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Abstract: The circular economy with compost fertilization is included in the sustainable orchard 

paradigm, creating a holistic production ecosystem. Modern orchards are mostly intensive and 

super-intensive, requiring different rootstocks. This research presents the response to compost 

fertilization of two specific pear rootstocks (quince ‘CTS 212’ and ‘Farold® 40’) and own-rooted 

trees, analyzing six resistant cultivars in a circular production system. The dynamic of nitrogen and 

carbon content in leaves, soil respiration coefficient, the evolution of the fruit maturity stage in the 

field, and some biometric parameters such as trunk cross-section area, the annual vegetative growth, 

and fruiting shoots annual number were analyzed. The results highlighted the effect of compost 

fertilization on plants: almost all variants presented higher nitrogen amounts in leaves in the first 

and second years. Carbon content in leaves had a lower dynamic over time. Rootstock and compost 

fertilization influenced the fruit maturity dynamic, but a single pattern was not identified. Quince 

as pear rootstock expressed a higher sensitivity to compost application, the biometric parameters as 

trunk cross-section area, and almost all cultivars' annual vegetative growth were higher than the 

control's. Positive output can lead to future model upscaling in the farms and households.   

Keywords: circular economy; compost; resistant pear cultivar; nitrogen leaf content; carbon leaf 

content  

 

1. Introduction 

The present study is part of a broader set of activities of the University of Agronomic Sciences 

and Veterinary Medicine from Bucharest, which aims to become an integrated green campus. Thirty-

eight hectares, including green spaces, experimental fields, botanical gardens, dendrological parks, 

and educational, dormitory, sports, and canteen buildings. This research focused on the circularity, 

recovering and valorizing the organic residues from several university facilities (Research Center for 

Studies of Food Quality and Agricultural Products and student canteen) and the vegetable residues 

from the green spaces through composting and their usage as fertilizer in the pear experimental field, 

inside the campus. It followed the circular economy and zero-waste concepts, compost as a tool for a 

more sustainable orchard, respectively ecosystem, pear crop as less favored in the past years in 

Romania due to pest and disease not fully controlled pressure.  

The circular economy (CE) is an essential pillar of the European Green Deal, vital to ensuring 

climate neutrality by 2050. The Circular Economy Action Plan (updated in March 2020) contains 

proposed tools for producing responsibly, especially for lifestyle and consumption, which include 

options regarding the amount of waste produced, their transformation into resources, and their 

reintroduction into the economic circuit. Waste management and processing is an area where each 

community member can play an important role. The amount of waste generated annually by 

economic activities in the EU amounts to 2,233 million tons [1], or 4,991 tons per capita. At an 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 October 2024 doi:10.20944/preprints202410.1822.v1

©  2024 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202410.1822.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

individual level, the first option can consist of managing the amount of waste produced (through 

balanced and conscious purchase options) and recycling or composting it without introducing it into 

the general waste collection system [2,3]. 

Zero-waste (ZW) is a holistic approach to waste management and is an alternative solution 

addressed in recent decades [4]. The zero-waste index [5] was proposed as a tool to measure the 

management system's performance. [6] explores the concept of ZW as an ethical, economic, and 

sustainable approach to environmental protection. It highlights that it can be critical in advancing 

sustainable development goals, particularly reducing waste generation and promoting circular 

economic practices. ZW is considered a new sustainability paradigm for global waste management 

[7], where citizen engagement and effective government policies can effectively address the global 

waste problem. 

The circular economy (CE) has been addressed in the last few years as a key to future 

sustainability. The study of [8] provides an in-depth analysis of 114 definitions of the circular 

economy (CE), only three of which [9–11] covered all main CE dimensions, including economic 

prosperity, environmental quality, and social equity. The findings indicate that CE is primarily 

characterized by reducing, reusing, and recycling. [12] and [13] analyzes the evolution of the concept 

of the circular economy (CE) while [14] provides an overview of the indicators used to measure the 

circular economy, identifying 61 indicators classified into three spatial levels of sustainability: micro, 

meso, and macro. The concept of the Circular Economy (CE) about sustainability was deepened [15–

18] and more targets needed to facilitate the transition to a circular economy (CE) were proposed [19].  

At the same time, there are also analyses of the criticisms [20–22] which, in the end, comes with 

constructive proposals to tackle the barriers that hinder the implementation of the circular economy 

( [23–27]). Education and youth favor the circular economy, while old age and income inequality are 

barriers. Ecological awareness and environmental regulations are also important for promoting the 

circular economy.  

A similar study was projected by [28] At the University of Turku, Finland, the aim is to 

implement a circular food system in sustainable urban farming. The objectives were reducing food 

waste in university restaurants and local recycling of nutrients by composting food waste and using 

the compost to fertilize the soil in urban farms. The results showed that awareness campaigns 

reduced food waste by approximately 30% in university restaurants. Composting food waste also 

allowed the recycling of essential nutrients, such as nitrogen and phosphorus, used to grow food in 

urban gardens.  

Composting the organic fraction of solid waste is one of the most environmentally friendly 

technologies in recent years. It involves recycling organic matter and nutrients.  

[29] explores the impact of composting on the environment and the US economy. The authors 

argue that although there is a general perception that environmental protection involves economic 

costs, composting could bring substantial economic benefits by reducing waste management costs 

and decreasing greenhouse gas (GHG) emissions. Composting helps reduce pollution, improve soil 

health, and conserve resources. The study predicts that by increasing the percentage of waste 

composted from 10% to 18% by 2030, the US could reduce carbon emissions by 30 million tons per 

year and save approximately $16 billion. Composting could also create between 8,000 and 12,000 jobs. 

The new waste management system for Palanga municipality [30] proposed diverting 85% of 

biodegradable waste from public territories, including food and green waste, to compost production, 

reducing landfill waste to just 14%. The study highlighted the need for individualized waste 

management systems for resort areas due to their unique challenges, such as seasonality and the large 

proportion of biodegradable waste. [31] examines community composting initiatives in New York 

City and how they contribute to the circular economy and urban sustainability. Their study highlights 

that while composting is a key practice for managing organic waste, limited attention has been paid 

to its role in the circular economy. These initiatives effectively manage organic waste and create new 

material and social relationships, fostering community engagement, environmental education, and 

social justice [32].  
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[33] describes implementing a local composting program at the University of A Coruña (UDC), 

Spain. The program treats food waste from university canteens, using static and dynamic composting 

technologies and integrating it into the vegetable gardens on the campus. This decentralized system 

has proven to be economically sustainable, with lower costs than municipal waste treatment, and has 

contributed to reducing the amount of waste that needs to be transported and disposed of. In addition 

to the environmental benefits, the program has provided educational opportunities for students and 

allowed the involvement of volunteers and disadvantaged social groups to participate in composting 

activities.  

[34] analyzed the composition of compost obtained from fruit residues from the university 

campus canteen, confirming its potential for use in agriculture. 

The use of compost has positive effects on soil microbial activity [35] and nutrient availability 

[36], as well as biomass growth and orchard productivity [37]. Sustainable agriculture includes 

ecological technologies that support soil fertility stability by stimulating the formation of soil 

aggregates and erosion-resistant structure [38]. 

Among the composting solutions, besides the controlled or uncontrolled composting of organic 

residues in a specific outdoor space, which can last three to six months [39–41]. There are composters, 

which can be industrial or domestic/laboratory [42] that provides faster composting and more 

positive traits (eliminating odors, fast decomposition, high-quality compost) [43,44].  

[45] analyzes patented technologies in organic waste composting, highlighting that in recent 

decades, automated composting has become increasingly popular due to the need to manage waste 

at source, especially in urban environments. More than 457 patents have been identified, most of 

which relate to automated composting systems to the detriment of manual ones. This shift towards 

automation is motivated by the increased efficiency of automated systems in managing organic waste 

quickly and efficiently. 

The results indicate that aerobic composting technologies are the most widely used, accounting 

for 86% of the patents analyzed. They are faster and produce higher-quality composts than anaerobic 

composting. In addition, automated composting is preferred due to its reduced space requirements, 

minimal user intervention, and shorter processing time. 

One of the newest and most innovative is the Oklin brand, tested and used in the USAMV 

Bucharest since 2021. The compost is produced using a composter Oklin GG-50S that can transform 

125 kg of organic residues daily in compost, with an average transforming rate of 15% [46] . It was 

also analyzed in the study of [47], of an on-site composting system for biodegradable waste (BDW) 

generated by catering companies using the Oklin GG 10s composter. The system was presented as a 

sustainable alternative to conventional BDW management, which requires energy-intensive storage 

and external treatment. Results show that on-site composting can significantly reduce waste volume, 

lower environmental emissions, and produce high-quality compost. The compost produced 

contained high organic matter (>75% dry matter), nitrogen (1.85% dry matter), and potassium, 

making it suitable for agricultural use. The environmental impact was also significantly lower 

compared to centralized food waste composting. On-site intensive composting could contribute to a 

circular economy by promoting nutrient recycling while reducing greenhouse gas emissions and 

transportation costs.  

Some of the studies [48] focused on evaluating the quality and ecotoxicity of compost produced 

from waste using automatic composters, sometimes the output requires the following treatment 

before spreading in the field [49]. Also, insufficient information about nutrient content, effective 

pricing systems, and supportive regulations can be barriers to the adoption of composting products 

derived from solid organic waste [50,51]. 

Sustainable fertilization in the orchards.  

Compost is one of the most sustainable solutions for orchard fertilization [52,53] and can be an 

alternative to inorganic fertilizers in tree orchards [54]. [55] detailed the impact of annual compost 

amendments in peach orchards, explicitly aiming to replace synthetic fertilizers and improve soil 

quality, tree nutrients, water status, and overall orchard performance in a humid subtropical climate. 

Results indicated that the 2x compost application rate effectively improved soil moisture and nutrient 
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availability in the replant orchard, increasing tree size and yield without negatively affecting fruit 

quality. The compost treatments also reduced or replaced the need for synthetic fertilizers, 

demonstrating potential benefits for orchard sustainability. 

The environmental impact of variable rate fertilizer application (VRA) in a pear orchard in 

Greece, compared to uniform fertilizer application, was studied by [56], highlighting significantly 

reduced environmental impacts, especially in terms of air emissions, while maintaining high yields, 

thus providing a sustainable model for fruit farm management. 

The addition of mature compost can accelerate the composting process and improve efficiency 

by inoculating specific bacteria [57]Their research investigates the impact of bioorganic fertilizers on 

pear production by modifying the rhizosphere microbiome. Bioorganic fertilizers also improve the 

chemical properties of the soil and the rhizosphere microbiome, increasing microbial and functional 

diversity. [58] analyzes the impact of the rhizosphere microbiota on pear productivity when organic 

fertilizers partially replace chemical fertilizers.   

Pear orchards. The value of pear production has doubled worldwide in the last 25 years. 

However, Romania has a constant downward trend. The high demand for these fruits is unmet, with 

the price/kg being consistently high compared to other crops (e.g. apple, plum). The sensitivity of 

traditional varieties to diseases such as bacterial blight (Erwinia amylovora) or pests (Psylla piricola) led 

over time to the reduction of areas cultivated with pear [59,60]. In recent years, breeding programs 

have led to the creation of several cultivars with resistance/tolerance to bacterial blight, respectively 

Psylla, which could also be included in projects regarding establishing orchards in an ecological 

system. Varieties such as ‘Euras’, ‘Corina’, ‘Cristal’, ‘Tudor’, ‘Romcor’, and ‘Orizont’ [61] have special 

fruit quality [62]. 

Modern orchards implement different planting systems correlated to specific rootstock, 

appropriated to the local soil and climatic conditions [59,63]. Besides the own-rooted trees, Quince 

(less vigor) or pear seedlings are used as pear rootstock [64]. Biometric parameters such as trunk 

cross-section area, tree height, annual vegetative growth, numbers and types of fruiting shoots, and 

production parameters are followed in almost every study besides the other ecosystem parts. 

Comparisons between less or more vigor trees due to the rootstocks used besides the fruit quality 

and total production are highlighted [65–76].          

Fertilization in pear orchards using compost application was scarcely monitored until now, 

although studies regarding conventional fertilization, such as nitrogen or potassium fertilization, on 

the pear fruit yield and quality [77] were conducted. [78] studied how fractionated fertilizer 

application affects the uptake and use of nitrogen by pears in rain-fed orchards. This significantly 

improved nitrogen use efficiency, reduced nitrogen losses, and increased the amount of residual 

nitrogen in the soil. Nitrogen is crucial for tree growth, leaf development, flower formation, fruit 

setting, and fruit size, all influencing crop yield. Nitrogen deficiency is typically first seen in the leaves 

[79]. 

This study aimed to analyze the influence of compost application in the field on a pear tree plot 

through (1) monitoring the influence of the cultivar, rootstock, and compost fertilization on Nitrogen 

absorption in pear tree leaves, (2) Soil microbiota dynamics expressed through soil respiration 

coefficient, (3) the influence of compost fertilization on the fruit maturity stage in the field until 

harvest, (4) the influence of compost fertilization on some biometric parameters as trunk cross-section 

area, the annual vegetative grow, dynamics in the fruiting shoots annual number.  

2. Materials and Methods 

2.1. Biological Material 

Six disease-resistant pear cultivars ‘Corina’, ‘Cristal’, ‘Euras’, ‘Orizont’, ‘Romcor’, and ‘Tudor’ 

(Figure 1), released by Voineşti Research Station for Fruit Growing (Romania) ([62,80]), seven years 

age, were monitored and analyzed in the Experimental Orchard of the Faculty of Horticulture within 

the USAMV of Bucharest (44º28'12'', 26º03'51'', 86 m altitude).  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 October 2024 doi:10.20944/preprints202410.1822.v1

https://doi.org/10.20944/preprints202410.1822.v1


 5 

 

Trees grafted on ‘CTS 212’ quince rootstock (Quince) were planted at 3.0 x 0.8 m (4,166 trees ha-

1) with a Parallel U training system. The Trident training system was used for trees grafted on 

‘Farold® 40’ pear rootstock (Franc) ([81]) and on their roots (Own roots), in vitro propagated, planted 

at 3.0 x 1.6 m (2,083 trees ha-1). 

Integrated orchard management, including drip irrigation, was applied. The interrow was kept 

covered with grass and mowed periodically.  

 
Figure 1. Romanian disease-resistant pear cultivars 

2.2. Compost Fertilization  

In this study, a fertilization scheme was implemented that utilizes compost derived from plant 

materials (such as leaves, residues from mowing the vegetable carpet, chopped branches, etc.) from 

the orchard and campus, as well as compost obtained from food residues sourced locally and from 

the university cafeteria. 

Two pear rows were included in the observations, with the same cultivar x rootstock variants. 

One row, kept as control, was mulched at the beginning of the experiment (February 2022) with 

chopped branches, and on the other row was applied a mix of vegetal compost obtained on the 

university campus from all the vegetative material, and the compost obtained from a 24h composter 

(Oklin), 2 kg/tree. In the Oklin composter, food waste from various sources was composted in the 

Research Center for Studies of Food Quality and Agricultural Products ([46]).  

In June-July 2022, a second application of compost from food waste was made to the row of trees. 

Subsequently, compost was applied regularly; after a sufficient amount was prepared, it was 

transported to the plantation and spread on a row of pear trees. During a single vegetative cycle, the 

amount of compost from organic residues applied was 3-4 kg per tree, representing 5.45-7.13% of the 

total compost applied per row over the course of one year.  

Experimental design 

The following experimental design was included in the experiment (Figure 2): the first row is 

for Control, and the second row is for Compost fertilization.   

 

Figure 2. The experimental design for compost fertilization study 

2.3. Total Nitrogen (N) and Carbon (C) content in Leaves Analyses 

In the first stage (August-December 2021), two determinations were made, the first in August 

and the second in October. Four determinations were made after applying the compost in the second 

stage (January - December 2022). Five determinations were made in the third year (January - 

November 2023). 

Method. Leaf samples from each experimental variant were taken from the experimental lot. 

They were dried at 70°C for 5 hours. Dried leaves were ground with a small mill and placed in a 

desiccator in 15 ml Falcon tubes. 

The total nitrogen (N) and carbon (C) content were analyzed using the Dumas method with an 

EA 3000 elemental analyzer. This method involved the complete combustion of the well-

homogenized sample (1.5-2.5 mg) at 950°C in pure oxygen. Combustion produces a series of gases, 

mainly water, carbon dioxide, sulfur oxides, and nitrogen in various oxides (NyOx). This gas mixture 

'Euras' 'Cristal' 'Romcor' 'Corina' 'Orizont' 'Tudor' 'Euras' 'Cristal' 'Romcor' 'Corina' 'Orizont' 'Tudor' 'Euras' 'Cristal' 'Romcor' 'Corina' 'Orizont' 'Tudor' 

                                    

Quince Quince Quince Quince Quince Quince Own roots Own roots Own roots Own roots Own roots Own roots Franc Franc Franc Franc Franc Franc 

                                    

                  
'Tudor' 'Orizont' 'Corina' 'Romcor' 'Cristal' 'Euras' 'Tudor' 'Orizont' 'Corina' 'Romcor' 'Cristal' 'Euras' 'Tudor' 'Orizont' 'Corina' 'Romcor' 'Cristal' 'Euras' 

Franc Franc Franc Franc Franc Franc Quince Quince Quince Quince Quince Quince Own roots Own roots Own roots Own roots Own roots Own roots 
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passes through a reduction chamber containing heated copper. This stage converts nitrogen oxides 

into elemental nitrogen and captures the excess oxygen. The gases are carried by a carrier gas 

(helium) through a column where they are separated, and the total content of each gas reaches, after 

a specific time (retention time), a thermal conductivity detector, which quantifies the amount of gas. 

Standards were prepared using the Cystine standard substance (B2131-1, Elemental Microanalysis), 

with known quantities of total N (11.64%), total C (29.95%), and total S (26.67%). Five different cystine 

standards were weighed, ranging from 0.5 to 2.5 mg, evenly covering this range [82]. 

2.4. Determination of the Soil Respiration Coefficient as Soil Microbiota Parameter Indicator 

The measurements were carried out in 2021, before compost fertilization, and again in 2022 to 

monitor the effect of compost application on soil microbiota. The LCpro+ device, equipped with the 

soil respiration module, was used for this purpose. Measurements were taken in the morning, 

between 10:00 and 11:00. Four cultivars, all grafted onto quince rootstock, were analyzed across two 

fertilization variants: 'Cristal', 'Romcor', 'Corina', and 'Orizont.' 

2.5. Fruit Ripening (phenophases BBCH70-87) Corresponding to the Experimental Variants, Measured in 

IAD (Using a Da-meter) 

The evolution of fruit ripening was analyzed with a non-destructive equipment, Da-meter, 

created by the former Department of Fruit Tree and Woody Plant Sciences of the University of 

Bologna (Turoni, Italy) [83–91].  

For each tree, in the 2022 – 2023 period, in each variant, two to three measurements were done 

on fruits at several moments, starting with the BBCH 70 stage (IAD ≤ 2.2) until the harvest moment 

(BBCH 87).  

2.6. Analysis of Annual Vegetative Growth After Compost Application (2022 – 2023).  

Biometric parameters such as trunk cross-sectional surface area (TCSA), tree height, and the 

number and length of fruiting branches were measured.  

The formula determined the area of the trunk section: 

TCSA = π x r2, where r = D/2, D = trunk diameter. 

The trunk diameter was measured 20 cm above the grafting point (root collar for the Own roots 

trees), using a digital caliper, averaging the longitudinal and transverse measurements. The tree 

height was determined using a graduated ruler from the point of grafting/ root collar to the top. 

The number and length of the fruiting branches were determined yearly during winter. 

2.7. Statistical Data Analyses 

R program (with RStudio 2024.04.2+764) and MS Office (Microsoft Excel 2016) were used, with 

a significance level of p = 0.05, for the descriptive statistics of the data. ANOVA and Tuckey post-hoc 

tests were applied.  

3. Results 

3.1. Compost Application's Influence on Nitrogen (N) Absorption in the Pear Tree Leaves and Carbon 

Content Is Correlated To Cultivar X Rootstock 

3.1.1. Nitrogen Absorption in Pear Leaves 

The study followed each cultivar pattern and compared cultivars' dynamic of N absorption 

specific for each rootstock (Figures 3-8).  

For ‘Tudor’ cultivar (Figure 3), comparing the N content in leaves in the two fertilization 

variants, it was similar to Quince (1.835% - 1.791%) and Own roots (1.579% - 1.534%) and higher for 

Franc (1.756% - 2.267%) on the control raw, at the beginning of the experiment (2021).  
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In the first year of compost fertilization (2022), N content ranged to values higher for Own roots 

(2.519% - 1.986%, May; 2.699% - 2.088%, June) and similar for Quince (2.108% - 1.855%, May) and 

Franc (2.571% - 2.408%, June) on the Compost raw compared to Control one. At the end of the 

vegetative stage, in October, the values were similar for Own roots (1.344% - 1.307%) and Quince 

(1.510% - 1.356%) and lower on the compost variants for Franc (1.166% - 1.521%). 

In the second year of compost fertilization (2023), Quince had values higher on Compost variants 

than Control from May to October (2.528%-1.723%, May; 2.679% - 2.096%, June; 2.042% - 1.417%, 

August; 1.815% - 1.406%, October). Own roots had higher values on the Compost variants until the 

end of the vegetative stage when they were similar (2.396% - 1.913%, May; 2.256% - 1.817%, June; 

1.880% - 1.570%, August; 1.691% - 1.446%, October). Franc started with similar values in May (2.259% 

- 2.403%), lower in June (2.286% - 2.952%), then higher in August (1.872% - 1.768%), and similar in 

the end (1.747% - 1.674%).   

 

Figure 3. Total N content (%) dynamic for ‘Tudor’ cultivar. 

At the ‘Corina’ cultivar, at Quince rootstock, before the compost application, N content in leaves 

was similar in summer and lower at the end of vegetation in the Compost variant (1.387-1.670, 

August; 0.989-1.194, October). After compost application, values have increased in the first 

year, being higher than the control (1.843-1.775, May; 2.499-1.618, June; 1.627-1.150, September; 1.164-

0.894, October). In the second year, N content in leaves remained higher in the Compost variants all 

the season (2.209-1.795, May; 2.410-2.099, June; 2.033-1.641, August; 1.656-1.111, October).  

 Before compost application, the trees on their Own roots had higher N content in the control 

variants (1.697-2.059, August). In the first year of compost fertilization, values were similar to Control 

until the end of vegetation, when they were higher (2.522-2.211, May; 2.261-2.437, June; 1.676-1.114, 

October). In the second year, values were similar on the two rows, except August, when higher than 

Control (2.458-2.188, May; 2.351-2.485, June; 2.036-1.544, August; 1.616-1.504, October).  

Franc rootstock at this cultivar generally led to similar values on both rows. They started a bit 

lower before the experiment (1.705-2.361, August; 1.483-1.484, October) and remained identical in the 

first year, 2022 (2.597-2.692, May; 2.542-2.654, June; 2.070-2.011, September; 1.522-1.655, October), and 

in the second year, 2023, except October when were higher than Control (2.419-2.398, May; 2.894-

3.011, June; 2.089-2.130, August; 1.863-1.625, October) (Figure 4). 
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Figure 4. Total N content (%) dynamic for ‘Corina’ cultivar  

At ‘Cristal’ cultivar, before the compost application, at Quince rootstock, N content in leaves 

was higher in summer and lower at the end of vegetation in the Compost variant (1.828-1.612, 

August; 0.699-1.004, October). After compost application, in the first year, values were higher than 

the control (2.401-2.243, May; 2.262-1.934, June; 2.688-1.951, October). In the second year, N content 

in leaves was higher in the Compost variants at the beginning and end of the season and similar in 

summer (2.324-1.820, May; 1.788-1.678, June; 1.726-1.239, October).  

 Before compost application, the trees on their Own roots had higher N content in the control 

variants at the beginning and similar at the end of the vegetation stage (1.641-1.984, August; 0.883-

1.000, October). In the first year of compost fertilization, values were similar to Control until the end 

of vegetation, when they were higher (2.577-1.750, May; 2.202-1.890, June; 1.555-1.063, October). In 

the second year, values were higher than Control at the beginning and similar for the rest of the 

season (2.493-2.150, May; 2.670-2.581, June; 1.905-1.871, August; 1.492-1.346, October).  

On the Franc rootstock, before the experiment (2021), N values in leaves were lower in the 

summer and higher at the end of the season than in Control (1.686-2.058, August; 1.188-0.917, 

October). The experiment's first year was higher than the control (2.557-2.195, May; 2.688-1.951, June; 

1.538-1.010, October). In the second year, 2023, values were similar except in October, when they were 

higher than Control (2.368-2.304, May; 2.539-2.462, June; 2.007-1.860, August; 1.944-1.678, October) 

(Figure 5). 

 

Figure 5. Total N content (%) dynamic for the ‘Cristal’ cultivar  

At the ‘Orizont’ cultivar, before the compost application, at Quince rootstock, N content in 

leaves was higher in the Control variant (1.006-1.441, August; 0.724-0.822, October). After compost 
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application, in the first year, values were similar to the Control until the end of vegetation, when 

they were lower (2.211-2.164, May; 2.099-2.044, June; 0.870-1.078, October). In the second year, N 

content in leaves was higher in the Compost variants in all seasons (2.704-1.770, May; 2.953-1.967, 

June; 2.169-1.582, August; 1.652-1.143, October).  

 Before compost application, the trees on their Own roots had the lowest N content in the control 

variants (1.967-1.814, August; 1.549-1.112, October). In the first year of compost fertilization, values 

were similar to Control, all seasons (2.398-2.204, May; 2.550-2.424, June; 1.043-0.956, October). In the 

second year, values were higher than Control (2.612-2.034, May; 2.393-2.452, June; 1.796-1.447, 

August; 1.919-1.415, October).  

On the Franc rootstock, before the experiment (2021), N values in leaves were similar in the 

summer and higher at the end of the season than in Control (1.818-1.907, August; 1.322-1.062, 

October). In the first year of the experiment, N content in leaves was similar until the end of 

vegetation season, when it was lower than the Control (2.238-2.258, May; 2.277-2.487, June; 1.033-

1.242, October). In the second year, 2023, values were similar except in June, when they were lower 

than Control (2.689-2.517, May; 2.575-3.028, June; 1.749-1.848, August; 1.542-1.710, October) (Figure 

6). 

 

Figure 6. Total N content (%) dynamic for ‘Orizont’ cultivar  

At the ‘Romcor’ cultivar, 2021, before the compost application, at Quince rootstock, N content 

in leaves was higher in the Control variant (1.360-1.685, August; 0.952-0.947, October). After compost 

application, in the first year, values became higher than in the Control variants (1.921-1.816, May; 

1.818-1.572, June; 1.614-0.658, October). In the second year, N content in leaves remained higher in 

the Compost variants all season (2.296-2.025, May; 2.739-2.091, June; 1.558-1.482, October).  

 Before compost application, the trees on their Own roots had the highest N content in the 

Control variants (1.906-2.041, August; 1.091-1.336, October). In the first year of compost fertilization, 

values became higher than the Control all seasons (2.804-2.180, June; 1.340-1.116, October). In the 

second year, values were similar to Control, except in August, when they were higher (2.290-2.533, 

May; 2.819-2.798, June; 2.008-1.862, August; 1.561-1.555, October).  

On the Franc rootstock, before the experiment (2021), N values in leaves were similar and higher 

than Control (1.791-1.560, August; 1.414-1.150, October). In the first year of the experiment, N content 

in leaves was higher than Control (2.234-1.760, May; 2.794-1.813, June; 1.676-0.935, October). In the 

second year, 2023, values remained higher than Control (2.621-1.609, May; 2.650-1.814, June; 2.160-

1.239, August; 1.980-0.963, October) (Figure 7). 
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Figure 7. Total N content (%) dynamic for ‘Romcor’ cultivar  

At the ‘Euras’ cultivar, before the compost application, at Quince rootstock, N content in leaves 

was higher than the Control variant (2.107-1.949, August; 0879-0.760, October). After compost 

application, values remained higher in the first year than in the Control variants except at the end of 

vegetation season, when they were lower (2.510-2.226, May; 2.773-2.334, June; 1.146-1.242, October). 

In the second year, N content in leaves remained higher in the Compost variants all season (2.348-

1.809, May; 2.188-2.210, June; 1.721-1.577, August; 1.682-1.250, October).  

 The trees on their Own roots had the highest N content in the Control variants before compost 

application (2.064-2.332, August). In the first year of compost fertilization, values became higher than 

the Control all season (2.619-2.269, May; 2.934-2.336, June; 1.456-0.654, October). In the second year, 

values remained higher than Control (2.510-2.188, May; 2.599-2.071, June; 1.958-1.731, August; 1.368-

0.981, October).  

On the Franc rootstock, before the experiment (2021), N values in leaves were similar and higher 

than Control (1.480-1.885, August; 0.929-0.778, October). In the first year of the experiment, N content 

in leaves was higher than Control (2.952-1.978, May; 2.739-2.311, June; 1.318-1.002, October). In the 

second year, 2023, values were similar or higher than Control, except in June, when they were lower 

(2.496-2.425, May; 2.314-2.605, June; 2.102-1.980, August; 1.868-1.563, October) (Figure 8). 

 

Figure 8. Total N content (%) dynamic for ‘Euras’ cultivar 

The differences are highlighted when we compare the N content in leaves between cultivars on 

the same rootstock (Figures 9-11).  
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At the Quince rootstock, N content in leaves was higher on the Control variants or similar before 

applying compost. After compost fertilization, trees grafted on Quince had the highest values on the 

compost variants at almost every moment compared to Control. Between cultivars, ‘Euras’, ‘Orizont’, 

and ‘Romcor’ presented higher values.  

Before the experiment, the trees on their Own roots had higher N content in leaves than the 

Control, and after compost application, all cultivars presented higher N absorption.  

The leaves on the Franc grafted trees have higher N values than on other rootstock cultivars.  

 

Figure 9. Comparison between cultivars on Quince rootstock, total N content (%) 

dynamic   

 

Figure 10. Comparison between cultivars on Own roots, total N content (%) dynamic . 

 

Figure 11. Comparison between cultivars on Franc rootstock, total N content (%) 

dynamic   

3.1.2. Carbon Content in Pear Leaves Correlated To Cultivar X Rootstock 
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Comparing the Carbon in the pear leaves, the values were quite similar at the ‘Corina’ cultivar 

between variants and also between rootstock values. ‘Cristal’, at Franc rootstock, presented higher 

values after compost application. The trees on their Own roots had lower values in summer in both 

years and at the end of vegetation in the first year (2022). At Quince rootstock, if values were higher 

on the Control before the compost application, after both years, they became similar for all seasons.  

At the ‘Euras’ cultivar, the Carbon in the pear leaves didn’t have a pattern, and the values were 

variable on both the Compost and Control variants.  

At the ‘Orizont’ cultivar, on the Franc rootstock, C values were higher on the Control variants. 

On trees on Own roots in the first year were higher and in the second similar. On Quince were similar 

or sometimes higher on the Control (end of vegetation).  

At the ‘Romcor’ cultivar, C content was higher in the first year after compost application on the 

Franc rootstock in the summer—a similar pattern on the trees on Own roots and Quince.  

The ‘Tudor’ cultivar had a similar pattern to the rest of the cultivars when lower summer values 

were registered on some Compost variants. The rest were similar, most of them (Table 1).  

Table 1. C dynamics measured in pear leaves correlated to cultivar x rootstock. 

Culti

var 

Rootst

ock 

Fertiliz

ation 

2021 2022 2023 

Aug

ust 

Octo

ber May June 

Octo

ber May June 

Aug

ust 

Octo

ber 

‘Cori

na‘ 

Franc 

Compo

st 

47.01 

(a) 

41.67 

(a) 

47.71 

(a) 

47.45 

(a) 

47.52 

(a) 

46.02 

(a) 

45.56 

(a) 

52.14 

(a) 

47.45 

(b) 

Control 

47.22 

(a) 

38.12 

(a) 

48.57 

(a) 

47.42 

(a) 

44.15 

(b) 

45.16 

(a) 

46.03 

(a) 

47.19 

(b) 

51.36 

(a) 

Own 

roots 

Compo

st 

48.90 

(a) - 

48.40 

(a) 

47.43 

(b) 

44.69 

(a) 

46.56 

(a) 

48.24 

(a) 

47.75 

(a) 

46.30 

(b) 

Control 

47.65 

(a) - 

47.51 

(a) 

48.44 

(a) 

46.02 

(a) 

46.11 

(a) 

47.95 

(a) 

47.55 

(a) 

50.95 

(a) 

Quinc

e 

Compo

st 

48.40 

(a) 

43.92 

(a) 

47.00 

(b) 

46.76 

(a) 

43.50 

(b) 

45.06 

(a) 

46.10 

(a) 

46.90 

(a) 

46.88 

(a) 

Control 

46.51 

(b) 

46.03 

(a) 

48.22 

(a) 

43.49 

(b) 

46.41 

(a) 

45.65 

(a) 

47.25 

(a) 

46.92 

(a) 

46.6 

(a) 

‘Crist

al‘ 

Franc 

Compo

st 

47.69 

(b) 

29.02 

(b) 

53.12 

(a) 

47.48 

(a) 

43.44 

(a) 

44.59 

(a) 

46.5 

(a) 

51.14 

(a) 

47.28 

(a) 

Control 

49.43 

(a) 

42.04 

(a) 

47.84 

(a) 

46.13 

(b) 

37.6 

(b) 

44.61 

(a) 

44.5 

(a) 

45.77 

(b) 

45.00 

(b) 

Own 

roots 

Compo

st 

47.92 

(a) 

25.99 

(a) 

48.41 

(a) 

46.61 

(b) 

44.96 

(b) 

45.74 

(a) 

48.02 

(a) 

45.94 

(b) 

46.4 

(a) 

Control 

48.64 

(a) 

29.51 

(a) 

48.39 

(a) 

48.13 

(a) 

46.92 

(a) 

44.73 

(a) 

48.02 

(a) 

47.43 

(a) 

45.66 

(a) 

Quinc

e 

Compo

st 

47.01 

(a) 

45.07 

(a) 

48.03 

(a) 

47.6 

(a) 

45.59 

(a) 

45.64 

(a) 

45.44 

(a) - 

48.10 

(a) 

Control 

45.63 

(b) 

42.39 

(b) 

47.53 

(a) 

47.18 

(a) 

45.79 

(a) 

44.91 

(a) 

46.15 

(a) - 

46.83 

(a) 

‘Eura

s‘ 
Franc 

Compo

st 

45.58 

(a) 

42.27 

(a) 

52.02 

(a) 

48.76 

(a) 

43.35 

(b) 

45.48 

(a) 

48.09 

(a) 

51.03 

(a) 

48.69 

(b) 
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Culti

var 

Rootst

ock 

Fertiliz

ation 

2021 2022 2023 

Aug

ust 

Octo

ber May June 

Octo

ber May June 

Aug

ust 

Octo

ber 

Control 

47.65 

(a) 

30.29 

(b) 

48.16 

(a) 

49.00 

(a) 

46.21 

(a) 

46.46 

(a) 

47.84 

(a) 

47.29 

(b) 

53.67 

(a) 

Own 

roots 

Compo

st 

48.70 

(b) - 

47.73 

(b) 

49.54 

(a) 

46.91 

(a) 

46.62 

(a) 

49.38 

(a) 

47.52 

(a) 

47.77 

(a) 

Control 

49.29 

(a) - 

50.32 

(a) 

49.05 

(a) 

44.15 

(b) 

46.34 

(a) 

47.65 

(b) 

47.83 

(a) 

48.87 

(a) 

Quinc

e 

Compo

st 

49.10 

(a) 

44.80 

(a) 

47.31 

(a) 

48.24 

(a) 

33.72 

(b) 

45.29 

(a) 

46.22 

(a) 

45.52 

(a) 

47.01 

(a) 

Control 

47.56 

(b) 

41.46 

(b) 

47.49 

(a) 

47.52 

(b) 

44.49 

(a) 

43.74 

(b) 

46.24 

(a) 

45.91 

(a) 

45.57 

(a) 

‘Oriz

ont‘ 

Franc 

Compo

st 

49.45 

(a) 

44.01 

(a) 

47.34 

(b) 

47.33 

(b) 

32.45 

(b) 

47.05 

(a) 

45.74 

(b) 

51.93 

(a) 

48.69 

(b) 

Control 

48.37 

(b) 

45.74 

(a) 

49.49 

(a) 

49.37 

(a) 

46.38 

(a) 

46.21 

(b) 

47.03 

(a) 

47.22 

(b) 

53.49 

(a) 

Own 

roots 

Compo

st 

48.47 

(a) 

24.20 

(b) 

50.21 

(a) 

48.07 

(b) 

46.86 

(b) 

46.95 

(a) 

47.67 

(a) 

48.12 

(a) 

60.70 

(a) 

Control 

48.26 

(a) 

32.86 

(a) 

49.83 

(a) 

49.78 

(a) 

48.82 

(a) 

45.87 

(a) 

48.33 

(a) 

47.94 

(a) 

47.51 

(b) 

Quinc

e 

Compo

st 

47.84 

(a) 

22.83 

(b) 

48.03 

(a) 

49.14 

(a) 

31.64 

(b) 

46.18 

(a) 

47.06 

(a) 

52.25 

(a) 

47.20 

(a) 

Control 

47.86 

(a) 

43.63 

(a) 

48.68 

(a) 

48.49 

(a) 

45.79 

(a) 

45.24 

(b) 

46.23 

(a) 

46.27 

(b) 

46.97 

(a) 

‘Rom

cor‘ 

Franc 

Compo

st 

48.71 

(a) 

45.72 

(a) 

47.35 

(b) 

48.66 

(b) 

47.46 

(a) 

46.31 

(a) 

45.49 

(b) 

52.67 

(a) 

46.21 

(b) 

Control 

49.74 

(a) 

45.30 

(a) 

48.20 

(a) 

50.57 

(a) 

33.26 

(b) 

46.23 

(a) 

48.21 

(a) 

48.77 

(b) 

54.80 

(a) 

Own 

roots 

Compo

st 

49.28 

(a) 

41.8 

(b) - 

48.83 

(a) 

45.17 

(a) 

45.78 

(a) 

49.2 

(a) 

47.58 

(a) 

46.67 

(b) 

Control 

49.8 

(a) 

44.7 

(a) - 

48.01 

(b) 

48.22 

(a) 

45.86 

(a) 

46.11 

(b) 

47.39 

(a) 

51.33 

(a) 

Quinc

e 

Compo

st 

47.19 

(a) 

43.47 

(a) 

46.67 

(b) 

46.45 

(b) - 

44.01 

(a) 

47.03 

(a) - 

47.97 

(a) 

Control 

47.69 

(a) 

31.48 

(b) 

49.3 

(a) 

47.92 

(a) - 

44.53 

(a) 

45.32 

(b) - 

45.32 

(b) 

‘Tud

or‘ 
Franc 

Compo

st 

48.75 

(a) 

28.95 

(a) - 

47.81 

(a) 

43.94 

(b) 

45.56 

(a) 

47.85 

(a) 

53.71 

(a) 

49.33 

(a) 

Control 

47.58 

(b) 

29.51 

(a) - 

47.65 

(a) 

45.18 

(a) 

45.09 

(a) 

46.97 

(a) 

46.82 

(b) 

46.10 

(b) 
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Culti

var 

Rootst

ock 

Fertiliz

ation 

2021 2022 2023 

Aug

ust 

Octo

ber May June 

Octo

ber May June 

Aug

ust 

Octo

ber 

Own 

roots 

Compo

st 

49.90 

(a) 

45.89 

(a) 

49.12 

(a) 

47.19 

(b) 

34.65 

(b) 

47.19 

(a) 

45.93 

(a) 

47.45 

(a) 

48.42 

(a) 

Control 

49.64 

(a) 

46.77 

(a) 

48.79 

(a) 

48.76 

(a) 

46.25 

(a) 

45.77 

(b) 

45.86 

(a) 

46.81 

(b) 

53.39 

(a) 

Quinc

e 

Compo

st 

46.91 

(b) 

41.24 

(a) 

47.96 

(a) - 

42.93 

(b) 

45.24 

(a) 

45.90 

(a) 

51.24 

(a) 

47.26 

(a) 

Control 

47.75 

(a) 

44.29 

(a) 

47.14 

(a) - 

45.92 

(a) 

44.99 

(a) 

46.08 

(a) 

45.55 

(b) 

46.38 

(a) 

When analyzing the total C content in leaves on each rootstock and comparing the cultivars, we 

observe similar patterns on pears grafted on Quince and Franc rootstock and Own roots, with slight 

differences between Compost and Control variants (Figures 12-14).   

 

Figure 12. Comparison between cultivars on Quince rootstock, total C content (%) dynamic   

 

Figure 13. Comparison between cultivars on Own roots, total C content (%) dynamic 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 October 2024 doi:10.20944/preprints202410.1822.v1

https://doi.org/10.20944/preprints202410.1822.v1


 15 

 

 

Figure 14. Comparison between cultivars on Franc rootstock, total C content (%) dynamic 

3.2. Determination of the Soil Respiration Coefficient as Soil Microbiota Parameter Indicator 

The soil respiration coefficient is a vital soil health parameter that can be determined with 

various simple or complex equipment, even in different sites and farms. The present study analyzed 

the dynamic of this parameter in the year before compost application and in the first year (2022) after. 

The results (Figure 15, 2022 data) highlight the sensitivity of this parameter, with higher values being 

recorded in the first 15-20 days after compost application to some cultivars. ‘Corina’, ‘Cristal’, 

‘Orizont’, and ‘Romcor’, grafted on Quince rootstock, were monitored. 

 

Figure 15. The influence of the fertilization scheme on the soil respiration coefficient (µmol m-2 s-1) 

3.3. Maturity Stage of the Fruits   

The fertilization scheme influences tree phenology; however, a definitive relationship has not 

yet been established between the plant's optimal nutritional status and its earliness or tardiness 

compared to a lower nutritional status. 

Fruit ripening stages were monitored with a Da-meter, which measured IAD regularly 45-60 

days before harvest when values dropped under 2.2. A heatmap was determined based on the 

average values (Figure 16), comparing fertilization variants. If in the 2022 year, slight differences were 

present between variants on some rootstocks (Own roots – ‘Euras’, ‘Tudor’; Quince – ‘Cristal’; Franc 

– ‘Romcor’, ‘Orizont’, ‘Corina’) in the second year (2023) differences remained at ‘Tudor’/ Own roots, 

‘Cristal’/Quince, ‘Tudor’/Quince, ‘Romcor’/Franc, where Control variants ripened earlier than 

Compost ones. In the second year, ‘Orizont’/ Franc, ‘Corina’/Franc, and ‘Tudor’/Franc had higher 
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values on the Control variants, with the compost ones attending more early the harvest moment 

(Figure 17-22).   

 

Figure 16. Heatmap of average IAD in fruits correlated by Cultivar x Rootstock x Fertilization  

 

Figure 17. Dynamics of IAD for ‘Tudor’ cultivar by Rootstock x Fertilization 

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 October 2024 doi:10.20944/preprints202410.1822.v1

https://doi.org/10.20944/preprints202410.1822.v1


 17 

 

 

Figure 18. Dynamics of IAD for ‘Cristal’ cultivar by Rootstock x Fertilization 

 

Figure 19. Dynamics of IAD for ‘Corina’ cultivar by Rootstock x Fertilization 

 

Figure 20. Dynamics of IAD for ‘Orizont’ cultivar by Rootstock x Fertilization 
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Figure 21. Dynamics of IAD for ‘Romcor’ cultivar by Rootstock x Fertilization 

 

Figure 22. Dynamics of IAD for ‘Euras’ cultivar by Rootstock x Fertilization 

3.4. Influence of the compost fertilization on the annual vegetative growth 

3.4.1. Trunk Cross-Section Area Growth Rate 

One of the biometric parameters for tree development is the trunk cross-sectional area, which is 

measured each year during the dormancy period. When comparing the cultivars with their respective 

rootstocks (Figure 23), the Quince rootstock was the most responsive to compost application, with all 

cultivars exhibiting significantly higher values than the control. ‘Cristal’ and ‘Romcor’ responded 

similarly to the trees on ‘Franc’ and ‘Own roots’ rootstocks, while ‘Euras’ exhibited a higher growth 

rate in the control group than these. 
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Figure 23. TCSA growth rate (2023 – 2022) comparison by Cultivar x Rootstock x Fertilization 

3.4.2. Total Annual Vegetative Growth  

Some of the cultivars on Quince rootstock didn’t have similar patterns as TCSA, with some 

higher growths on the control (‘Cristal’, ‘Orizont’). Pear trees on their own roots presented higher or 

similar values in the compost variants compared to the control. Franc rootstock with compost 

application led to higher vegetative growth in all cultivars except ‘Corina’ and ‘Tudor’ (Figure 24).  

 

Figure 24. Total annual vegetative growth rate (2023 – 2022) comparison by Cultivar x Rootstock x 

Fertilization. 

3.4.3. Total annual fruiting shoots by number  

Annual fruiting shoots are directly and strongly correlated to total production.  

At the ‘Corina’ cultivar, for Franc grafted trees and own-rooted ones, Spurs and Dards dominate 

in both periods, with relatively equal weights; water shoots slightly increased in 2023 on both 

Compost and control. At Quince, in 2022, Spurs dominate, but in 2023, Dards increase significantly, 

reversing the proportions between the two types of branches for both variants (Figure 25). 
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Figure 25. Total rate (2023 – 2022) comparison by Cultivar x Rootstock x Fertilization for annual 

fruiting shoots 

At the ‘Crystal’ cultivar, Franc rootstock, on the Compost variant, Dards has a majority weight 

in both periods, with a small presence of Offshoots and Brindles. Water shoots are absent compared 

to the Control, which is similar to Compost, but in 2023, a slight decrease in Dards and an increase in 

the weight of Spurs is observed. On the Compost variant, the trees on their Own roots, the share of 

Dards was lower compared to Franc, but Offshoots had a higher contribution. Spurs and Brindles 

remained at low values. At the Control, Dards had a high share, and Offshoots and Spurs were more 

present than other rootstocks. At the Quince rootstock, on the Compost variant, Dards dominated in 

both periods, and Water shoots and Spurs had a minimal presence. On the Control, in 2022, Spurs 

had a high share, but in 2023, Dards became more dominant. 

At the ‘Euras’ cultivar, at the Franc rootstock, on the Compost variant, Spurs have a majority 

share in both periods, and Dards remain at constant values. Water shoots had a slight increase in 

2023. Spurs and Dards dominate on the Control, with slight variations between years. Water shoots 

had a small but visible share in 2023. On the Compost variant, Spurs values dominated the Own roots 

trees, but Brindles and Dards had lower shares than the Franc rootstock. On the Control, the values 

were similar to Compost, but the shares for Dards and Spurs were more balanced. At the Quince 

rootstock, on the Compost variant, Dards and Spurs were present in relatively equal proportions, 

with an increase in the share of Offshoots in 2023, while on the Control, a more balanced share 

between Spurs and Dards and Offshoots appears with a small share in 2023. 

At the ‘Orizon’ cultivar, the trees grafted on Franc, and in the Compost variant, Spurs had a 

majority share, and Dards and Brindles had constant values in both periods. Spurs and dards were 

predominant in control, but their proportions varied slightly between years, with a slight increase in 

water shoots in 2023. At the trees on their Own roots, on the Compost variant, Dards had a relatively 

low presence, while Brindles and Water shoots remained stable. The proportion of dards and brindles 

in the control group was almost equal, while the Spurs remained dominant in both periods. At 

Quince rootstock, on the Compost variant, in 2022, Spurs and Dards were equal, and in 2023, Water 

shoots became more present. Dards and Spurs were predominant in the control, and water shoots 

only appeared in 2023 at a small rate. 

At the ‘Romcor’ cultivar, at the Franc rootstock, on the Compost variant, in 2022, Spurs and 

Dards were equal, and in 2023, Spurs increased considerably, becoming predominant. At the Control, 

Spurs were dominant in both periods, but Brindles increased in 2023. At the trees on their Own roots, 

on the Compost variant, the share of Spurs and Dards was relatively balanced in both periods. Spurs 

had a majority share of the Control, but Brindles and Dards were present in significant proportions. 

On the Compost variant, Dards dominated in 2023 at the Quince rootstock, and Offshoots appears 

with a small share. On the Control, the share of Spurs and Dards remained constant between the two 

years without significant variations. 
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At the ‘Tudor’ cultivar, at the Franc grafted trees, on the Compost variant, in 2022, Spurs and 

Dards had equal values, but in 2023, Spurs became predominant. At the Control, Spurs dominated 

in both periods, but Water shoots had a smaller share. Dards and Offshoots values were relatively 

constant at the trees on their own roots and the Compost variant, but Spurs increased in 2023. At the 

Control, Dards and Spurs weights were constant, but there was an increase in the weight of Brindles 

in 2023. At the Quince rootstock and the Compost variant, Spurs dominated in both periods, with an 

increase in Brindles and Offshoots in 2023. At the Control, Spurs dominated in both periods, but 

Offshoots increased slightly in 2023. 

Spurs and Dards were generally the dominant branches in most combinations, with minor 

exceptions. Fertilization with Compost compared to Control does not drastically affect the 

distribution of weights between branch types, but there were subtle variations depending on cultivar 

and rootstock. There was a general trend for Water shoots to be less present but to increase in some 

combinations in 2023. 

4. Discussion 

This study aimed to analyze the influence of compost application in the field on a pear tree plot 

through several parameters in a circular system.  

In most cases, soil parameter changes require more time, and an efficient method to 

evaluate fertilizer efficiency is to assess the mineral composition of leaves and other plant parts. Total 

nitrogen and carbon determined through elemental analyses proved to be an easy and supportive 

method to analyze the dynamic of leaf nutrient accumulation.  

The maximum values maintained the same increase after the application of compost, presenting 

higher values on the Compost variants. The Franc rootstock ('Farold®  40') had greater vigor, with 

trees grafted on Franc much more vigorous than those on Quince or their Own roots. This is also 

reflected in the higher total nitrogen content recorded between the variants. 

Corresponding results regarding the total C content in the leaves were analyzed similarly, but 

values were more or less constant in the period studied.   

The literature contains research using the same method, comparing the parameters determined 

from the leaf using the elemental analyzer with those evaluated with non-destructive devices 

or hyperspectral images taken with drones. [92] analyzed the management of nitrogen fertilizer 

application in a pear orchard using non-destructive methods, comparing the results with those 

obtained by the Dumas method on the elemental analyzer. They applied different fertilization 

schemes based on different nitrogen concentrations and evaluated their influence on the total N 

concentration in leaves and the quality of fruits. The results obtained within the project can be 

compared with those in this experiment for certain phenological stages, using the results in absolute 

value. 

Another study by [93] it also demonstrated a direct relationship between leaf nutrient content 

and pear fruit quality and yield. Fruit length, diameter, weight, and yield showed a strong positive 

correlation with the nitrogen content in the leaves. This may be because nitrogen is an essential 

component of cells, directly influencing leaf growth and development, as well as bud growth and 

flowering. A positive effect was also found on fruit development, leading to improvements in both 

yield and quality through intense photosynthetic activity. 

At the same time, some studies have shown that although the nitrogen content in the leaves did 

not experience significant changes compared to the control, a high amount of nitrogen in the soil 

positively affected the number of fruits and other yield indicators. Therefore, nitrogen can benefit the 

fruits even without visible effects on the leaves [77,94].  

Fractionated fertilizer application benefits on the plants were also determined in the [78] study, 

when application treatments favored nitrogen uptake from the soil and improved the growth and 

distribution of nitrogen in various tree structures. The fractionated fertilizer application can reduce 

nitrogen losses and improve its use efficiency in pears, offering significant advantages over a single 

application. 
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The dynamic evaluation of the total nitrogen and carbon content generated complex and 

essential data, which, from this point of view, characterize the influence of the fertilization scheme, 

respectively, and the applied technology on the experimental variants. 

For the soil respiration coefficient at ‘Cristal’/Quince, the first measurements had significantly 

higher values on the control compared to the Compost variant at the same time. Starting with August 

3rd, 2022, the respiration coefficient on the Compost variant presented higher values than control 

(5.052 µmol m-2 s-1 compared to 1.540 µmol m-2 s-1, respectively 6.101 µmol m-2 s-1 compared to 0.433 

µmol m-2 s-1). 

At ‘Romcor’/Quince, the values of the soil respiration coefficient fluctuated between the two 

experimental variants, presenting a maximum also at the time point August 3rd, 2022, on the Compost 

variant (3.380 µmol m-2 s-1) compared to the control (1.846 µmol m-2 s-1). ‘Corina’/Quince showed 

higher values on the control than on the Compost variant except for the first month and the last 

measured moment, where they were lower. 

‘Orizont’/Quince showed similar behavior to the first two cultivars, with significantly higher 

values on the Compost variant (4.209 µmol m-2 s-1) compared to the control (0.988 µmol m-2 s-1) on 

August 3rd, 2022. 

A possible justification for the increases in the level of the respiration coefficient values on 

August 3rd, 2022, was the application of compost in July. Except for one variant (‘Cristal’/Quince), 

these values decreased significantly after six days. Research conducted by [95] mentions the influence 

of the time of day and the calendar month on the values of the soil respiration coefficient, along with 

temperature and relative humidity in the soil.  The same method was used in the study [96] to 

measure the influence of abiotic and biotic factors on the respiration coefficient. The most important 

abiotic factor was temperature. Our present study's results provided important details, with absolute 

values analyzed in correlation with the two measured parameters (temperature and relative 

humidity, valued not displayed). 

The fruit ripening dynamic was measured and expressed using the Absorption Difference 

Index (IAD), a portable DA-meter based on vis-NIR technology. According to past studies on the 

cultivars, the optimum values for harvest were established in a range between 1.5 and 1.7, with a 

slight increase in the ‘Euras’, a winter cultivar. The results showed a strong negative correlation 

between harvest date and IAD value for all varieties, similar to [84,85,88]. Rootstock and Compost 

fertilization influenced the maturity index at the cultivars analyzed, results compared to [87]. No 

pattern was identified for the dynamics of the compost fertilization variants compared to the control, 

requiring more detailed future research.  

Biometric parameters analyzed, such as TCSA, annual vegetative growth, and fruiting shoot 

number, were the most sensitive indicators of the efficiency of the compost application, with Quince 

rootstock presenting significant differences compared to the control. Compared to Franc rootstock, 

which leads to higher growth, Quince is known as less vigorous and is used in super-intensive 

orchards due to the low root volume developed and its quality to the orchard productivity [59,64].  

The cultivars responded differently to the rootstock influence when comparing the TCSA 

growth rate between the two years of compost applications. But at the Quince rootstock, all the 

compost variants presented higher values than the control, confirming the low vigor and relatively 

small root system volume where the fertilizer could have acted in the experiment time (the compost 

was always placed at the soil surface, with no incorporation). The highest growing rates were 

recorded at the Own rooted trees on the Compost variant of ‘Cristal’ and ‘Tudor’, although on that 

Own rooted, there was no similar pattern.  

 The total annual vegetative growth presented similarities to [66,67,72,74,75], highlighting the 

differences between the Franc rootstock. The Franc rootstock led to the highest vegetative yearly 

growth, followed by the own-rooted trees and, in the end, the lower values for the Quince rootstock, 

sometimes lower than half of the Francs. Compost variants generally presented higher or similar 

values to the control ones in all rootstocks for this parameter.  

The total annual vegetative growth quality was analyzed using the number of fruiting shoots 

for production. For the present year, spurs and water shoots don’t directly contribute to the potential 
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flowering buds and future fruits, respectively, or the total production of the tree. The number of 

fruiting shoots is determined by the tree complex, cultivar x rootstock, and all the abiotic and biotic 

factors, including the technology used especially pruning and canopy shape. In the experiment 

period, the cultivars showed different behaviors. ‘Cristal’ and ‘Euras’ on the compost variants 

increased the direct fruiting shoots. No similarities in the rootstock influence were found in this 

period, so extended research is necessary.      

5. Conclusions 

The study begins by introducing the circular agriculture component into the ecosystem, using 

an innovative composter and outlining the framework for the separate and appropriate collection of 

organic waste, recycling with the help of this equipment, and then used as fertilizer (in our case, in 

the pear orchard). Thus, (1) the costs of waste disposal are considerably reduced, (2) the costs of 

purchasing fertilizers are reduced/eliminated, and especially (3) an awareness of the personnel 

involved in the environmental and health aspects is stimulated. This component of voluntary 

contribution to the recycling process is one of the most important in the system, having at least two 

aspects: the material one – according to (1) and (2) and the contribution to the creation and 

strengthening of the civic motivation of each person, fundamentally strengthening the local 

community in the respective ecosystem. The study brought a complex answer regarding the 

application of this technology in the pear orchard, with results regarding its influence on the 

nutritional status of plants and some soil quality parameters, as well as on the biometric tree 

parameters and fruit maturity dynamics.  
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