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Abstract

The production of pear (Pyrus communis L.) nurseries is essential to providing high-quality planting
material for the establishment of a successful orchard. Thus, encouraging early vegetative growth
and seedling vigor during the nursery period requires optimal fertilization. Under temperate
continental circumstances in northwest Romania, this study assessed the impact of various NPK
fertilizer rates on the shoot fresh weight of pear nursery trees. The study was carried out in 2025 using
a factorial design with two Romanian cultivars (‘Napoca’ and ‘Monica’) and four fertilization
treatments (NoPoKo, NsPsKs, N16P16K16, and N24P24Kz4), set up in a randomized block system with five
replications. At progressively higher rates of 50, 100, and 150 kg ha', a totally water-soluble 16-16—
16 fertilizer was applied. At the conclusion of the growing season, the fresh weight of the shoots was
measured. The accumulation of shoot biomass was significantly and gradually impacted by
fertilization. The fresh weight of the shoots rose by 29%, 45%, and 59% as compared to the unfertilized
control (0.42 kg tree™) under the treatments of NsPsKs, NisP16K1s, and Nz4P24Kzs. There were no
discernible cultivar-dependent variations at any fertilization level, and both cultivars showed almost
equal growth responses. These findings show how strongly the growth of pear nursery shoots
depends on the availability of NPK and offer helpful advice for maximizing fertilization techniques
to enhance the quality of planting materials.

Keywords: pear nursery; NPK fertilization; shoot fresh weight; seedling vigor; mineral nutrition

1. Introduction

Pear (Pyrus communis L.) is a commercially significant temperate fruit crop whose production
and orchard longevity are heavily reliant on the quality of planting material supplied during the
nursery stage. Early vegetative growth of nursery trees impacts root architecture, canopy structure,
branching potential, and young plants' ability to withstand transplanting stress [1]. High-quality
nursery stock is thus critical for assuring speedy orchard establishment and uniform growth in the
early years of operation.

Nitrogen management has a significant impact on pear seedling growth because proper nitrogen
delivery promotes leaf expansion, shoot elongation, and biomass accumulation—all of which are
important components of early vigor [2, 3]. Nitrogen is critical for vegetative growth, photosynthetic
efficiency, and protein synthesis, whereas balanced phosphorus and potassium supply is required
for root development, carbohydrate allocation, osmotic regulation, and cell metabolism [4, 5].
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Nitrogen availability has a considerable influence on root morphology, nitrogen uptake efficiency,
and shoot biomass in nursery-grown woody perennial seedlings, revealing the susceptibility of early
developmental stages to fertilization regimes [6].

Shoot biomass, also known as fresh and dry weight, is widely acknowledged as an important
indication of seedling vigor and nursery stock quality. It considers the cumulative impacts of nutrient
availability on essential physiological processes such cell expansion, leaf area development, and
photosynthetic capacity during early growth [7, 8]. In nursery crops, seedlings with larger above-
ground biomass have higher glucose reserves, better resilience to abiotic stress, and better transplant
establishment [9, 10, 11]. Shoot biomass in woody perennial species, such as fruit trees, is directly
related to future tree architecture, branching potential, and canopy growth, all of which influence
early production. Because shoot biomass is sensitive to variation in nutrient supply —particularly
nitrogen, phosphorus, and potassium—it is widely accepted as a reliable metric for evaluating
seedling responses to fertilization regimes in nursery systems [12, 13, 14].

Despite its importance, fertilization in pear nurseries is frequently empirical, with many growers
applying conventional or excessive fertilizer amounts without considering cultivar traits, substrate
type, or site-specific growth conditions. Nitrogen overapplication can cause excessive shoot
elongation, reduced lignification, increased stress susceptibility, and nutrient leaching [15]. In
contrast, low nutrient input inhibits biomass production, delays the development of saleable stock,
and jeopardizes seedling uniformity, all of which are crucial for orchard establishment [16].

Pear fertilization research has been focused on orchard conditions, revealing that P and K
fertilization has a significant impact on leaf nutrient status, vegetative growth, and yield components
[17]. Research indicates that using organic or mineral fertilizers in Pyrus communis has a
considerable impact on shoot growth, leaf nutrient content, and early production [18, 19].
Furthermore, investigations of commercial pear orchards in China found significant nutrient
surpluses, particularly for nitrogen and phosphorus, indicating inefficiencies in fertilization
procedures and the need for more accurate nutrient management strategies [20]. Industry
recommendations also underline the significance of a balanced NPK supply in pear production to
maintain vegetative development and fruiting potential [21, 22].

Although several studies have looked at nutrient treatment tactics in mature pear orchards [23,
24, 25], there has been little research on how pear nursery plants respond to graded NPK fertilizer
rates. In contrast, comprehensive research in other woody perennial nursery systems has shown that
nursery fertilization has a significant impact on biomass accumulation, nutrient usage efficiency, and
even future field performance [26, 27, 28]. These findings indicate that optimal nutrition management
during the nursery period is critical for producing high-quality planting material capable of
sustaining rapid development following transplantation.

Despite the agronomic relevance of pear cultivation, there is a substantial lack of study into how
graded NPK fertilizer influences shoot biomass buildup in nursery-grown pear plants. Existing
research focuses mostly on orchard fertilization or the comparison of organic and mineral
supplements, while quantitative analyses of shoot fresh and dry weight responses to rising NPK rates
during the nursery stage are almost nonexistent. The current work is therefore unusual in analyzing
the direct effects of four chemical NPK levels on shoot biomass in two pear cultivars using a
controlled, multi-factorial experimental approach. This study bridges a crucial knowledge vacuum
by relating nitrogen supply to early shoot development—a feature essential for transplant quality —
and gives practical fertilization parameters suited specifically for pear nursery output.

The two Romanian pear cultivars, "Napoca" and "Monica," show almost equivalent nutrient-
driven development trajectories, indicating comparable nutrient-use efficiency despite their different
genetic backgrounds. This brings new insights to the current study. Since cultivar-specific
fertilization recommendations have always been generalized or drawn from unrelated germplasm,
this is a novel addition to pear nursery science. Our findings offer physiologically based data to
improve fertilizer recommendations for regional nursery systems by measuring regression-based
growth responses and recording diminishing returns at increasing NPK levels.
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The goal of this study was to assess the influence of various chemical NPK fertilizer rates on
shoot biomass accumulation—measured as shoot fresh and dry weight—in pear nursery trees. The
findings aim to give statistically validated fertilization recommendations for pear nursery production
while also contributing to the development of sustainable nutrient management strategies for
temperate fruit crops.

2. Materials and Methods

2.1. Site description

The experiment was carried out in 2025 at a commercial fruit-tree nursery in north-western
Romania (47°10" N, 23°30" E). The region has a temperate continental climate, with typical annual
temperatures ranging from 9.5 to 10.0 degrees Celsius and 600 to 750 millimeters of precipitation.

The soil at the study location is a loamy Cambisol, appropriate for nursery production. The 0-30
cm layer has the following characteristics: pH 6.3, organic matter 2.1%, total N 0.12%, available P
(P20Os) 38 mg kg1, available K (K;O) 145 mg kg, and bulk density 1.28 g cm3.

2.2. Plant material

The plant material was quince rootstocks (category "Certified"). Grafting took place in late
summer 2024, utilizing the dormant bud method (chip budding with latent buds). Buds of two
Romanian pear cultivars, 'Napoca' and 'Monica', were obtained from verified mother orchards and
grafted onto quince rootstocks during good weather circumstances. Nursery trees were handled
uniformly throughout the 2025 growing season, with regular irrigation, shoot training, rootstock
growth reduction, and phytosanitary protection. This technique ensured the generation of genetically
homogeneous, high-quality plant material while reducing variability unrelated to fertilization
treatments.

2.3. Experimental design

The study employed a two- factor (4 x 2) factorial experiment with a structure and five
replications in a randomized block design. Each experimental plot included four trees planted at a
spacing of 0.70 x 0.25 m, like the planting density utilized in intensive pear nursery production.
Fertilization (Factor A) was applied at four levels, including an unfertilized control (NoPoKy) and three
rising nutrient rates (NsPsKs, NigP16Kis, N24P24Kos). Factor B represented the cultivar, which
comprised the Romanian pear cultivars 'Napoca' and 'Monica'.

Fertilization with a water-soluble 16-16-16 (N-P,Os-K;O) complex fertilizer produced by
(COMPO Expert, Basfoliar™, Germany) was used to achieve the desired nutrient levels. The NsPsKs,
N16P16K16, and N2sP24Ko4 treatments were applied at 50, 100, and 150 kg ha?, respectively, based on
nutritional content. Fertilizer was manually applied in early spring 2025, before the commencement
of rapid vegetative development, and was mixed into the top 10-12 cm of soil to promote uniform
nitrogen distribution within the root zone. The control version got no mineral fertilizer during the
growth season. Throughout the vegetative period (April-October 2025), all nursery trees were
maintained using conventional pear nursery procedures to achieve uniform development across
treatments. Overhead sprinklers were used to apply irrigation two to three times per week,
depending on weather conditions, providing an average of 20-25 mm per irrigation event (equal to
roughly 20-25 L m2), with increasing frequency during summer seasons of high evapotranspiration.
Weed control was accomplished through a combination of hand hoeing between rows and shallow
mechanical cultivation inside rows at 3-4-week intervals, ensuring that competition for water and
nutrients remained low throughout the season. Shoot training entailed maintaining a single vertical
leader by manually eliminating rival lateral shoots in early summer and guiding scion growth along
a support stake as needed. To prevent assimilate diversion from the scion, rootstock suckers were
removed routinely by hand at each growth flush (about once a month). Phytosanitary protection
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followed local integrated pest management (IPM) recommendations, which included preventive
fungicide applications with copper hydroxide (Kocide 2000®, Dupont) at budbreak, followed by
mancozeb (Dithane M-45%, Corteva) and myclobutanil (Systhane 20EW®, Corteva) at 14-21-day
intervals during fungal infection-prone periods.

2.4. Growth measurements

Growth measurements were taken in October 2025, just before the trees were lifted from the
nursery for grading and storage. At this point, vegetative development had stopped and shoots had
reached complete physiological maturity, making above-ground biomass measurements reliable and
similar among treatments. For each experimental plot, the current-season shoot of each tree was
removed with a clean incision just above the graft union, ensuring that only scion growth was
measured. Shoots were individually tagged and transferred to the laboratory within 20 minutes of
harvest to avoid moisture loss. Fresh shoot weight was measured immediately after collection using
a calibrated analytical precision scale (+ 0.01 g). To standardize measurements, surface moisture from
recent irrigation or dew was carefully removed using absorbent paper as needed. Shoot fresh weight
was chosen as the primary response variable because it strongly correlates with vegetative vigor,
biomass accumulation, and overall nursery stock quality—all of which are critical for predicting
transplant performance and early orchard establishment. The use of fresh weight reduces handling
time and eliminates the possibility of tissue damage during drying, providing an accurate, rapid
indicator of growth differences caused by fertilization treatments.

2.5. Statistical analysis

A three-way analysis of variance (ANOVA) was used to examine shoot fresh weight because the
experiment used a randomized block design with a factorial structure. Fertilization rate (four levels),
cultivar (two levels), and block (five replications) were regarded as fixed effects. The primary impacts
of cultivar and fertilization, as well as the interaction between fertilization and cultivar, were
examined by the model. To take into consideration spatial heterogeneity within the nursery field,
block effects were incorporated.

Tukey's Honest Significant Difference (HSD) test was employed for post hoc pairwise
comparisons between treatment means when ANOVA revealed significant differences (p <0.05). The
means + standard error (SE) are used to display the results. At the p < 0.05 level, distinct letters for
each table denote statistically significant differences between treatment means.

3. Results

3.1. Effect of fertilization on shoot fresh weight

Fertilization had a noticeable, statistically significant effect on shoot fresh weight in pear nursery
trees (Table 1). Shoot biomass grew steadily with increasing NPK treatment, demonstrating a strong
quantitative response to nitrogen delivery. The unfertilized control (NoPoKo) had the lowest shoot
fresh weight (0.42 kg tree™), indicating baseline growth with inherent soil fertility. Applying 50 kg
ha of 16-16-16 fertilizer (NsPsKs) produced a significant increase in shoot fresh weight to 0.54 kg
tree”!, a 29% improvement compared to the control. Increasing nutrient input to 100 kg ha™
(N16P16K16) resulted in a 45% increase in average shoot biomass to 0.61 kg tree™! compared to the
control. The highest fertilization rate of 150 kg ha (N24P24Kz4) resulted in the highest shoot fresh
weight (0.66 kg tree™), a 59% increase compared to unfertilized trees.
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Table 1. Effect of fertilization on shoot fresh weight of pear nursery trees (mean + SE).

Fertilization rate Mean shoot fresh weight (kg Relative value Significance
tree™) (%)
NoPoKo 0.42 +0.024 100 d
N;sPsKs 0.54 +0.03¢ 129 c
Ni16P16K16 0.61 +£0.03> 145 b
N24P24Kos 0.66 +0.032 159 a

*All pairwise comparisons between the four fertilization treatments were statistically significant (Tukey's HSD,
p < 0.05), indicating that each incremental increase in nutrient dose contributed significantly to shoot biomass
accumulation. The steady and considerable rise across treatments demonstrates the strong dependency of shoot
growth on nutrition availability in nursery circumstances. Tukey's HSD test (p < 0.05) identifies significant
differences between means using different superscripts. Means that share the same letter are not significantly
different.

3.2. Interaction between fertilization rate and cultivar

In both "Napoca" and "Monica," the interaction between fertilization rate and cultivar showed a
very uniform response pattern to an increase in NPK supply (Table 2). From the unfertilized control
to the maximum fertilization level, shoot fresh weight grew gradually and significantly in both
cultivars. The mean shoots fresh weight in "Napoca" grew from 0.42 kg tree™! under N,P»K, to 0.66
kg tree ! under N24P24Kos, with intermediate values of 0.54 kg tree™! and 0.61 kg tree™! reported under
the treatments of NsPsKs and Ni6P16Kis, respectively. A similar pattern was seen in "Monica," where
shoot fresh weight rose from 0.43 kg tree™! in the control group to 0.65 kg tree™ at the maximum
fertilization rate, with matching intermediate values under moderate nutrient input. The different
grouping letters allocated to consecutive NPK rates show that all fertilization levels within each
cultivar varied considerably from one another (Tukey’s HSD, p < 0.05). In both cultivars, the
coefficients of variation stayed comparatively low and stable across fertilization treatments,
suggesting strong experimental precision and consistent plant responses within treatments. No
statistically significant changes between the two cultivars were found at any fertilization level,
despite the obvious fertilization impact. At each NPK rate, the difference in shoot fresh weight
between ‘Napoca’ and “Monica” was modest, ranging from only 0.01 to 0.03 kg tree™’. These findings
show that, under the study's nursery settings, both cultivars demonstrated a roughly equal potential
for shoot biomass accumulation in response to increasing NPK fertilization.

Table 2. Interaction effect of fertilization and cultivar on shoot fresh weight of pear nursery trees (mean + SE).

Fertilization rate ‘Napoca’ (kg Tukey CV (%)  ‘Monica’ (kg Tukey CV (%)
(NPK) tree) tree)
letters letters
NoPoKo 0.42+0.03 X 14.3 0.42 +0.02 X 14.1
NgPsKs 0.53+0.03 y 12.7 0.55+0.03 y 13.2

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Ni6P16Ki16 0.61 £0.03 z 11.2 0.60 £ 0.03 z 11.4
N24P24Kpy 0.66 +0.03 z 11.3 0.65+0.03 z 11.7

*Significant variations in fertilization levels within each cultivar are indicated by lowercase letters (x, y, z)
(Tukey's HSD, p <0.05).

The quantitative response of shoot fresh weight in the two pear cultivars "Napoca" and "Monica"
across four graded NPK fertilization levels is depicted in Figure 1. The high reliance of early
vegetative growth on mineral nutrient availability in nursery circumstances was confirmed by the
steady increase in shoot biomass in both cultivars with increasing nutrient input. Increased
photosynthetic capability and vegetative vigor are intimately linked to nitrogen, an essential
component of proteins, chlorophyll, and enzymes. Therefore, increased assimilate production and
enhanced nitrogen-driven metabolic activity are responsible for the steady increase in shoot biomass
across NPK treatments. By increasing the efficiency of nutrient intake and water acquisition from the
soil, phosphorus—which is necessary for ATP synthesis, energy transfer, and root system
development—further promotes biomass growth. In the meantime, potassium helps with
osmoregulation, translocation of photo assimilates, and stomatal regulation, all of which improve
overall growth efficiency and enable the consistent build-up of shoot biomass shown in Figure 1. Both
cultivars show similar nutrient absorption and utilization capacities under the investigated
conditions, according to the similarity of the fitted curves for "Napoca" (R?=0.8957) and "Monica" (R?
= 0.9317). Growth variations in nursery production are mostly determined by nutrient availability
rather than genetic background, as the virtually overlapping growth responses indicate that neither
genotype is physiologically superior in nutrient-use efficiency during early development. A
biologically coherent pattern is also revealed by the high coefficients of determination: both cultivars
are able to convert increasing amounts of mineral nutrients in the rhizosphere into proportionate
increases in shoot biomass without exhibiting signs of nutrient saturation within the tested range.
Overall, the figure emphasizes how crucial balanced NPK fertilization is for encouraging strong shoot
growth and appropriate biomass partitioning in the nursery stage. Because seedlings with higher
shoot biomass often have stronger photosynthetic potential, better carbohydrate stores, and superior
transplant establishment capacity, these physiological responses support the generation of high-
quality planting material. In order to maximize early growth performance and guarantee uniformity
in pear nursery production systems, proper nutrient management is crucial, as demonstrated by the
graphical trends.

Orchard establishment is directly impacted by the reported increases in shoot fresh weight with
greater NPK fertilizer. Larger leaf areas, higher glucose reserves, and enhanced post-transplant
photosynthetic capability are characteristics of seedlings with more robust shoot systems, all of which
promote quicker root regeneration and increased resilience during field establishment. The identical
response patterns of "Monica" and "Napoca" imply that suitable fertilizing techniques during the
nursery stage can consistently improve early vigor across cultivars, leading to more consistent
development following planting. As a result, the fertilization-induced increases in nursery biomass
depicted in the figure are agronomically significant indicators of improved early orchard
performance, shorter establishing times, and possibly an earlier start to commercial productivity.
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Figure 2. Variation in shoot growth of the two pear cultivars in response to different NPK fertilization levels.

3.3. Relative increase in shoot fresh weight and cultivar differences

Table 3 shows the relative increase in shoot fresh weight following fertilization. When compared
to the unfertilized control, all NPK treatments produced significant increases in biomass. Shoot fresh
weight increased by 29% when NsPsKs was applied, however increases of 45% and 59% were obtained
when Ni6P16Kie and N3sP24Kzs were used. These findings demonstrate that, in nursery settings,
mineral fertilization has a significant positive and dose-dependent impact on the accumulation of
shoot biomass. Very slight numerical changes in shoot fresh weight were found when cultivars were
compared across all fertilization levels; these differences ranged from 0.01 kg tree! at all NPK rates.
Both "Napoca" and "Monica" showed almost equal growth responses to an increase in NPK supply,
as these differences were not statistically significant (p > 0.05). The widespread applicability of the
fertilization effect across various pear genetic backgrounds is further supported by this consistency
in response.

Table 3. Relative increase in shoot fresh weight and cultivar differences as affected by fertilization rate.

Fertilization rate Mean shoot fresh Increase vs. ‘Napoca’ (kg ‘Monica’ (kg
(NPK) weight (kg tree™) control (%) tree™) tree™)
NoPoKo 0.42 - 0.42 0.43
NsPsKs 0.54 +29 0.54 0.55
N16P16Kie 0.61 +45 0.61 0.60
N24P24Koy 0.66 +59 0.66 0.65

* In comparison to the unfertilized control, the percentage increase was computed. At all fertilization levels,

cultivar differences were not statistically significant (p > 0.05).

Overall, the results demonstrate a clear and consistent effect of NPK fertilization on shoot fresh
weight in pear nursery trees. Across all analyses, shoot biomass increased progressively with
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increasing nutrient rates, and all fertilized treatments differed significantly from the unfertilized
control. Both cultivars exhibited highly similar response patterns, and no significant cultivar-
dependent differences were detected at any fertilization level. The low coefficients of variation and
consistent trends across treatments indicate good experimental precision and uniform plant
responses under the applied nursery conditions.

4. Discussion

The steady increase in shoot fresh weight in the current study indicates that pear nursery trees
react well to rising NPK fertilization rates. In comparison to the unfertilized control, shoot biomass
rose by 29-59% across all fertilization treatments, demonstrating unequivocally that mineral nutrition
is a significant limiting factor for vegetative growth during the nursery stage. This demonstrates how
crucial a balanced NPK supply is for encouraging early biomass building, which is necessary to
produce robust planting material with high transplanting potential. A significant contribution to pear
nutrition research is the quantitative assessment of shoot biomass responses to graded mineral
fertilization under field settings and the emphasis on grafted pear plants at the nursery stage. While
numerous research has explored fertilization impacts in mature pear orchards—primarily in
connection to yield, fruit quality, and nutrient dynamics—quantitative information on biomass
production during the nursery phase remains scarce. The current work helps close the gap between
orchard nutrition research and nursery production practices and gives growers useful fertilization
standards by directly connecting mineral nutrition to shoot fresh weight in early nursery plants.

Nitrogen, phosphorus, and potassium are known to promote shoot elongation, leaf area
expansion, and overall vegetative growth in pear and other pome fruit orchards, which is consistent
with the growth response seen here [29, 30, 31]. Increased nitrogen and phosphate availability causes
proportionate increases in shoot biomass in nursery systems of various woody perennials, such as
apple, citrus, and forest tree species [32, 33, 34]. These comparable trends across species demonstrate
that shoot fresh weight is a sensitive measure of food availability during early growth stages [35, 36].
The complimentary roles of potassium, phosphorus, and nitrogen in plant metabolism provide
strong evidence for the physiological foundation of the observed growth stimulation. Because
nitrogen is involved in amino acid synthesis, photosynthetic capability, and meristematic activity, it
directly promotes shoot elongation and leaf growth [37]. Phosphorus is essential for energy transfer,
nucleic acid synthesis, and root development, thereby enhancing water and nutrient uptake [38],
while potassium regulates enzyme activation, osmoregulation, and carbohydrate transport,
supporting efficient biomass production and assimilate partition [39]. Under both unfertilized and
moderately treated environments, nutrient availability remained restricted, as seen by the steady
increase in shoot fresh weight across fertilizer levels. However, the decreased incremental gain
between the two highest NPK levels shows that shoot development approaches a physiological
saturation threshold at high nutrient input, suggesting diminishing benefits under excessive
fertilization [40].

An important practical conclusion of this study is the lack of substantial changes between the
two pear cultivars, ‘Napoca’ and “Monica’, across all fertilization treatments. Both cultivars displayed
virtually equal patterns of shoot biomass increase, indicating equivalent nutrient uptake and use
efficiency at the nursery stage. Similar genotype-independent fertilization responses during early
growth have been observed in apple rootstocks and forest tree seedlings, where environmental and
nutritional factors have a greater impact on biomass accumulation than genetic background during
juvenile development [41, 42].

From a nursery management standpoint, our data give significant recommendations for
optimizing fertilization practices. The large biomass gains achieved at moderate to high fertilizer
rates illustrate the importance of minimizing nitrogen deficit during the nursery phase [43].
However, the lower relative growth increase at the highest fertilizer level implies that moderate-to-
high rates may already assure near-optimal shoot biomass output, whereas excessive fertilization
may be neither economically nor environmentally justified. This is consistent with earlier research
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highlighting the necessity of minimizing nutrient losses in intensive nursery systems and striking a
balance between growth performance and nutrient-use efficiency [44, 45].

Despite the evident positive impacts reported, the present study is limited to above-ground
biomass and a single growth season. Future studies could use additional quality measures, such as
root system architecture, shoot-to-root ratio, stem diameter, and carbohydrate reserves, that are
highly predictive of nursery plant quality and post-transplant survival [46, 47]. In addition, long-term
field trials examining orchard establishment, early yield, and stress tolerance of plants generated
under diverse nursery fertilization regimes would further improve the practical applicability of our
findings. Comparative studies comparing mineral and alternative fertilization options would further
improve the broader relevance of this research within sustainable crop nutrition frameworks [48, 49].

Although fresh shoot weight was utilized as the primary predictor of biomass development in
this work, various experimental and physiological factors support its validity as a robust proxy for
real biomass accumulation under the present nursery settings. First, all measurements were obtained
at the end of the growing season, following complete shoot maturation, when vegetative
development had halted and tissue water content had mostly stabilized across treatments. Second,
to reduce treatment-induced variance in short-term tissue hydration, all plots were kept under the
same soil conditions, watering schedules, and microclimatic exposure. Differences in fresh weight
under such uniform nursery circumstances are more likely to be caused by variations in structural
biomass than by temporary water status. The addition of shoot and root dry weight data in future
studies will allow a more comprehensive partitioning of structural biomass and water content and
would further support the physiological interpretation of nutrient-use efficiency and carbon
allocation. However, shoot fresh weight continues to be a physiologically valid and practically
significant predictor of fertilization response in the context of operational pear nursery production,
where transplant quality and early vigor are of vital significance.

Overall, this study provides a quantitative assessment of how graded NPK fertilizer rates
influence shoot fresh weight in grafted pear nursery trees under commercial field conditions—an
early production stage that has received scant attention in pear research. The results reveal that (i)
shoot biomass responds to mineral fertilization in a clear dose-dependent way, (ii) this response is
consistent across two genetically diverse Romanian cultivars, and (iii) decreasing returns become
obvious at higher nutrient inputs. These results contribute to increasing the effectiveness and
sustainability of pear propagation techniques and provide an evidence-based basis for enhancing
fertilization techniques in pear nursery systems.

5. Conclusions

It is evident that NPK fertilization increases shoot fresh weight in pear nursery trees because all
fertilized treatments performed noticeably better than the unfertilized control. As fertilizer rates rose,
biomass accumulation gradually increased, demonstrating that mineral nutrition plays a significant
role in vegetative development throughout the nursery stage. Both cultivars, ‘Napoca’ and “‘Monica’,
had essentially comparable responses across all fertilization levels, demonstrating that genotype had
a little influence on nutrient-driven shoot growth under the conditions of this study. The reduced
incremental gain at this level indicates that optimal nutrient-use efficiency is probably reached at
moderate-to-high NPK rates rather than under excessive fertilization, even though the greatest
fertilization rate yielded the most biomass.

Overall, these results underscore the necessity of a balanced nutrient supply for creating
vigorous and uniform pear nursery stock capable of rapid orchard establishment and outstanding
early performance. Future studies that incorporate post-transplant field performance, nutrient
partitioning, and root development will improve fertilization recommendations and aid in the
creation of more environmentally friendly pear production systems.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/doi/s1, Table S1: Three-way ANOVA of shoot fresh weight. Table S2: Coefficients
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of variation under different fertilization treatments. Table S3: Estimated nutrient input per tree under each

fertilization level.
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