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 Livestock production in tropical regions is predominantly extensive and 
relies heavily on native or monoculture pastures, which often prove in-
sufficient for ruminant nutrition. The incorporation of Leucaena leuco-
cephala into silvopastoral systems represents a promising strategy due 
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 to its high forage quality; however, information on its early establish-
ment under nursery conditions remains limited. This study aimed to 
model the germination dynamics and early seedling growth of L. leuco-
cephala under different substrate compositions during the nursery 
phase. Germination percentage and daily plant height were recorded 
over a 30-day period. Treatment effects were evaluated using analysis 
of variance (ANOVA) and growth dynamics were described using non-
linear sigmoidal models (Gompertz, Logistic, von Bertalanffy, and 
Brody). Significant differences in germination rate among substrates 
were detected (p<0.05), whereas no significant effect of substrate on 
plant height was observed during the evaluation period (p>0.05). 
Among the evaluated models, von Bertalanffy, Gompertz, and Logistic 
functions provided the best fit for plant height based on R2 and AIC 
criteria. Although some models showed high R2 values for germination, 
elevated AIC values suggest limited biological adequacy. These find-
ings highlight the usefulness of predictive modeling to support nursery 
management decisions, optimize substrate selection, and facilitate the 
establishment of L. leucocephala in sustainable silvopastoral systems.  

Introduction 

 

Graphical Abstract 
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Introduction 
Leucaena leucocephala is a shrub species belonging to the family Fabaceae, subfamily 

Mimosoideae, distinguished by the absence of thorns. It is one of 32 species of the genus 
reported worldwide (Jayanthy et al. 2014; Nehdi et al., 2014; Pramod et al., 2019). The most 
widely recognized species within the genus include L. leucocephala (Lam.) from Wit. Syn. 
Acacia leucocephala (Lam.), Mimosa leucocephala (Lam.), and Leucaena glabrata (Rose) 
(Pandey and Kumar 2013). 

The species presents bipinnate leaves up to 25 cm long and white to yellowish-white 
flowers. Its fruits are linear, thin, and flat pods measuring approximately 13 cm in length and 
1.5 cm width, containing 15-30 seeds; pods are green when immature and turn brown when 
mature (Lim 2012). L. leucocephala thrives in tropical climates and shows high drought tol-
erance, withstanding dry periods of up to seven months, even during establishment (Nehdi et 
al., 2014). 

L. leucocephala is notable for its wide range of uses, including bioenergy production 
(Alemán-Ramírez et al., 2022), soil phytoremediation (Jayanthy et al., 2014), control of soil 
erosion and slope stabilization (Normaniza et al., 2008), oil extraction for cosmetic and phar-
maceutical applications (Nehdi et al., 2014), pulp and paper production (Pandey and Kumar 
2013), timber production (Prasad et al., 2011), green manure and edible mushroom produc-
tion (Sharma and Behera 2010; Andrew 2023), livestock feeding through its leaves (Rivera-
Herrera et al., 2017; Durand-Chávez et al., 2022), and seeds as a source of human food (Gu-
terres et al., 2022). In livestock systems, the incorporation of L. leucocephala into silvopas-
toral arrangements improves soil conditions due to its capacity for atmospheric nitrogen fix-
ation (Bacab et al., 2013) and, when associated with tropical grasses, enhances milk 
production while reducing the need for nitrogen fertilizers in pastures (Sarabia-Salgado et 
al., 2020). These benefits are particularly relevant given that conventional livestock produc-
tion remains largely based on open-field systems and monocultures, which cause economic 
losses, soil degradation, biodiversity decline, and low meat and milk productivity, thereby 
emphasizing the need for sustainable alternatives such as silvopastoral systems (Saucedo-
Uriarte et al., 2023). In this context, the success of silvopastoral systems strongly depends on 
appropriate forage species selection, as systems integrating L. leucocephala with tropical 
grasses have demonstrated significant improvements in forage productivity and nutritional 
quality, as well as increased milk and meat yields under optimized harvest intervals (Dzib-
Castillo et al., 2025). Furthermore, intensive silvopastoral systems based on high-density 
fodder shrubs, particularly L. leucocephala, increase edible dry matter production, reduce 
reliance on chemical fertilizers and concentrate feeds, mitigate greenhouse gas emissions, 
enhance animal welfare and biodiversity, and strengthen resilience to climate change, posi-
tioning these systems as a key strategy for sustainable livestock production in Latin America 
(Chara et al., 2024). Within the framework of sustainable silvopastoral systems based on L. 
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leucocephala, the successful establishment and long-term productivity of these systems de-
pend directly on early plant performance. Plant growth and development begin with seed 
germination (Chauhan et al., 2018), a process regulated by key environmental factors such 
as temperature, substrate moisture, pH, light intensity, and photoperiod. It is these factors 
that ultimately determine seedling emergence, establishment success, and subsequent bio-
mass production (Tan et al., 2013; Benincasa et al., 2019). Germination dynamics are com-
monly represented by sigmoidal curves comprising an initial lag phase, followed by an ex-
ponential emergence phase and a final plateau (Hadi et al., 2009).  

Seed germination and early growth can be effectively predicted using nonlinear regres-
sion models, including Weibull, Gompertz, and logistic functions, which have been success-
fully applied across numerous plant species (Ritz et al., 2013; Blanco et al., 2014; Archon-
toulis and Miguez 2015; Dagogo et al., 2020; Kamar and Msallam 2020). These models have 
also demonstrated strong performance in describing biological growth patterns and dry mat-
ter accumulation in crops such as Yeniçeri oats (Coşkun 2018). 

Modeling germination processes enables a better understanding of plant biological dy-
namics and supports decision-making in agricultural production systems (Smithers et al., 
2019). Due to the limited availability of reports on predicting the initial development of L. 
leucocephala under the Peruvian agricultural system, and taking into account the benefits 
and strategic nature of this species, to contribute to the mitigation of climate change (Marques 
et al., 2020) and nutritional benefits for cattle. Therefore, this research aimed to model the 
germination rate and initial growth of L. leucocephala under different substrates, providing 
insights into early development dynamics through nonlinear sigmoidal models. 

Materials and methods 

Experiment location 
The experiment was carried out in the forest nursery of the El Porvenir Agrarian Experi-

mental Station (EEA El Porvenir) of the National Institute of Agrarian Innovation (INIA), 
road Fernando Belaunde Sur Km 14, Juan Guerra District, San Martín Province, Peru 
(6°35′11″ S, 76°19′12″ W; 228 m.a.s.l.) (Figure 1). 
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Figure 1. Geographic location of the experiment 

Experimental design 
This research was developed under a Completely Randomized Design (CRD) with five 

treatments or substrates: T1 = 100% virgin forest land, T2 = 50% compost and 50% sand,  
T3 = 50% compost and 50% virgin forest land, T4 = 50% compost, 25% sand and 25% saw-
dust, T5 = 50% compost, 25% sand and 25% rice straw; with three repetitions each. The 
seeds were collected from a plot already established in the pastures of the EEA El Porvenir. 
One kg of mature pods was collected, left to dry under shade for 10 days, and then morpho-
logically homogeneous seeds were selected. 100 seeds, homogeneous in size and phytosani-
tary condition, were sown in each replicate, making a total of 1500 seeds (Figure 2). 
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Figure 2. Graphic contextualization of the methodology 

Germination and measurement 
In each replica or germinating bed, the substrate was moistened to field capacity, and the 

seeds were sown. Subsequently, irrigation was supplied daily at a rate of 0.1 L·m-2 at the 
same time each day in order to maintain constant moisture conditions. Monitoring was car-
ried out for 30 days, during which the number of germinated seeds was recorded daily. This 
monitoring period was deliberately defined to encompass the nursery phase of L. leucoceph-
ala, corresponding to the early seedling establishment stage prior to transplanting under field 
conditions. 

The presence of the epicotyl, hypocotyl and radicle was considered the primary indicator 
of germination, and the germination rate was calculated as the percentage of germinated seeds 
relative to the total number of seeds sown (Quiñones-Huatangari et al., 2023). 

Plant height of L. leucocephala seedlings was measured daily in the morning using  
a millimeter ruler, and the data were recorded in Microsoft Excel. Three measurements were 
taken for each treatment repetition. 

Statistical analysis and modeling 
The assumptions of normal distribution and homogeneity of variances for germination 

rate and plant height were verified, and ANOVA and Duncan's test (p<0.05) were used to 
compare means, according to substrate. 

To adjust the behavior of both variables, the following sigmoidal mathematical models 
were used, depending on the substrate: 
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Gompertz 𝑦𝑦 = 𝑎𝑎𝑎𝑎−𝑏𝑏𝑏𝑏−𝑐𝑐𝑐𝑐 
Logistic 𝑦𝑦 = (𝑎𝑎

1
+ 𝑏𝑏𝑏𝑏−𝑐𝑐𝑐𝑐) 

von Bertalanffy 𝑦𝑦 = 𝑎𝑎(1 − 𝑏𝑏𝑏𝑏−𝑐𝑐𝑐𝑐)3 
Brody 𝑦𝑦 = 𝑎𝑎(1 − 𝑏𝑏𝑏𝑏−𝑐𝑐𝑐𝑐),  
The statistical criteria produced by the model, for each treatment and derived from the 

means, were used for the comparison of time series (Kaps and Lamberson 2017). These sta-
tistics provide unbiased indicators of the performance of each model, which are: Akaike in-
formation criterion (AIC), coefficient of determination (R2), and adjusted coefficient of de-
termination (adjusted R2). The AIC criterion indicates the most complex and pragmatic 
model, which has greater detail in the prediction within the data itself, penalizing complex 
models in favor of simpler ones to avoid overfitting. The higher the AIC value, the lower the 
quality of the model. The analysis was performed using Python software (v. 3.5.13). 

Results 
In the present investigation, different treatments or substrates were compared to evaluate 

the germination rate and plant height of L. leucocephala. Significant differences were found 
in the germination rate depending on substrates (p<0.01) (Figure 3A). Treatments T1 (100% 
virgin forest land), T4 (50% compost + 25% sand + 25% sawdust) and T5 (50% compost + 
25% sand + 25% rice straw) showed the highest germination percentages (40.33±0.58%, 
31.23±11.89% and 30.32±11.60%, respectively). The lowest germination rate was obtained 
in the substrate with 50% compost + 50% sand (T2), which reached 28.33% germination. 

No significant effect of the substrate on plant height was found until 30 days of growth 
(p>0.05) (Figure 3B). On average, the plant height after 30 days was 7.65±1.24 cm. 

 

 

Figure 3. Germination rate (A) and plant height (B) of L. leucocephala after 30 days of 
growth, in different substrates. T1 = 100% virgin forest land, T2 = 50% compost and 50% 
sand, T3 = 50% compost and 50% virgin forest land, T4 = 50% compost, 25% sand and 25% 
sawdust, T5 = 50% compost, 25% sand and 25% rice straw. (a, b, c) Different letters in 
columns represent significant statistical differences at the p<0.01 level 
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The germination rate and plant height data presented a distribution with negative asym-
metry with respect to the mean (Ghasami et al., 2020). The germination rate distribution 
(Figure 4A) was mesokurtic and plant height (Figure 4B) was leptokurtic (Boris and Chan, 
2008). The general average values of germination and plant height are shown in Figure 4C. 

 

 

Figure 4. Normal distribution of data and descriptive statistics. A: Germination, B: Plant 
height, C: Descriptive statistics of germination and height of L. leucocephala 

Figure 5 shows the dispersion of data for the correlation analysis. A high and positive 
correlation was observed in T2 (r=0.95), with 50% compost + 50% sand. In T3 (50% compost 
+ 50% forest land) a correlation value of 0.87 (p<0.005) was observed. In T1, based on 100% 
forest land, a similar correlation of 0.88 (p<0.005) to T3 was found. In T5, which was the 
combination of three substrates (50% compost + 25% sand + 25% rice husk), the lowest 
correlation was observed (r=0.70) compared to the other treatments. A positive and high cor-
relation was observed in T4 (50% compost + 25% sand + 25% wood sawdust), with the 
correlation value being 0.89 (p<0.005). 
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Figure 5. Relationship between germination rate of L. leucocephala and plant height accord-
ing to treatment 
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Table 1 and Table 2 show the prediction equations with estimated parameters for the 
models adjusted to the germination rate and plant height of L. leucocephala, in each of the 
experimental substrates. In Figure 6, the germination rate data with the evaluated sigmoidal 
models are presented, and Table 1 shows the maximum R2 values and minimum AIC values 
of all the most efficient models to predict the germination rate in five different substrates. 

 

Table 1.  
Prediction equations with best fit for germination rate of L. leucocephala, according to  
experimental substrates. 

Treatment Model Prediction equation Statistics 
R2 AIC 

T1: 100% virgin forest 
land 

Von  
Bertalanffy 

y = 43.028 *  
(1 - exp(-0.114(x - 2.557))) 0.93 306.43 

T2: 50% compost and 
50% sand Gompertz y = 28.408 *  

exp(-exp(-(1.512(x - 5.123)))) 0.97 152.01 

T3: 50% compost and 
50% virgin forest land Gompertz y = 31.764 *  

exp(-exp(-(2.140(x - 5.349)))) 0.97 188.78 

T4: 0% compost, 25% 
sand and 25% sawdust Gompertz y = 36.634 *  

exp(-exp(-(1.426(x - 4.036)))) 0.95 233.25 

T5: 50% compost, 25% 
sand and 25% rice straw Gompertz y = 35.903 *  

exp(-exp(-(1.757(x - 4.066)))) 0.95 233.64 

R2: Coefficient of determination, AIC: Akaike criterion, * in each equation indicates multiplication. 
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Figure 6. Prediction models for the germination rate (%) of L. leucocephala in different sub-
strate treatments. T1 = 100% virgin forest land, T2 = 50% compost and 50% sand, T3 = 
50% compost and 50% virgin forest land, T4 = 50% compost, 25% sand and 25% sawdust, 
T5 = 50% compost, 25% sand and 25% rice straw 

In Figure 7, the plant height growth curves are presented up to 30 days of age, with all 
the sigmoidal models evaluated. Likewise, Table 2 shows the maximum R2 values and min-
imum AIC values of the models that predicted best on five different substrates. The von Ber-
talanffy model is more appropriate to predict this variable in substrates with compost and 
another input other than virgin forest land. 
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Table 2.  
Prediction equations with best fit for plant height of L. leucocephala at 30 days of growth, 
according to experimental substrates. 

Treatment Model Prediction equation 
Statistics 

R2 AIC 

T1: 100% virgin forest 
land Logistic y = 6.614 / (1 + exp(-(2.716(x - 9.721)))) 0.97 -86.2 

T2: 50% compost and 
50% sand 

Von  
Bertalanffy y = 7.865 * (1 - exp(-0.086(x - 1.871))) 0.99 -182.3 

T3: 50% compost and 
50% virgin forest land Gompertz y = 6.917 * exp(-exp(-(4.893(x - 7.269)))) 0.96 -66.32 

T4: 0% compost, 25% 
sand and 25% sawdust 

Von  
Bertalanffy y = 8.353 * (1 - exp(-0.093(x - 1.937))) 0.87 66.18 

T5: 50% compost, 
25% sand and 25% 
rice straw 

Von  
Bertalanffy y = 8.737 * (1 - exp(-0.090(x - 1.907))) 0.95 68.94 

R2: Coefficient of determination, AIC: Akaike criterion, * in each equation indicates multiplication. 
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Figure 7. Plant height prediction models (cm) of L. leucocephala at 30 days of age, in differ-
ent substrate treatments. T1 = 100% virgin forest land, T2 = 50% compost and 50% sand, 
T3 = 50% compost and 50% virgin forest land, T4 = 50% compost, 25% sand and 25% 
sawdust, T5 = 50% compost, 25% sand and 25% rice straw 

Discussion 
The present study evaluated the germination behavior and early growth of Leucaena leu-

cocephala under different substrate compositions during the nursery phase, a critical stage 
for seedling establishment prior to transplanting. The experimental period was intentionally 
limited to the first 30 days after sowing, as this timeframe corresponds to the phase in which 
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germination dynamics, initial seedling vigor, and substrate performance are most relevant for 
nursery management decisions. 

The lowest germination rates of L. leucocephala were observed in T2 and T3, whereas 
the highest germination percentages were obtained in T1 and T4. These results are consistent 
with previous studies reporting that germination success is highly influenced by substrate 
physical and chemical characteristics, such as aeration, moisture retention, and nutrient avail-
ability. Sánchez-Gómez et al., (2018) reported lower germination percentages when applying 
seed scarification techniques, such as removal of the outer seed layer or hot water treatment, 
suggesting that both substrate composition and seed handling practices can substantially in-
fluence germination outcomes. 

The average plant height 30 days after sowing was 7.7 cm, which falls within the range 
reported by Rangel et al. (2017), who observed seedling heights between 7 and 11 cm de-
pending on nitrogen availability. In the present study, no significant differences in plant 
height were detected among substrates during the nursery phase, indicating that early seed-
ling elongation is less sensitive to substrate composition under controlled conditions. Never-
theless, other studies have demonstrated that organic residues, such as palm by-products and 
plant-based compounds, can influence the early development of L. leucocephala seedlings 
depending on their source, rate, and interaction within the substrate matrix (Amaral et al., 
2016). 

The use of. L. leucocephala as a forage resource plays a fundamental role in improving 
livestock productivity, particularly in tropical systems, due to its high adaptability, nutritional 
value, and ecological benefits (Díaz et al., 2009; Bermúdez and Araica 2022). Predicting 
germination and growth of forage species constitutes a valuable strategy for ensuring forage 
availability and optimizing production (Iraola et al., 2015), thereby supporting long-term 
monitoring and management strategies for L. leucocephala establishment and productivity 
(Chiou et al., 2013). 

Sigmoidal growth models are widely used to describe biological growth processes occur-
ring under favorable environmental conditions. In this study, treatments T2 and T3 exhibited 
the highest coefficients of determination (R2 = 0.97), whereas the highest Akaike Information 
Criterion (AIC) value was observed in T1 (AIC = 306). While high R2 values indicated  
a good statistical fit, the simultaneous presence of elevated AIC values suggests that model 
complexity may limit biological interpretability of predictive robustness. Because AIC pe-
nalizes overparameterized models, low AIC values combined with high R2 provide a more 
reliable criterion for model selection (Quiñones-Huatangari et al., 2023). Consequently, mod-
els showing high R2, but high AIC values may not adequately describe the germination be-
havior of L. leucocephala, particularly when restricted to early-stage data. 

The Gompertz model proved more suitable for describing germination dynamics in com-
post-based substrates, likely due to its capacity to represent self-regulated biological pro-
cesses characterized by rapid initial growth followed by gradual deceleration. In contrast, the 
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Von Bertalanffy model demonstrated better performance in substrates composed of virgin 
forest soil, reflecting growth patterns associated with metabolic scaling and resource assimi-
lation. This model has been widely applied to describe growth in diverse biological systems, 
including Atlantic herring (Clupea harengus) (Burbank et al., 2023), trout (Oncorhynchus 
mykiss), red deer (Cervus elaphus) (Vindenes et al., 2023), and Ashidan Yak (Bos grunniens) 
(Meng et al., 2023), and Kivircik lamb (Ozturk et al., 2023). Understanding growth processes 
is fundamental across biological disciplines and production systems, and nonlinear models 
have long been used to simulate growth trajectories in plants and animals (Fitzhugh Jr 1976; 
Lee et al., 2020).  

Plant height is a key variable at the time of transplanting, as seedlings are subsequently 
exposed to more valuable and challenging field conditions. In this study, treatment T2 exhib-
ited the highest R2 value (0.99), for plant height prediction. Substrates containing virgin for-
est soil were better described by the Logistic and Gompertz models, which represent growth 
patterns characterized by an initial lag, an exponential growth phase, and eventual stabiliza-
tion as environmental constraints increase (Ulloa and Rodríguez 2010). The Logistic model 
has been widely applied in population growth studies, epidemiological modeling (Wu et al., 
2020), habitat distribution analysis (Ghorbani et al., 2020), and forage production systems 
(Njarui et al., 2017), supporting its relevance for early plant growth modeling. 

Although the substrate composed of 100% virgin forest soil resulted in the highest ger-
mination performance, its use raises important environmental and sustainability concerns re-
lated to soil extraction and ecosystem disturbance. From an applied perspective, compost-
based substrates combined with sand and agricultural residues, such as sawdust or rice straw, 
represent more sustainable alternatives that provide competitive germination performance 
while minimizing environmental impact. These findings support the formulation of nursery 
substrates based on locally available organic materials for silvopastoral species. 

Overall, the results of this research highlight the usefulness of integrating experimental 
nursery data with nonlinear predictive models to optimize seedling production strategies for 
L. leucocephala. However, it is important to emphasize that the applicability of the models 
developed in this study is restricted to the nursery phase evaluated (0–30 days). Extrapolation 
to later developmental stages or field conditions should be undertaken with caution. Future 
studies incorporating longer evaluation periods, post-transplant growth, and additional mor-
phological or physiological variables would strengthen predictive modeling across succes-
sive growth stages. 

Study Limitations 

While primary forest soil showed the highest germination rates, its use presents an envi-
ronmental limitation because its extraction is unsustainable and can compromise the ecolog-
ical functions of the forest soil. Consequently, the results associated with this substrate should 
be interpreted as a reference for optimal soil conditions for germination, rather than as  
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a practical recommendation for nurseries. Furthermore, future studies could explore sustain-
able alternatives that fully replicate the physical, chemical, and biological properties of this 
soil and validate the results under larger-scale production conditions or in later stages of de-
velopment. Additionally, further research is needed to translate these findings into manage-
ment recommendations applicable to nurseries and silvopastoral systems, prioritizing envi-
ronmentally responsible and technically feasible substrates. 

Conclusions 
The results of this study indicate that substrate composition significantly influences the 

germination of Leucaena leucocephala during the nursery phase, with compost-based sub-
strates combined with sand and sawdust or rice straw providing high germination perfor-
mance and representing environmentally sustainable alternatives to virgin forest soil. Alt-
hough no significant differences in early plant height were observed within the first 30 days 
after sowing, nonlinear sigmoidal models proved useful for describing germination dynamics 
and initial seedling growth; however, models exhibiting high R² values together with elevated 
AIC values should be interpreted with caution due to potential overparameterization. The 
application of predictive modeling at the nursery stage offers a practical tool to support seed-
ling production planning, substrate selection, and transplant scheduling, thereby contributing 
to the efficient establishment of L. leucocephala and the broader adoption of sustainable sil-
vopastoral systems in tropical livestock production.  
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MODELOWANIE MATEMATYCZNE  
KIEŁKOWANIA I WZROSTU LEUCAENA LEUCOCEPHALA 
PRZY RÓŻNYCH PODŁOŻACH I WARUNKACH SZKÓŁKARSKICH  
Streszczenie. Produkcja zwierzęca w regionach tropikalnych ma głównie charakter ekstensywny  
i w dużym stopniu opiera się na pastwiskach rodzimych lub monokulturowych. Jednak często okazują 
się one niewystarczające dla wyżywienia przeżuwaczy. Włączenie Leucaena leucocephala do sys-
temów sylwopastoralnych jest obiecującą strategią ze względu na wysoką jakość paszową tej rośliny, 
jednak informacje dotyczące jej wczesnego rozwoju w warunkach szkółkarskich są nadal ograniczone. 
Celem niniejszego badania było modelowanie dynamiki kiełkowania oraz wczesnego wzrostu siewek 
L. leucocephala w różnych składach podłoża w fazie szkółkarskiej. Procent kiełkowania oraz dzienną 
wysokość roślin rejestrowano w okresie 30 dni. Wpływ badanych czynników oceniono za pomocą an-
alizy wariancji (ANOVA), natomiast dynamikę wzrostu opisano przy użyciu nieliniowych modeli sig-
moidalnych (Gompertza, logistycznego, von Bertalanffy’ego oraz Brody’ego). Stwierdzono istotne ró-
żnice w tempie kiełkowania między podłożami (p<0,05), podczas gdy nie zaobserwowano istotnego 
wpływu podłoża na wysokość roślin w okresie oceny (p>0,05). Spośród analizowanych modeli funkcje 
von Bertalanffy’ego, Gompertza oraz logistyczna zapewniły najlepsze dopasowanie do danych 
dotyczących wysokości roślin na podstawie kryteriów R² i AIC. Chociaż niektóre modele wykazały 
wysokie wartości R² dla kiełkowania, podwyższone wartości AIC sugerują ich ograniczoną ad-
ekwatność biologiczną. Wyniki te podkreślają użyteczność modelowania predykcyjnego przy 
podejmowaniu decyzji dotyczących zarządzania szkółką, optymalizacji doboru podłoża oraz ułatwianiu 
wprowadzania L. leucocephala do zrównoważonych systemów sylwopastoralnych. 

Słowa kluczowe: Leucaena leucocephala, modele sigmoidalne, kiełkowanie, wysokość roślin, system 
produkcyjny, zrównoważony rozwój. 

 
 


