) where 
they also observed higher NDF and ADF contents in different 
genotypes of Napier grass harvested during wet than in the 
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dry season. Because plant growing conditions were more 
favourable during the wet season, the grasses grew faster, 
indicated by higher biomass (Fig. 1) and taller height (data 
not reported), and therefore were likely to have deposited 
more fibre to support their stature (Pembleton et al. 2017). 
The lower CP in Period 2 could have been a result of a 
possible lower available N and moisture level in the soil 
than in Period 1, compromising uptake by the grasses 
(Agehara and Warncke 2005). 

Effect of grass species on intake 

Dry-matter intakes for the three grasses in Period 1 were 
similar and this was expected because there were minimal 
quality differences among the three diets offered to the 
animals. The higher NDF concentration in the diets fed 
to the animals in Period 1 than in Period 2 could have 
prolonged rumen retention time during this period and, 
hence, lowered voluntary intake (Ketelaars and Tolkamp 
1992). However, in Period 2, despite RG having a marginally 
higher NDF concentration than did the other two diets, 
animals fed on this diet had higher DMI and OMI, which was 
unexpected. With the mean DMI of about 2.3% and 2.5% of 
LW reported in Periods 1 and 2 respectively, the present 
results were consistent with intakes reported elsewhere where 
cattle were fed ad libtum on tropical grasses of comparable 
quality (Kurihara et al. 1999; Tomkins et al. 2011; Kennedy 
and Charmley 2012; Perry et al. 2017). 

Apparent total-tract nutrient digestibility and 
weight gain 

The lower DM and OM apparent total-tract digestibility 
observed for RG group than that for NG could be attributed to 
the lower CP digestibility in the forage fed to the animals, as 
DMI and fibre digestibility were not influenced by the 
treatment. Even though BG and RG were harvested at the 
same chronological stage, it is possible that harvested RG 
fodder was already more mature physiologically as evident 
by the higher NDF content in fodder harvested both in 
Period 1 and Period 2, and this could explain low protein 
digestibility (Sarmadi et al. 2016). Advancement in physio-
logical age in fodder is associated with an increased 
proportion of CP being bound to structural carbohydrates 
and this compromises its degradability and availability for 
microbial use in the rumen (Stone 1994). 

The similar ADG in all three treatment groups despite 
possible differences in CP degradability could be because 
energy and not CP was the first limiting nutrient to higher 
animal performance. At CP levels of 8–10% reported in the 
tropical grasses tested in present study, it is well documented 
that the first limiting nutrient to animal productivity on 
tropical grasses is often energy availability because of low 
digestibility (Moran 2005). It is also possible that the 
higher CP availability in NG and BG did not result in a 
significantly higher nutrient availability to support notably 

higher animal growth. Average daily weight gain of about 
0.5 kg observed in the present experiment agrees with 
findings from other studies reported in literature where 
growing animals were also fed on similar tropical grasses 
without any supplementation (Kariuki et al. 1998, 1999). 

Enteric methane production 

The treatment effect on DMP between periods was accounted 
for by the differences in DMI because the emissions were not 
different when expressed as MY and Ym. Animals fed on RG 
diet had a lower DMP than did those on the other two diets 
and this could be related to lower OM apparent total-tract 
digestibility, affecting substrate availability for microbial 
conversion to CH4. The similar MY among the three diets 
despite the differences in digestibility was in agreement 
with findings by Pinares-Patino˜ et al. (2003) who observed 
no difference in MY of cows grazing timothy grass at 
different phenotypic stages with varying OM digestibility 
(56.3–77.6%). However, this finding was contrary to the 
findings by Kennedy and Charmley (2012) and Montenegro 
et al. (2016) who observed a negative correlation (−0.21 
and −0.89 respectively) between MY and DM digestibility. 
However, it should be noted that unlike the latter two 
studies where the better-digested diets resulted in an 
increased DMI, this was not the case in the present study, 
suggesting similar rumen retention time among the three 
diets. The lower DMP and Ym by animals fed on RG, therefore, 
could have been a result of a lower amount of substrate per 
unit DMI for methanogens to convert to CH4. Our reported 
mean MYs (RG: 26.7 (24.7–28.8); NG: 28.5 (26.5–30.6); 
BG: 27.5 (25.4–29.7) [mean (range) g CH4/kg DMI] and Ym 

[RG: 0.0873 (0.0806–0.0940); NG: 0.0987 (0.0920–0.1054); 
BG: 0.0903 (0.0833–0.0973)] agree with values reported 
elsewhere in literature where cattle were fed on tropical 
grasses (Kurihara et al. 1999; Tomkins et al. 2011; Chaokaur 
et al. 2015; Archimède et al. 2018; Goopy et al. 2020). 
However, these figures were higher than what has 
been reported in some studies (Kennedy and Charmley 
2012: MY: 19.0–21.67; Ym: 0.055–0.069; Perry et al. 2017: 
MY: 19.5, Ym: 0.058) where animals were also fed tropical 
grasses of comparable quality to those used in the present 
study. Even though the explanation for the poor agreement 
of these parameters (YM and Ym) in animals fed on poor 
tropical grasses, diet-characteristic effects on rumen passage 
rate and fermentation pathways remain the most plausible 
source of these variations (Kennedy and Charmley 2012) 
and warrant further investigation. Our results were also 
higher than the current Intergovernmental Panel on Climate 
Change (IPCC) recommendations for cattle feeding on high-
forage diets (MY: 23.3 g/kg DMI and Ym: 7.0%; Gavrilova 
et al. 2019) and this could be a result of animal and diet 
differences in the two contexts (Kurihara et al. 1999). It is 
worth noting that temperate breeds of cattle used in the 
development of IPCC equations have been shown to have at 
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Fig. 1. (a) The daily mean air temperature (°C) and rainfall distribution (mm/day) at the experimental site, ILRI, Nairobi, and (b) biomass 
yields (t DM/ha year) of Cenchrus purpureus var. Kakamega 1, Chloris gayana var. Boma and Urochloa brizantha var. Xaeres measured over a 
2-year growth period (n = 3 plots per harvest and grass species). 

least 14% higher maintenance-energy requirements than for 
tropical cattle (Kurihara et al. 1999; Goopy et al. 2020). 
This, together with the higher gross-energy content in 
temperate grasses, could possibly lead to over-estimation of 
DMI in the tropical context and, hence, the lower MY and 
Ym than what we observed. 

Land requirements for fodder production and 
enteric CH4 production 

The numerically lower ADG of steers fed on RG than that of 
steers fed on NG and BG resulted in animals fed on this diet 
taking a longer time period to reach the target LW when 
animals were simulated to grow from 216 to 350 kg. 
Because of the longer animal growth period, the amount of 
feed and the size of land required were also higher than 
those for the other two diets. Because of the low biomass 
yield per unit area of RG compared with the other two 
grasses reported in the present study, this further confounded 
the bigger land-size requirements for the diet. The higher 
CH4 emissions and emission intensity for animals fed on 
RG diet equally can be attributed to the longer duration it 
takes for the animals to reach the target weight. The 
findings of this work suggested that more land is required 
to gain the same LW in growing cattle fed on RG than 
that required for those on NG and BG diets that were 
comparable. In terms of GHG emissions, feeding of RG diet 
would produce at least 5% more enteric CH4 than would 
the other two diets. 

Conclusions 

Feeding cattle improved Brachiaria grass species did not 
improve animal performance over the other commonly 
grown tropical grasses in East Africa, namel Rhodes and 
Napier, in terms of voluntary intake and weight gain. This 
suggests that the opportunity to improve livestock productivity 
in smallholder systems in East Africa, where feed and nutrient 
scarcity is often the main limiting factor, could lie in better 
management of available fodder resources and not necessarily 
in improved grass varieties and cultivars. More compelling 
from our findings were the high MY and Ym across the three 
grasses studied, notwithstanding that the animals were fed at 
production level. If this effect is confirmed, it could mean 
about a 20% underestimate of enteric-CH4 emissions from 
local cattle breeds in East Africa. More similar studies using 
local breeds of cattle and local feed resources are required to 
confirm these findings. Improved ruminant feeding practices 
that would lead to better utilisation of tropical grasses, 
better animal productivity and reduced enteric-CH4 emissions 
need to be explored to make smallholder cattle production 
more sustainable and to increase profit margins for the farmers. 
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