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Nonlinear growth modeling offers a robust framework for evaluating poultry
Foa)- _ performance under diverse management systems. This study compared Brody,
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P ) - Austrolope chickens reared under lucerne supplementation and scavenging systems.
Volume: 07 Weekly body weights were collected from week 14 to week 62 and analyzed using
Issue: 01 nonlinear regression. Model performance was evaluated using the coefficient of
Received: 07-11-2025 determination (R?), root mean square error (RMSE), and Akaike Information Criterion
Accepted: 08-12-2025 (AIC), with residual analyses confirming unbiased predictions. Results revealed
Published: 31-12-2025 distinct system-specific growth patterns: lucerne-fed chickens exhibited rapid growth,
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demonstrated slower, protracted growth trajectories. The Logistic model best
described lucerne-fed birds, accurately capturing the sigmoidal growth curve, while
the Brody model was most suitable for scavenging birds. These findings underscore
the importance of management-specific growth modeling for accurate prediction of
mature weight, optimization of feeding strategies, and development of targeted
breeding programs. Aligning growth models with production context enhances both
biological interpretation and practical utility, providing actionable insights for
smallholder and semi-intensive poultry systems.
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1. Introduction

Growth functions are fundamental tools in animal science, facilitating the characterization of growth trajectories, the prediction
of mature body weight, and the optimization of management interventions (Emmans and Gous, 2025) 23], These mathematical
models allow researchers and farmers to quantify animal growth patterns, compare breeds, and assess the impact of nutrition,
environment, and management strategies on performance (Bo et al., 2022) 1. The selection of an appropriate growth model is
particularly critical in poultry production, where growth dynamics are highly influenced by genotype, feeding systems, and
management practices (Guatam, 2024).
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Among the commonly applied nonlinear models, the Brody,
Gompertz, and Logistic functions are frequently used to
describe growth patterns in poultry (Al-Ali et al., 2022) [,
Each function captures growth differently, with the Brody
model emphasizing asymptotic weight, the Gompertz model
balancing early and late growth phases, and the Logistic
model providing symmetry around the inflection point
(Janior et al 2022; Mata-Estrada et al., 2020) 2> 271, These
models not only differ in their mathematical assumptions but
also in their biological interpretability, making their
evaluation within specific production contexts essential.
Austrolope chickens, a dual-purpose breed valued for both
meat and egg production, are increasingly reared under
diverse feeding systems (Kgwatalala and Segokgo, 2013) 241,
Controlled feeding regimes, such as lucerne supplementation,
provide consistent nutrient intake, supporting improved
growth performance, carcass yield, and egg production
compared with traditional scavenging systems, which are
subject to feed wvariability, seasonal fluctuations, and
environmental stressors (Cilavdaroglu and Yamak, 2025;
Ginindza, 2023) [ 19, While scavenging promotes resilience
and low-input adaptability, its limitations in nutrient supply
often result in slower growth and delayed maturity (Nampijja,
et al 2025; Kpomasse, et al 2023) [2 281 Despite the
importance of these contrasting systems, limited research has
examined how nonlinear growth models capture system-
specific differences in Austrolope chickens, particularly
within smallholder production environments.

Growth curves delineate the trajectory of body development,
reflecting incremental changes in live weight and
proportional expansion of body components. These changes
are influenced by genetic background and environmental
conditions (Li et al., 2024) [81. Mathematical growth
functions integrate longitudinal ~measurements into
biologically meaningful parameters that characterize patterns
of body weight changes throughout an animal’s lifespan
(Afrouziyeh et al. 2021) Bl Evaluating these growth
trajectories is essential for determining the optimal slaughter
age and developing evidence-based feeding strategies (Ghavi
Hossein-Zadeh, 2024) 1281,

Despite the recognised value of growth-curve modelling in
poultry science, comparative evaluations of the Brody,
Gompertz, and Logistic functions for dual-purpose chickens
reared under contrasting production systems in Zimbabwe
remain scarce. Robust growth modelling is particularly
critical for indigenous and locally adapted chicken ecotypes,
which—although highly resilient to harsh and resource-
limited environments—typically display slower growth
trajectories than commercial genotypes (Abe et al., 2022) ™
2, The application of nonlinear models to these genotypes can
provide valuable insights into growth potential, feeding
strategy ~ optimization, and  genetic  improvement
opportunities (Emmans and Gous, 2025) I8 This is
particularly significant for smallholder farmers, where
chicken represents a critical livelihood asset, contributing to
food security, income diversification, and household
nutrition (Ahmed et al 2021; Pius et al., 2021) 6 39,
Therefore, this study evaluates the fit of Brody, Gompertz,
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and Logistic models in describing Austrolope chicken growth
under lucerne supplementation and scavenging systems. The
objective is to identify the most reliable model for practical
growth characterization and management decision-making,
thereby informing improved productivity and sustainability
strategies for Austrolope chickens in Zimbabwe.

2. Materials and Methods

2.1. Description of the Study Site

This research study was undertaken at the Matopos Research
Station in Bulawayo, Zimbabwe, situated at 22.23°S latitude
and 31.30°E longitude. The region experiences a dry season
from April to October and a rainy season from November to
March, with mean annual rainfall below 446.8 mm (Assan,
2023). The area is characterized by high temperatures,
ranging from 21.6°C to 11.4°C during the hottest months, and
low rainfall (<450 mm) (Hagreveas et al., 2004; Homann et
al., 2007). The research area comprises a rangeland with
sweet veld vegetation, offering high nutritional value suitable
for sustaining ruminants (Ward et al., 1979; Ncube, 2005;
Van Rooyen et al., 2007).

2.2. Experimental Design, Management Systems, and
Husbandry Practices

A total of 500 dual-purpose Austrolope chickens were
monitored from 12 to 60 weeks of age under two contrasting
management systems. In the scavenging system (n = 475
weekly observations), birds roamed freely across yards and
fields, relying primarily on natural foraging with only
minimal and variable supplementation from household food
scraps, the quantity and quality of which fluctuated with
household availability and seasonal conditions. In the lucerne
supplementation system (h = 500 weekly observations), birds
received structured nutritional support in the form of 50 g of
chopped lucerne per bird per day, provided in addition to the
baseline scavenging and household diets, following the
established farm management protocols.

Across both systems, birds were housed in deep-litter pens
with outdoor access, allowing a combination of controlled
feeding and natural scavenging behavior. A basal diet
formulated to meet the nutrient requirements was supplied,
and both feed and water were made available ad libitum.
Standard vaccination, deworming, and health management
protocols were rigorously implemented during the study.
Housing conditions, water availability, and biosecurity
measures were consistently applied across systems to ensure
that any observed differences in growth performance could
be attributed primarily to contrasting feeding regimes rather
than external health or environmental factors.

2.3. Data Source

Growth data were obtained from Austrolorp chickens reared
under two management systems: lucerne supplementation
and scavenging. Individual body weights were recorded
biweekly from weeks 14 to 62. Body weights were recorded
individually at regular intervals using calibrated digital
scales.
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2.4. Growth Models
Logistic Model

B W4
[+ exp-K(t— )]

Wi

Where:

» W; = body weight at age ¢
» W4 = asymptotic weight

« K = growth rate constant

« t; = age at inflection

Gompertz-Laird Model

L
Wi = Wyexp 74 (1 — exp(—K1t))

Where:
« Wy = initial body weight
« L = instantaneous growth rate

« K = rate of exponential decline in growth rate

Brody Model
Wi = W4 (1 — Bexp(—Kt))

Where:
» W4 = mature weight
« B = integration constant related to initial weight

« K = rate of approach to asymptaote

2.5. Statistical Analysis

The models were fitted using nonlinear regression in Python
(SciPy). The model performance was evaluated using the
coefficient of determination (R?), root mean square error
(RMSE), and Akaike Information Criterion (AIC). Residual
analysis ensured that the model predictions were unbiased.

3. Results

3.1. Descriptive Growth Patterns

The growth trajectories of Austrolopes differed significantly
between those fed lucerne and those relying on scavenging
over the 14-62-week period. Chickens fed lucerne
demonstrated higher mean body weights during the early to
mid-growth phase (weeks 14-28), indicative of consistent
nutrient intake and enhanced feed conversion efficiency.
Conversely, scavenging chickens experienced slower but
more consistent weight gain, with reduced variability among
replicates during the later growth stages. By week 62, the
lucerne-fed chickens averaged 1,425 g, whereas the
scavenging chickens attained a slightly higher average weight
of 1,528 g, albeit with a more gradual and extended growth
trajectory. The standard errors were more pronounced for
scavenging chickens between 28 and 42 weeks, underscoring
the greater heterogeneity in feed access under scavenging
conditions (Figure 1).
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3.2. Model Comparisons Within Management Systems
All three nonlinear models (Logistic, Gompertz, and Brody)
converged successfully for both feeding systems; however,
the optimal model differed between management conditions.
For lucerne-fed birds, the logistic model provided the best
overall fit (R2 = 0.777; AIC = 229.1), whereas the Brody
model systematically underestimated body weights during
the inflection phase, and the Gompertz model tended to over
predict weights beyond 40 weeks. In contrast, for scavenging
birds, the Brody model showed superior performance (R2 =
0.921; AIC = 209.3), accurately reflecting the gradual and
extended maturation characteristics of birds under feed-
limited conditions, whereas both the Logistic and Gompertz
functions overestimated the asymptotic weight. Overall, the
parameter estimates obtained across the models and systems
demonstrated strong biological plausibility (Table 1).

3.3. Fitted Growth Curves

Figures 1 and 2 illustrate observed and predicted growth
trajectories. For lucerne-fed birds, the Logistic model closely
matched the rapid, sigmoidal growth pattern, with a clear
inflection point around week 20 and stabilization after week
40. For scavenging birds, the Brody model accurately
depicted the steady weight gain, with no distinct inflection
and a higher asymptotic weight achieved gradually.

235|Page



[ international Journal of Multidisciplinary Research and Growth Evaluation

These patterns emphasize the influence of the feeding system
on growth dynamics, with intensive lucerne supplementation
accelerating early growth, while scavenging conditions
prolonged the maturation process.

3.4. Biological Interpretation of Parameters

Lucerne-fed birds exhibited a higher growth rate constant (k
= 0.2223 week™"), reflecting faster attainment of mature
weight and an earlier inflection point. In contrast, scavenging
birds reached a slightly higher asymptotic weight (A =
1,528.4 g) but at a much lower growth rate (k = 0.0629
week™), consistent with nutrient-constrained, incremental
growth under variable feed access.

These findings indicate that lucerne supplementation
enhances early productivity but does not necessarily increase
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ultimate body weight, whereas scavenging birds achieve
comparable final weights through extended growth.

3.5. Statistical Robustness

Residual analyses confirmed that both selected models
adequately captured variance across replicates. Root Mean
Square Error (RMSE) values provided further support for
model suitability:

e  Brody model for scavenging birds: 58.4 g

e Logistic model for lucerne-fed birds: 86.7 ¢

This statistical robustness underscores the reliability of
applying system-specific growth models for accurate
prediction of growth trajectories.

Table 1: Best-fitting model parameters and fit statistics by management system
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Lucerne-fed Logistic 1,424.9 17.71 0.2223 0.777 86.7 229.1
Scavenging Brody 1,528.4 1.148 0.0629 0.921 58.4 209.3

Figure 1: Lucerne-fed Figure 2: Scavenging
x  Observed X X  Observed

700r —— Fitted Gompertz

w [=1]
[=] =1
o o

Body Weight (g)
=
o

300

200

20 30 40 50 60
Age (weeks)

20 30 40 50 60
Age (weeks)

Fig 1: Observed and predicted growth of lucerne-fed Austrolope chickens fitted with Logistic, Gompertz, and Brody models. Logistic
provided the closest fit, capturing the sigmoidal growth pattern and stabilization after week 40.
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Fig 2: Observed and predicted growth of scavenging Austrolope chickens fitted with Logistic, Gompertz, and Brody models. Brody
provided the best fit, reflecting the gradual and extended growth trajectory.

236|Page



International Journal of Multidisciplinary Research and Growth Evaluation

4. Discussion

4.1. Growth Model Performance

The present study demonstrates that growth models vary in
their ability to accurately capture the growth trajectories of
indigenous chickens subjected to different feeding regimens.
The Logistic growth model proved most suitable for lucerne-
fed birds, as its sigmoidal curve effectively described their
rapid early weight gain followed by a clear plateau at
maturity. This pattern aligns with previous reports indicating
that well-nourished poultry exhibit accelerated and
predictable growth when nutrient requirements are
consistently met (Helal et al., 2025; Sengiil et al., 2024) 22
42]

In contrast, Brody’s model provided a better fit for
scavenging chickens, reflecting their slower growth rates,
prolonged maturation periods, and lower asymptotic body
weights. These findings highlight the importance of aligning
growth model selection with the prevailing production
system. Model mis-specification may bias estimates of
growth rate and mature body weight, potentially leading to
inappropriate feeding recommendations and ineffective
breeding strategies (Abe et al., 2022; Narinc et al., 2017;
Ersoy et al., 2006) [ 2 33,141,

4.2. Indigenous and Ecotype Chicken Studies

The results corroborate findings from ecotype chicken studies
across Africa, where production environment strongly
influences growth model suitability. For example, Logistic
and Gompertz functions effectively described the growth of
Nigerian Fulani ecotype chickens reared under intensive
systems, whereas the Brody model better captured the
extended growth patterns of extensively managed birds
(Sanusi & Oseni, 2020) 491,

Similarly, studies on Ethiopian Horro and Koekoek chickens
have shown that consistent nutrient availability accelerates
growth, while scavenging systems result in slower and less
predictable trajectories (Selaledi et al., 2025; Mulugeta et al.,
2020; Geleta & Abdulkadir, 2018) [ 31 171 Collectively,
these parallels suggest that growth curve analysis can
function as a diagnostic tool for assessing feeding regimes
and ecological adaptability in indigenous chickens.
Moreover, identifying ecotype-specific growth dynamics
reinforces the need to conserve genetic diversity and to
design interventions tailored to localized production systems
rather than adopting generalized models (Mogano et al.,

2025; Dione et al., 2025; Gebru et al., 2022; Desta, 2021) 1%
12,16, 1]

4.3. Lucerne Supplementation

Lucerne supplementation was associated with more stable
and predictable growth patterns, confirming its value as a
nutrient-dense forage legume rich in protein, essential amino
acids, minerals, and bioactive compounds that enhance gut
health and metabolic efficiency (Cui et al., 2022; Nguyen et
al., 2022; Grela et al., 2020) [20- 35 201 Recent studies further
highlight lucerne’s positive effects on lipid metabolism,
immune function, and gut microbiota composition, leading to
improved feed conversion efficiency and greater resilience to
disease stressors (Ginindza, 2025; He et al., 2021; Paredes &
Risso, 2020) [19. 21, 38,

These findings have important implications for resource-
limited systems, where lucerne cultivation represents a cost-
effective and climate-resilient feeding strategy. Integrating
lucerne into smallholder poultry systems may reduce reliance
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on commercial concentrates, which are often financially
inaccessible, thereby supporting more sustainable production
models (Nyoni et al., 2022) [361,

4.4. Genetic and Efficiency Implications

Growth curve parameters, including asymptotic weight,
growth rate, and inflection point, possess substantial genetic
relevance. Previous research has linked parameters derived
from Logistic and Brody models to genomic regions
associated with skeletal development, metabolic efficiency,
and productivity traits (Nawaz et al., 2025) ¥4l Consequently,
integrating nonlinear growth modeling with genomic
selection could enhance breeding precision, particularly in
indigenous chicken populations where phenotypic datasets
are often limited.

Incorporating growth curve parameters into community-
based breeding programs (CBBPs) may enable smallholder
farmers to identify birds with superior growth efficiency
under local conditions, thereby accelerating genetic progress
(Mtileni et al., 2023). Furthermore, efficiency metrics
derived from growth models can complement emerging
sustainability indicators, such as feed conversion
optimization and methane mitigation, linking genetic
improvement goals to climate-smart livestock production
systems (Assan et al., 2024).

4.5. Methodological Advances

While classical nonlinear growth models remain valuable due
to their interpretability, they may inadequately capture
individual variability and irregular growth patterns (O’Brien
& Silcox, 2024) B, Hybrid statistical-machine learning
approaches, including multivariate adaptive regression
splines (MARS), random forests, and Weibull-based models,
have demonstrated greater flexibility and predictive accuracy
in livestock growth studies (Adiguzel & Cengiz, 2023) [,
These methods are particularly advantageous in smallholder
contexts characterized by heterogeneous environments and
management practices.

Integrating classical growth models with machine learning
approaches offers a balanced framework that combines
biological interpretability with enhanced predictive power
(Aderele et al., 2025) Bl. Future research should also explore
precision livestock technologies—such as automated body
measurement systems—to generate continuous, high-
resolution growth data for improved model refinement
(Tedeschi et al., 2025).

4.6. Implications for Smallholder Poultry Systems

The combined application of growth modeling, lucerne
supplementation, and genomic selection presents significant
opportunities to improve productivity and resilience in
indigenous poultry systems. Accurate growth predictions
enable smallholders to optimize feed allocation, plan market
timing, and select suitable replacement stock. Importantly,
these strategies align with sustainable development
objectives by promoting low-cost, climate-resilient feeding
practices while safeguarding indigenous genetic resources.
However, successful implementation depends on
strengthening farmers’ capacity in record-keeping, data-
driven decision-making, and access to affordable feed
innovations. Policymakers and development agencies should
therefore prioritize extension services, farmer training, and
participatory breeding initiatives to ensure that scientific
advancements translate into tangible livelihood benefits.
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4.7. Limitations and Future Directions

Despite providing valuable insights into indigenous chicken
growth dynamics, this study has several limitations. First, the
dataset was restricted to a single ecotype and two feeding
systems, limiting the generalizability of the findings across
diverse agroecological zones. Future studies should
incorporate multiple ecotypes and broader production
environments to enhance robustness. Second, growth models
assume idealized trajectories, whereas environmental
stressors, disease pressure, and management variability
frequently disrupt growth in  smallholder systems.
Incorporating environmental covariates, health indicators,
and management data could improve predictive accuracy.
Third, although lucerne supplementation showed positive
effects, optimal inclusion levels, seasonal availability, and
economic feasibility were not assessed—factors that are
critical for sustainable adoption. Methodologically, while
nonlinear models offer biological interpretability, they may
underperform when growth patterns are irregular. Future
research should evaluate hybrid frameworks that integrate
parametric models with artificial intelligence and precision
livestock technologies, including automated imaging,
wearable sensors, and remote monitoring.

Finally, linking growth curve parameters to genomic data is
promising but requires validation across diverse indigenous
populations to ensure marker—trait transferability. Greater
emphasis should also be placed on participatory approaches,
involving farmers in the co-design of feeding trials and
breeding programs. Such strategies would enhance external
validity, cultural relevance, and long-term adoption, thereby
strengthening the resilience of indigenous poultry systems to
climate and market challenges.

5. Conclusion

This study demonstrated that growth modeling is highly
management-dependent, with the Logistic function providing
the best description of lucerne-fed Austrolope chickens and
the Brody function more effectively capturing the gradual
growth of scavenging birds. These findings highlight the
necessity of selecting context-specific models rather than
relying on a one-size-fits-all approach, especially when
dealing with indigenous poultry raised under diverse
production systems.

From a production perspective, lucerne supplementation
accelerated early growth, stabilized trajectories, and reduced
variability, thereby offering a feasible pathway for improving
feed efficiency and productivity in semi-intensive systems in
the tropics. Conversely, scavenging chickens achieved a
slightly higher asymptotic weight, albeit at a slower rate,
reflecting the adaptive resilience of indigenous birds under
resource-limited conditions. These patterns have direct
implications ~ for ~ smallholder  farmers: lucerne
supplementation may be prioritized where inputs are
available, whereas genetic selection based on Brody-derived
parameters may be better suited for extensive, low-input
systems.

Methodologically, the results reaffirm the utility of nonlinear
growth functions as tools for predicting body weight,
informing feeding strategies, and supporting breeding
decisions in aquaculture. However, they also point to the need
to integrate classical growth models with advanced
approaches, such as genomic selection, precision livestock
farming, and machine learning, to capture individual
heterogeneity and environmental interactions more
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accurately.

Ultimately, effective growth modeling of indigenous
chickens contributes not only to improved productivity but
also to the broader goals of food security, livelihood
resilience, and climate adaptation in smallholder poultry
farming systems. Future research should extend model
comparisons across ecotypes and agro-ecological zones,
explore hybrid statistical-computational frameworks, and co-
develop feeding and breeding strategies with farmers to
ensure scientific rigor and local relevance. By aligning
growth modeling with participatory innovation and modern
breeding tools, indigenous poultry production can play a
pivotal role in building sustainable and climate-resilient food
systems in low-input poultry systems in Africa.

Practical Recommendations
e Feeding strategies:

o Promote lucerne supplementation where land and
water resources permit, as it accelerates early
growth, stabilizes weight trajectories, and improves
feed conversion efficiency.

o In scavenging systems, emphasize complementary
feed supplementation during critical growth phases
(14-28 weeks) to reduce growth variability and
mortality.

e Breeding programs:

o Use growth curve parameters (e.g., Logistic k for
lucerne-fed and Brody A for scavenging birds) as
selection  criteria  in  indigenous  chicken
improvement programs.

o Explore integration of growth modeling with
genomic tools to identify genetic markers associated
with efficient growth under variable systems.

e Farmer training and extension:

o Train farmers to monitor growth milestones
(inflection points, plateau phases) to optimize feed
allocation and marketing decisions.

o Encourage participatory trials so that farmers co-
design feeding strategies adapted to local resources
and cultural practices.

e Policy and development support:

o Support community seedbanks and local production
of lucerne to enhance feed security and reduce
dependence on commercial concentrates.

o Integrate growth modeling findings into extension
packages and farmer manuals to improve
knowledge transfer.

e Future innovations:

o Investin low-cost precision tools (e.g., mobile apps,
digital scales, image-based body weight prediction)
to make growth monitoring accessible to
smallholders.

o Promote hybrid approaches combining nonlinear
models with Al-based methods to capture individual
heterogeneity and climate-induced variability in
growth.

Data Availability Statement: The datasets generated and
analyzed during this study are available from the
corresponding author upon reasonable request.

Ethics Statement: This study was conducted using
observational data from routine farm management practices.
All procedures adhered to standard animal husbandry

238|Page



International Journal of Multidisciplinary Research and Growth Evaluation

protocols, and no interventions exceeded normal care.

Author Contributions: NA, MP & AD conceptualized the
study and drafted the manuscript. EMM curated the data,
conducted analyses, and interpreted the results. NA and MP
critically revised the manuscript for intellectual content.

Funding: This research did not receive any external funding.

Acknowledgments: The authors sincerely thank the staff of
Matopos Research Farm and colleagues who assisted with
data collection and the care of the animals.

Conflict of Interest: The authors declare that the research
was conducted in the absence of any commercial or financial
relationships that could be perceived as a potential conflict of
interest.

References

1. Abe OS, llori BM, Ozoje MO. Comparison of nonlinear
functions in male and female chickens at different
seasons using restricted maximum likelihood approach.
ADAN J Agric. 2022;3:77-90.

2. Abe OS, llori BM, Ozoje MO. Modeling growth of
Nigerian indigenous and tropically adapted chicken
genotypes using developmental parameters. Nigerian J
Anim Sci. 2022;24(2):39-49.

3. Aderele MO, Srivastava AK, Butterbach-Bahl K,
Rahimi J. Integrating machine learning with
agroecosystem modelling: Current state and future
challenges. Eur J Agron. 2025;168:127610.
doi:10.1016/j.eja.2025.127610

4. Adiguzel MB, Cengiz MA. Model selection in
multivariate adaptive regression splines (MARS) using
alternative information criteria. Heliyon.
2023;9(9):e19964. doi:10.1016/j.heliyon.2023.e19964

5. Afrouziyeh M, Kwakkel RP, Zuidhof MJ. Improving a
nonlinear Gompertz growth model using bird-specific
random coefficients in two heritage chicken lines. Poult
Sci. 2021;100(5):101059.
d0i:10.1016/j.psj.2021.101059

6. Ahmed S, Begum M, Khatun A, Gofur MR, Azad MT,
Kabir A, et al. Family poultry (FP) as a tool for
improving gender equity and women’s empowerment in
developing countries: Evidence from Bangladesh. Eur J
Agric Food Sci. 2021;3:37-44.

7. Al-Ali MR, Razuki WM, Al-Anbari EH.
Characterization of growth curve pattern for Iraqi
indigenous chickens through nonlinear growth models.
Indian J Ecol. 2022;49(20):324-331.

8. Bo HX, Hoa DV, Nhung DT, Hue DT, Luc DD.
Nonlinear growth models for indigenous Vietnamese Ri
chicken. J Anim Plant Sci. 2022;32(6):1535-1541.
doi:10.36899/JAPS.2022.6.0562

9. Cilavdaroglu E, Yamak US. Could vitamin
supplementation unlock the hidden potential of the
indigenous Gerze chicken? S Afr J Anim Sci.
2025;55(1):24-31. doi:10.4314/sajas.v55i1.03

10. Cui Y, Diao Z, Fan W, Wei J, Zhou J, Zhu H, et al.
Effects of dietary inclusion of alfalfa meal on laying
performance, egg quality, intestinal morphology, caecal
microbiota and metabolites in Zhuanghe Dagu chickens.
Ital J Anim Sci. 2022;21(1):831-846.
d0i:10.1080/1828051X.2022.2067009

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

www.allmultidisciplinaryjournal.com

Desta TT. Indigenous village chicken production: A tool
for poverty alleviation, the empowerment of women, and
rural development. Trop Anim Health Prod. 2021;53:1.
Article 1.

Dione M, llboudo G, Ouedraogo AA, Ima SA,
Ouedraogo B, Knight-Jones T, et al. Characteristics of
chicken production systems in rural Burkina Faso: A
focus on One Health related practices and food security.
PLoS ONE. 2025;20(2):e0317898.
doi:10.1371/journal.pone.0317898

Emmans GC, Gous RM. Relationships between models
and data in growing poultry. Br Poult Sci.
2025;66(5):703-714.
doi:10.1080/00071668.2025.2483733

Ersoy E, Mendes M, Aktan S. Growth curve
establishment for American Bronze turkey. Arch Anim
Breed. 2006;49:293-299.

FAOQ. The future of livestock in Nigeria: Opportunities
and challenges in the face of uncertainty [Internet].
Rome: FAOQ; 2019 [cited 2026 Jan 1%. Available from:
http://lwww.fao.org/3/ca5464en/CA5464EN.pdf

Gebru G, Belay G, Vallejo-Trujillo A, Dessie T, Gheyas
A, Hanotte O. Ecological niche modelling as a tool to
identify candidate indigenous chicken ecotypes of
Tigray (Ethiopia). Front Genet. 2022;13:68961.

Geleta T, Abdulkadir U. Production performance
evaluation of Koekoek chickens at Adami Tulu research
center. Afr J Agric Res. 2018;13(35):1852-1856.
d0i:10.5897/AJAR2017.12473

Ghavi Hossein-Zadeh N. Modeling the growth curve in
ducks: A sinusoidal model as an alternative to classical
nonlinear models. Poult Sci. 2024;103(8):103918.
d0i:10.1016/j.psj.2024.103918

Ginindza MM. Lucerne meal in the diet of indigenous
chickens: A review. Front Anim Sci. 2023;4:1274473.
doi:10.3389/fanim.2023.1274473

Grela ER, Knaga S, Winiarska-Mieczan A, Zieba G.
Effects of alfalfa protein concentrate on performance,
egg quality, and fatty acid composition of eggs in Polbar
hens. Poult Sci. 2020;99:2256-2265.
d0i:10.1016/j.psj.2019.11.030

He G, Zhao L, Shishir MSR, Yang Y, Li Q, Cheng L, et
al. Influence of alfalfa meal as dietary fibre on growth,
gut pH, blood biochemistry and meat quality in broilers.
J Appl Anim Res. 2021;49:431-4309.
doi:10.1080/09712119.2021.2000417

Helal M, EI-Gendy EA, El-Full EM, Semida DM, et al.
Evaluation of growth curve models in two chicken lines.
Egypt J Vet Sci. 2025:1-10.
doi:10.21608/ejvs.2025.401607.2954

Junior RNCC, Araujo CV, Silva WCD, Araujo SI, L6ébo
RB, Nakabashi LRM, et al. Mixed models in nonlinear
regression for describing growth of Nelore cattle.
Animals. 2022;13(1):101. doi:10.3390/ani13010101
Kgwatalala PM, Segokgo P. Growth performance of
Australorp x Tswana crossbred chickens under intensive
management. Int J Poult Sci. 2013;12:358-361.
Kpomasse CC, Kouame YAE, N’nanle O,
Houndonougbo FM, Tona K, Oke OE. Productivity and
resilience of indigenous chickens in tropical
environments: Improvement and future perspectives. J
Appl Anim Res. 2023;51(1):456-469.
d0i:10.1080/09712119.2023.2228374

Li J, Shan X, Chen Y, Xu C, Tang L, Jiang H. Fitting of

239|Page



International Journal of Multidisciplinary Research and Growth Evaluation

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

growth curves and estimation of genetic relationships
between growth parameters of Qianhua Mutton Merino.
Genes. 2024;15(3):390. doi:10.3390/genes15030390
Mata-Estrada AF, Gonzalez-Cer6n F, Pro-Martinez A,
Torres-Harnandez G, Bautista-Ortega J, Becerril-Pérez
CM, et al. Comparison of four non-linear growth models
in Creole chickens of Mexico. Poult Sci.
2020;99(4):1995-2000. doi:10.1016/j.psj.2019.11.031
Mogano RR, Mpofu TJ, Mtileni B, Hadebe K. South
African indigenous chickens’ genetic diversity and the
adoption of ecological niche modelling and landscape
genomics. Poult Sci. 2025;104:104508.
doi:10.1016/j.psj.2024.104508

Mtileni BJ, Muchadeyi FC, Maiwashe A, Groeneveld E,
Groeneveld LF. Diversity and origin of South African
chickens. J Anim Breed Genet. 2011;128:209-218.
Mtileni BJ, Muchadeyi FC, Maiwashe A, Phitsane PM,
Halimani TE, Chimonyo M, et al. Characterisation of
production systems for indigenous chicken genetic
resources of South Africa. Appl Anim Husb Rural Dev.
2009;2:18-22.

Mulugeta S, Goshu G, Esatu W. Growth performance of
DZ-White and Improved Horro chicken under different
agro-ecologies in Ethiopia. J Anim Sci. 2020;11:45-53.
Nampijja Z, Walusimbi SS, Zziwa E, et al. Impact of
rising temperatures on scavenging chicken production in
Uganda: Farmer perceptions, challenges and coping
strategies. Trop Anim Health Prod. 2025;57:97.
d0i:10.1007/s11250-025-04333-7

Narinc D, Okstiz N, Aygun A. Growth curve analyses in
poultry science. Worlds Poult Sci J. 2017;73:395-408.
Nawaz AH, Ding J, Ali M, Leng D, Mukhtar N, Ali A,
et al. Decoding chicken growth regulation through multi-
omics insights and emerging genetic tools for growth
optimization. Poult Sci. 2025;104(10):105542.

Nguyen TT, Chidgey KL, Wester TJ, Morel PCH.
Provision of lucerne in the diet or as enrichment
enhances feed efficiency and welfare of growing—
finishing  pigs. Livest Sci. 2022;264:105065.
d0i:10.1016/j.livsci.2022.105065

Nyoni NMB, Grab S, Archer E, Hetem R. Perceived
impacts of climate change on rural poultry production in
South  Africa. Clim Dev. 2022;14:389-397.
d0i:10.1080/17565529.2021.1929803

O’Brien TE, Silcox JW. Nonlinear regression modelling:
A primer with applications and caveats. Bull Math Biol.
2024;86(4):40. doi:10.1007/s11538-024-01274-4
Paredes M, Risso AL. Effects of alfalfa meal on broiler
performance and organ development. Rev Invest Vet
Peru. 2020;31(2). doi:10.15381/rivep.v31i2.17846

Pius LO, Strausz P, Kusza S. Overview of poultry
management and food security in East Africa with focus
on chicken breeding. Biology. 2021;10(8):810.
doi:10.3390/biology10080810

Sanusi AR, Oseni SO. Nigerian Fulani ecotype chickens:
Estimation of growth curve parameters. Genet Biodivers
J. 2020;4(1):1-13.

Selaledi L, Mazizi BE, Nemukondeni N. Performance
evaluation of Potchefstroom Koekoek chicken: A
review. Discov Anim. 2025;2:30. doi:10.1007/s44338-
025-00083-w

Sengiil T, Celik S, Sengiil AY, inci H, Sengiil O.
Investigation of growth curves using nonlinear models
and MARS algorithm in broiler chickens. PLoS ONE.

www.allmultidisciplinaryjournal.com

2024;19(11):e0307037.
doi:10.1371/journal.pone.0307037

43. Tedeschi LO, Lopez PG, Menendez Il HM, Seo S.
Advancing precision livestock farming: Integrating Al
and emerging technologies for sustainable management.
Anim Biosci. 2025. Advance online publication.
doi:10.5713/ab.25.0289

How to Cite This Article

Assan N, Mpofu M, Dube A, Mkokora EM. System-specific
growth curve characterization in Austrolope chickens: a
robust comparison of Brody, Gompertz, and Logistic
nonlinear models. Int J Multidiscip Res Growth Eval.
2026;7(1):233-240.  doi:10.54660/IIMRGE.2026.7.1.233-
240.

Creative Commons (CC) License

This is an open access journal, and articles are distributed
under the terms of the Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International (CC BY-NC-
SA 4.0) License, which allows others to remix, tweak, and
build upon the work non-commercially, as long as
appropriate credit is given and the new creations are licensed
under the identical terms.

240|Page



