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Abstract: In order to standardize the quality of agricultural products, it is necessary to control the
factors affecting plant development, such as plant nutrition. The best results in terms of homogeneity
of the quality of vegetable crops were achieved using inert substrates and application of nutrients;
however, production costs are high due to the cost of irrigation systems and substrate management
and importation. This work aims to evaluate the effect of the local substrate mix and the amount of
organic fertilizer on different quality parameters of coriander. To evaluate the quality of coriander,
we considered different parameters such as size, biomass, antioxidant capacity and aroma (evaluated
by volatile compounds detection with gas chromatography). The results show that the culture system
differentially affects each parameter, and the compounds associated with the aroma of coriander
and the diameter of plants are sensitive to the culture system, while the length of plants, number of
leaves and antioxidant activity are not affected by the concentration of fertilizer. Moreover, organic
farming conditions do not reduce quality parameters of the crops when using adequate fertilization.
Additionally, local substrates would be practical substitutes for expensive importations.
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1. Introduction

Coriander is among the most highly demanded horticultural products in the market for aromatic
herbs; the highest demand, worldwide, is for use in the food industry. However, it is important to
consider that current demand in the food industry is oriented towards the consumption of high quality
products and value added services, which provide greater benefits. In this context, organic agricultural
products have grown in consumer demand.

Organic agriculture is a method that consists in reducing the use of agricultural inputs such as
synthetic fertilizers and pesticides, as well as genetically modified seeds and species. Instead, it relies
on practices that are compatible with the environment and that aim to maintain or increase soil fertility
in the long term. Although organic agriculture is still a small industry (1%–2% of global food sales),
its importance is growing worldwide. In Mexico, the success of organic products should be attributed
to the export market, which represents an important source of income for small producers [1].

In general, organic products are sold at higher prices than conventional products because
consumers are willing to pay more for products that satisfy certain ideological and health needs;
however, they demand guarantees on the quality of organic products [2]. Due to the minimal use of
agrochemicals, organic products can give the impression of lower quality [2], considering that quality,
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or the degree of excellence of a product, is given by the attributes or properties that characterize it; in
the case of coriander, the attributes that reflect its quality are size, number of leaves per plant, color,
presence of pathogenic damage, weight and homogeneity between plants [3].

Among the factors influencing plant quality and development, plant nutrition and accessibility of
water are directly related to the size of plants [4]; thus, to increase the quality and homogeneity of the
product, it is necessary to apply an adequate amount of water and an adequate concentration of micro
and macro nutrients. Conducting an annual evaluation of the concentrations of these nutrients in
different soils to ensure the quality and quantity of the crops is not effective because the concentration
varies depending on the pH of irrigation water, fertilization, time of year, number of crop cycles and
geographic region. The best results in terms of homogeneity and quality of vegetable crops have been
achieved using substrates as growth medium and applying nutrients; such growing systems allow for
controlling pH, electrical conductivity and the concentration of minerals available to the plants [5].
The use of substrates to optimize crops is documented in scientific articles and patents; however, as has
been reported in some studies, not any substrate can be used for any crop; it is necessary to evaluate
the physical and chemical characteristics of each substrate to determine if they are appropriate for a
specific type of crop [6,7].

Usually, when a crop is established, different substrates are combined to ensure that water
retention, nutrient supplementation (if any), aeration, electrical conductivity, pH buffering and type
of growth media are adequate for that crop. In addition to commercial substrates, producers can use
readily available materials as substrates, and even reuse them in different crop cycles, such is the case
of the fallen leaves of Gymnopodium floribundum, known locally as “dzidzilché leaf” [8] and the fallen
leaves of Tahonal (Viguiera dentata).

In this work, we characterized three substrate mixtures (dzidzilché leaf, coconut fiber and tezontle
gravel) and evaluated their effect on different physical and biochemical parameters (fresh weight,
dry weight, length, stem diameter, volatile compounds and antioxidant capacity) of coriander plants
fertilized with two concentrations of organic fertilizer and grown in protected organic systems, with the
aim of establishing a system of protected organic farming using local materials as a source of substrate.

2. Results and Discussion

2.1. Physicochemical Characterization of Substrate Mixtures

With the aim of determining the mixture of substrates suitable to the organic cultivation of
coriander, we evaluated two different mixtures of three substrates (dzidzilché leaf, coconut fiber and
tezontle gravel): Mixture 1 (M1) 1:1:1 and Mixture 2 (M2) 4:3:3. We considered the individual chemical
and physical properties of each substrate and evaluated the same properties on both mixtures: effective
porosity (PT), real density, distribution of particle size, density, pH and conductivity.

The interaction of roots with water and air spaces, which are necessary for plant growth,
is described by the properties of PT, real density and distribution of particle size. The substrates
with a PT below 50% are not recommended because the lack of air space would cause anoxia to root
cells. Table 1 shows the PT of the substrate mixtures; both samples had values above 50%; however,
the mixture M2 had a porosity close to 80%, which has been described as optimal for substrates of
organic origin since these substrates degrade and reduce their porosity during the growing cycle [7].

Table 1. Physicochemical characterization of the two substrate mixtures.

PT (%)
Dr

(g/cm3)
C

(dS¨m´1)
pH Moisture

(%)
Water Absorbance Capacity

(Times Their Weight)

Distribution of Particle Size

>2 mm 2–1 mm <1 mm

M1 50.15 0.61 0.73 6.3 7.26 1.0 28.58 17.66 53.76
M2 71.21 0.46 0.99 5.1 11.00 1.0 40.80 15.02 45.26

M1: 1:1:1; dzidzilché leaf, coconut fiber and tezontle gravel. M2: 4:3:3; dzidzilché leaf, coconut fiber and tezontle
gravel. PT: Effective porosity; Dr: real density; C: conductance.
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The measurement of real density was obtained to predict the behavior of the substrate mixtures
within the gutters in terms of oxygenation, remaining in place and not being carried by wind and
water. For M1, real density was 0.61 g/cm3, the highest recommended value for the cultivation of
vegetables in greenhouses; it is preferable to use substrates with densities lower than 0.5 g/cm3 [7],
as in the case of M2, which had a density of 0.46 g/cm3.

Generally, substrates consist of particles of different sizes [9]; the physical properties of a substrate
tend to vary considerably depending on the percentage distribution of the size ranges into which the
particles are classified. Since these particles are not spherical and have different sizes, in practice, the
porosity of the substrate increases with average particle size and vice versa. The size of the external
pores formed by interparticle spaces depends on the size of the particles; this is why granulometry has
been related to porosity and to moisture holding capacity (Table 1). Considering this, it is recommended
that the substrates contain approximately equal proportions of different size particles, discarding the
substrates in which more than 80% of the particles are smaller than 1 mm, since this would cause
the substrate to be too compact, adversely affecting plant growth. In this regard, the distribution of
particle size in the two mixtures under study was appropriate for coriander cultivation.

The conductance of a substrate is associated with its salinity; thus, salinity represents a constraint
when considering the use of a material as a substrate, since the salinity of the culture medium may
be toxic and negatively interfere with the assimilation and exchange of minerals. The plant response
to salinity depends on the plant genotype, but it is generally recommended that the conductance of
agricultural soils does not exceed 2.0 dS¨m´1. The substrate mixtures under study did not exceed the
range of 2 dS¨m´1 and can thus be considered suitable for use in crops (Table 1).

Regarding the pH of the substrates, it must be considered that plants can survive in a wide range
of soil pH without presenting physiological disorders; however, when soil pH is extreme (<5.0 and
>7.5), a constant administration of nutrients in assimilable form is necessary, resulting in increased
production costs or reduced crop yield. Both substrate mixtures, M1 and M2, had a pH between 6.3
and 5.1, respectively (Table 1), which are acceptable ranges; however, it is important to consider that
the pH of organic substrates decreases over time with the production of H+ as a direct result of the
degradation of organic material.

2.2. Evaluation of the Size Parameters of Coriander Cultivated on Two Substrate Mixtures with Two Different
Concentrations of Fertilizer

To determine the effect of nutrition of the physical-chemical parameters of the substrate mixtures,
and of the possible interactions between these two factors on the quality of coriander, we used a 2 ˆ 2
factorial experimental design with two levels of mixtures (M1 and M2) and two of fertilizer (50 and 100),
with a total of four treatments for coriander cultivation. Sixty days after germination, we evaluated
the length, diameter and number of leaves per plant cultivated under each of the treatments. It is
important to note that crop quality must be homogenous; therefore, to ensure the reliability of our
data, we estimated the sample size (for all crops) according to the size of the population and with a
confidence level of 95%.

The plants cultivated under the four treatments reached a length between 14 and 16.07 cm (Table 2),
which is an attractive size for the market, especially considering that we used an organic growing
system;in contrast, the length of plants from seeds that have been genetically improved and/or that are
cultivated with the application of agrochemicals to stimulate growth ranges from 8 to 30 cm. Statistical
analysis of the length of coriander plants showed no significant difference between substrate mixtures
or between fertilizer concentrations (Table 3). Similar results were obtained by comparing the effect
of different organic fertilizers on the height of coriander plants; only the comparison with inorganic
fertilizers showed significant differences [10].
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Table 2. Average length, number of leaves and stem diameter of coriander plants for each of
the treatments.

Treatment No. Substrate
Mixture

Fertilizer
Concentration (%)

Length of
Plants (cm)

Number of
Leaves

Stem Diameter
(mm)

1 1 50 15.07 3.30 1.62
2 2 50 14.68 3.57 1.56
3 1 100 16.07 3.13 1.95*
4 2 100 14.00 3.33 1.43

The asterisk represents a statistically significant difference (Least Significant Difference (LSD) p < 0.003).

Table 3. Average percentage of 2,2-diphenyl-1-picrylhydrazyl (DPPH) degradation in coriander plants
per treatment.

Treatment % of DPPH Degradation (Compared to Control)

M1 50 43.71
M2 50 42.31

M1 100 48.95
M2 100 51.87

Another important characteristic is the number of leaves per plant; this characteristic not only
makes plants more visually attractive, but is also related to the characteristic aroma of coriander.
The number of leaves of coriander plants cultivated under the different treatments showed no
statistically significant difference (Table 2), with an average of three leaves per plant, which is expected
for this variety of coriander.

The stem diameter of coriander plants is associated with plant vigor, which depends on the
quality of substrate and nutrients during cultivation. The experimental analysis of the association
between stem diameter variability and fertilizer concentration found statistically significant differences.
However, the analysis showed there was no interaction between the two factors (Table 2); the effect of
each fertilizer concentration on stem diameter was independent of the other. The best treatment was
substrate Mixture 1 with a fertilizer concentration of 100%.

Figure 1 shows the effect on dry weight—there were significant differences between treatments,
but principal effect analyses do not show significant differences between fertilizer concentrations or
by the interaction of the factors. The best treatment was M2 100, After knowing that no fertilization
concentration had any effect, we suggest that biomass production decreases in response to physic
properties of the substrate mix.

In contrast to what was observed, Figure 2 shows that fertilizer concentration had a significant
effect on the fresh weight of coriander plants, while the mixture of substrates and the interaction
between factors had no effect. The best treatment was a fertilizer concentration of 100%, which could
be explained by the need and capacity of plants to absorb water in the presence of the concentration of
minerals in the growth medium.

2.3. Evaluation of Antioxidant Capacity

Reactive oxygen species (ROS) are produced by metabolism in response to different types of
stress; they are responsible for cellular alterations such as mutations in the DNA sequence, protein
denaturation, peroxidation of cell membranes and cell death [11,12]; at the organism level, ROS
can cause premature aging, cardiovascular and degenerative diseases [13], and even some cancers.
Antioxidant compounds such as flavonoids, tocopherols, catechins, carotenoids, etc., are able to
degrade ROS, which is known as antioxidant capacity [14,15]. Antioxidant compounds are present
in plants [16] and are important protective agents for human health; thus, the presence of these
compounds provides an added value to food products and is one of the characteristics sought in
functional foods.



Agronomy 2016, 6, 21 5 of 10
Agronomy 2016, 6, 21  5 of 11 

 

 

Figure 1. Graph of the substrate mixture (M1 and M2)—fertilizer concentration (50 and 100) effecton 

dry weight of coriander plants. 

In contrast to what was observed, Figure 2 shows that fertilizer concentration had a significant 

effect on  the  fresh weight of coriander plants, while  the mixture of substrates and  the  interaction 

between factors had no effect. The best treatment was a fertilizer concentration of 100%, which could 

be explained by the need and capacity of plants to absorb water in the presence of the concentration 

of minerals in the growth medium. 

 

Figure 2. Effect of substrate mixture and fertilization on fresh weight. (a) relation between dry weight 

and substrate (M1 or M2) and fertilizer concentration (50 or 100); (b) Pareto graph of the fresh weight 

of coriander plants. A: Factor A (fertilizer concentration) effect; B: Factor B (Substrate mix) effect; AB: 

Effect of factor interaction. 

2.3. Evaluation of Antioxidant Capacity 

Reactive oxygen species  (ROS) are produced by metabolism  in response  to different  types of 

stress; they are responsible for cellular alterations such as mutations in the DNA sequence, protein 

denaturation, peroxidation of cell membranes and cell death [11,12]; at the organism level, ROS can 

cause  premature  aging,  cardiovascular  and  degenerative  diseases  [13],  and  even  some  cancers. 

Antioxidant  compounds  such  as  flavonoids,  tocopherols,  catechins,  carotenoids,  etc.,  are  able  to 

degrade ROS, which is known as antioxidant capacity [14,15]. Antioxidant compounds are present in 

Figure 1. Graph of the substrate mixture (M1 and M2)—fertilizer concentration (50 and 100) effecton
dry weight of coriander plants.

Agronomy 2016, 6, 21  5 of 11 

 

 

Figure 1. Graph of the substrate mixture (M1 and M2)—fertilizer concentration (50 and 100) effecton 

dry weight of coriander plants. 

In contrast to what was observed, Figure 2 shows that fertilizer concentration had a significant 

effect on  the  fresh weight of coriander plants, while  the mixture of substrates and  the  interaction 

between factors had no effect. The best treatment was a fertilizer concentration of 100%, which could 

be explained by the need and capacity of plants to absorb water in the presence of the concentration 

of minerals in the growth medium. 

 

Figure 2. Effect of substrate mixture and fertilization on fresh weight. (a) relation between dry weight 

and substrate (M1 or M2) and fertilizer concentration (50 or 100); (b) Pareto graph of the fresh weight 

of coriander plants. A: Factor A (fertilizer concentration) effect; B: Factor B (Substrate mix) effect; AB: 

Effect of factor interaction. 

2.3. Evaluation of Antioxidant Capacity 

Reactive oxygen species  (ROS) are produced by metabolism  in response  to different  types of 

stress; they are responsible for cellular alterations such as mutations in the DNA sequence, protein 

denaturation, peroxidation of cell membranes and cell death [11,12]; at the organism level, ROS can 

cause  premature  aging,  cardiovascular  and  degenerative  diseases  [13],  and  even  some  cancers. 

Antioxidant  compounds  such  as  flavonoids,  tocopherols,  catechins,  carotenoids,  etc.,  are  able  to 

degrade ROS, which is known as antioxidant capacity [14,15]. Antioxidant compounds are present in 

Figure 2. Effect of substrate mixture and fertilization on fresh weight. (a) relation between dry weight
and substrate (M1 or M2) and fertilizer concentration (50 or 100); (b) Pareto graph of the fresh weight
of coriander plants. A: Factor A (fertilizer concentration) effect; B: Factor B (Substrate mix) effect;
AB: Effect of factor interaction.

To determine if the mixture of substrates or the concentration of fertilizer used in coriander
cultivation has a significant effect on its antioxidant capacity, the plants grown under the different
treatments were lyophilized and macerated at 30 days of culture to prepare them for methanol
extraction. The antioxidant capacity of the extracts of plants grown under the different treatments
was evaluated through the degradation of diphenyl-1-picrylhydrazyl (DPPH). DPPH is a stable
free radical that can be neutralized by the presence of antioxidants; its decay (scavenging) can be
measured by absorbance, and the antioxidant content of a sample is reported as the percentage of
DPPH degradation [17]. The results obtained from the extracts of each treatment showed antioxidant
activity similar to that reported previously [17]. However, the separate analysis of each effect showed
no statistically significant difference between each factor when comparing mean square errors with
estimated experimental errors (Table 3). If we considered that the abiotic or biotic stress can change
the antioxidant activity [18,19], our results suggest that there is no difference between stress levels
presented in coriander plants grown in different treatments.

2.4. Determination of the Variation of Volatile Compounds Responsible for Aroma in Coriander Plants
Cultivated in Different Substrate Mixtures and Two Fertilizer Concentrations

Given the importance of aroma in consumer preferences [20], we evaluated the effect of growing
conditions on the presence and concentration of 2-Octenal, 2-Dodecenal, limonene and linalool,
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which are considered the main volatile compounds responsible for aroma [21]. The results indicated
that the extracted sample had a total of 28 peaks; the peaks with the largest percentage area
corresponded to the compound eluted at 13.36 min, identified as 2-Octenal (E); then came the
compound eluted at 11.69 min, identified as (E)2-dodecenal, and then the peaks identified as decanal.
According to the literature, the main compounds found in mature coriander are (E)-2-decenal, Decanal,
(E)-2-undecenal and (E)-2-dodecenal; linalool and limonene are found at lower concentrations (close to
zero for the latter) [22,23]. Generally, the elution profiles of compounds obtained from the samples
by GC were very similar; the peaks with the largest percentage area were the same and linalool and
limonene were absent in all cases, which is consistent with the reports of seedling samples, even though
most reports are of seeds [22]. Table 4 shows the proportion of the compounds identified in coriander
samples grown under different treatments. We used variance analysis (ANOVA) to determine whether
significant differences existed in the percentage of the areas of the peaks identified in each of the
treatments. Table 4 shows the homogeneity of the groups, which indicates that they are all different
from each other; the compound with the largest percentage area, 2-Octenal (E), was found in greater
proportion in the treatment M2 100.

Table 4. Percentage of each compound with respect to the total of detected compounds.

Treatments 2-Octenal (E) (E)–2 Dodecenal Decanal

M1 50 42.26 c 11.035 c 5.085 d

M1 100 41.125 b 10.985 b 4.885 c

M2 50 38.03 a 9.6 a 3.37 a

M2 100 43.03 d 11.075 c 4.395 b

Different letters indicate significant statistical differences (LSD p < 0.0000).

3. Experimental Section

3.1. Establishment of the Experimental Design and Determination of Sample Size to Ensure Statistical
Reliability

We used a 2 ˆ 2 factorial experimental design; two factors on two categorical levels
(non-continuous). Factor A: fertilizer concentration (50% and 100%); factor B: Mixture 1 (1:1:1;
dzidzilché leaf, coconut fiber and tezontle gravel) and Mixture 2 (4:3:3; dzidzilché leaf, coconut
fiber and tezontle gravel); as well as the possible interaction between factors (Table 5).

Table 5. Experimental design for evaluating substrate mixtures and fertilizer concentrations.

No. of Treatment
Coded Factor Decoded Factor

Factor A Factor B Substrate Mixture Fertilizer Concentration (%)

1 ´ ´ 1 50
2 + ´ 2 50
3 ´ + 1 100
4 + + 2 100

The experimental strategy consisted of establishing 16 cultivation boxes in gutters with a depth
of 5 cm; each box had a sowing area of 0.8 m2. The gutters were disinfected with Anibac Plus©

(according to the recommendations of the fertilizer’s manufacturer) and filled with the substrate
mixture corresponding to each treatment, with four boxes per treatment.

The organic coriander seeds were obtained from “Environmental Seed Producers”. The number of
plants per unit area was experimentally determined using previous reports as a reference. The amount
of seeds in a gram was counted for each vegetable; the obtained value was extrapolated to determine
theoretically the grams required to obtain the desired plant density. The seeds were weighed and sown
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in the gutters, with a density of 31.25 g seed/m´2. During cultivation time, the plants were watered
daily for about 15 min by a drip system with a slope to allow excess water to drain from the gutters.
The irrigation time was adjusted to keep substrate moisture close to 80%. Fertilization was done by
spraying, distributing 10 Lt per gutter of the organic substrate “Axe-Root” (8.18% urea; 8.18% P2O5,
8.18% K2O5, 2.5 ppm L-cisteine, 2.3 ppm auxines, 5% aminoacid, 3% carbohidrats) from the Axeb
Biotech company. The concentration of fertilizer used for foliar spraying was 50% and 100% of the
recommended by the manufacturer (1.5 mL/Lt and 3 mL/Lt, respectively). The time of harvest was
determined in a preliminary stage in which we estimated the time required for coriander to reach its
maximum development before the flowering stage.

The number of samples (analyzed plants) from each cultivation box was determined by the
following formula for finite populations [24]:

n “
Z2 pqN

Nd2 ` Z2 pq
(1)

where: n = sample size; Z = 1.96; 95% confidence; p = expected proportion (50%); q = 1-p; N = population
size; d = 5% Accuracy

3.2. Harvest

Harvesting was done when the plants reached a specific point, which was different for each
vegetable. It was carried out at 6:00 h to prevent the heat from affecting the quality product. The size,
color and fresh weight of the plants were evaluated on the day of harvest. The plants were divided to
determine dry weight, antioxidant capacity and volatile compounds. For dry weight measurements,
plants were dried at 60 ˝C for 72 h. The samples used for determining antioxidant capacity and volatile
compounds were frozen with liquid nitrogen and stored at ´80 ˝C until biochemical analysis.

3.3. Evaluation of Fresh Weight (FW) and Dry Weight (DW)

On harvest day, 16 plants per treatment were weighed individually, and the value in mg was
expressed as FW. The dry weight of each plant was determined by placing the previously weighed
plants in a drying oven without ventilation at a temperature of 60 ˝C for three days; after this period,
the plants were weighed again and the value in mg was expressed as DW.

3.4. Evaluation of Antioxidant Capacity

The antioxidant capacity can be evaluated based on the chemical reactions involved in electron
transfer. The method we used was the one proposed by [25]; we evaluated the antioxidant capacity
of several substances against the stable free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH ) in a
methanolic solution of a deep violet color, which it gradually lost with the addition of samples with
antioxidants. The samples were macerated individually in the presence of liquid nitrogen; the resulting
powder was resuspended in anhydride methanol (99.8%) and stirred for 1 h; the mixture was then
separated by centrifugation, the supernatant was stored at 4 ˝C and the pellet was resuspended
in acetone (70%) with stirring for 1 h. After centrifugation, the precipitate was discarded and the
supernatant was added to the previous extraction [26]. We took 60 µL from the extracted supernatant
and added them to 3 mL of a 0.1 mM solution of 2,2 diphenyl-1-picrylhydrazyl (DPPH). After 45 min,
we evaluated absorbance at a wavelength of 517 nm [27].

3.5. Solvent Extraction by Soxhlet

Fresh leaves and stems (50 g) were placed in a soxhlet extraction system, adding 200 mL of ether
anhydride to the distillation flask as organic solvent. The extraction was carried out for 120 min
at a temperature of 50 ˝C. The recovered solvent containing the sample was cooled to ´20 ˝C and



Agronomy 2016, 6, 21 8 of 10

sealed until the concentration of volatile compounds reached a certain volume for subsequent analysis.
The extractions were performed in duplicate.

3.6. Sample Concentration

The organic phases were concentrated at 30 ˝C using a Vigreux column at atmospheric pressure;
the concentrated compounds were kept frozen (´20 ˝C) and tightly sealed until further analysis.

3.7. Analysis by Gas Chromatography

Once concentrated, the isolated extracts were analyzed by gas chromatography using a Thermo
Scientific equipment Ultra Trace GC model 101408 manufactured by Thermo Fisher Scientific Company,
(Waltham Massachusetts, USA), with a flame ionization detector (FID). We used an apolar capillary
column HP-5 (850 m ˆ 0.20 mm, 0.25 µm; agilent). The carrier gas used was helium with a flow of
1.5 mL/min. The split ratio was 60:1. The analysis was performed using the following temperature
program: the oven temperature started at 40 ˝C and increased to 300 ˝C at a rate of 15 ˝C/min, then
kept isothermally at 350 ˝C for 5 min. The temperatures of the detector and injector were set at 300 and
250 ˝C, respectively. In addition, 1 µL of concentrated sample was injected in duplicate (experimentally
determined).

3.8. Identification of Volatile Compounds

Two commercial standards of limonene and linalool were injected into the gas chromatograph
under the same conditions as the samples in order to identify them in the test samples. A mixture of
compounds previously identified by mass spectroscopy under the same conditions was also used to
identify the peaks of compounds found in the test samples [20].

3.9. Gas Chromatography-Mass Analysis (GC-MS)

The samples were analyzed using an Agilent chromatograph 6890N model, version N.05.04,
coupled to a mass detector 5973 N (GC/MSD) also manufactured by Agilent Technologies.
Santa Barbara California USA.; the column used was a nonpolar (HP-5 100 µm ID ˆ 10 m ˆ 0.34 µm);
the carrier gas used was helium at a flow of 0.4 mL/min in constant flow mode with vacuum
compensation. The injection port was kept at a temperature of 250 ˝C GC/MSD, and the interface at 300
˝C. We used a split injection with 1 µL of sample at 100:1; the temperature program used was as follows:
initial temperature of 70 ˝C and increases of 5 ˝C/min to a final temperature of 225 ˝C; the detector was
used with a scan range of 25–800 amu, and scan rate of 1.38 scans/sec (experimentally determined).

3.10. Statistical Analysis of the Results

The statistical analysis, which included analyzes of variance (ANOVA) to compare means and the
means comparison test (LSD), was performed using the software Statgraphics centurion (Version XVI)
from StatPoint technologies Inc. (Warrenton, VA, USA). Single variance analysis was used to evaluate
the data of the characteristics of the substrates; and a multifactorial ANOVA was used to analyze the
factors affecting the quality of products. To determine whether there was interaction between the
factors, we analyzed the experiment by two-way ANOVA.

4. Conclusions

We do not recommend using the substrates evaluated here by themselves for growing vegetables;
they should be mixed, making sure that the final mixture has proper porosity, conductance
and pH characteristics, as the mixtures proposed in this work (Mixture 1: proportion 1:1:1,
Dzidzilché leaves:coconut fiber:tezontle gravel; Mixture 2: proportion 4:3:3, Dzidzilché leaves:coconut
fiber:tezontle gravel).
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Fertilization is directly related to crop productivity [10]; however, there is no general effect or
a universal concentration for growing a specific species, as the absorption of nutrients by plants also
depends on the chemical composition of the soil, pH, soil and air moisture. It is therefore necessary to
evaluate the effect of the substrate and fertilization separately, but also any interaction between both
factors that could create production synergies. In the present study, we evaluated the effect of two
substrate mixtures, two fertilizer concentrations and the interaction between these two factors on the
quality of coriander grown in organic systems. To evaluate the quality of coriander, we considered
different parameters such as size, biomass, antioxidant capacity and aroma, the latter of which was
evaluated by chromatography.

The visual evaluation (length, number of leaves and stem diameter) of coriander plants showed
no significant differences due to the concentration of fertilizer used; therefore, we recommend using
50% of the amount of fertilizer, which could significantly reduce production costs. Regarding the
substrate mixture, we suggest using substrate mixture M1, since the stem diameter of the plants grown
under this treatment was thicker, which gives the appearance of vigor.

In terms of value added (antioxidant capacity and aroma), all plants grown under the different
treatments showed similar antioxidant activity; however, regarding aroma, the plants grown under the
M150 treatment showed the greatest concentration of dodecanal and decanal, and the second highest
concentration of 2-octenal; we can thus conclude that the best overall treatment is M150. In general,
this study showed that organic farming conditions do not reduce the quality parameters of the crops
when using adequate fertilization and irrigation management practices.

Acknowledgments: The project “Implementación de un cultivo orgánico para la producción de hortalizas en
sistemas protegidos” was funded by CONACYT program “Estimulos a la Innovación” with number 185033.

Author Contributions: Ana Ramos-Díaz conceived and designed the experiments; Ana Ramos-Díaz,
Neith A. Pacheco L., Julia Cano-Sosa and Fernando Poblano C. performed the experiments; Ana Ramos-Díaz and
Ingrid M. Rodríguez-Buenfil analyzed the data; Ana Ramos-Díaz wrote the paper.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Gemelli, M. Mercadeo de los Productos Orgánicos en Bolivia: El caso Asopec FAO. Ali&no Editrice: Perugia,
Italy, 2003.

2. Gitli, E.; Arce, R. Consideraciones Sobre El Comercio Internacional de los Productos Orgánicos en Centroamérica.
Ideas Sobre Costa Rica; Sistema de Gestión de Información Técnica infoagro.net/Instituto Interamericano de
Cooperación para la Agricultura IICA: San Jose, Costa Rica, 2001.

3. Sagarpa-Se-Bancomext. Official Mark: PC-041-2005 Pliego de condiciones para el uso de la marca oficial
méxico calidad suprema en cilantro. Available online: http://s3.esoft.com.mx/esofthands/include/
upload_files/4/Archivos/PC_041_2005_Cilantro.pdf (accessed on 20 March 2016).

4. Premuzic, Z.; Bargiela, M.; Garcia, A.; Rendina, A.; Iorio, A. Calcium, iron, potassium, phosphorus, and
vitamin C content of organic and hydroponic tomatoes. HortScience 1998, 33, 255–257.

5. Montero, S.M.; Sing, B.K.; Taylor, R. Evaluaci¢n de seis estructuras de producciónn hidroponica diversificada
en el trópico húmedo de Costa Rica. Tierra Trop. 2006, 2, 27–37.

6. Álvarez, R.C.; Chávez, P.C.; Concepción, N.C. Tecnología para la fertilización orgánica en organopónicos.
Agricultura Orgánica 2012, 18, 29.

7. Bracho, J.; Pierre, F.; Quiroz, A. Caracterización de componentes de sustratos locales para la producciónn de
plántulas de hortalizas en el estado lara, venezuela. Bioagro 2009, 21, 117–124.

8. Villanueva-Couoh, E.; Alcántar-González, G.; Sánchez-García, P.; Soria-Fregoso, M.; Larque-Saavedra, A.
Nutrición mineral con nitrógeno, fósforo y potasio para la producción de Chrysanthemum morifolium ramat.
Con sustratos regionales en Yucatán, México. Terra Latinoam. 2010, 28, 43–52.

9. Kroetsc, D.W.C. Particle size distribution. In Soil Sampling and Methods of Analysis; Carter, M.R.,
Gregorich, E.G., Eds.; CRC Press: Boca Raton, FL, USA, 2008; pp. 161–171.

10. Carrubba, A. Organic and chemical n fertilization on coriander (Coriandrum sativum L.) in a mediterranean
environment. Ind. Crops Prod. 2014, 57, 174–187. [CrossRef]

http://dx.doi.org/10.1016/j.indcrop.2014.03.030


Agronomy 2016, 6, 21 10 of 10

11. Franco, R.; Schoneveld, O.; Georgakilas, A.G.; Panayiotidis, M.I. Oxidative stress, DNA methylation and
carcinogenesis. Cancer Lett. 2008, 266, 6–11. [CrossRef] [PubMed]

12. Karanjawala, Z.E.; Murphy, N.; Hinton, D.R.; Hsieh, C.-L.; Lieber, M.R. Oxygen metabolism causes
chromosome breaks and is associated with the neuronal apoptosis observed in DNA double-strand break
repair mutants. Curr. Biol. 2002, 12, 397–402. [CrossRef]

13. Campanella, L.; Bonanni, A.; Favero, G.; Tomassetti, M. Determination of antioxidant properties of aromatic
herbs, olives and fresh fruit using an enzymatic sensor. Anal. Bioanal. Chem. 2003, 375, 1011–1016. [PubMed]

14. Dapkevicius, A.; Venskutonis, R.; Beek, V.; Linssen, J. Antioxidant activity of extracts obtained by different
isolation procedures from some aromatic herbs grown in lithuania. J. Sci. Food Agric. 1998, 77, 140–146.
[CrossRef]

15. Poiana, M.-A.; Alexa, E.; Mateescu, C. Tracking antioxidant properties and color changes in low-sugar
bilberry jam as effect of processing, storage and pectin concentration. Chem. Cent. J. 2012, 6, 4. [CrossRef]
[PubMed]

16. Zhang, C.R.; Dissanayake, A.A.; Kevseroglu, K.; Nair, M.G. Evaluation of coriander spice as a functional
food by using in vitro bioassays. Food Chem. 2015, 167, 24–29. [CrossRef] [PubMed]

17. Dua, A.; Agrawal, S.; Kaur, A.; Ritu, M. Antioxidant profile of coriandrum sativum merhanolic extract. Int. Res.
J. Pharm. 2014, 5, 220–224. [CrossRef]

18. Yang, H.; Mu, J.; Chen, L.; Feng, J.; Hu, J.; Li, L.; Zhou, J.-M.; Zuo, J. S-nitrosylation positively regulates
ascorbate peroxidase activity during plant stress responses. Plant Physiol. 2015, 167, 1604–1615. [CrossRef]
[PubMed]

19. Bacon, C.; Palencia, E.; Hinton, D. Abiotic and biotic plant stress-tolerant and beneficial secondary metabolites
produced by endophytic bacillus species. In Plant Microbes Symbiosis: Applied Facets; Arora, N.K., Ed.;
Springer India: New Delhi, India, 2015; pp. 163–177.

20. Salvador, G.-P.; Luis Humberto, R.-C.; Tábata, R.-R. Análisis de compuestos volátiles en cilantro
(Coriandrum sativum L.). Acta Univ. 2010, 20, 19–24.

21. Ngang, J.J.; Nyegue, M.A.; Ndoye, F.C.; Tchuenchieu Kamgain, A.D.; Sado Kamdem, S.L.; Lanciotti, R.;
Gardini, F.; Etoa, F.X. Characterization of Mexican coriander (Eryngium foetidum) essential oil and its
inactivation of listeria monocytogenes in vitro and during mild thermal pasteurization of pineapple juice.
J. Food Prot. 2014, 77, 435–443. [CrossRef] [PubMed]

22. Kohara, K.; Sakamoto, Y.; Hasegawa, H.; Kozuka, H.; Sakamoto, K.; Hayata, Y. Fluctuations in volatile
compounds in leaves, stems, and fruits of growing coriander Coriandrum sativum L. Plants. J. Jpn. Soc.
Hortic. Sci. 2006, 75, 267–269. [CrossRef]

23. Rathore, S.S.; Sharma, L.K.; Agarwal, D.; Sing, B.; Saxena, S.N. Assessment of variability in leaf essential oil
of three coriander (Coriandrum sativum L.) genotypes. Int. J. Seed Spices 2015, 5, 86–88.

24. Gladys, B.C. Aproximación al muestreo estadistico en investigaciones cientificas. Rev. Actual. Clín. Investig.
2011, 10, 476–480.

25. Brand-Williams, W.; Cuvelier, M.E.; Berset, C. Use of a free radical method to evaluate antioxidant activity.
LWT Food Sci. Technol. 1995, 28, 25–30. [CrossRef]

26. Vasko, L.; Vaskova, J.; Fejercakova, A.; Mojzisova, G.; Poracova, J. Comparison of some antioxidant properties
of plant extracts from origanum vulgare, salvia officinalis, eleutherococcus senticosus and stevia rebaudiana.
In Vitro Cell. Dev. Biol. Anim. 2014, 50, 614–622. [CrossRef] [PubMed]

27. Gupta, P.C.; Sharma, N.; Rao, C.V. Comparison of the antioxidant activity and total phenolic, flavonoid
content of aerial part of Cleome viscosa L. Int. J. Phytomed. 2011, 3, 386–391.

© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons by Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.canlet.2008.02.026
http://www.ncbi.nlm.nih.gov/pubmed/18372104
http://dx.doi.org/10.1016/S0960-9822(02)00684-X
http://www.ncbi.nlm.nih.gov/pubmed/12733012
http://dx.doi.org/10.1002/(SICI)1097-0010(199805)77:1&lt;140::AID-JSFA18&gt;3.0.CO;2-K
http://dx.doi.org/10.1186/1752-153X-6-4
http://www.ncbi.nlm.nih.gov/pubmed/22248151
http://dx.doi.org/10.1016/j.foodchem.2014.06.120
http://www.ncbi.nlm.nih.gov/pubmed/25148954
http://dx.doi.org/10.7897/2230-8407.050347
http://dx.doi.org/10.1104/pp.114.255216
http://www.ncbi.nlm.nih.gov/pubmed/25667317
http://dx.doi.org/10.4315/0362-028X.JFP-13-323
http://www.ncbi.nlm.nih.gov/pubmed/24674435
http://dx.doi.org/10.2503/jjshs.75.267
http://dx.doi.org/10.1016/S0023-6438(95)80008-5
http://dx.doi.org/10.1007/s11626-014-9751-4
http://www.ncbi.nlm.nih.gov/pubmed/24737278
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/

	Introduction 
	Results and Discussion 
	Physicochemical Characterization of Substrate Mixtures 
	Evaluation of the Size Parameters of Coriander Cultivated on Two Substrate Mixtures with Two Different Concentrations of Fertilizer 
	Evaluation of Antioxidant Capacity 
	Determination of the Variation of Volatile Compounds Responsible for Aroma in Coriander Plants Cultivated in Different Substrate Mixtures and Two Fertilizer Concentrations 

	Experimental Section 
	Establishment of the Experimental Design and Determination of Sample Size to Ensure Statistical Reliability 
	Harvest 
	Evaluation of Fresh Weight (FW) and Dry Weight (DW) 
	Evaluation of Antioxidant Capacity 
	Solvent Extraction by Soxhlet 
	Sample Concentration 
	Analysis by Gas Chromatography 
	Identification of Volatile Compounds 
	Gas Chromatography-Mass Analysis (GC-MS) 
	Statistical Analysis of the Results 

	Conclusions 

