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Abstract

This study investigates the effects of various fertilizer sources on the biomass yield of vegetation to enhance the
productivity and sustainable management of pasture ecosystems. The research was conducted in the pasturelands of
the Aladag Forest Management Directorate in Bolu, Turkey, using a Randomized Complete Block Design with three
replications. The treatments—including control, chemical fertilizer, varying doses of liquid vermicompost, and sheep
manure—were analyzed based on their impacts on grasses (Poaceae), legumes (Fabaceae), and other botanical families.

The results demonstrated that chemical fertilization accelerated vegetative growth, yielding the highest biomass
particularly within the grasses family (438,331 g/m2). In the legumes family, sheep manure and low-dose vermicompost
provided sustainable results competitive with chemical fertilization. While "other families," representing low-quality
and invasive species, remained dominant in unfertilized control plots, fertilization was found to suppress these groups,
providing a competitive advantage for high-quality forage plants. Furthermore, yield variations across blocks
highlighted the restrictive role of locational factors on fertilizer efficiency. In conclusion, the selection of fertilizer
sources based on the target botanical composition is of critical importance in pasture improvement strategies.
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1. Introduction

Pasturelands cover approximately 80 million square kilometers globally and constitute more than 54% of the terrestrial
surface, representing the most extensive land-use type on Earth. These vast ecosystems support the food security and
economic well-being of nearly two billion people, either directly or indirectly, particularly in regions where livestock-
based livelihoods are prevalent [1]. Meadows and pastures are generally natural plant communities that have adapted
to the specific climatic and soil conditions of a given region. This vegetation structure primarily consists of a rich floristic
composition dominated by perennial grasses and legumes, while also incorporating annual herbs and occasional woody
species such as shrubs or small trees [2].

The vegetation in these areas is shaped by the process of "succession.” Throughout the developmental stages, the soil
structure and plant communities evolve through mutual interaction, reaching the "climax vegetation" level, which
represents the most stable stage achievable under given environmental conditions. However, at every stage, the
vegetation remains under the influence of abiotic factors such as precipitation and temperature, as well as biotic factors
like grazing pressure [3]. Improper usage patterns can lead to the loss of the superior production capacity and
ecosystem balance of these pastures. Consequently, the primary objective in scientific pasture management is to ensure
sustainability by maintaining the vegetation at a level as close as possible to the biological and ecological climax [4].
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Beyond serving as the primary source of roughage for livestock activities and a safeguard for animal health, meadows
and pastures hold critical importance due to their multifaceted ecological, environmental, and socioeconomic functions
[4,5]. These vast ecosystems play a central role in vital processes such as the preservation of biodiversity, carbon
sequestration, oxygen production, and the regulation of the water cycle [6,7]. Simultaneously providing functions such
as erosion prevention, maintenance of soil fertility, and the provision of suitable habitats for wildlife and beekeeping,
these areas integrate ecosystem sustainability and the socioeconomic structure through the recreational opportunities
offered by their aesthetic appeal [4].

Since pasture ecosystems are built upon a delicate balance shaped by the interaction of numerous biotic and abiotic
factors—such as climate, soil structure, topography, vegetation, animals, and human intervention—any degradation
within these systems can reach a point that threatens the sustainability of the entire ecosystem [5].

Despite the strategic importance of pasturelands, these areas have increasingly become a shrinking life zone today.
Human-induced factors, such as changes in land use, agricultural intensification, and shifting precipitation regimes due
to global warming, pose a severe threat to grazing lands [2]. However, the degradation observed in pastures is not
limited solely to human- and animal-centric impacts. Climate change, which has intensified in recent years, has become
a fundamental element directly threatening pasture ecosystems. These climatic irregularities hinder the development
of pasture vegetation, lead to disruptions in species composition, cause biodiversity losses, and result in significant
declines in forage quality [5].

The totality of technical, cultural, and physical interventions applied to increase the capacity of low-productivity
pastures, improve the quality of the obtained forage, and ensure that animals benefit from this vegetation at the highest
level is defined as "pasture improvement." In improvement studies, the primary priority is to enhance the quantity and
quality of forage produced per unit area, while the ultimate goal is to achieve the most efficient conversion of this
produced resource into animal products [8, 9].

Pastures are not merely forage production areas, but are critical life-support systems that provide habitats for wildlife,
protection for water basins, recreational opportunities, and aesthetic values [10, 11]. From an ecological perspective,
these areas have the potential to produce forage of the highest quality and quantity through their climax vegetation
structure. However, changes in environmental conditions that hinder plant growth or interventions carried out without
considering ecosystem principles cause the efficiency of nutrient cycling and energy flow between system components
to decline. With the disruption of this balance, the vegetation cannot maintain its peak state; a process of thinning and
withdrawal from the vegetation begins, starting with the most high-quality species [4,9,12].

Healthy and well-managed pastures exhibit a more productive, resilient, and stable structure, providing significantly
higher ecosystem services and economic gains compared to degraded or weak pastures [11, 13-15].

Among the improvement methods applied to increase grazing capacity and enhance the quality of vegetation in
pastures, fertilization is one of the techniques that yields the fastest and most effective results. The natural recycling of
plant nutrients removed from pastures through grazing or mowing remains insufficient, particularly in areas under
intensive use. This situation leads to the gradual depletion of nutrients in the soil and the thinning of the vegetation over
time.

Fertilization activities in pasture improvement not only increase dry matter yield but also optimize the ratio of desirable
species (legumes and high-quality grasses) within the botanical composition. However, at this point, it is a fundamental
necessity for sustainability that the fertilization strategy to be applied is planned according to the pasture type, soil
structure, and climatic characteristics.

2. Materials and methods

The Aladag Forest Management Chiefdom, under the Aladag Forest Management Directorate located in Bolu, Tiirkiye,
was determined as the study area. Within the general area of 9152 ha of the Aladag Forest Management Chiefdom,
7745,80 ha consist of forested areas, while 1406,20 ha are non-forested lands comprising highlands with meadows and
pastures (Figure 1) [16]. The soil structure is an andesite massif [17], and the pH value exhibits moderately acidic
characteristics [18].
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Figure 1 Location of the study area [16]

The research was established in a randomized complete block design with 3 replications on 30 plots, each measuring
5x4=10 m2. Control, chemical fertilizer, vermicompost, and sheep manure Treatments were carried out in each block
(Figure 2). Chemical fertilizer was applied to the soil at rates of 10-15 kg/da N and 5-7.5 kg/da P20s, as recommended
for the Black Sea Region, while farmyard manure was applied at 1000-1200 kg/da [9]. Liquid vermicompost was applied
foliar-wise at doses of 500 cc/da and 1000 cc/da. At the end of the vegetation period, above-ground biomass samples
were collected using quadrats of 0,25 m?, brought to the laboratory, and dried in an oven at 50°C. .

Since the data did not show a normal distribution, square root transformation was applied to the biomass values of the
grass and legume families, and logarithm transformation was applied to the other family to ensure normality. Following
these transformations, the data were tested using multivariate analysis of variance (univariate) with the SPSS25
computer program. Differences between means were compared using the Duncan test, a multiple comparison test.
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Figure 2 Schematic representation of the experimental field layout, plot dimensions, and spatial distribution of
treatment groups.

3. Results and discussion

3.1. Data on The Grasses Family (Poaceae)

The Univarete test revealed statistically significant differences in the aboveground biomass yield of the grasses family
both among blocks (Figure 3), treatments (Figure 4) and block*treatment interaction (Table 1) (p < 0,05). Based on the
block-level evaluation, Blocks 1 and 3 exhibited similar and high yield values, while Block 2 significantly differed with a
lower yield performance. Detailed analysis of the Table 1 data shows that chemical fertilizer reached the highest yield
across all blocks, representing the peak performance level in Block 3 with 438,331 g/m?2.
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Figure 3 Effect of fertilizer treatments on yield of grass family on a block basis
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Figure 4 Effect of fertilizer treatments on yield of grass family on a treatment basis

Table 1 Effect of fertilizer treatments on yield of grass family on a block*treatment intreaction

Block / | Low-dose Liquid | Chemical Control High-dose Liquid | Sheep
Treatment | Vermicompost Fertilizer Vermicompost Manure
Block 1 288,035P 430,516¢ 205,141b 305,283b 234,904b
Block 2 76,2462 262,255P 69,4942 62,9782 80,3162
Block 3 211,891b 438,331¢ 300,707v 313,7560 437,316¢

These findings align with literature stating that nitrogen fertilization increases forage production and raises the
proportion of grasses within the botanical composition [19-21]. The increase provided by chemical fertilization can be
attributed to the rapid availability of inorganic nutrients for plant uptake [22]. Conversely, the fact that most treatments
in Block 2 remained in the lowest yield group confirms that the expected benefits of fertilization are highly dependent
on localized factors such as soil moisture or site-specific conditions.

3.2. Data on the legumes family (fabaceae)

Univariate test results indicated statistically significant differences between blocks (p < 0.05) (Figure 5), but no
statistically significant difference between treatments and the block*treatment interaction. (p > 0,05). However, a one-
way analysis of variance (ANOVA) revealed a statistically significant block-treatment interaction (p<0.05), and a
significant difference was identified between the blocks (Table 2). Regarding general fabaceae family yields by block,
Block 1 stood at the peak with the highest biomass yield, while Block 2 remained in the lowest yield group, dropping to
levels as low as 23,740 g/m? (High-dose Liquid Vermicompost) (Table 2).
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Figure 5 Effect of fertilizer treatments on yield of legumes family on a block basis

Table 2 Effect of fertilizer treatments on yield of grass family on a block*treatment intereaction

Block /| Low-dose Liquid | Chemical Control High-dose Liquid | Sheep
Treatment | Vermicompost Fertilizer Vermicompost Manure
Block 1 196,702¢ 205,339¢ 193,529¢ | 187,008¢ 195,942¢
Block 2 52,0802 54,1507 39,4222 | 23,7407 47,1532
Block 3 145,873b 133,312b 161,100 | 145,386P 119,308

Literature frequently emphasizes that nitrogen fertilization tends to decrease the legume ratio, thereby potentially
reducing forage quality [23-25]. In this study, it was observed that while chemical fertilization dominated the grasses,
legume development remained secondary to locational factors (block differences). The performance of sheep manure
and low-dose vermicompost on legume biomass can be linked to the positive effect of organic materials on vegetation
content [26]. The sharp decline observed in the high-dose vermicompost confirms that dosage increases do not always
correlate linearly with yield and that botanical composition must be carefully considered [27].

3.3. Data on other families

According to the Univariate results, although there was no significant difference between blocks and treatments (p >
0.05), a difference was observed between the control plot and the other plots. The unfertilized control plot exhibited
generally higher biomass values for other families, reaching its highest level in Block 1 with 69,400 g/m2. In addition,
chemical fertilization and low-dose vermicompost treatments significantly suppressed this family (Table 3). Without
any intervention, invasive or low-quality species become dominant in the pasture area. This proves that "no
intervention” is not an option for pasture improvement.

Table 3 Effect of fertilizer treatments on yield of other family on a block*treatment intereaction

Block / Low-(!ose Liquid Cher_n_ical Control High-fiose Liquid | Sheep
Treatment Vermicompost Fertilizer Vermicompost Manure
Block 1 35,588 31,138 69,400 | 33,091 41,342
Block 2 34,907 23,242 36,770 | 40,340 33,330
Block 3 31,222 35,300 47,786 | 47,478 32,252

This situation is consistent with [28] who reported that in unfertilized pastures, high-quality species decrease and are
replaced by low-quality species adapted to poor conditions. In fertilized plots, particularly with chemical fertilizer, the
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suppression of other families supports literature suggesting that fertilization strategies create a competitive advantage
for desirable species (grasses/legumes) while inhibiting weeds [19,29]. Ultimately, it is evident that fertilization which
does not improve botanical composition cannot maintain its impact long-term [4] highlighting the critical role of proper
fertilization in suppressing "other families."

4., Conclusion

The effects of different fertilizer sources on pasture vegetation reveal that the botanical composition underwent
significant changes in terms of both quality and quantity depending on the Treatments.

Grasses and Legumes Dominance: It is observed that chemical fertilizer and high-dose vermicompost
treatments provided a significant increase in grass and legume families compared to the control plot. This
demonstrates that nutrient supplementation directly enhances the high-quality forage value of the
meadow.

Control Plot and Other Families: It is noteworthy that the biomass of other families (weeds) remained
high in the control plot, where no fertilization was applied. This finding suggests that invasive or low-
quality species more easily occupy space in the meadow without fertilization, whereas fertilization
(especially with chemical and animal-based fertilizers) enables cultured species to gain competitive power
and suppress these groups.

Comparison of Fertilizer Sources: Sheep manure and high-dose vermicompost showed competitive
yields with chemical fertilizer in the legume family, highlighting the potential of organic fertilization in
pasture improvement. Particularly, the high performance of sheep manure in fabacea family yield in the
3rd block (437,316 g/m?) points toward the lasting and sustainable impact of animal-based fertilizers.
Block Effect: The overall lower yields observed in Block 2 across all families indicate that locational factors
play a restrictive role on yield, independent of fertilizer effectiveness.
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