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Abstract 
Most sheep production systems are based on grazing medium to low quality grasslands, with or 

without supplements. In tropical areas, the inclusion of legume shrubs and trees like Leucaena (Leucaena 

leucocephala) in silvopastoral systems associated with grassland are an alternative to improve their 

productivity. An efficient way to test the impact of these innovations is by simulation models. Therefore, 

the objective was to validate the Pampa Corte model developed in Brazil adapted to sheep growth under 

Mexican conditions to simulate the effect of the inclusion of Leucaena in a silvopastoral system based on 

Guinea grass (Megathyrsus maximus cv. Tanzania). Three scenarios were simulated, T1 = 100% Guinea 

grass, T2= 80% Guinea grass + 20% Leucaena, and T3= 60% Guinea grass and 40% Leucaena on a dry 

matter basis. Validation of the model was with data from a previous experiment on lamb growth fed a 

total mixed ration. Evaluation was from lineal regressions of simulated results over observed data. Results 

showed a coefficient of determination (R
2
) of 0.94 between observed and estimated figures. The 

simulation model also showed that as the proportion of Leucaena increases in the silvopastoral system, 

the daily live weight gain (DWG) also increases. The model provided good results for lamb growth in 

silvopastoral systems based on Guinea grass with the inclusion of Leucaena and validated with data from 

feedlot lambs fed a total mixed ration, both for extensive silvopastoral systems with 20% Leucanea as for 

intensive silvopastoral systems with up to 40% of Leucaena inclusion. 

Keywords: Leucaena leucocephala; Megathyrsus maximus; Pelibuey hair sheep; silvopastoral 

systems, Pampa Corte simulation model. 
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Introduction  
Livestock rearing has a most important role in rural livelihoods and economies worldwide, 

particularly in developing countries (Herrero et al. 2012); where small ruminant (goats and sheep) 

production systems enable small-scale farmers to overcome poverty through a more inclusive economic 

growth thereby improving social equity (Makkar 2016). Sustainable intensification of livestock systems 

has been proposed as the way forward to increase their contribution to rural livelihoods, to meet the 

increased global demand for foods of animal origin, and to reduce their environmental footprint (Rao et 

al. 2015). Sheep production is an important activity in the agricultural economy of Mexico both by 

providing food for the farming families and their communities, as well as contributing to generate income 

from the sale of sheep and sheep products (Pérez-Luna et al. 2011). Sheep production in Mexico, has 

experienced substantial growth over the last decade, with a national sheep flock that increased from 8.1 to 

8.7 million head, and a growth in meat production from 54,830 t in 2010 to 65,150 t in 2020 (SIAP 2021), 

representing an 1.8% increase in sheep meet production per year, higher than the current rate of 

population growth in Mexico currently at less than 1.1%. However, this production does not meet internal 

demand so that Mexico imports every year between 14% (Hernández-Marín et al. 2017).  

Sheep production systems in Mexico therefore require changes and innovation to meet current and 

future demands through a sustainable intensification, as it has been shown that small improvements in the 

livestock systems of developing countries can have a high impact in enhancing productivity (Makkar 

2016). In the tropical areas of Mexico, sheep production has developed over the last 60 years towards 

mutton and lamb meat production through hair sheep breeds given their adaptation to the high 

temperatures and humidity of these areas (Quintanilla-Medina et al. 2018), based predominantly on the 

Pelibuey breed, but other hair sheep breeds as well, given their adaptability to a range of environmental 

factors, being hardy, with no seasonality in their reproduction, high prolificity, and parasite resistance as 

favourable traits (Chay-Canul et al. 2019).  

The best way to improve meat production in these hair sheep systems is by improving their feeding. In 

these areas, flocks graze pastures of low and medium quality tropical grasses, with or without other feed 

supplementation (Chay-Canul et al. 2011) and are subject to nutritional stress during the dry season when 

forage resources die out and are scarce as is common in tropical and subtropical areas of the world like 

Ethiopia (Gebre et al. 2020). The types of shrubs and feed additives are important for the growth of sheep 

in tropical grassland and rangeland system (Mukhongo et al 2014; Martinez et al., 2015). The inclusion of 

legume shrubs or trees as Leucaena leucocephala under a silvopastoral system improves the nutritional 

status of flocks and herds as these provide browse high in nutrients as protein, vitamins and minerals 

(Barros-Rodríguez et al. 2012), representing a viable alternative. Silvopastoral systems are a good 

example of sustainable intensification taking place to meet growing demands for livestock products 

(Murgueitio et al. 2014). There is a higher production and availability of better quality feed for livestock, 

which favours increased productivity and positive effects on biodiversity, health and animal welfare 

(Broom 2017). 

Mathematical models in agricultural research and planning are important because they support 

scientific information, it is also useful to forecast results in specific situations and conditions, 

mathematical models in animal nutrition and production enables the integration of scientific knowledge to 

develop tools for decision making to improve animal production (Tedeshi et al. 2010). These models are 

reliable and provide information to visualize different production alternatives, representing a first step in 

the strategic planning of production systems (Trevisan et al. 2009). In sheep production, simulation 

models predict nutritional requirements, as well as productive, reproductive and economic performance 

(Gebre et al. 2020). The Pampa Corte is a dynamic and mechanistic model developed in Brazil to 

simulate live weight gain in beef cattle (Silveira 2011); and validated for sheep production for conditions 

in Spain (Silveira et al. 2012). Its adaptation to sheep production systems in Mexico represents an option 

for the rapid and reliable estimation of growth under different feeding scenarios. Initially, the Pampa cut 

model was developed for cattle and adapted to simulate the growth of lambs in a dynamic and 

mechanistic way. The Pampa cut model has a high degree of precision in the weights of the sheep, until 

the sacrifice of the animal, one of the limitations is that it does not contemplate sanitary problems that the 

animals have.  

Therefore, the objective was to validate a simulation model of the productive performance of 

growing Pelibuey hair sheep in a silvopastoral system under tropical conditions based on Leucaena 

(Leucaena leucocephala cv. Cunningham) and Guinea grass (Megathyrsus maximus formerly Panicum 

maximum cv. Tanzania) and to evaluate the effect of the Leucaena inclusion. 
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Materials and methods 
Model 

The model developed by Silveira (2012) that simulates sheep growth was adapted to the conditions 

of this study. This model is divided in two sub-models: 1) feed intake and digestion based on Illius and 

Gordon (1991) and Sniffen et al. (1992), and 2) prediction of body weight change from equations by 

ARFC (1992) and CSIRO (2007). Detailed characteristics of the model are reported by Silveira (2012). 

The model was run on a proprietary spreadsheet programme. 

Data base for the validation of the Pampa Corte model 

Validation of the model was from a data base from a previous trial (Pérez-Luna et al. 2011) to 

evaluate growth and fattening of lambs kept in total confinement and fed total mixed rations. That trial 

took place in a tropical area at an altitude of 420 m, a warm sub-humid climate, with a mean overall 

annual temperature of 26 °C, and 990 mm rainfall, mostly in the summer (April – October) rainy season. 

 The trial used 30 entire male mixed bred lambs form Pelibuey, Dorper and Katahdin  hair sheep 

breeds with a mean live weight of 18.0 ± 3.0 kg, de-wormed previous to the trial and a multivitamin shot 

(vitamins A, D, and E) applied. Sheep were housed in a shaded (75% of the area) loose pen with free 

access to water at all times.  The trial lasted 90 days, divided in a 45 day growth stage 1 and 45 day 

fattening stage 2. Complete mixed rations made from maize straw, maize grain, wheat bran, soyabean 

meal, feather meal, and minerals were prepared for each stage, formulated to meet the nutrient 

requirements of sheep in each stage (NRC 2007). Feeding was at 8:00 and 16:00 h offering 10% more 

intakes recorded in the previous day to ensure ad libitum intake. Lambs were weighed every 7 days with 

an electronic portable weighbridge, and live weight changes expressed as daily weight gain (DWG) in 

g/lamb/day. Dry matter intake (g DM/lamb/day) was from the difference between offered and refused 

DM. Sheep gained a mean 21.0 kg over the 90-day trial representing a mean DWG of 233 g/lamb/day 

(Pérez-Luna et al. 2011). 

Simulation of the silvopastoral system 

Determination of the chemical composition of foliage (leaves and twigs) from Leucaena 

simulating browse and Guinea grass herbage from simulated grazing was following standard procedures. 

Dry matter (DM), crude protein (CP) and ashes followed AOAC (2004) methods. Acid detergent fibre 

(ADF) and neutral detergent fibre (NDF) were determined following methods by Van Soest (1967). 

Results from chemical analyses of feeds were used to simulate three levels of Leucaena inclusion 

in the system: T1 -100% Guinea grass, T2 – 80% Guinea grass + 20% Leucaena, and T3 – 60% Guinea 

grass + 40% Leucaena. The model generated three diets that met nutritional requirements of growing 

lambs (NRC 2007). 

Statistical analyses Lineal regressions were performed between observed data from Pérez-Luna et al. 

(2011) and the predicted values from the model. 

Results  
Model validation 

Simulation results for dry matter intake (DMI) of the trial reported by Pérez-Luna et al. (2011) 

showed a coefficient of determination (R
2
) of 0.75 (Figure 1); which indicates that the model was well 

calibrated and adjusts to reality. On the other hand, the simulated daily live weight gain (DWG) showed 

an R
2
 of 0.38 (Figure 2), indicating the need for a better calibration for this part of the model. 

The overall R
2
 of the simulation was 0.94 (Figure 3) higher than the R

2
 reported by Pérez-Luna et 

al. (2011) of 0.74 for observed results in their trial. This means that although a part of the model does not 

provide reliable estimates as the model over-estimates live weight gain results in relation to DMI. 

Simulation of the silvopastoral system 

Table 1 sows the chemical analyses of Guinea grass herbage and Leucaena foliage. Figure 1 shows 

the relationship between observed dry matter intake (DMI) and simulated DMI. Figure 2 shows results of 

the simulation between observed daily live weight gain (DWG) and predicted DWG, and Figure 3 shows 

the relationship between simulated dry matter intake and daily live weight gains. Figures 4A, 4B, and 4C 

show the simulated dry matter intake (DMI) over time (4A), daily live weight gain (DWG) over time (4B) 

and over DMI (4C); and Figure 5, show the relationship between DWG and DMI. Besides the good fit 

between observed and predicted values, the simulated scenarios showed that as the proportion of 

Leucaena increased in the diet, DWG increased. 
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Table 1. Chemical composition of Leucaena (Leucaena leucocephala) and Tanzania Guinea grass 

(Megathyrsus maximus) 
 Leucaena leucocephala  Megathyrsus maximus 

DM, g/kg DM 930 896 

CP, g/kg DM 252 81 

Ash, g/kg DM 107 129 

EE, g/kg DM 68 18 

NDF, g/kg DM 514 760 

ADF, g/kg DM 362 468 
DM= Dry matter, CP= Crude protein, EE= Ether extract, NDF= Neutral detergent fibre, ADF= Acid detergent fibre. 

 

Fig 1. Observed and simulated dry matter intake (DMI) 

 

Fig 2. Observed and simulated daily live weight gain (DWG). 
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Fig 3. Relationship between simulated dry matter intake (DMI) and daily live weight gain (DWG). 

 

 

 

 Fig 5. Relationship between daily live weight gain (DWG) and dry matter intake (DMI). 

 

y = (0.1868x + 29.334) 

R² = 0.932 

140

160

180

200

220

240

260

600 700 800 900 1000 1100 1200

D
W

G
 s

im
u

la
te

d
 (

g
/l

am
b

/d
ay

 

DMI (g DM/lamb/day) 



Rebollo-Morales et al 2021/ J. Livestock Sci. 12: 246-254 

251 
 

 

 

 

T1: 100% Guinea grass; T2: 80% Guinea grass and 20% Leucaena; T3 : 60% Guinea grass and 40% Leucaena 

 

Fig 4. Simulated dry matter intake (DMI) over time (4A), daily live weight gain (DWG) over time (4B) 

and over DMI (4C) 
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finished at 45 days of the Aragonesa and Churra Tensina breeds with R
2
=0.87 and R

2
=0.92, respectively. 

On the other hand, regression results of the simulated DWG values over those observed were similar to 

reported by Silveira et al. (2012), where simulations over observations on live weight gain for lambs over 

60 days old had R
2
 values of 0.70 for Aragonesa breed and 0.77 for the Curra Tensina breed. 

These results show that the model, developed for extensive sheep production systems (Silveira et 

al., 2012), it does provide acceptable results for silvopastoral systems based on Guinea grass with the 

inclusion of Leucaena, and validated with data from feedlot lambs fed a total mixed ration. 

Simulation of the silvopastoral system 

Results for chemical composition of Guinea grass and Leucaena are similar to those observed in 

the study area. Jiménez-Santiago et al. (2019) reported for Guinea grass higher values for CP (124 g/kg 

DM) and ADF (490 g/kg DM), but lower in NDF (712 g/kg DM); while Leucaena was lower in CP (261 

g/kg DM) and higher in NDF (462) than values reported herein. Barros-Rodríguez et al. (2012) reported 

higher contents of CP (291 g/kg DM) and lower NDF (372 g/kg DM) in Leucaena, and higher CP content 

(114 g/kg DM) and lower NDF (627 g/kg DM) in Guinea grass; and Villanueva-Partida et al. (2019) 

observed lower concentrations of NDF for Leucaena (376 g/kg DM) and Guinea grass (552 g/kg DM) 

with CP values similar to the work herein reported. 

In terms of DMI and DWG, simulated results indicate that T3, a 60 Guinea grass: 40% Leucaena 

proportion, is the best option. However, when the metabolizable energy (ME) content of the diet is higher 

than 11 MJ ME/kg DM, DMI decreases which may affect the simulation of daily live weight gain 

(Silveira et al., 2012). 

Results herein reported where there is higher DWS as the proportion of Leucaena increases in the 

diet, are in agreement with reports by Boughalmi et al. (2014) in that lambs in silvopastoral systems that 

included Leucaena had higher live weight gains than those without Leucaena but supplemented with 

commercial concentrate. These authors also reported that the meat had a more beneficial profile of fatty 

acids when Leucaena was included in the diet. 

Results presented were validated with data from a feedlot experiment. However, in under grazing 

conditions, the model may be adapted to simulate sheep behaviour, in terms of preference for grazing and 

occasional browsing Brand (2000). Candelaria-Martínez et al. (2017) reported that Leucaena comprised 

20% of available biomass in extensive tropical silvopastoral systems where Leucaena is the main browse 

shrub. This would mean that T2, with 20% inclusion of Leucaena, better simulates forage conditions for 

sheep in these silvopastoral systems. However, under intensive silvopastoral systems as described by 

Azuara-Morales et al. (2020) where Leucaena was between 35 and 43% of biomass, the T3 scenario (60% 

Guinea grass and 40% Leucaena) provided a good simulation. The Pampa cut model has been used with 

precision in other works, mainly with cattle, for which we consider that it should be developed further, 

both for research and for work on farms.  

Conclusion 

The simulation model correctly predicts dry matter intake, but not daily weight gain, however, the 

general model obtains a high correlation greater than 90% and adapts well to the reality of silvopastoral 

systems. 
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