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Abstract: For some years now, part of society has been demanding the implementation of circular
economy models and so the use of organic matter as a source of nutrients is once again taking
center stage. In this scenario, the aim of this work was to implement an integrated management
model for a farm and to study the influence on a celery crop of organic amendments (animal and
vegetable) obtained on the farm, as opposed to inorganic fertilization. This influence was evaluated
for the yield and the nutritional, organoleptic, and sanitary quality of the resulting crops. The yield
and size of the marketable parts of the celery plants were greater with the inorganic treatment;
however, the nutritional and sanitary quality was better in the organic treatments, while the chromatic
attributes, as well as the total P and Ca, were not affected by the different fertilization treatments
applied. It is therefore concluded that the organic management model is environmentally and
economically sustainable.
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1. Introduction

The promotion of the circular economy is one of the priority objectives to protect our planet and
to alleviate the greenhouse effect that has been gradually increasing in recent years [1]. One way of
promoting it in the agricultural sector is through the development of integral management systems
for farms, where the use of sustainable cultivation techniques and the reuse, within the productive
process, of the remains or wastes of both animal and vegetable origin are promoted [2–4].

Among the sustainable agricultural practices, one of the most widely used is the use of organic
fertilizers as substitutes for synthetic mineral fertilizers. The use of organic amendments increases
the quality and fertility of the soils dedicated to crops [5,6] and has positive effects on production by
supplying the macro and micronutrients essential for crop development [7], thereby enhancing yields [8].
It also improves the physical properties, such as the structure [9,10], as well as the chemical [11] and
biological [12] properties of the soil. In addition, it has been demonstrated that the use of organic
amendments promotes the role of soil as a carbon sink [12–16].

The influence of cropping systems on nutrition and food safety is a controversial matter [17].
The management of sustainable agriculture, which implies the application of organic fertilizer to the
soil as an alternative to mineral fertilizer, requires a better knowledge of the processes which take
place after such application [17]. Some studies have found that organically managed systems are less
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productive than conventional systems [18], while others have indicated that they can be as productive
as conventional ones [19,20]. During the transition from conventional to organic systems, crop yields
frequently fall, although the subsequent recovery of yields indicates that organic systems could be
profitable [21,22].

When organic amendments of animal or vegetable origin are generated within the same agricultural
operation, their use not only has the favorable effects mentioned, but can also be considered as a
sustainable method of waste disposal and therefore makes a positive contribution to the integral
preservation of the carbon cycle.

Likewise, the use of organic amendments can also influence the quality of the crops, understood
in a broad sense that includes criteria related to both their external appearance (color, freshness)
and their internal appearance, as well as other factors or concepts. Therefore, the overall quality
of a product must be the sum of the following concepts and/or standards: (1) commercial quality,
(2) hygienic and health protection quality, (3) nutritional quality, and (4) sensory quality. The quality
of fruits and vegetables is determined principally by their color and other visual aspects, firmness,
flavor, and nutritional value [23,24]. Several authors [25–27] have shown that there are real differences
between the nutrient contents of organic and conventional crops. The nitrate content in organic crops is
significantly lower than in conventional crops [28,29]. A low content of nitrate in the edible part of the
plant is very important for human health, due to its potential transformation into nitrite, which is more
likely to interact with hemoglobin and affect oxygen transportation and can also form nitrosamines in
the stomach that are carcinogenic [30]. In particular, leafy vegetables such as spinach, lettuce, beetroot,
and celery contain nitrate at significant levels [31].

To carry out this study, a 2.5 km2 farm, located in the NE of Granada province (southern Spain),
was selected to develop several projects for the sustainable management of its water, soil, and livestock
resources [32]. The farm includes a plot of almond trees, which occupies most of it, and a plot of cereals,
both in dry farming regimes. There is also a plot with water available for irrigation, dedicated to the
cultivation of vegetables. The farm is completed with a flock of Segureña breed sheep. The climate is
markedly continental, so the management of the holding consists of a rotation of dryland arable crops,
based on cereals and legumes, between the months of October and May. It is completed by a cycle of
open-air horticulture on the irrigated plot, taking advantage of the summer period. The selection of
the horticultural crops grown took into account the soil and climatic characteristics of the area, as well
as the seasonal situation of the markets; there is little demand for these products during the summer,
because other countries (international markets) have their own production at this time and because
they are in low demand in national markets. That is why the selected vegetables (celery, broccoli,
cabbage, tomato, pepper, etc.) are preferably destined for agro-industrial processing, and the selection
of varieties, the design of the plantation, and the specifications for harvesting take this into account.

Celery, the species chosen for this research, has good agronomic behavior as a summer crop and
can form part of rotation systems together with other traditional crops in the area, such as cereals
or winter legumes, thus contributing to sustainable soil management. In addition, celery contains
volatile compounds with toxic effects, which may be related to its resistance to pests [33]. Nutritionally,
celery has good vitamin C (80 mg kg−1) and vitamin A (2.07 mg kg−1) levels and is rich in potassium
(2800 mg kg−1), yet it is a hypocaloric vegetable: every edible kilogram provides only 200 kcal [34].
Many of its phytonutrients fall into the category of phenolic antioxidants and have been shown to
provide anti-inflammatory benefits as well. Consequently, celery is widely consumed in Western
Europe and North America, where it has a high commercial value.

The starting hypotheses that justify this study are as follows:

Hypothesis 1. Organic fertilization (i.e., the use of organic animal and vegetable waste generated on the
farm), as the basis of nutritional contributions together with crop rotation will form a system of integrated and
sustainable management of the farm.
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Hypothesis 2. The yield and quality of celery will differ depending on the type of fertilization used.

The objectives to be achieved in this project are as follows:

1. To compare organic and inorganic fertilization regarding the production and quality of a celery
crop destined for the agro-food industry.

2. To determine the suitability of the proposed integrated management system for the farm,
before transferring the results to the productive sector as a more environmentally friendly
agricultural model.

2. Materials and Methods

2.1. Field Experiment Design

The experiment was carried out on a soil with an Ap1-Ap2-Bw-Ckm profile, which meets the
requirements for classification as a Petrocalcic Kastanozem [35]. The study site, UTM coordinates 30S
535450-4192119, was located at the Research Center of Agriculture (Patronato Rodríguez Penalva)
farm in Huéscar (Granada, Spain). Some characteristics of the soil, before starting the experiment,
are shown in Table 1.

Table 1. Characteristics of the soil at the beginning of the experiment.

Horizon Depth (cm) OC TN C/N pHw pHKCl EC CEC CaCO3

Ap1 0–35 21.6 3.1 7.0 8.2 7.6 1.1 11.1 453
Ap2 35–52 12.4 1.7 7.3 8.3 7.6 1.5 12.3 402
Bw 52–65 13.6 1.7 8.0 8.4 7.5 1.4 18.5 349

Ckm 65 - - - - - - 875

OC (organic carbon, g kg−1); TN (total nitrogen, g kg−1); pHw (pH soil–water 1:1); pHKCl (pH soil–KCl 1:1);
EC (electrical conductivity, dS m−1); CEC (cation exchange capacity, cmol+ kg−1); CaCO3 (calcium carbonate
equivalents, g kg−1).

The area is characterized by a cold continental Mediterranean climate, with a mean annual
temperature of 12.7 ◦C and a thermal oscillation of 15 ◦C. The annual precipitation is 400 mm, rainfall
being concentrated in spring and autumn while winter and summer are predominantly dry. The annual
ETP is 599 mm, and so the annual water deficit is approximately 200 mm.

Three fertilization treatments were tested: two organic treatments, local sheep manure (LSM)
(Table 2) and a commercial organic amendment (COA) called ECOMAÑAN (F0001491/2020) (Table 3),
and one inorganic treatment (I), considered as the control. In treatment LSM local sheep manure was
applied at a rate of 1.7 kg m−2, while in the COA treatment a commercial organic amendment based on
sheep manure and peat was applied at a rate of 0.7 kg m−2.

Table 2. Chemical analysis of the sheep manure (LSM), nutrients, given on a dry matter basis.

Year M pH EC C/N OC TN P K Ca Mg

1 64.8 8.1 5.5 20 481.1 24.0 6.1 19.6 18.0 3.7
2 59.7 8.0 5.3 20 445.7 22.3 6.1 31.0 26.6 2.8
3 61.1 8.3 5.2 19 439.0 23.1 6.1 25.4 21.1 4.2

M (% moisture); pH (pH 1:10); EC (electrical conductivity 1:5, dS m−1); OC (organic carbon, g kg−1); TN (total
nitrogen, g kg−1); P (total phosphorus, g kg−1); K (total potassium, g kg−1); Ca (total calcium, g kg−1; Mg (total
magnesium, g kg−1).
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Table 3. Chemical analysis of the commercial organic amendment (COA), nutrients, given on a dry
matter basis.

M pH EC C/N OC TN ON P K Mg Fe S

14.0 6.0 9.6 11.8 232.6 23.3 19.8 10.2 9.6 1.4 11.6 41.9

M (% moisture); pH (pH 1:10); EC (electrical conductivity 1:10, dS m−1); OC (organic carbon, g kg−1); TN (total
nitrogen, g kg−1); ON (organic nitrogen, g kg−1); P (total phosphorus, g kg−1); K (total potassium, g kg−1); Mg (total
magnesium, g kg−1); Fe (total iron, g kg−1); S (total sulfur, g kg−1).

The inorganic or mineral treatment (I) involved conventional chemical fertilizers (such as 15-15-15,
NH4NO3, KNO3, K2SO4, H3PO4, Ca(NO3)2NH4NO3, and Mg(NO3)2 solution) applied, both as a
basal dressing and in drip irrigation systems, at the levels recommended by various authors [36] for
this crop, as listed in Table 4. The experimental design of the trial was based on two initial precepts.
The first was that treatment I should be carried out taking as a reference the fertilizer recommendations
existing in the bibliography, especially in similar soils. The second was the imposition of the European
regulations governing organic farming, which limit the amount of N/ha to a maximum of 170 kg.

Table 4. The N, P, K, Ca, and Mg applied to the inorganic and organic plots (kg ha−1).

Year LSM I COA

N P K Ca Mg N P K Ca Mg N P K Ca Mg

1 165 46 264 107 22 231 36 431 117 28 161 72 175 95 8
2 165 42 268 182 19 298 42 534 132 36 153 62 151 92 8
3 169 40 202 140 28 241 37 461 110 34 156 62 92 90 8

Mean 166 43 245 143 23 257 38 475 120 33 157 65 139 92 8

A completely randomized experimental design with three treatments and four replicates was
used, giving a total of 12 plots, each of 64 m2. The organic plots received organic amendments before
planting. The mineral plot received synthetic fertilizer applied, according to values recommended for
celery crops, through drip irrigation systems [36]. The doses (kg ha−1) of the nutrients (N, P, K, Ca,
and Mg) applied to the inorganic and organic plots are shown in Table 4. Commercial pesticides were
not used during this study on any of the experimental plots, and only products authorized for organic
agriculture (R (EC) 834/2007) were used for pest and disease control.

During the three years of the experiment, the celery crop (Apium graveolens var. dulce cv. Golden
Spartan) was rotated with cereal and legume mixtures in winter and spring. Celery was sown in
the first week of May, with a density of 12 plants m−2. Transplanting was done in the third week of
June and harvesting at the end of October, in all crop cycles. Before sowing the celery crop, the field
was prepared and chisel-plowed in order to ensure homogeneous conditions regarding both soil and
irrigation. Plant residues from the celery crop were grazed in autumn and, therefore, not incorporated
into the soil. Subsequently, the field was tilled with a disk harrow before sowing the cereal and legume
crop at the end of January.

2.2. Sampling and Plant Analysis

In order to determine the quality of the crops obtained in the different treatments and to determine
the optimal harvest date, measurements of physical parameters (such as commercial classification
according to size, defects in the flesh, and surface color) were made in the field during the last two
weeks of the vegetative cycle, using non-destructive methods. As an index of maturity, to establish the
most appropriate harvest date, the color coordinates L*, a*, and b* (CIELAB system) were measured
directly on the surface of the fresh stalks, together with the color attributes C*, H*, and S*, using an
X-RITE colorimeter (model 918).

In addition, samples were obtained for the physical and chemical analyses of the fresh or
freeze-dried stalks in the laboratory. For each replicate of the three fertilization treatments, all the
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plants from an area of 8 m2, randomly selected in each replicate, were harvested for the evaluation of
yield parameters (total and commercial yield, plant density, and harvest index). Of these, four plants
were selected at random to measure the physical parameters and chemical parameters.

Macro and mesonutrients contents (N, P, K, Ca, and Mg) were determined on three different
dates in the second half of the vegetative cycle, with the last sampling coinciding with the harvest.
Four leaves and four stalks, each oriented towards one cardinal point, were sampled from each plant,
one from each of four different plants. The samples were dried at 105 ◦C for 5 h, crushed for plant
material, and stored for later chemical analysis. Three sets of plant analyses were performed during
each crop cycle to determine the content of bioelements (N, P, K, Ca, and Mg).

2.3. Yield

During the three years of the trial, data were obtained for the total yield (Yt) and commercial yield
(Yc), expressed in kg m−2, and the harvest index (HI), for each fertilization treatment.

The harvested yield corresponds to the total yield after the removal of senescent leaves from
the stalks, whereas the commercial yield refers to the stalks cut 28 cm above the stalk base and
devoid of leaves. These specifications are the standards required by most customers for industry ly
processed celery.

The HI represents the ratio between the Yc and the total harvested yield, expressed as part per unit.

2.4. Physical Parameters

To follow the development of the celery surface color, a non-destructive method was used.
The reflected color was measured as CIELAB coordinates (L*, a*, and b*), using an X-RITE colorimeter
(model 918), for four randomly selected areas of the stalk surface. I, II, III, and IV are the average
values of the four readings of each replicate. All color measurements refer to the CIE (Commission
Internationale de l’Eclairage) and the Standard Illuminate D65 at a 10◦ observer angle. The chromatic
attributes H (metric angle of tonality), C (chroma), and S (metric saturation) were calculated from the
CIELAB coordinates, according to Equations (1)–(3), respectively. The a*/b* ratio and the color index
(CI, Equation (4)) were also calculated.

H(rad) = tan−1 b∗/a∗ (1)

C =
(
a∗2 + b∗2

)1/2
(2)

S = C2/L∗ = (a∗2 + b∗2)/L∗ (3)

CI = 1000a∗/(L∗b∗) (4)

The physical parameters evaluated in this work were determined at the time considered optimal
for harvest. The physical quality of the celery plant from each treatment was characterized by reference
to the following parameters: total plant mass (M), commercial plant mass (Mc), height to first branch
(Hf), head diameter (Dh), and dry matter percentage (DM) in stalks and leaves.

Total plant mass (M) can be considered a direct measurement of the size of the plant and therefore
of its caliber. It may therefore be considered the first quality attribute and the most easily quantifiable.
The commercial mass (Mc) refers to the fresh mass of the plant harvested by cutting the stalks and
leaves at a distance of 28 cm from the base. Both M and Mc were measured to the nearest 0.01 g.

Many wholesale customers request to be informed about the value of the Hf since it is an important
commercial parameter.

The dry matter (DM) content was determined according to the official method, using the mass of
the stalk when fresh and after drying it in a forced-air oven at 105 ◦C for 5 h.

The Hf and the Dh were measured with gauging devices of 1 and 0.01 mm precision, respectively.
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2.5. Chemical Parameters

The chemical parameters relevant to celery quality were determined at the time considered
optimal at full harvest. The total soluble solids content (TSS) was measured with a refractometer with
a sensitivity of 0.1◦ Brix. The stalk nitrate concentration was determined according to the Brucine
method [37].

The bioelement (N, P, K, Ca, Mg) concentrations in the celery stalk and leaf were determined by
ICP-MS following acid-digestion (HNO3 + HClO4), on three dates in the second half of the celery crop
cycle. The results correspond to the averages of the four replicates per treatment.

2.6. Statistical Analysis

The data were analyzed using the General Linear Model of the SPSS Version 10.0 statistical package
(SPSS, Chicago, IL, USA). The experimental data were subjected to analysis of variance (ANOVA) [38],
using Tukey’s multiple range test to estimate statistical differences among means. Differences were
considered significant at the 5% and 1% level (p = 0.05 and p = 0.01, respectively).

3. Results and Discussion

3.1. Crop Yield

Figure 1A,B show the values of Yt and Yc, respectively obtained in the mineral and organic
fertilization plots over a period of three years. As can be seen, the highest yields were obtained in
the first year in all the treatments, with a considerable decrease in the second year (of 38% in LSM
and 23% in I). Finally, in the third year, the total and commercial yields of celery returned almost to
the levels of the first year, except in the LSM treatment, the production being 23% lower than in the
first year. The sharp decrease in production in the second year was probably related to the adverse
meteorological conditions that year, which led to 20–25% of celery plants being inviable.
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Figure 1. (A). Total yield (Yt) and (B). commercial yield (Yc) of celery, as a function of the fertilization
treatment: local sheep manure (LSM), mineral (I), and commercial organic amendment (COA). “a” and
“b” indicate significant differences between the three years of each treatment at the 95% confidence level.

Statistically significant differences in yield were observed between the organically amended plots
and those receiving synthetic fertilizer, especially between LSM and I. In this sense, Yt was highest in
treatment I, lowest in LSM, and intermediate in COA, with average values for the three campaigns of
12.54, 10.04, and 11.55 kg m−2, respectively. Yc behaved similarly, with average values for the same
treatments of 8.16, 6.73, and 7.53 kg m−2, respectively. Finally, considering the yields of LSM as 100%,
the relative Yt percentages were 125 and 115 for I and COA, respectively, and the Yc percentages were
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121 and 112 for I and COA, respectively. In addition, the HI was consistent among the treatments,
at around 0.65.

The influence of the use of organic amendments on crop growth is quite a controversial matter,
but in general organically managed soils provide lower crop yields than conventionally managed
ones [39–41]. However, the yields of the former improve after successive applications, since organic
amendments act as a source of slow-release N [42]. In this regard, it should be noted that in organic
agriculture the most important nutritional limitation is usually N, because its concentration and
availability in the soil depend on the mineralization of organic matter and the amounts of N in the
form of NH4

+ that can be retained in the exchange complex. Organic N mineralization is controlled
by soil and climatic conditions and cultural practices, among other factors [43]. These factors also
moderate the mineralization-immobilization balance of N [44].

The efficiency of N use by the crop—i.e., the ratio between the kg ha−1 of fresh matter obtained as
biomass and the kg ha−1 of N incorporated into the soil—was much higher in the organic treatments,
especially in the case of COA, with a mean of 477 kg ha−1 of biomass present in the commercial product
per kg of N incorporated into the soil, compared with 399 for LSM and 324 for I. This greater efficiency
in the first years of conversion to organic agriculture was also observed in other experiments [22,45,46].
These results contrast with the amount of N supplied in the different treatments, which was inversely
proportional to the efficiency found. Indeed, the highest amount of N added, in the control treatment,
was about 250 kg ha−1 per year, which is similar to the levels described in the relevant literature [36].
In contrast, the lowest amount of N supplied was in the organic treatment with LSM, which had a
high C/N ratio (≥20), indicating that the N was present in complex structures (proteins, amino acids,
amines, etc.), difficult for the plants to take up in the short term, but also scarcely leachable and
therefore with low contaminating power. In the COA treatment even lower quantities of N were
supplied, but a commercial amendment of this type contains significant quantities of easily available N
(15% of the N is in the ammoniacal form) that can be used in the first stages of growth by the celery.
The use of organic amendments as a source of N should be properly managed, as the supply of N may
be lower than the demand of the crops, leading to possible deficiencies of this macronutrient, while in
other cases, if the mineralization is very fast, the supply may be higher than the demand, therefore
leading to losses of N [47].

3.2. Physical Properties

3.2.1. Color Parameters

Table 5 shows the mean values of the CIELAB colorimetric coordinates L*, a*, and b* determined
at the surface in ripe celery for each of the fertilizer treatments employed (LSM, I, and COA). With these
three coordinates, we obtained the chromatic attributes H, C, and S (Table 6).

There were no significant differences among the three fertilization treatments, although the highest
luminosity (L*) values were reached in LSM, followed by COA, and finally the control (I). Similar
results were obtained by Madrid et al. [27] in a study of the influence of organic fertilization and
irrigation levels on the production of tomato fruit for industrial processing. The a* and b* values were
homogeneous across the three treatments. The food industry uses the Hunter color values (L*, a*,
b*) to determine the quality of the products it processes; so, based on these, the quality of the crops
obtained was homogeneous. A decrease in brightness (L*) has been associated with browning [48];
consequently, the chromatic attributes are an indicator that allows one to determine the state of ripeness
of fruits and vegetables and, therefore, to estimate the optimal length of the ripening stage. The hue
angle (H) is an indicator of color change from green to yellow and red, related to the enzymatic
degradation of chlorophyll [49]. The maximum value of H represents the date on which ripening
commenced, while the minimum (full color intensity) indicates full ripeness and the initiation of
senescence. The values of H were similar for the three treatments (LSM, I, and COA) and during the
three years of the trial, with no significant differences among them (Table 6). The values of chroma (C)
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were higher in the organic fertilizer treatments (LSM and COA) than in the control (I), which suggests
that in the organic treatments the ripening process was faster and therefore the optimal harvesting
point was reached earlier, a conclusion also reached by other authors [50].

Table 5. Color (a*, b*, L*) changes during the development of three celery crops grown in the field, as a
function of the fertilization treatment: local sheep manure (LSM), mineral (I), and commercial organic
amendment (COA).

a* b* L*

Year LSM I COA LSM I COA LSM I COA

1

I −2.0 −2.0 −1.3 24.4 19.2 16.0 56.1 55.8 47.4
II −4.1 −1.6 −3.1 23.2 15.9 23.1 54.6 51.4 58.5
III −2.2 −3.0 −3.1 20.2 17.9 16.6 53.7 55.6 52.4
IV −2.8 −2.2 −2.5 22.6 17.7 18.6 54.8 54.3 52.7

Mean −2.8 −2.2 −2.5 22.6 17.7 18.6 54.8 54.3 52.7
SD 1.2 0.7 1.0 2.1 1.7 3.9 1.2 2.5 5.6

MSD0.05 ns ns ns ns ns ns ns ns ns
MSD0.01 ns ns ns ns ns ns ns ns ns

2

I −1.5 −1.3 −2.4 20.4 14.2 26.9 54.9 52.6 53.8
II −2.3 −0.5 −2.8 23.0 28.0 23.4 56.1 54.1 52
III −1.2 −0.6 0.3 20.7 8.4 17.4 52.4 47.4 56.7
IV −1.6 −1.6 −1.3 21.1 22.5 18.6 54.9 58.7 52

Mean −1.6 −1.0 −1.6 21.3 18.3 21.6 54.6 53.2 53.6
SD 0.4 0.5 1.4 1.1 8.7 4.4 1.6 4.7 2.2

MSD0.05 ns ns ns ns ns ns ns ns ns
MSD0.01 ns ns ns ns ns ns ns ns ns

3

I −2.2 −1.0 −2.4 23.0 22.4 24. 55.5 52 55.1
II −5.0 −1.5 −2.5 24.4 17.6 20.3 53.2 52.7 54.6
III −1.4 −2.6 −1.9 16.5 21.9 21.0 57.6 53.0 54.5
IV −3.3 −1.3 −3.2 20.0 16. 24.0 53.5 57.9 55

Mean −3.0 −1.6 −2.5 20.9 19.4 22.5 55 53.9 54.8
SD 1.60 0.7 0.5 3.5 3.3 2.1 2.1 2.7 0.3

MSD0.05 ns ns ns ns ns ns ns ns ns
MSD0.01 ns ns ns ns ns ns ns ns ns

ns: not significant; the MSD0.05 and MSD0.01 values indicate the significance of the differences at the 95 and 99%
confidence level, respectively.

Regardless of whether the product is intended for fresh consumption or for industrial processing,
the first signs of decay and decreasing shelf life for celery are the loss of green color and the onset of
pithiness [51]. Furthermore, during handling, cutting, washing, and rinsing for minimal processing,
mechanical damage occurs, together with oxidative stress [52]. Vascular browning at the ends of
fresh-cut celery stalks is one of three major changes that reduce their shelf life [53]. According to Viña
and Chaves [54], the main factors reducing celery quality are physiological effects, the increased rate of
several biochemical reactions, and damage induced by microorganisms. To evaluate the variation in
the surface color of celery, it is common practice to follow the post-harvest evolution of the a*/b* ratio
and the color index (CI). Negative values close to zero were obtained for the first of these parameters
in all three treatments, making it impossible to statistically differentiate among them. The CI behaved
similarly to the a*/b* ratio (Table 6).
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Table 6. Chromatic attributes (H*, C*, S*), a*/b* ratio, and color index (CI) during three cycles of celery crops grown in the field, as a function of the fertilization
treatment: local sheep manure (LSM), inorganic treatment (I), and commercial organic amendment (COA).

Chromatic Attributes

H* C* S* a*/b* CI

Year LSM I COA LSM I COA LSM I COA LSM I COA LSM I COA

1

I 1.65 1.67 1.65 24.48 19.30 16.05 10.68 6.68 5.44 −0.08 −0.10 −0.08 −1.46 −1.87 −1.71
II 1.75 1.67 1.70 23.56 15.98 23.31 10.17 4.97 9.29 −0.18 −0.10 −0.13 −3.24 −1.96 −2.29
III 1.68 1.74 1.76 20.32 18.15 16.89 7.69 5.92 5.44 −0.11 −0.17 −0.19 −2.03 −3.01 −3.56
IV 1.69 1.69 1.70 22.77 17.84 18.77 9.46 5.86 6.68 −0.12 −0.12 −0.13 −2.26 −2.29 −2.55

Mean 1.69 1.69 1.70 22.78 17.82 18.75 9.50 5.86 6.71 −0.12 −0.12 −0.13 −2.25 −2.28 −2.53
SD 0.0 0.0 0.0 1.5 1.2 2.8 1.1 0.6 1.6 0.0 0.0 0.0 0.6 0.5 0.7

MSD0.05 ns ns ns b b a b b a ns ns ns ns ns ns
MSD0.01 ns ns ns ns ns ns a b ab ns ns ns ns ns ns

2

I 1.64 1.66 1.66 20.46 14.26 27.01 7.62 3.87 13.56 −0.07 −0.09 −0.09 −1.34 −1.74 −1.66
II 1.67 1.59 1.69 23.11 28.00 23.57 9.52 14.50 10.68 −0.10 −0.02 −0.12 −1.78 −0.33 −2.30
III 1.63 1.64 1.55 20.73 8.42 17.40 8.20 1.50 5.34 −0.06 −0.07 0.02 −1.11 −1.51 0.30
IV 1.65 1.64 1.64 21.16 22.56 18.65 8.16 8.67 6.69 −0.08 −0.07 −0.07 −1.38 −1.21 −1.34

Mean 1.65 1.63 1.64 21.37 18.31 21.66 8.38 7.13 9.07 −0.08 −0.06 −0.07 −1.40 −1.20 −1.25
SD 0.0 0.0 0.1 1.0 7.5 3.9 0.7 5.0 3.3 0.0 0.0 0.1 0.2 0.5 1.0

MSD0.05 ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns
MSD0.01 ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

3

I 1.67 1.62 1.67 23.10 22.42 24.22 9.62 9.67 10.65 −0.10 −0.04 −0.10 −1.72 −0.86 −1.81
II 1.77 1.66 1.69 24.91 17.66 20.45 11.66 5.92 7.66 −0.20 −0.09 −0.12 −3.85 −1.62 −2.26
III 1.66 1.69 1.66 16.56 22.05 21.09 4.76 9.18 8.16 −0.08 −0.12 −0.09 −1.47 −2.24 −1.66
IV 1.73 1.65 1.70 20.27 16.05 24.21 7.68 4.45 10.66 −0.17 −0.08 −0.13 −3.08 −1.40 −2.42

Mean 1.71 1.65 1.68 21.21 19.55 22.49 8.43 7.30 9.28 −0.14 −0.08 −0.11 −2.53 −1.53 −2.04
SD 0.0 0.0 0.0 3.2 2.8 1.7 2.5 2.2 1.4 0.0 0.0 0.0 1.0 0.5 0.3

MSD0.05 ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns
MSD0.01 ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

ns: not significant; the MSD0.05 and MSD0.01 values indicate the significance of the differences at the 95 and 99% confidence level, respectively. Different letters indicate differences
between treatments at the level of statistical significance indicated.
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3.2.2. Total Plant Mass

From a commercial point of view, if destined for fresh consumption, the celery plant should weigh
more than 800 g for industrial processing, the intended use of the crop obtained in our trial, all plants
are cut to a length of 28 cm from the plant base, regardless of their mass.

In our case, except for the first year, there were significant differences between the control (I) and
the organically treated plants, the former being larger. However, there were no significant differences
between the LSM and COA treatments, the individual plants weighing between 956 and 1332 g. In this
respect it is normal for organically grown vegetables to have slightly lower masses and calibers than
their conventionally grown counterparts [39,55] and for the number of plants harvested to be lower
than the number originally transplanted as a result of losses sustained through competition with
weeds [56], as occurred in our experiment (Figure 2A).
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Figure 2. (A). Total plant mass (M) and (B). commercial plant mass (Mc) of the celery crop, as a function
of the fertilization treatment: local sheep manure (LSM), inorganic treatment (I), and commercial
organic amendment (COA). “a” and “b” indicate significant differences between the three years of each
treatment at the 95% confidence level.

3.2.3. Total and Commercial Plant Mass

In general, the HI had a value of 0.65–0.66, regardless of the year and treatment. As can be seen in
Figure 2B, Mc indicates significant differences between the inorganic treatment and the two organic
treatments in the last two years of the experiment. This superior development with the conventional
cultivation may be due to the greater availability of N, which would induce more rapid and greater
growth [18].

3.2.4. Height to First Branch

As indicated above, Hf is a commercial quality indicator of importance to some customers,
especially when celery is intended for fresh consumption. As can be seen in Figure 3, except in the
first year of the trial, when Hf was highest in the inorganic treatment (significantly so), no significant
differences were observed among the treatments. Again, this greater development of the conventionally
cultivated crop may be due to the superior availability of N, and the consequent more rapid and greater
growth [18].
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Figure 3. Height to first branch (Hf) of the celery crop, as a function of the fertilization treatment:
local sheep manure (LSM), mineral (I), and commercial organic amendment (COA). “a” and “b” indicate
significant differences between the three years of each treatment at the 95% confidence level.

3.2.5. Head Diameter and Dry Matter

Table 7 shows the data corresponding to the Dh and the DM of the stalk and leaf, parameters
related to the commercial and nutritional quality, respectively. As can be seen, Dhs showed no clear
tendency. For example, the highest value was observed in COA in year 1, in I in the second year, and in
LSM plants in the third year, but statistically significant differences were only found in last two years.

The DM percentage (Table 7) was higher in the leaves than in the stalk.
There were no statistically significant differences in the DM percentage among the treatments

except in the second year, when it was lower in I and COA, which agrees with the findings of other
authors, who attributed it to an increase in the level of water in the cell protoplasm resulting from
fertilization with nitrogenated chemicals [57,58].

3.3. Chemical Properties

3.3.1. Total Soluble Solids

The TSS levels were similar in all three treatments in the first and third years (Table 8), while in
the second year the LSM plants had significantly higher levels. The second-year results agree with the
findings of other authors in different crops [59], which strengthens the idea that organic farming based
on sheep manure produces food with a higher organoleptic quality than conventional agriculture [58].

3.3.2. Nitrate Content

Figure 4A,B show the nitrate concentrations in the stalk and leaf, respectively of the celery plants
at the time of harvest in the three crop cycles of the experiment. A low content of nitrate in the plants is
very important for human health, due to its potential for transformation into nitrite, which is more likely
to interact with hemoglobin and affect blood oxygen transportation [30]. The nitrate concentrations
were significantly higher following the inorganic and COA treatments than with the LSM treatment.
Many studies have found lower nitrate contents in organically fertilized crops, particularly leafy
vegetables [29,60–62]. The nitrate concentration in a plant is the balance between the nitrate uptake and
its metabolic reduction. Excessive commercial fertilizer or animal waste application, or its improper
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timing, can lead to excessive nitrate levels in the plants [31]. In addition, nitrate can combine with
secondary amines to yield nitrosamines with carcinogenic effects [63].

Table 7. The head diameter (Dh) and the dry matter percentage (DM) in the stalk and leaf during three
cycles of celery crops grown in the field, as a function of the fertilization treatment: local sheep manure
(LSM), mineral (I), and commercial organic amendment (COA).

DM (%)

Year Dh (cm) Stalk Leaf

LSM I COA LSM I COA LSM I COA

1

I 3.3 4.2 5.0 5.2 5.1 4.8 15.1 15.6 15.8
II 4.0 4.3 3.7 5.3 5.4 5.1 16.0 15.1 15.7
III 3.9 3.2 4.1 5.2 5.2 4.9 15.5 15.3 15.7
IV 3.6 4.0 4.3 5.2 5.2 4.9 15.4 15.2 15.7

Mean 3.7 3.9 4.3 5.2 5.2 4.9 15.5 15.3 15.7
SD 0.4 0.6 0.7 0.1 0.2 0.2 0.5 0.3 0.1

DSM0.05 ns ns ns ns ns ns ns ns ns
DSM0.01 ns ns ns ns ns ns ns ns ns

2

I 4.6 4.7 4.7 6.3 5.7 5.3 12.7 12.2 12.4
II 4.3 4.9 4.5 5.8 5.7 5.1 12.5 10.8 11.6
III 4.3 4.9 4.8 5.9 5.6 5.2 12.6 11.5 11.4
IV 4.7 4.8 4.3 5.7 5.8 5.1 12.5 11.3 11.6

Mean 4.4 4.9 4.5 5.8 5.7 5.1 12.5 11.2 11.5
SD 0.2 0.1 0.3 0.3 0.1 0.1 0.1 0.4 0.1

DSM0.05 b a b a ab b ns ns ns
DSM0.01 ns ns ns ns ns ns ns ns ns

3

I 4.3 4.0 3.8 5.6 5.2 5.4 15.1 14.0 14.1
II 4.5 4.2 3.9 5.6 5.9 5.3 15.7 14.2 15.7
III 4.7 4.1 3.9 5.8 5.9 5.1 15.0 15.8 14.8
IV 4.2 4.0 4.4 5.7 5.8 5.2 15.4 15.1 14.9

Mean 4.5 4.1 4.1 5.7 5.9 5.2 15.4 15.0 15.1
SD 0.3 0.1 0.3 0.1 0.1 0.1 0.4 0.8 0.5

DSM0.05 a b b ns ns ns ns ns ns
DSM0.01 ns ns ns ns ns ns ns ns ns

ns: not significant; the MSD0.05 and MSD0.01 values indicate the significance of the differences at the 95 and 99%
confidence level, respectively. Different letters indicate differences between treatments at the level of statistical
significance indicated.

3.3.3. Macro and Mesonutrients Contents

Nitrogen

The N content in the stalk and leaf of celery was significantly higher after mineral fertilization
than with organic fertilization, especially LSM, for which the lowest values were obtained (Table 9).
Other authors have reported similar results in bean [64], in tomato [11,62,65], and in beetroot, chard,
carrot, marrow, and pepper [62]. Very few studies found a higher content in organic crops, as was the
case in carrot, cabbage, and lettuce [66]. In other studies, performed in lettuce [67], in potato tubers and
sweet corn [68], and in celery [69], no differences were found between organic and mineral fertilization.
These apparently uneven results suggest that the concentration of N in plant tissues depends on the
availability of N in the soil. The nature of the organic amendments and their degree of maturity might
have a strong influence on this. Thus, in a fresh waste the amount of N in the form of NH4

+ can be high,
while in amendments subjected to composting N becomes part of more complex organic structures
and, therefore, in order to be available, it is necessary to mineralize or degrade them [70].
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Table 8. The total soluble solids (TSS) content during three cycles of celery crops grown in the field, as a
function of the fertilization treatment: local sheep manure (LSM), mineral (I), and commercial organic
amendment (COA).

TSS (◦ Brix)

Year LSM I COA

1

I 4.5 4 4.6
II 4.4 4.5 4.2
III 4.2 6.9 4.9
IV 4.4 5.1 4.6

Mean 4.4 5.1 4.6
SD 0.2 0.5 0.4

MSD0.05 ns ns ns
MSD 0.01 ns ns ns

2

I 4.1 3.8 3.8
II 4.3 3.3 3.5
III 4.1 3.5 3.5
IV 4.2 3.6 3.9

Mean 4.2 3.6 3.7
SD 0.1 0.2 0.2

MSD0.05 a b b
MSD 0.01 a b b

3

I 2.9 3.7 3.1
II 3.5 3.1 3.4
III 3.3 3.2 3.4
IV 3.1 3.2 3.4

Mean 3.2 3.3 3.3
SD 0.3 0.3 0.2

MSD0.05 ns ns ns
MSD 0.01 ns ns ns

ns: not significant; the MSD0.05 and MSD0.01 values indicate the significance of the differences at the 95 and 99%
confidence level, respectively. Different letters indicate differences between treatments at the level of statistical
significance indicated.
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Figure 4. (A). The nitrate content in the celery stalk and (B). The nitrate content in the celery leaf, according
to the fertilization treatment: local sheep manure (LSM), inorganic treatment (I), and commercial organic
amendment (COA). “a” and “b” indicate significant differences between the three years of each treatment
at the 95% confidence level.
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Table 9. Macronutrient contents (g kg−1 dry matter) in the stalk and leaf of celery, in the inorganic (I) and organic (local sheep manure, LSM; commercial organic
amendment, COA) fertilization treatments.

STALK

Year Days (*) N P K Ca Mg

LSM I COA LSM I COA LSM I COA LSM I COA LSM I COA

1

57 12.83 13.67 12.84 6.70 6.68 6.47 89.10 64.10 70.00 16.20 17.84 16.49 2.70 2.80 3.40
91 16.28 17.11 18.16 6.40 6.10 6.20 62.65 52.90 60.57 11.90 7.40 8.70 3.40 2.60 3.20

109 10.30 13.90 14.90 5.71 5.66 6.43 67.31 57.69 63.79 9.76 4.93 5.08 3.16 2.41 2.79
mean 13.14 b 14.89 a 15.30 a 6.27 6.15 6.37 73.02 a 58.23 b 64.79 ab 12.62 10.06 10.09 3.09 a 2.60 b 3.13 a

2

54 13.40 22.00 16.40 6.28 6.28 5.99 80.42 87.26 81.53 21.87 18.16 21.18 3.59 3.20 3.20
82 16.20 21.40 17.90 5.94 7.17 6.28 69.43 72.05 65.59 21.50 18.68 20.10 2.79 2.67 2.80
96 13.30 22.90 21.80 5.72 7.19 6.26 60.95 56.52 56.46 14.35 10.91 13.26 3.20 2.80 2.60

mean 14.30 b 22.10 a 18.70 ab 5.98 6.88 6.18 70.27 71.95 67.86 19.24 15.92 18.18 3.19 a 2.89 b 2.86 b

3

51 17.58 26.52 19.79 3.30 3.20 2.50 79.60 79.40 69.70 8.97 7.39 7.90 6.85 6.04 7.40
84 14.56 15.53 15.02 4.46 4.28 4.22 67.15 74.39 67.81 7.86 6.48 7.00 7.60 7.91 6.90

101 14.18 13.75 14.23 3.57 3.01 4.81 68.10 51.90 58.80 5.64 6.48 6.45 6.01 6.26 6.10
mean 15.44 b 18.60 a 16.35 ab 3.78 3.50 3.84 71.62 a 68.56 b 65.44 b 7.49 6.78 7.12 6.82 6.74 6.80

LEAF

1

57 40.32 43.54 35.07 8.12 6.67 6.80 42.80 33.50 39.30 27.00 28.81 25.30 6.20 7.70 6.40
91 43.52 42.30 38.66 6.80 6.20 6.40 36.05 26.96 31.34 31.35 27.43 27.50 6.90 7.20 6.80

109 34.00 38.00 38.10 6.61 6.14 7.31 46.10 28.50 36.40 30.63 29.06 27.00 6.54 7.59 7.18
mean 39.28 b 41.28 a 37.28 b 7.18 6.34 6.84 41.65 a 29.65 b 35.68 ab 29.66 28.43 26.60 6.55 b 7.50 a 6.79 b

2

54 40.80 50.30 43.90 6.10 6.23 6.44 41.34 43.60 45.05 35.60 34.70 32.30 6.70 7.70 6.30
82 40.80 48.80 46.70 7.29 7.86 10.47 44.90 50.70 40.00 36.20 25.00 33.80 6.12 6.41 6.67
96 38.50 44.31 39.17 9.39 11.54 6.78 37.57 42.57 44.48 34.61 35.33 31.62 6.21 7.01 6.60

mean 40.03 b 47.80 a 43.26 ab 7.59 8.54 7.90 41.27 45.62 43.18 35.47 a 31.68 b 32.57 b 6.34 7.04 6.52

3

51 42.41 45.80 45.35 3.35 3.19 3.04 49.52 45.60 43.68 23.00 16.00 26.60 13.60 12.50 15.20
84 35.31 35.47 33.88 4.54 4.91 5.47 42.60 42.80 33.50 19.77 16.63 15.36 11.00 13.20 11.20

101 34.70 38.00 39.00 4.27 5.12 4.56 37.00 29.40 29.10 16.07 15.32 13.69 10.40 12.60 12.80
mean 37.48 b 39.76 a 39.41 a 4.05 4.41 4.36 43.04 a 39.27 b 35.43 b 19.61 a 15.99 b 18.55 a 11.67 b 12.77 a 13.07 a

(*) days after transplanting. Different letters indicate significant differences between treatments at the 95% confidence level.



Agronomy 2020, 10, 1418 15 of 19

However, the lower levels of N found in the plants from the organic plots are not necessarily a
negative point because high assimilation of N may produce a high content of protein, but of lower
quality [71].

Phosphorus

The leaf and stalk concentrations of P did not differ significantly between the organic and mineral
fertilization (Table 9). Likewise, the P concentrations reported in the literature do not show clear
significant differences between celery crops receiving organic fertilizer and those receiving mineral
fertilizer [69]. Another report showed no differences between the P concentrations of organically and
conventionally fertilized bean crops [64]. In our study, the higher available P content in the soil of the
LSM plots (45.4 mg kg−1 in LSM, compared to 27.1 mg kg−1 in I and 28.3 mg kg−1 in COA) did not lead
to higher P concentrations in the stalk and leaf of the celery plants. However, in various long-term
organic farming field experiments the plant P concentrations were higher in organic treatments than in
mineral treatments [62].

Potassium

Table 9 shows the generally higher concentration of K in the celery stalk and leaf in the organic
plots, especially LSM, in the first and third years of the experiment. There were some significant
differences among the treatments in the first and third celery crop cycles. It is interesting to note that,
although the supply of K was lower with organic fertilization, the K concentration in the stalk and leaf
was higher, especially in LSM, due to the higher soil available K concentration in the organic plots,
with average values of 0.93, 0.44, and 0.49 g kg−1 of K in LSM, I, and COA soil, respectively. Similarly,
other authors have found significant differences in the plant K concentration when comparing organic
and conventional farming [62,69,72].

Calcium

The leaf Ca concentration was higher in the plants grown in the organic plots, although in the stalk
there were no significant differences between organic and mineral fertilization (Table 9). Results similar
to ours were obtained in previous experiments in several vegetable species [59,62], in potato [61],
and in snap bean [64].

Magnesium

The stalk Mg concentration was higher in the plants from the organic plots, while the leaf Mg
concentration was higher in the mineral plots, with some significant differences (Table 9). As observed
in this study, the Mg concentrations reported in the literature do not show any clear trend in relation to
organic and mineral fertilization [69,72–75].

4. Conclusions

The use of organic amendments as a basis for fertilization in a celery crop destined for industrial
processing originated significant differences with respect to conventional fertilization, both in the
yield and in the quality of the harvested product. In this sense, the yield and the size of the stalks
were greatest in treatment I, followed by COA and LSM. Similar differences in yield were observed
throughout the study period, related to the higher availability of N in treatment I, followed by COA.
However, the efficiency of use of the applied N as well as certain quality parameters the nitrate, N, K,
and Ca contents were improved by organic fertilization, which can be considered positive for both
human health and the environment. The chromatic attributes of the celery stalks, as well as their total
P and Ca contents, were not affected by the fertilization treatments applied and so it can be said that
the growth and ripening cycle of the celery plants was independent of the fertilization applied.



Agronomy 2020, 10, 1418 16 of 19

In addition, the results obtained suggest that the most appropriate management system for this
farm should contemplate a symbiosis between the crops and the livestock existing on it, so that the
waste or by-products of one can be used as sustainable inputs for the other. Thus, the proposed
integrated management system would use the manure from the livestock, duly composted, to fertilize
the existing crops, especially summer vegetables, and, in turn, the remains of these crops, as well as
the herbaceous crops (legumes and grasses), would be used as feed for the sheep. This management
model could be extended to the other farms in the area, where some 268000 tm of manure is generated
annually, thus contributing to the consolidation of a circular economic model that is economically and
environmentally sustainable.
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