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Abstract

The growing negative environmental effects associated with chemical fertilizers have led
to the promotion of organic fertilizers in agriculture. The purpose of this study was to
evaluate the impacts of organic fertilization on nitrogen and phosphorus content, uptake
and use efficiency in Origanum dictamnus (Dittany) cultivation. With this aim, a randomized
complete blocks field experiment was carried out in Istron Kalou Xoriou (Agios Nikolaos—
Crete). The study included three fertilization treatments (N0: 0 kg/ha−1, N1: 1250 kg/ha−1

and N2: 2500 kg/ha−1). Throughout the growing period, measurements were taken for the
plant’s content, uptake and efficiency indices of total nitrogen (TN) and phosphorus (P).
The findings indicated that the fertilization doses affect nutrient uptake and efficiency. The
highest values of TN and P were recorded 60 days after transplants. N1 treatment showed
the greatest improvement in nitrogen use efficiency, while phosphorus use efficiency
reached its maximum level under N2 treatment. That research can contribute to achieving
an in-depth insight of organic fertilization practices for aromatic and medicinal plants such
as Dittany, promoting a sustainable agricultural strategy and enhancing product quality.

Keywords: Crete; Greece; nitrogen indices; nitrogen use efficiency; Origanum dictamnus;
phosphorus indices; plant nutrition; phosphorus use efficiency

1. Introduction
Since ancient Greek times, the herb Origanum dictamnus (Dittany) has grown on the

island of Crete in the South of Greece, and is thus named “The Dittany of Crete”. It is
an endemic, protected species plant mentioned in Greek mythology as “panacea”, which
translates verbatim in the Greek language to “wound treatment” [1]. Evidence of Dittany’s
use is found in ancient Greek mythology books with religious implications. More concretely,
Solomou et al. [2] claimed that the herb was mentioned in seventy books dating back to the
5th century BCE and the end of the Middle Ages. The majority of this written work was
for medicinal and pharmaceutical purposes, with the pinnacle of this being Hippocrates’
mentions in his book Nature of Women. Cretans have gathered wild Dittany for centuries,
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but the difficulty and the risk involved in collecting the plant led to the plant beginning
to be commercially farmed in around the 1920s in Herakleion [3]. Nowadays, Dittany
grows wildly in the mountains of Crete but the market demand is met through farming,
with its parts being used to cure various conditions and diseases, from gastrointestinal to
lung issues [4]. The economic benefits of a Dittany farming can be observed in the third
year of cultivation, with average yields reaching 366 kg per 0.10 hectares (5000 plants per
0.10 hectares), resulting in 2000 packets of 25 gof Dittany with a selling price of EUR 3.1 per
package [5].

Nowadays, Dittany grows wildly in the mountains of Crete and farms all over Europe,
with its parts being used to cure various conditions and diseases, from gastrointestinal to
lung issues [4]. The role of fertilization and the significance of nitrogen (N) and phosphorus
(P) in herb cultivation has been studied extensively [6,7] for many herbs, such as the
perennial herb Bupleurum spp. [8], in lavender Lavandula angustifolia Mill. [9], in the garden
thyme plant Thymus vulgaris L. [10–12], in chamomile Matericaria recutita L. [13,14], in
oregano Origanum dubium [14,15] for the Thai basil Ocimum basilicum var. thyrsiflorum [16]
and in Dittany [4]. It is widely known that N is a key component of chlorophyll and a
building block of amino acids, enabling efficient photosynthesis and proper metabolic
functions, respectively [17–19]. Consequently, N fertilization promotes shoot and root
growth, and increases the percentage of biologically active compounds, such as phenolics,
that are crucial for a herb’s therapeutic value [20]. Analogously, P fertilization regulates
physiological responses to abiotic stresses, such as drought, and affects root development,
resulting in efficient water and nutrient absorption [21,22]. Moreover, P fertilization is
essential for floral initiation and seed formation [23].

N and P indices play a vital role in evaluating how effectively crops utilize these essen-
tial nutrients, offering key insights that support more precise and sustainable agricultural
practices. By quantifying nutrient uptake and use efficiency, these indices help optimize
fertilizer application, ensuring that crops receive adequate nutrition without overuse, and
thereby enhancing productivity, preserving long-term soil fertility, and minimizing envi-
ronmental risks such as nutrient runoff and eutrophication. Ultimately, the integration of
N and P efficiency indices is crucial for achieving balanced fertilization and promoting
environmentally responsible farming [22–25].

However, the majority of the research conducted on N and P fertilization in correspon-
dence to herb farming has focused on chemical fertilizers, with very few studies examining
the effects of biofertilizers and/or organic fertilizers [4,24–26].

A well-balanced N and P organic fertilization plan can enrich nutrient use efficiency,
increase plant biomass and strengthen the root system. Additionally, it can promote
sustainable herb growth while omitting excessive plant development at the expense of
essential oil production, and, overall, increase the plant and oil yield, positively impacting
the pharmaceutical value and commercial quality of the product.

The present study is guided by the following hypotheses: (1) the application of organic
fertilization will induce statistically significant variations in the total nitrogen (N) and
phosphorus (P) content and uptake in Origanum dictamnus (Dittany) cultivation; (2) the
level of organic fertilizer applied will substantially affect the plant’s nutrient absorption
and utilization patterns, with higher application rates expected to enhance overall nutri-
ent uptake and (3) the N1 treatment is hypothesized to optimize nitrogen use efficiency
(NUE), whereas the N2 treatment is expected to result in the highest phosphorus use
efficiency (PUE).

The aim of this study was to examine the effect of organic fertilization on N and P
content, N and P uptake and the N and P use efficiency in Origanum dictamnus (Dittany)
cultivation in Istron Kalou Xoriou (Agios Nikolaos—Crete). The scope of the experiments
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was to enable farmers and researchers to optimize fertilization strategies and to contribute
to sustainable agriculture and organic herb farming.

2. Materials and Methods
2.1. Study Area

The experiments took place in the southern island of Crete in Greece, at the campus of
the Department of Rural Development and Food, situated in Istron Kalou Xoriou within
the municipality of Agios Nikolaos, Lasithi (Figure 1). The campus is located at an altitude
of 50 m, with coordinates of 35◦07′26.6′′ N latitude and 25◦44′07.0′′ longitude.

 

Figure 1. The study area of the experiments: Crete and Istron Kalou Xoriou.

2.2. Field Experiment

The field experiment commenced in May 2023, using two-month-old Dittany plants
procured from a nursery located in Sitia (Crete). Plant transplantation to the field was
conducted on the 2 May 2023 with a planting layout of 40 cm spacing between plants
and 60 cm spacing between rows. Each plot covered an area of 0.24 cm2. The soil used
was alkaline (pH 7.31) with a sandy loam texture [4], and the experimental design em-
ployed was a completely randomized block (CRB). The organic fertilizer (Prima Humica,
Ledra Fertilizers, Thessaloniki, Greece) had the following characteristics: 68–78% organic
matter, 5% total nitrogen (N), 3% phosphorus pentoxide (P2O5) and no potassium oxide
(K2O). Fertilizer applications took place 10 days after transplantation, on the 12 May 2023.
Three treatments were involved as follows: N0 (control) = 0 kg/ha−1, N1 = 1250 kg/ha−1

(equal to 6.25 units of N and 3.75 units of P) and N2 = 2500 kg/ha−1 (equal to 12.5 units of
N and 7.5 units of P). Each treatment included 10 replicates, totaling 30 plots in the field.
Every three days, the plants were watered using an automated drip system equipped with
2 L/h adjustable drippers.

2.3. Measurements

The total nitrogen (TN) and phosphorus (P) content of plants were assessed through-
out the experiment, using plant material, which was collected 30, 60 and 110 days after
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transplant (DAT). Furthermore, nitrogen and phosphorus uptake, nitrogen efficiency in-
dices and phosphorus efficiency indices were assessed. For these measurements, plant
material from each plot was collected at 60 and 110 days after transplant (DAT) and were
oven-dried for 36 h at 40 ◦C (L101-0AB—Chemist EU, Niel, Belgium).

2.4. Nitrogen–Phosphorus Content Analysis

The TN content of plant samples was determined by the Kjeldahl method in the
Bucchi apparatus (UDK 139 model, VELP China Co. Ltd., Shanghai, China) [27]. For the
determination of phosphorus concentration in plant samples, 0.5 g of dried plant material
was placed in a porcelain crucible and was ashed at 500 ◦C for four hours in a muffle furnace
(PT—1200M mini muffle furnace—Zhengzhou Protect Technology Co., Ltd., Zhengzhou,
China). Then, the ash was dissolved with 20 mL 20% HCl, the solution was filtered and
the filtrate was diluted with distilled water to a final volume of 50 mL [28]. The P plant
concentration was determined by using a spectrophotometer (LMSP-V310, Anamatrix
Instrument Technologies Private Limited, Bengaluru India).

2.5. Nitrogen (N) Indices

The TN uptake by plants was assessed by measuring N absorption in the abovemen-
tioned biomass at maturity (60 DAP and 110 DAT) To determine the N uptake, the following
indices was used [29]:

N uptake (g/plant) = (N content (%)/100) × Dry weight (g/plant) (1)

Moreover, the N utilization efficiency (NUE, kg/kg−1), the agronomic efficiency of N
(NAE, kg/kg−1), the crop recovery efficiency of N (NRE, kg/kg−1) and the physiological
efficiency of N (NPE, kg/kg−1) were calculated. The N utilization efficiency (NUE) refers
to the efficiency of a plant to convert the nitrogen it has adsorbed into yield or biomass
production [30]. The agronomic efficiency of N (NAE) refers to the increase in crop yield that
is produced for every unit of nitrogen fertilizer applied [31]. The crop recovery efficiency
of N (NRE) defines the percentage of applied nitrogen fertilizer is absorbed by the crop
aboveground [32]. Finally, the physiological efficiency of N (NPE) represents the capacity
of a plant to transform the absorbed nitrogen into productive yield [33].

The calculation of the above indices based in the following formulas [34]:

NUE (kg/kg-1) =
aboveground plant yield

kg of the fertilizer applied
(2)

NAE (kg/kg-1) =
Total aboveground yield in NI or N2 treatment − Total aboveground yield in N0 treatment

kg of the fertilizer applied
(3)

NRE (kg/kg-1) =
Total plant N uptake of N1 or N2 treatment − Total plant uptake of control N0 treatment

kg of the fertilizer applied
(4)

NPE (kg/kg-1) =
Aboveground yield with applied N − Aboveground yield in N0 control treatment

Total plant N uptake in N1 or N2 treatment − Total plant N uptake in N0 control treatment
(5)

2.6. Phosphorus (P) Indices
P-Uptake, P Utilization Efficiency (PUE)

To determine P uptake, the P content (%) was multiplied by the dry weight of the crop
biomass, using the following equation [29]:

P uptake (g/plant) = (P content (%)/100) × Dry weight (g/plant) (6)

Additionally, P recovery efficiency (PRE, kg/kg−1), P use efficiency (PUE, kg/kg−1)
and P partial factor productivity (PFPP, kg/kg−1) were calculated. P recovery efficiency
(PRE) refers to proportion of applied phosphorus fertilizer which a plant absorbs, and
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indicates the effectiveness of the plant at retrieving and utilizing the added phosphorus
from the soil [35]. P use efficiency (PUE) describes the capacity of a plant to take up
and utilize phosphorus from soil or fertilizer to support growth and yield [36]. Finally, P
partial factor productivity (PFPP) reflects the plant’s ability to convert applied phosphorus
fertilizer into yield or biomass [37].

The calculation of the above indices were performed using the formula mentioned
below [37]:

PRE (kg/kg-1) =
Uptake in N1 or N2 treatment − Uptake in control treatment

Amount of the fertilizer applied
(7)

PUE (kg/kg-1) =
Aboveground yield in fertilzed plot − Aboveground yield in control plot

Amount of fertilizer applied
(8)

PFPP (kg/kg-1) =
Aboveground yield in fertilized treatment

Amount of fertilizer applied
(9)

2.7. Statistical Analysis

The data were analyzed using SPSS 26.0 (IBM, Armonk, NY, USA). All subsets of data
were assessed for normality via the Shapiro–Wilk test and for homogeneity of variance
via the Levene’s test. For all cases, normality could safely be assumed. When homo-
geneity of variance could not be assumed, Welch’s ANOVA was performed to find differ-
ences between experimental groups, while when homogeneity of variance was verified,
one-way ANOVA was chosen for the same purpose. When Welch’s ANOVA was deemed of
significant difference, the Games–Howell test was chosen for paired comparisons between
groups. When one-way ANOVA was deemed of significant difference, it was followed
by a HSD test between paired groups. Statistical significance was set at p < 0.05. Since
a significant interaction between the duration of the experiment (30, 60 and 110 DAT)
and experimental dose was possible, a two-ways ANOVA for the N uptake and P uptake
parameters was also performed.

3. Results
3.1. Nutrient Content

The TN and P concentration in plants are presented in Tables 1 and 2. The highest con-
centration of TN was noticed 60 days after the transplant in both N2 and N1 treatment. In
N2 plots the TN content was 5% higher compared to N1. Statistically significant differences
were recorded between N1 and N2 fertilization schemes and control treatment during the
first, the second and the third measurements. In the third measurement (110 days) of TN, a
significant difference was noticed among N2 and N1, as well as between N2 and control
plots, with the N2 scheme showing the highest value. This difference between N1 and N2
was not evident at 60 DAT. Additionally, statistically significant differences were observed
in both N1 and N2 doses across the different measurement periods; for N1, there was an
increase at 60 DAT, which subsequently decreased at 110 DAT, while for N2, this increase
was maintained at 110 DAT. As shown in Table 1, the interaction between the dose scheme
and DAT was indeed significant; this means that each treatment group showed a distinct
pattern in increase in TN content as plant maturity advanced.
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Table 1. Total nitrogen (TN) concentration and two-way ANOVA results for Dittany aboveground
biomass.

Total Nitrogen (TN)

Treatments

Days after transplant

30 days 60 days 110 days

g kg−1

N0 17.5 A, a 19.7 B, a 18.6 AB, a
N1 18.5 A, bc 24.6 B, b 19.5 C, a
N2 18.7 A, c 25.9 BC, b 22.8 C, b

Two-ways ANOVA results

df F Mean square Sig

Corrected model 8 22.4 91.53 <0.001
Treatment 2 28.5 116.6 <0.001

Days 2 49.5 202.3 <0.001
Treatment × Days 4 5.7 23.6 <0.001

Different lowercase letters indicate statistically significant differences between the different fertilization schemes;
different uppercase letters indicate statistically significant differences between the different days after transplanta-
tion in the same fertilization dose. Results either from Welch’s ANOVA followed by post hoc Games–Howell tests,
or from one-way ANOVA followed by post hoc HSD tests.

Table 2. Phosphorus (P) concentration and two-ways ANOVA results for Dittany aboveground
biomass.

Phosphorus (P)

Treatments

Days after transplant

30 days 60 days 110 days

g kg−1

N0 2.1 a, A 2.6 a, AB 2.3 a, B
N1 2.6 b, A 3.3 b, B 3.1 b, B
N2 2.8 b, A 3.5 b, C 3.1 b, B

Two-way ANOVA results

df F Mean square Sig

Corrected model 8 16.1 2.12 <0.001
Treatment 2 42.4 5.5 <0.001

Days 2 20.7 3.0 <0.001
Treatment × Days 4 0.7 0.1 0.5

Different low letters indicate statistically significant differences between the different fertilization schemes;
Different upper letters indicate statistically significant differences between the different days after transplantation
in the same fertilization dose. Results either from Welch’s ANOVA followed by post hoc Games–Howell tests, or
from one-way ANOVA followed by post hoc HSD tests.

The results of P content in plants are illustrated in Table 2. The highest P concentration
of Dittany aboveground biomass was observed at both the N1 and the N2 treatments
60 days after transplant. The N2 treatment was 6% higher in comparison to the N1 dose,
but between the two fertilizations, there was no statistically significant difference, at any
time point. It is remarkable that in the second harvest (110 days after plantation) the
P content of plants was lower than in first one (60 days after transplant). Statistically
significant differences were recorded in different days after transplantation at the N1 and
the N2 fertilization dose. As shown in Table 2, the interaction between the dose scheme
and DAT was not significant; this means that, in general, each treatment group showed
similar P fluctuations as plant maturity advanced. It is evident that N1 and N2 treatments
significantly increased P content in relation to control at all time points.
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3.2. Nutrient Uptake

The nitrogen (N) uptake is presented in Table 3. Nitrogen uptake was significantly
influenced by the fertilization treatment (p < 0.05). The highest nitrogen uptake was
observed in the N2 treatment, both at 60 and at 110 days. Specifically, N uptake at the N2
was significantly higher than at the N1 and the N0, while the N1 was significantly higher
than the N0. Different fertilizer treatments, N1 and N2, enhanced N uptake by 54.98% and
65.13% at 60 days after transplanting, and by 46.26% and 61.50% at 110 days, respectively,
in comparison to the untreated control (N0). Furthermore, the N2 treatment resulted in an
increase in N uptake by 22.54% at 60 days and 28.37% at 110 days after transplanting.

Table 3. Nitrogen uptake (g/plant) of Dittany plants in three different fertilizer schemes.

Nitrogen Uptake, g/plant

Treatments Days After Transplant

60 Days 110 Days

N0 0.364 a 0.337 a
N1 0.809 b 0.628 b
N2 1.044 c 0.876 c

LSD 0.0143 0.0138
Different letters indicate statistically significant differences between the different fertilizations. (p < 0.05).

Phosphorus (P) uptake results are illustrated in Table 4. A total of 60 days after
transplant, P uptake ranges from 0.047 to 0.139 g/plant. The highest value was recorded in
the N2 treatment, followed by the N0 and N1. At 110 days, there was a marked increase in
P uptake in all treatments. Specifically, the increase between the NI and N0 was 55.52% at
60 days and 57.63 at 110 days. Compared to the N1 treatment, an increase was noticed in
the N2 plots, from 17.56% 110 days to 22.96% 60 days after transplant. Across all treatments,
P uptake at 110 days was significantly greater than at 60 days, demonstrating a pronounced
time-dependent increase. Additionally, the significance of the 60-day difference among
treatments highlights the early-stage P uptake dynamics. At 60 DAT, statistically significant
differences were evident, as shown by different letters (a, b, c). Specifically, N1 and N2
treatments resulted in substantially higher phosphorus uptake compared to N0, indicating
that the applied organic fertilizer had a pronounced effect at early growth stages.

Table 4. Phosphorus uptake (g/plant) of Dittany plants in three different fertilizer schemes.

Phosphorus Uptake, g/plant

Treatments Days After Transplant

60 Days 110 Days

N0 0.047 a 0.419 a
N1 0.107 b 0.989 b
N2 0.139 c 1.199 c

LSD 0.0036 0.0446
Different letters indicate statistically significant differences between the different fertilizations. (p < 0.05).

3.3. Agronomic Indices of Nitrogen

This study assessed several nitrogen-related efficiency indices, such as nitrogen use
efficiency (NUE), nitrogen agronomic efficiency (NAE), nitrogen recovery efficiency (NRE)
and nitrogen physiological efficiency (NPE) (Figures 1–4) under different fertilizer doses.
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Figure 2. Nitrogen utilization efficiency (NUE, kg/kg−1) in two different fertilizer schemes. Different
letters indicate statistically significant differences between the different days after transplantation
in the same fertilization dose. * Indicates statistically significant differences between the different
fertilization schemes.

 

Figure 3. Nitrogen agronomic efficiency of applied fertilization (NAE, kg/kg−1) in two different
fertilizer schemes. Different letters indicate statistically significant differences between the different
days after transplantation in the same fertilization dose. * Indicates statistically significant differences
between the different fertilization schemes.

The NUE results are shown in Figure 2. The highest NUE was observed at the N2
treatment, 110 days after transplant (1.279 kg/kg−1), followed by the N1 treatment at
60 days (1.098 kg/kg−1). It is noteworthy that the N2 dose exhibited statistically significant
differences across the two different sampling times. Moreover, when comparisons were
performed between the NI and N2 schemes, statistically significant differences were noticed,
at both 60 and 110 DAT.

Figure 3 provides the measurements of NAE. According to this figure the highest
NAE was noticed at 60 and 110 DAT in the N1 fertilizer scheme (0.481 and 0.469 kg/kg−1).
Statistically significant differences were observed between the NI and the N2 treatments at
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both 60 and 110 DAT. Furthermore, the two doses demonstrated no significant variation
among the two periods of sampling.

 

Figure 4. Nitrogen crop recovery efficiency of applied fertilization (NRE, kg/kg−1) in two different
fertilizer schemes. Different letters indicate statistically significant differences between the different
days after transplantation in the same fertilization dose. * Indicates statistically significant differences
between the different fertilization schemes.

The NRE and NPE values are displayed in Figures 4 and 5. The highest NRE and NPE
were noticed at the N1 treatment at 60 DAT (0.0148 kg/kg−1) and at 110 DAT (50.9 kg/kg−1),
respectively. It is also important to highlight that the N1 supply showed statistically
significant variations, while N2 had no effect across the 60 and 110 DAT in both NRE and
NPE. Furthermore, in NRE and NPE, statistically significant differences were observed
between the N1 and the N2 schemes.

 

Figure 5. Nitrogen physiological recovery efficiency of applied fertilization (NPE, kg/kg−1) in
two different fertilizer schemes. Different letters indicate statistically significant differences between
the different days after transplantation in the same fertilization dose. * Indicates statistically significant
differences between the different fertilization schemes.
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3.4. Agronomic Indices of Phosphorus

In this experiment, the P partial factor productivity (PFPP), P recovery efficiency (PRE)
and P use efficiency (PUE) were evaluated.

Data related to PFPP and PRE are shown in Figures 6 and 7. The highest values of
PFPP (Figure 5) and PRE (Figure 6) were observed in N1 supply at 60 DAT (0.0321 kg/kg−1

and 0.0853 kg/kg−1, respectively), followed by N2 treatment at 110 days. Moreover, in
PFPP and PRE indices, statistically significant differences were not only observed between
the different fertilization schemes, but also among the different sampling periods for the
same fertilized dose.

 

Figure 6. P partial factor productivity (PFPP, kg/kg−1) in two different fertilizer schemes. Different
letters indicate statistically significant differences between the different days after transplantation
in the same fertilization dose. * Indicates statistically significant differences between the different
fertilization schemes.

 

Figure 7. P recovery efficiency (PRE, kg/kg−1) in two different fertilizer schemes. Different letters
indicate statistically significant differences between the different days after transplantation in the same
fertilization dose. * Indicates statistically significant differences between the different fertilization
schemes.
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The results concerning PUE are documented in Figure 8. According to the results
presented in Figure 7, the phosphorus recovery efficiency was higher in N2 supply
(0.0338 kg/kg−1) at 110 DAT than the N1 dose at 60 DAT (0.0291 kg/kg−1). It is re-
markable that statistically significant differences were noticed in the different days after
transplantation in the same fertilization doses. Comparing the N1 and N2 fertilization
schemes, no effects were observed, at both times of sampling (60 and 110 DAT).

 

Figure 8. P use efficiency (PUE, kg/kg−1) in two different fertilizer schemes. Different letters
indicate statistically significant differences between the different days after transplantation in the
same fertilization dose.

4. Discussion
4.1. Total Nitrogen and Phosphorus Content

The study’s findings on the total nitrogen (TN) and phosphorus content of above-
ground biomass under varying fertilization schemes offer valuable insights into nutrient
dynamics and plant physiological responses over time. In all treatments, the total nitrogen
(TN) and phosphorus concentrations were higher 60 days after transplant compared to
the content 110 DAT. The reduction in total nitrogen (TN) and phosphorus content at
110 DAT can be explained by the plant’s physiological development. Usually in early
growth stages, plants have a rapid vegetative growth, which increases the plants’ demand
for nutrients. [38–40]. The research which has been conducted on the cultivation of Dittany
under organic fertilization schemes is limited. Bilia et al. [41] evaluated five different
fertilizer doses (conventional inorganic, semi-organic and a combination of plant extracts as
a biostimulant), including two by foliar and three by soil applications. As for the nitrogen
content, during the flowering stage, our results are in accordance with their findings in
the case of using a conventional inorganic fertilizers and a mixture of plant extracts as a
biostimulant by soil application. In harvest time our results were higher, ranging from 49.7
to 73.8%. In the case of phosphorus content, the findings of this study, in the flowering
stage, were lower, but higher in the harvest period.

4.2. Nitrogen and Phosphorus Uptake

Nitrogen uptake was significantly influenced by the applied fertilization doses. The
N2 scheme consistently showed the highest nitrogen uptake, in both of the two harvest
periods. Moreover, a declining trend was observed at 110 DAT in comparison with the
values recorded at 60 DAT. That decrease is likely attributed to the reduction in available
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nitrogen in soil 110 days after transplanting, resulting from prior plant uptake or leaching
losses. Moreover, environmental stress factors, such as limited soil moisture or diminishing
microbial activity, may have further restricted the plant’s ability to absorb nitrogen [42–44].

Regarding the phosphorus uptake, an increase trend was observed 110 days after
transplant compared to 60 DAT. That increase was in a range of 89.21% and 88.45% in N1
and N2 treatment, respectively. These findings highlight the crucial role of the applied
organic fertilization in promoting phosphorus uptake, likely as a result of enhanced root
development and biomass accumulation. During decomposition, the organic fertilizers
release organic acids, which play an important role in nutrient dynamics. These acids
have the ability to chelate cations that are responsible for binding and limiting phosphorus
availability to plants. By binding these cations, the acids prevent phosphorus fixation and
through that increase the soluble concentration of phosphorus in the soil and enhance its
availability for root uptake, resulting in higher phosphorus absorption by the plants [45,46].

The uptake of nitrogen and phosphorus in Dittany (Origanum dictamnus) cultivation
has been explored by Bilia et al. [41], providing a useful point of comparison for the
current study. In our investigation, the nitrogen uptake observed across the different
fertilization treatments was notably higher than the values reported by Bilias et al. [41],
indicating a potential influence of either the fertilization regime used, environmental
conditions or agronomic practices applied during our experimental period. On the other
hand, phosphorus uptake values results showed a different trend. Specifically, in the case
of N1 treatment, our findings closely aligned with those reported by Bilias et al. [41]. This
agreement supports the reliability of phosphorus uptake trend in Dittany and highlights
the stability of phosphorus dynamics in the crop.

4.3. Nitrogen and Phosphorus Agronomic Indices

Nitrogen and phosphorus indices are essential for assessing how the crops efficiently
use these nutrients, enabling more precise fertilizer management. These indices can
help productivity improvement, maintain the soil fertility and reduce environmental
impacts. Moreover, the use of these indices support balanced fertilization and sustainable
farming [47,48]. In this study, the highest NUE was recorded at 110 DAT with a value of
1.279 kg/kg−1, which suggests a prolonged and efficient utilization of nitrogen at higher ap-
plications of the used organic fertilizer. Interestingly, a substantial NUE was also observed
in N1 treatment at 60 DAT (1.098 kg/kg−1), indicating an early-stage response to moderate
nitrogen supply. These results are consistent with previous studies indicating that NUE
reaches its highest levels when crops are supplied with optimal nutrient doses [49,50]. The
nitrogen agronomic efficiency (NAE) reached its highest levels in the N2 treatment at both
60 and 110 days after transplanting, with respective values of 0.103 and 0.102 kg/kg−1.
These consistent results indicate that applying nitrogen in alignment with the crop’s needs
for development can effectively support the yield enhancement. Matching nitrogen inputs
to periods of high nutrient demand not only improves agronomic efficiency, but also con-
tributes to minimizing nutrient losses to the environment [51,52]. Like the trends observed
for NUE and NAE, nitrogen recovery efficiency (NRE) and nitrogen physiological efficiency
(NPE) declined with higher nitrogen inputs. The highest values for both these indices
were associated with the N1 treatment, and recorded at different stages. NRE peaked at
60 DAT (0.0148 kg/kg−1), while NPE reached its maximum at 110 DAT (50.9 kg/kg−1).
These findings indicate that the Ni application dose promotes more efficient uptake and
interval utilization of nitrogen by plants. Excess nitrogen input, as seen in N2 treatment,
may surpass the assimilation capacity of plants, resulting in losses through mechanisms
such as leaching, volatilization or denitrification [52]. The statistically significant differences
between N1 and N2 treatments for both NRE and NPE further support this observation.



Nitrogen 2025, 6, 58 13 of 17

Moreover, the temporal variation in NRE under N1 treatment highlights the influence of
crop growth stage on nitrogen recovery, suggesting the need for stage-specific nitrogen
management strategies [53]. A study explored how different nitrogen application rates
affect maize yield and nitrogen recovery efficiency (NRE) across soils with various fertility.
The results showed that NRE increased with nitrogen input up to an optimal point, after
which further increases resulted in reduced efficiency. These findings highlight the need to
tailor nitrogen application to soil fertility levels in order to maximize nitrogen uptake and
minimize losses [54]. Another study investigated how different nitrogen rates influence the
physiological responses of wheat. The results showed that moderate nitrogen inputs led to
improved NPE, as plants were able to utilize absorbed nitrogen more effectively. However,
higher nitrogen doses caused a decline in NPE, potentially due to disruptions in metabolic
processes and greater nitrogen loss from the system [55].

Phosphorus (P) is an essential nutrient involved in key plant physiological functions
such as energy transfer, signal transmission and the formation of nucleic acids and cellular
membranes. Effective phosphorus management is critical for maximizing crop yield while
maintaining environmental balance. Phosphorus indices are valuable metrics that can help
assess how well crops absorb and utilize the applied fertilizers, guiding more efficient
and sustainable fertilization practices [37,56,57]. The assessment of phosphorus indices
(PFPP, PRE and PUE) indicated significant differences among fertilizer treatments. The
peak values of PFPP and PRE were observed under N2 treatment at 110 DAT, suggesting
that the elevated phosphorus supply during this period was efficiently absorbed and used
by plants. These findings are consistent with other studies, indicating that providing
higher nutrient availability during key developmental stages can significantly improve
phosphorus absorption and utilization by crops [58,59].

The assessment of phosphorus efficiency metrics—including partial factor productivity
of phosphorus (PFPP), phosphorus recovery efficiency (PRE) and phosphorus use efficiency
(PUE)—highlighted significant differences among fertilizer treatments and sampling times.
Peak values for both PFPP and PRE were observed under the N2 treatment at 110 days after
transplanting (DAT), suggesting that the elevated phosphorus supply during this period
was efficiently absorbed and used by the plants. These outcomes align with earlier studies
indicating that phosphorus availability during key developmental stages, particularly
during reproductive growth, can substantially improve uptake and internal nutrient use
efficiency [60]. In the case of PUE, the highest value was observed in N2 treatment at
110 DAT. However, no significant differences were detected in PUE between NI and N2
treatments. This could indicate a threshold effect, in which increasing the phosphorus level
beyond a specific rate does not proportionally enhance the utilization of phosphorus by
plants. The same findings are in line with the concept that PUE is influenced not just by
phosphorus availability, but also by the capacity of plants to assimilate and metabolize the
nutrient efficiently [61].

5. Conclusions
This study offers valuable information into uptake and utilization of nitrogen and

phosphorus in Dittany cultivation under various fertilization treatments using an organic
fertilizer. The results demonstrate that nutrient uptake and efficiency are significantly
affected by the amount of fertilization and by the period of harvest. Highest values of total
nitrogen and phosphorus were observed 60 days after transplanting. N1 treatment proved
the most effective in enhancing nitrogen efficiency indices. On the other hand, phosphorus
indices peaked under the higher (N2) treatment dose at 110 DAT.

The findings of this investigation support the notion that surpassing the capacity of
plants for nutrient absorption through excessive fertilization may diminish the efficiency
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and contribute to nutrient losses via leaching or volatilization. This reinforces the impor-
tance of a balanced fertilization strategy that considers not only the needs of plants, but
also the environmental conditions.

In conclusion, the application of nitrogen and phosphorus indices provides a sig-
nificant basis for refining nutrient management practices. Such tools can be useful for
farmers to regulate fertilization schemes, improve crop performance, ensure soil health
and minimize ecological impact. All these can contribute to a sustainable and productive
cultivation of medicinal and aromatic plants like Dittany.

While the study presents valuable evidence regarding nutrient efficiency under organic
fertilization regimes, the lack of a conventional inorganic fertilizer control group represents
a notable limitation, restricting the ability to make comprehensive comparisons. Moreover,
the analysis was primarily confirmed to biomass measurements, without an in-depth
evaluation of other key vegetative or reproductive parameters. Future investigations
should aim to address these gaps by incorporating a broader range of phenological traits,
conducting trials across multiple locations and including conventional fertilization as a
reference index to enhance the robustness and generalizability of the findings.
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