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Abstract

The use of plant growth simulation models, such as the Agricultural Crop Simulator (AgS),
can support planning and management decisions in pasture-based animal production sys-
tems. AgS is a biophysical model that is being developed to focus on crops relevant to the
Brazilian economy. Originally, the model was parameterized for Marandu palisadegrass
(Urochloa brizantha cv. Marandu) under continuous stocking method and cutting regimes.
The objective of this study was to parametrize and evaluate the performance of AgS in
simulating Marandu palisadegrass biomass production under rotational stocking methods.
Field data from an experiment assessing pre-grazing heights of Marandu palisadegrass
grazed by beef cattle was used to evaluate the model. The simulations initially underesti-
mated leaf and total biomass production, regardless of pre-grazing height. These results
suggested that differences between cutting and grazing methods make additional model
calibration necessary. Differences related to regrowth of leaves were addressed and the new
calibration resulted in higher biomass allocation to leaves and stems, reducing the mean
error in the 25 cm treatment from −1.001 to −253 kg ha−1 and the rRMSE from 41% to 34%.
AgS showed potential for simulating rotational stocking after adjustments were made, and
future calibrations should consider different management and environmental conditions.

Keywords: allocation of photoassimilates; forage production; pre-grazing height;
Urochloa brizantha

1. Introduction
Beef and dairy cattle farming are relevant in several countries, playing a strategic role

in food production and occupying vast areas of pasture. In tropical and subtropical regions,
the animals are predominantly fed on pasture. Brazil has the largest cattle herd in the
world, with 194 million heads [1], a result of significant expansion over the last 40 years.
The area of Brazilian pastureland is approximately 160 million hectares [1], with Marandu
grass being the most widely planted forage crop [2]. However, biomass production varies
throughout the year due to climatic seasonality. This variability requires management
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strategies that ensure a balance between forage supply and animals’ nutritional needs,
especially in pasture-based production systems, which predominate in countries in Latin
America, Africa, Asia, and Oceania. In this context, the use of tools that assist in planning
forage production over time is essential.

Plant growth simulation models integrate information on the interactions among
climate, soil, plants, and animals, enabling better planning of forage crop supply and an
improvement in the decision-making process on farms. The CROPGRO-Perennial Forage
Model (CROPGRO-PFM) from the Decision Support System for Agrotechnology Transfer
(DSSAT) platform and the APSIM-Tropical Pasture model from the Agricultural Production
Systems Simulator (APSIM) platform have been widely analyzed and used in Brazil [3–11].
Alternatively, simpler models with fewer parameters and more simplified equations have
also been developed and applied [12].

These previous models’ calibrations and evaluations were performed considering pas-
ture management under cut and carry. In this scenario, this study describes the application
and evaluates the performance of the Agricultural Crop Simulator (AgS) model [13] under
a rotational grazing method. The model was originally evaluated in continuous stocking
and mowing systems [13]. Evaluating forage growth models under rotational stocking is
particularly challenging, as this management involves intermittent, non-uniform defoli-
ation and variable regrowth, unlike the more stable canopy structure under continuous
stocking or the uniform removal with low losses in mechanical cutting [14,15]. The evalua-
tion presented in this study used data from a previous study [16,17], in which pre-grazing
heights of 25 and 35 cm were chosen to represent contrasting canopy structures and grazing
intensities [17]. These heights correspond to approximately 95 and 100% interception of
incident light (IL) for Marandu palisadegrass, where 95% IL indicates optimal leaf area
index, higher leaf proportion, and lower amounts of stem and dead material [18]. The
25 cm height reflects a more frequent defoliation strategy with greater forage intake [19],
forage quality, and animal productivity [15].

We hypothesize that the Agricultural Crop Simulator (AgS) model, previously cal-
ibrated for Marandu palisadegrass under cutting and continuous stocking systems, is
capable of simulating biomass production of Marandu palisadegrass managed under rota-
tional stocking with cattle grazing. This article presents the simulation results of the AgS
model for Marandu palisadegrass biomass production under rotational stocking methods.
To this end, we first present results from simulations using parameters calibrated against
field data from paddocks under continuous stocking or from mechanically defoliated plots.
Then we present results from simulations made after recalibration of parameters associated
with the biomass allocation.

2. Materials and Methods
2.1. Material
2.1.1. Plant Species, Site, and Soil of the Experiment

The species evaluated was Marandu palisadegrass [Urochloa brizantha (syn. Brachiaria
brizantha (Hochst. ex A. Rich.) Stapf. cv. Marandu)], Poaceae [20]. The full pasture, with a
total area of 48 hectares, was established in 1995 by seeds and has been maintained since
then without the need for reseeding.

The experiment was carried out in the municipality of Nova Odessa, SP, Brazil
(22◦ 42′ S, 47◦ 18′ W and 528 m a.s.l.). The soil in the experimental area is classified
as a Rhodic Ferralsol (Dystric). Soil chemical characteristics in the 0–20 cm layer were
pH in CaCl2 sol = 4.5; OM = 37.2 g dm−2; P = 1.6 mg dm−3; K = 2.1 mmolc dm−3;
Ca = 14.9 mmolc dm−3; Mg = 10.4 mmolc dm−3; H + Al = 40.7 mmolc dm−3; sum of
bases = 27.4 mmolc dm−3; cation exchange capacity = 68.1 mmolc dm−3; and base satu-
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ration = 39.5%. A base saturation (V%) target of 50% was established, which determined
the need for dolomitic limestone application. Phosphorus and potassium were applied in
combination with nitrogen using N-P-K formulations during the rainy season. Nitrogen
fertilization totaled 200 kg ha−1 of N (urea), applied in January (50 kg ha−1), and the
remainder was divided into two split applications in February and March 2009.

2.1.2. Experimental Design and Field Assessments

Eight rotationally grazed systems, with six paddocks of 5000 m2 each system, were
used for the experiment in a randomized complete block design with two treatments
and four replicates (blocks). The treatments consisted of two pre-grazing pasture height
targets of 25 and 35 cm, corresponding to approximately 95% and 100% LI by the for-
age canopy, respectively. These recommendations were generated in previous grazing
experiments [15–17].

Target post-grazing pasture height was 15 cm. As such, canopy height was monitored
frequently with a sward stick [21] along predefined transect lines covering the entire
area of each paddock before and after grazing (100 readings per paddock). Grazing
cycles were determined by pasture heights totaling 9.3 and 5.9 grazing cycles for 25 and
35 cm, respectively, from February 2009 to April 2010, as described by Gimenes et al. [15].
The average heights of the forage canopy in pre- and post-grazing, for the 25 and 35 cm
treatments, were 25.2 and 34.9 cm and 16.2 and 20.4 cm, respectively.

Each sample was divided into two subsamples: one for determining dry matter content
and the other for determining the botanical/morphological composition of the forage. The
samples for determining dry matter content were dried in a forced air circulation oven at
65 ◦C until constant weight. For the samples subjected to manual separation, the botanical
components (Marandu palisadegrass and other species) and morphological components
(leaf blades for leaves, leaf sheaths and stems for stems, and dead material) were separated
and subjected to oven drying. The pre- and post-grazing forage mass values were used to
calculate biomass production. Due to the large percentage and quantity of dead material
in pastures (a consequence of their previous use), the results for forage mass and biomass
production and the respective components were calculated using only the morphological
components leaves and stems (living material).

2.1.3. Climate and Meteorological Data During the Experiment

According to the Köppen classification, the region’s climate is characterized as humid
mesothermal, subtropical with dry winters, type Cwa, with average temperatures below
18 ◦C in the coldest month and above 22 ◦C in the hottest period. The average annual
rainfall over the last 30 years in the municipality was 1270 mm, with approximately 30%
concentrated between May and September. Meteorological data during the experiment
were collected at an automatic meteorological station located 4.0 km from the experimental
area (Figure 1).

2.2. Methods
2.2.1. AgS Model

The AgS model [13] was used to generate simulations of Marandu palisadegrass
biomass growth. In general, the model simulates daily biomass accumulation based on
the balance between photosynthesis and the maintenance and growth respirations of each
plant organ. This balance is affected by the morphological characteristics and responses
of different agricultural crops to water availability, carbon dioxide concentration in the
air, evaporative demand, and air temperature. The photoassimilate production capacity is
a function of canopy development, which constrains solar radiation interception; of the
species’ photosynthetic efficiency; and of the crop’s water status. Gross photosynthesis
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is determined as a function of the maximum photosynthesis value for the species and its
relationship with solar radiation intercepted during the day and modifiers of environmental
variables. Crop state variables represent the morphological characteristics of plants and
characterize crop growth. They represent the leaf area index (LAI), the fraction of solar
radiation intercepted, maintenance respiration, and root system depth. Biomass in the
model is divided into fine and coarse roots, reserve carbohydrates, stem biomass, grain
biomass and its associated structures, such as pods and ears, and green and dead leaves.
Variables representing biomass are linked to soil water availability through evapotranspi-
ration, which, in turn, interacts with the physical properties of the soil profile, the water
balance and root depth, both of which are also simulated by the model.

Figure 1. Meteorological conditions during the experiment. Maximum (Tmax) and minimum (Tmin)
temperatures [◦C], solar radiation [MJ m−2 day−1], and precipitation [mm] during the experiment.

Soil water content is calculated based on the balance of inputs and outputs and
water fluxes in the profile. Water is added through rain precipitation and irrigation. The
infiltration of this volume into the topsoil is a function of surface runoff calculations.
Saturated and unsaturated flows determine water movement in the profile, and base
drainage is calculated according to the water content in the topsoil. Simultaneously, water is
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extracted through evapotranspiration: water extraction from the layers is weighted by each
layer’s water content and the layer’s root occupancy fraction. The water-holding capacity
of soil layers is defined by the difference between field capacity and the permanent wilting
point. The total volume of water that can be stored in each layer is defined by the product of
the layer’s thickness and the maximum retention capacity, given by the difference between
total saturation and the permanent wilting point. To calculate the extractable water volume
available for evapotranspiration, the available volume in each layer is weighted by the
layer’s root fraction. The calculation of potential evapotranspiration utilizes the reference
evapotranspiration and the reference coefficient, which depend on the soil characteristics
and management practices.

2.2.2. AgS Forage Module

The forage phenology and growth module described in Bender et al. [22] was im-
plemented in the AgS model to simulate the growth and development of tropical forage
grasses. This module has a set of specific parameters (described in Table 1), in addition
to those of the AgS model. Vegetative growth is governed by the number of leaves or
their vegetative stage (Vstage), simulated by the balance between the creation of new
leaves and the mortality of existing leaves. The increase in Vstage is determined by the
product of the number of tillers (tillers m−2) and the daily rate of leaf appearance per tiller
(leaf tiller−1 day−1) (Figure 2). The leaf appearance rate is computed as a function of
the accumulated daily thermal time (TTd) divided by the phyllochron (thermal time be-
tween the appearance of successive leaves, PHYL) and is also affected by water status,
in which a water stress factor (DRYSTRESS) reduces the production of new leaves. The
number of tillers was adjusted to vary between the minimum and maximum number
of tillers (MNTN and MXTN, tillers m−2), as a function of the vegetation cover fraction
(fGSolar) (Equation (1)).

Vstaget = Vstaget−1 − 1 +
[

TTd
PHYL

× DRYSTRESS
]
× [MNTN + fGSolart × (MXTN − MNTN)] (1)

Figure 2. Diagram representing the operation of the AgS model to simulate forage growth.
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Table 1. Values of the parameters used in the AgS model for the simulation of Marandu grass
with cutting.

Parameters Definitions Units Values

GDDFORAGE

Forage growing degree days,
m.e. units of heat

accumulation during the
growing season

degree days (◦GD) 2500

PHYL
Thermal time interval between

the appearance of two
successive leaves

(◦C day leaf−1) 237

MXLNUM Maximum number of leaves
per tiller leaves tiller−1 4

MXTN Maximum number of tillers tiller m−2 1000

XLEAF1 to XLEAF7
Percentage of leaves or

vegetative stage (V-stage) at
which partitioning is defined

% leaves m−2 0, 5, 7.5, 15, 25, 60, 75

YLEAF1 to YLEAF7 Partitioning of dry matter to
leaves as a function of V-stage fraction (0–1) 0.60, 0.50, 0.40, 0.25, 0.25, 0.30, 0.30

YSTEM1 to YSTEM7 Partitioning of dry matter into
stems according to V-stage fraction (0–1) 0.10, 0.10, 0.10, 0.10, 0.15, 0.20, 0.20

YSTOR1 to YSTOR7
Partitioning of dry matter to

reserves as a function
of V-stage

fraction (0–1) 0.10, 0.10, 0.20, 0.30, 0.30, 0.30, 0.30

YROOT1 to YROOT7 Dry matter partitioning to
roots as a function of V-stage fraction (0–1) 0.20, 0.30, 0.30, 0.35, 0.30, 0.20, 0.20

STARTWD
Start of penalty in the

partitioning due to
water deficit

fraction (0–1) 0.70

WDLEAF
Correction factor due to water

deficit in the partitioning of
dry matter to leaves

fraction (0–1) −0.10

WDSTEM
Correction factor due to water

deficit in the partitioning of
dry matter to stem

fraction (0–1) −0.05

WDSTOR
Correction factor due to water

deficit in dry matter
partitioning for storage

fraction (0–1) 0.10

WDROOT
Correction factor due to water

deficit in dry matter
partitioning of the roots

fraction (0–1) 0.05

LER Leaf elongation rate cm tiller−1 day 0.85
LBL Leaf blade length cm 18.00

LEAFTIME Leaf lifespan days 50

FFALLSRATE Decay rate of dead stems
in litter days 30

FFALLLRATE Decay rate of dead leaves
in litter days 30

F_DEAD_LEAVES Relative impact of dead leaves % 0.05
REMOBTIME Remobilization of reserves days 14

Vstage varies on a scale between 0 and 1, where 1 corresponds to the maximum
number of leaves per area, calculated by multiplying the maximum number of tillers by the
maximum number of leaves per tiller (Figure 2). This scale is discretized into seven stages.
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Net primary production is allocated into four compartments, leaves (aleaf), stems
(astem), reserves (astor), and roots (aroot), with the proportion of photoassimilates de-
pending on the period associated with Vstage. Since the plant is affected by water stress
(DRYSTRESS ≤ STARTWD), in a condition in which the fraction of daily available water
relative to the maximum water availability stored in the root zone is less than or equal to
the STARWD parameter (STARTWD, a fraction from 0 to 1), the biomass allocation rates
change for each of the respective components. This representation allows for a decrease in
the allocation of shoots and an increase in the allocation of reserve organs during periods
of water deficit. However, during a period of growth resumption, i.e., when the plant
has a low leaf area index and the environment is free of growth restrictions, the reserve
component is remobilized for the development of vegetative parts: leaves and stems. The
rate of this flow is a function of the remobilization time (REMOBTIME, days) (Figure 2).

To calculate leaf and stem decay, the age, size, and weight of each leaf are recorded
individually. The model records the age of each leaf individually, and whenever the lifespan
equals the leaf lifespan parameter (LEAFTIME, days), the leaf senesces. After senescence,
the leaf and stem are not shed immediately. A fraction of the leaf and stem’s biomass
is subtracted and added to the pool of dead leaves and stems that are deposited in the
soil, where they decay to form the litter. According to the decay parameters (ffalllrate and
ffallsrate, days), dead roots decay directly into the soil and do not interfere with plant
growth. Decayed leaves and stems interfere with the interception of solar radiation by
living leaves and consequently reduce photosynthesis (Figure 2).

A specific characteristic of forage is that harvesting can occur on multiple dates in the
same year, carried out either by grazing, characterized as direct defoliation of the plant
by animals, or by mowing, which involves manual or mechanical harvesting, generally
for storage as silage or hay. In general, cutting is associated with one-day removal events.
It can be quantified by residual forage mass (MOW, kg ha−1). In contrast, grazing is
associated with longer periods and can be quantified as a daily amount of forage mass
consumed by animals (Daily Consumption, kg ha−1). Cutting events are defined similarly
to CROPGRO-PFM [6,7], in which the model is informed of the day’s post-harvest residual
biomass (MOW, kg ha−1), the leaf fraction of the residue (RSPLF, %), the number of leaves
after harvest (MVS, leaf m−2), and residual height (RSHT, cm) (Figure 2). After a cutting
event, leaf biomass (BLEAFG), stems (structural and reserve, BSTEMS and BSTEMR), roots
(BROOF), dead fraction (AGDB), and root zone depth (RZD) are adjusted according to
Equations (2)–(7). Vstage is also adjusted after the cutting event, based on the number of
leaves after harvest.

BLEAFGt =

(
RSPLF

100

)
× MOWt (2)

BSTEMSt =

(
1 − RSPLF

100

)
× MOWt × (1 − STEMR) (3)

BSTEMRt =

(
1 − RSPLF

100

)
× MOWt × STEMR (4)

AGDBt = AGDBt − AGDBt ×
(

AGGBt − MOWt

AGGBt

)
(5)

BROOFt = BROOFt − BROOFt ×
(

AGGBt − MOWt

AGGBt

)
(6)

RZDt = RZDt − RZDt ×
(

AGGBt − MOWt

AGGBt

)
(7)
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2.2.3. AgS Model Calibration

The initial calibration structure of the model was configured considering a hierarchical
approach to calibration, in which the processes represented by the model are grouped
and adjusted sequentially, similar to that proposed by Wallach et al. [23]. This study used
the parameters calibrated and described in Cuadra et al. [13]. For that study, the authors
first adjusted the parameters related to biomass production, using daily flux tower data,
which estimates fluxes in carbon, radiation, and water in the soil–plant–atmosphere system.
They were followed by parameters related to leaf area under potential conditions, that is,
considering experiments without the occurrence of water or nutritional deficits. Finally,
parameters related to the effect of water stress on growth were adjusted, with data obtained
from an experiment without irrigation.

At each stage, hundreds of groups of parameters were used to perform simulations,
and the group with the lowest value of an error metric was selected. In this process,
data from both continuous stocking and grass cutting experiments, described in previous
studies [6,22], were used.

To calibrate the partitioning and stress parameters, two configurations were generated
for the studied cultivar, considering the defoliation strategies of each grazing system:
one to represent plant growth under cutting and the other under continuous stocking.
The remaining parameters were treated as species parameters and assigned equally to all
experiments. The first evaluation, performed with the data from the experiment conducted
in Nova Odessa, São Paulo, used the calibration for cutting from Cuadra et al. [13].

A subsequent calibration step was performed, this time with the data from the Nova
Odessa experiment. In this step, the model was adjusted to the data, modifying mainly
biomass partitioning parameters. In this case, the adjustment was performed manually to
better understand the parameters, as described in Pasley et al. [24].

2.2.4. Model Performance Assessment

To assess model performance, the Nash–Suttcliff efficiency (NSE) was used, which
characterizes the extent to which the model captured the variability of the observed data
by comparing it to its mean. For error analysis, we considered the mean error (ME),
which indicates the error trend; the root mean square error (RMSE), which indicates
the error magnitude [25]; and the relative root mean square error (rRMSE), where yi

and xi correspond to the simulated and observed values, respectively; xm is the mean
of the observed values, and the indices i and n represent each and the maximum of the
observations, respectively. These were calculated according to Equations (8)–(11):

NSE = 1 − ∑n
i=1(yi − xi)

2

∑n
i=1(|yi − xm|+ |xi − xm|)2 (8)

ME =

(
1
n

)
∑n

i=1(yi − xi) (9)

RMSE =

√[(
1
n

)
∑n

i=1(yi − xi)
2
]

(10)

rRMSE =

√[(
1
n

)
∑n

i=1(yi − xi)
2
]

xm
(11)

These metrics were calculated both for the evaluation of the parameter set described
in Cuadra et al. [13] and, for goodness-of-fit assessment, with the parameter set determined
when using the dataset from the experiment in Nova Odessa.
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3. Results and Discussion
In general, the AgS simulations with the original parameters (Original) underestimated

the observed values, regardless of the pre-grazing height management employed (Figure 3).
The underestimations occurred for leaf and stem partitions, and consequently for total
aboveground biomass. Naturally, the underestimation is more pronounced in treatments
with higher biomass, that is, those with a pre-grazing height of 35 cm. Since biomass is
imputed after grazing, abrupt variations in the variables occur during the cycle to correct
the growth trajectory. Despite the trajectory corrections, there was insufficient growth in
cases where reintroduction of animals was more immediate, as it required a shorter period
for growth, or in cases where there was a longer interval.

Figure 3. Original simulation of live biomass production in Marandu grass pastures under rotational
stocking with cattle. The filled points correspond to the observations pre-grazing; biomass measured
before livestock were introduced to the paddock for grazing. The unfilled points correspond to the
post-grazing biomass; biomass after livestock were removed from the paddock. Post-grazing biomass
was imputed in the model through the grazing input file. The simulations were restarted at the
unfilled points. Experimental units with pre-grazing entry height of 25 cm (A_025, B_025, C_025,
D_025) and with pre-grazing entry height of 35 cm (A_035, B_035, C_035, D_035).

The dispersion analysis of all components (Figure 4) reinforces the perception of the
model’s underestimation. However, when observing the isolated biomass components of
the partitions, it becomes clear that on some occasions, the production of stalks was overes-
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timated, so that the underestimations were more closely associated with the production
of leaves.

Figure 4. Scatterplot of biomass production and green leaf and stem components observed and simu-
lated in Marandu grass pastures under rotational stocking with cattle using the original parameters
of the AgS model for the two pre-grazing height treatments.

Calibration data from experiments subjected to cutting were used for the simulations.
There are several fundamental differences between cutting and grazing, but in this case, one
of the factors that may have affected this was regrowth height. Two previous studies [6,12]
have reported a cutting height of 10 cm, while in the experiment reported here, the average
post-grazing heights were 16.2 and 20.4 cm for the 25 and 35 cm treatments, respectively. It
is therefore possible that in the experiment used for calibration, the proportion of leaves
and stems in relation to the total biomass was lower than in the experiment used in this
study, delaying the onset of the regrowth process because the plants had to use more
reserves compared to pastures with greater leaf mass. Furthermore, in pastures with a
shorter regrowth period, there is less allocation to stems and more to leaves compared to
situations with longer regrowth periods. Therefore, we decided to modify the biomass
partitioning using new parameters to allocate photoassimilates to leaves, stems, storage,
and roots (Modified). By increasing the partitioning to the first two components during the
initial stages of re-growth (YLEAF and YSTEM) and reducing it for the last two components
(YSTOR and YROOT) (Table 2), the model simulates a more realistic redistribution pattern.
The parameter REMOBTIME, which controls the daily rate of biomass remobilization,
depending on the water available to the plants, was reduced so that the system could
accelerate the release of carbohydrates stored in the reserve organs and redistribute them
to the leaves, stems, and roots (Table 2).
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Table 2. Initial (Original) and new (Modified) parameters used in the AgS model simulations
for Marandu grass under rotational stocking. Parameter values that were kept unchanged are
marked as “-”.

Parameters Units Original Modified

GDDFORAGE Degree-day (◦GD) 2500 -
PHYL (◦C day leaf−1) 237 -

MXLNUM leaves tiller−1 4 -
MXTNUM tiller m−2 1000 -
XLEAF1 to

XLEAF7 % leaves m−2 0, 5, 7.5, 15, 25, 60, 75 -

YLEAF1 to
YLEAF7 fraction (0–1) 0.60, 0.50, 0.40, 0.25, 0.25, 0.30, 0.30 0.80, 0.75, 0.70, 0.65, 0.60, 0.55, 0.50

YSTEM1 to
YSTEM7 fraction (0–1) 0.10, 0.10, 0.10, 0.10, 0.15, 0.20, 0.20 0.16, 0.16, 0.16, 0.21, 0.21, 0.21, 0.21

YSTOR1 to
YSTOR7 fraction (0–1) 0.10, 0.10, 0.20, 0.30, 0.30, 0.30, 0.30 0.02, 0.05, 0.05, 0.05, 0.1, 0.15, 0.2

YROOT1 to
YROOT7 fraction (0–1) 0.20, 0.30, 0.30, 0.35, 0.30, 0.20, 0.20 0.02, 0.04, 0.09, 0.09, 0.09, 0.09, 0.09

STARTWD fraction (0–1) 0.70 -
WDLEAF fraction (0–1) −0.10 -
WDSTEM fraction (0–1) −0.05 -
WDSTOR fraction (0–1) 0.10 -
WDROOT fraction (0–1) 0.05 -

LER cm tiller−1 day−1 0.85 -
LBL cm 18.00 -

LEAFTIME days 50 86
FFALLSRATE days 30 -
FFALLLRATE days 30 -

F_DEAD_LEAVES % 0.05 0.5
REMOBTIME days 14 7

The simulation of the number of leaves (V-stage, leaves m−2) results from the bal-
ance between the emergence of new leaves and the senescence of existing ones, with the
lifespan of each leaf accounted for individually. Thus, increasing the LEAFTIME parame-
ter was essential to augment photosynthetic activity, and thereby enhance leaf and stem
biomass accumulation (Table 2). In parallel, increasing the dead leaves attached to the
stems (F_DEAD_LEAVES) parameter reduces the proportion of green leaf area index, thus
prioritizing resource allocation to leaf and stem growth (Table 2). It is worth noting that
in the experiments used in the previous calibration of the model (Original), there was no
significant amount of attached dead leaves due to the homogeneous cutting. Therefore, the
previously calibrated value is likely not very reliable, given that in those experiments, dead
leaves did not impact pasture growth.

Similar changes were made by Pequeno et al. [6]; by using the CROPGRO-PFM to
simulate the growth of irrigated and rainfed Marandu grass, the researchers changed
the parameters previously calibrated for Xaraés grass (same species) because under non-
limiting water conditions, there was a need to increase the allocation to stem growth,
especially for the 42-day harvest frequency and low cutting frequency treatment. As a
result, the storage partitioning increased considerably to reduce the dependence of regrowth
on the remaining or post-grazing leaf area, since the residual mass was low (10 cm), leaving
few leaves in the forage canopy.

The modified parameters improved the AgS model’s performance in capturing forage
growth for both components, and therefore for total live biomass (Figure 5), in comparison
with the results using the original parameters. This better correspondence between the



Grasses 2025, 4, 50 12 of 15

simulated and observed values for leaf and stem partitions, and for the total aboveground
biomass, can be confirmed in the scatterplot of data from each of the observations compared
to the first situation (Figures 4 and 6).

Figure 5. Simulation with modified parameters of live biomass production in Marandu grass pastures
under rotational stocking with cattle. The filled points correspond to the observations pre-grazing,
biomass measured before livestock were introduced to the paddock for grazing, and the unfilled
points correspond to the post-grazing biomass, biomass after livestock were removed from the pad-
dock. Post-grazing biomass was imputed in the model through the grazing input file. The simulations
were restarted at the unfilled points. Experimental units had a pre-grazing entry height of 25 cm
(A_025, B_025, C_025, D_025) and a pre-grazing entry height of 35 cm (A_035, B_035, C_035, D_035).

Overall, the improvement in model performance is also reflected in the model fit
assessment metrics (Table 3). Initially, the model struggled to capture total biomass, un-
derestimating it by an average of over 1300 kg ha−1, with a more pronounced effect for
the 35 cm treatment. Although it still underestimated all components on average, the
parameterization changes led to a positive NSE for the 35 cm treatment and for leaf biomass
in the 25 cm treatment, albeit only as a goodness-of-fit evaluation.
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Figure 6. Scatter plot of biomass production and green leaf and stem components observed and
simulated in Marandu grass pastures under rotational stocking with cattle using the modified
parameters of the AgS model.

Table 3. Performance metrics of the AgS model in simulating the growth of Marandu grass managed
under rotational stocking with cattle using the parameterization for removal by cutting, for experi-
ments conducted between 2009 and 2010 in Nova Odessa/SP. Mean error (ME); root mean square
error (RMSE); relative root mean square error (rRMSE); Nash–Suttcliff efficiency (NSE).

Parameters Treatment Variable ME RMSE rRMSE NSE

Original

25 cm

Aboveground biomass [kg ha−1] −1001 1726 0.412 −0.8017

Leaf biomass [kg ha−1] −671 1097 0.514 −0.2440

Stem biomass [kg ha−1] −330 706 0.344 −0.5859

35 cm

Aboveground biomass [kg ha−1] −1774 2837 0.519 −0.8691

Leaf biomass [kg ha−1] −1082 1728 0.729 −0.2137

Stem biomass [kg ha−1] −693 1181 0.381 −1.0859

Modified

25 cm

Aboveground biomass [kg ha−1] −253 1441 0.342 −0.2314

Leaf biomass [kg ha−1] −144 894 0.415 0.1486

Stem biomass [kg ha−1] −109 629 0.307 −0.2401

35 cm

Aboveground biomass [kg ha−1] −931 1907 0.348 0.1794

Leaf biomass [kg ha−1] −565 1187 0.499 0.3853

Stem biomass [kg ha−1] −365 796 0.257 0.0986

Although the model’s relative errors are still high, generally exceeding 30%, suggesting
the need for improvement, it is important to note that forage crops are relatively highly
dependent on management practices that impact growth dynamics [26]. A central point
in forage modeling work is that, as noted by Bosi et al. [8], in the case of the APSIM-
Tropical Pasture model, it is possible that the model was unable to simulate the effect
of animal trampling and grazing on pasture structure and productivity, as well as the
removal of apical meristems by animals at different heights of the post-grazing residue.
Furthermore, the AgS model considers the removal of forage biomass through grazing
events (forage consumption by animals) or cutting and loading. Hence, for application in
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the case evaluated in this study, in which forage removal was achieved through animal
grazing, quantification of residual forage mass is necessary. Although the use of post-
grazing forage mass enabled the use of the model, collecting these data in field situations
is quite laborious and difficult to implement. Therefore, further evaluations of the AgS
model’s use should be conducted to use animal consumption estimates as a method to
measure forage removal. Moreover, additional testing with real farm data is still required,
as pasture and cattle management practices influence forage growth, and the model must
be evaluated in an independent setting, under real-world conditions, before it can be
recommended for operational use.

4. Conclusions
The AgS model yielded good results in simulating Marandu grass growth under

rotational stocking, provided it is properly adjusted, but relative errors remain high (>30%)
and continuous model improvement is necessary. Future calibrations should consider
specific grazing experiments and different soil and climate regions to increase the model’s
robustness and reliability. Additionally, the use of variables such as animal intake and
visual management indicators as a proxy for forage consumption are necessary for practical
applicability in livestock systems.
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