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Abstract

Although the quality of organic crops has been intensively studied for over
three decades, there is still a lack of conclusive data that can prove the supe-
riority of organic crops over conventional ones. There is no doubt that the
organic food is safer due to the lack of pesticide residues; however, it is still
not entirely sure whether vegetables and fruits produced in this way are better
in the context of nutritional values. The study of commonly used vegetables
in the European diet was performed to evaluate the difference in concentra-
tion of macro nutrients such as Ca, Mg, Na, N, K and P between organic and
conventional crops. Additionally, the soil analysis was performed on the ma-
terial from two growing systems. The results showed that organically culti-
vated vegetables had generally a higher level of macro nutrients. Also, soil
samples showed higher content of these elements in the organically treated
soil. From all vegetables, the highest concentrations of macro elements were
found in parsley leaves and celery roots.
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1. Introduction

Most consumers in developed countries are convinced about the higher quality

of organically grown fruits and vegetables. It is generally believed that organic

food is healthier than the one produced in a conventional way. This perception

emerged from the general opinion that organic food was more nutritious, had

more vitamins and did not contain pesticide and fertilizer residues. It is often

true that there are many advantages of organic food which is clearly presented in
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the review article based on a meta-analysis performed by Baranski and cowork-
ers [1]. Many studies demonstrated that organic crops do not contain pesticide
residues or have an insignificant amount of them [2] [3]. It is also shown that
fruits and vegetables produced organically usually have more vitamin C and
pf-carotene [4] [5]. Furthermore, several studies report that organic food has a
better flavor and higher organoleptic qualities [6] [7]. However, there is still a
lack of conclusive data that can confirm the superiority of organic crops over
conventional ones in the context of nutritional values. Are organic vegetables re-
ally more nutritious and do they have a higher level of macro and micro ele-
ments? Some authors reported that vegetables grown in an organic way did not
differ in the concentration of nutrients or the difference was insignificant [5] [6].
Moreover, some authors suggest that the organic crops might be the source of
the microbiological contamination due to the use of organic fertilizers which are
commonly applied in this farming system [8].

Although the subject of organic vs. conventional farming has been present in
the public debates for a long time, it is still raising many controversies, particu-
larly among consumers who demand the right to know the quality of food
products. Many studies have been conducted in order to provide reliable data.
However, there is still a lack of consistent and unambiguous studies that can
confirm the superiority of one growing system over another. Taking into ac-
count that the final chemical composition of the crop is strongly influenced by
external factors such as physicochemical properties of the soil, climate condi-
tions, plant varieties, and type of applied fertilizers, it makes it extremely diffi-
cult to compare the data from different studies. In order to clearly demonstrate
the differences in the quality of agricultural products of both types of farming
systems detailed, ideally, long-term and very reliable research is required.

The main goal of this study is to evaluate the differences in the concentration
of major macro nutrients such as Ca, Mg, N, Na, K, and P in the commonly
consumed vegetables grown in organic and conventional ways. Additionally, the
concentration of macro elements was assessed in the soils of both growing sys-
tems. Furthermore, the study tried to indicate which vegetables accumulated the

most nutrients.

2. Materials and Methods

For the study, vegetables commonly used in the Eastern and Central European
diet were selected. The following were assessed: root of parsley (Petroselinum
crispum), beet (Beta vulgaris L.), celery (Apiumgraveolens L.) and carrot (Dau-
cus carota L.), bulb of onion (A//ium cepa L.) and leek (Allium porrum L.), po-
tato tuber (Solanum tuberosum L.) and leaves of parsley. The vegetables were
harvested from two private farms in mid-autumn of 2010; conventional
(51°10'57"N 15°32'18"E) and organic (51°51'59"N 14°5025"E) located in the
western part of Poland. In the conventional farm, compound fertilizers (NPK)

were regularly applied during the growing season, as well as nitrogen, phospho-
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rus and some organic fertilizers, whereas, in the organic farm only compost and
green manure were applied together with lime to increase the pH. Soil samples
from both farms were collected at the same time as vegetables at 10 - 15 cm
depth which corresponds to the plant root zone from where nutrients are usually
absorbed. The collected plants and soil samples were transported to the labora-
tory in paper bags. Fresh soil samples were used for the determination of pH.
The plants were washed with distilled water, cut into small pieces and dried at
80°C for 24 h. Completely dry plants were ground in the laboratory grinder
(IKA M20). Soil samples were air-dried at room temperature (21°C) and organic
matter was removed. Afterwards, soil samples were passed through a 2 mm sieve
and homogenized using a mortar and pestle. Once homogenized, plant material
(500 mg of dry weight) was digested with 3 ml of concentrated nitric acid (68%,
ultra pure) and 2 ml of hydrogen peroxide (35%, pro-analysis) until the evolu-
tion of nitrous oxide gas stopped and the digest became clear. Afterwards, sam-
ples were diluted to 50 ml, the plant digests were analysed for Mg using FAAS
with an AVANTA PM Atomic Absorption Spectrophotometer from the GBC
Scientific Equipment. The analysis was carried out in triplicate and the Mg was
measured against standards (Atomic Absorption Standard Solution from Sigma
Chemical Co.). The concentration of P in the plant tissues was evaluated using a
colorimetric method with ammonium molybdate [9]. The content of Na, Ca,
and K were assessed using a PFP7 flame photometer [10]. The total nitrogen
concentration in plants and soils was determined by the Kjeldahl method (ISO
11261:1995) using a VAPODEST 40 automatic steam distillation apparatus
(GERHARDT). The content of the exchangeable cations (Ca**, Na*, Mg*, and
K*) in the soil was determined by Pallman methods in a 1 M ammonium chlo-
ride solution. The concentration of Ca, Na and K was assessed using a flame
photometer and the concentration of Mg was assessed by Atomic Absorption
Spectrophotometer. The soil available P was evaluated with ammonium molyb-
date in an extract prepared with 0.03 M acetic acid by a colorimetric method [9].
The results were calculated on a dry weight basis.

The obtained results were analyzed using statistical methods. The student’s
t-test was applied to evaluate the significance of differences in the concentration
of chemical elements among the vegetables of the two growing systems. The sta-
tistical analysis was performed using the STATISTICA 9.1 software (Statsoft
2010).

3. Results

The results of macro elements’ concentration in the vegetables are presented in
Table 1. Statistical analysis revealed significant differences in the average con-
centration of macro elements between the vegetables grown in the organic and
conventional systems.

Particularly high concentration of Ca was recorded in parsley leaves, which
was 8490 and 13921 mg-kg™' for organic and conventional one, respectively.

Generally, organic vegetables revealed an increased level of this element, and the
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Table 1. Mean and standard deviation (SD) of macro elements (mg-kg™") in the organi-
cally and conventionally grown vegetables.

Ca Mg N Na K P
Parsley (root)
Organic 1998 2038 15,260 476 22,062 3179
SD 59.0 42.1 2590 18.4 1014 0.000
Conventional 1879 1908 11,270 350 20,728 3050
SD 29.4 75.1 1120 24.6 611 38.7
P 0.035 0.059 0.071 0.002 0.123 0.004
Beet
Organic 1845 1897 12,740 1133 17,731 2087
SD 77.6 66.9 490 34.3 778 19.3
Conventional 1930 1449 9660 566 21,436 2604
SD 29.4 16.0 350 29.1 234 510
P 0.152 0.000 0.001 0.000 0.001 0.155
Parsley (leaves)

Organic 8490 2886 36,680 322 69,066 4323
SD 757 443 7910 50.6 2975 84.0
Conventional 13921 2568 25,270 403 60,811 3418
SD 1344 0.000 700 121 7991 264
P 0.004 0.282 0.068 0.345 0.169 0.005

Leek
Organic 2444 1585 11,900 223 22,847 2791
SD 79.1 5.68 350 24.9 954 25.8
Conventional 2496 1404 14210 235 22,949 2630
SD 29.9 186 980 2.47 695 6.46
P 0.349 0.169 0.018 0.450 0.888 0.000

Celery
Organic 2931 2502 10,500 1322 38,775 8613
SD 109 128 350 65.0 2113 794
Conventional 2531 1536 11,270 742 29,813 7276
SD 51.9 41.7 700 28.8 377 116
P 0.005 0.000 0.164 0.000 0.002 0.045

Carrot
Organic 2135 1570 11,060 736 24,952 3101
SD 147 127 210 28.6 669 142
Conventional 2067 1255 8610 923 21,182 2287
SD 0.000 31.7 0.000 68.3 467 0.000
P 0.467 0.014 0.000 0.012 0.001 0.001
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Continued
Potato
Organic 2118 1312 21,350 198 27,210 3592
SD 0.000 46.9 3920 5.85 100 219
Conventional 1374 1139 13,230 125 15,395 1861
SD 28.9 63.9 140 1.60 325 25.8
p 0.000 0.020 0.023 0.000 0.000 0.000
Onion
Organic 1965 1253 - 264 20,300 3851
SD 184 74.7 - 42.8 1750 413
Conventional 1744 1010 - 194 16,947 2113
SD 29.2 47.3 - 11.9 513 19.3
P 0.110 0.009 - 0.053 0.033 0.002

difference was significant in the case of the parsley root, celery and potato. The
Ca concentration in organic vegetables varied from 1845 mg-kg™ in the beet to
3931 mgkg™' in the celery. Amount of this element in conventional crops was
1374 mg-kg™' in the potato to 2531 mg-kg™" in the celery. The elemental analysis
showed that organic vegetables had generally a higher level of Mg and the dif-
ference was statistically significant in the case of the beet, celery, carrot, potato,
and onion.

Among organic crops, the highest level of Mg was recorded in parsley leaves
(2886 mg-kg™), the lowest in onion (1253 mg-kg™'). Similar results were found in
the conventional crops where the highest concentration was recorded in the case
of parsley leaves (2568 mg-kg™) and the lowest in onion (1010 mg-kg™"). Similarly,
as in the case of Ca and Mg, the highest concentration of N was found in the
parsley leaves, which was 36,680 mg-kg™ for the organic harvest and 25,270
mg-kg™' for the conventional one. Again, the organic vegetables generally revealed
a higher level of N. Statistically significant differences were found in beet, carrot,
and potato. On the other hand, a significantly higher level of N was found in the
conventional leek compared to the organic one. The Na content tended to be
higher in organic crops. In 4 out of 8 vegetables, the concentration of this
element was significantly higher and generally, it varied between 198 mg-kg™ in
potato to 1322 mg-kg™" in celery. A particularly high content of Na was found in
organic beet and celery where the level of this element was almost twice as high
as in conventional beet and celery. Significant differences in the concentration of
K between vegetables grown in organic and conventional ways were found in the
case of the beet, celery, carrot, potato, and onion. Only the conventionally grown
beet revealed a higher concentration compared to the organic one, in remaining
vegetables a higher level was found in organic crops. In conventional crops, the
level of K varied between 16,947 mg-kg™' in onion and 60,811 mg-kg™" in parsley
leaves. Similarly, as in the conventional crops, the highest level of K was found in
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parsley leaves (69,066 mg-kg™'); however, the lowest was in the case of the beet
(17,731 mg-kg™).

Significant differences in the concentration of P were found between the crops
from the organic and conventional farm. In the case of all vegetables except the
beet, the level of this element was importantly higher in organically grown vege-
tables. An especially high level of this element was found in celery, in the organic
one P concentration was 8631 mg-kg™' and in the conventional one 7276 mg-kg™".
The lowest level of P among organic vegetables was recorded in beet (2087
mg-kg™) and among conventional ones in potato (1861 mg-kg™).

The concentration of macro elements in the soil and pH values is presented in
Table 2. The concentration of Ca in the organic soil (2503 mg-kg™) was almost
two times higher than in the conventional one (1295 mg-kg™). Also, N and P
contents were much higher in the organically treated soil compared to the con-
ventional one. A slightly higher level was also recorded in the concentration of K
in the organic soil. On the other hand, a higher level of Mg and Na was reported
in the conventionally treated soil; however, the differences were not of mea-

ningful importance.

4. Discussion

Our results demonstrate that organically grown vegetables generally contain a
significantly higher level of macro elements compared to the ones grown in a
conventional way. It is commonly known that fertilizers, whether the mineral or
organic ones importantly affect the content of elements in the soil as well as in
plant tissues. Other very important factors are the physicochemical characteris-
tics of the soil and the climate conditions.

The content of Ca in the soil depends primarily on the type of bedrock from
which it originated and on the degree of weathering processes. In Poland, the
content of Ca in the top layers of the mineral soil ranges from 1000 to 34,300
mg-kg™ [11]. Our results revealed a much lower concentration of Ca in the soil
cultivated in a conventional way (1295 mgkg™), compared to the organic one
(2503 mg-kg™"). This might be due to the regular compost application. Stepien
and Adamiak [12] in their 5-year field study investigated the influence of the
different type of fertilizers on the chemical properties of the soil. Their results
clearly demonstrated that long-term compost application increases the content
of Ca compared to another type of fertilizers. Plants usually contain quite a high
amount of Ca, on average 5000 - 30,000 mg-kg™". The main reason for the high
content of this element in the plant tissues is the elevated concentration of Ca in
the soil solution. However, the uptake of Ca by the plant is usually slower than
the uptake of other elements [13]. The biological factors affecting the Ca intake
are primarily the species and variety of the plant, root and rhizosphere structure,
plant transpiration, mycorrhiza activity, and the effect of phytohormones [14].
In our study, a significantly higher concentration of Ca was found in organic

celery, potato, and parsley root. This is in agreement with the results of the
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Table 2. Average concentration of macro elements (mg-kg™ dry matter) and pH of the
organically and conventionally cultivated soils.

Ca Mg N Na K P pH
Organic 2503 503 1794 15.9 312 491 7.05
Conventional 1295 668 962 16.4 290 251 6.75

meta-analysis conducted by Williams [5]. In 21 out of 47 studies, it was found
that a higher content of Ca was reported in the organically grown vegetables; in
20, the amount was similar between the two growing systems; in 6 only, a higher
content was recorded in conventional plants. Similarly, Warman and Havard
[15] in their 3-year study found an increased amount of Ca in organic carrot
compared to conventional one.

The average concentration of Mg in arable soils of Poland is 770 mg-kg™.
However, this value is much higher in western Poland were both farms are lo-
cated and it reaches up to 980 mg-kg™ [16]. Soils of both organic and conven-
tional farms evaluated in this study revealed Mg concentrations below average,
which is 503 mg-kg™" and 668 mgkg™, respectively. Generally, the lighter the
soil, the less Mg it contains. That could explain lower concentration of this ele-
ment in the organic soil compared to the conventional one. The organic farm
was located on sandy and sandy loam soils. On the other hand, the soil of the
conventional farm was represented mainly by podsols made of clay loam.
Therefore, the soil physicochemical characteristics might be one of the reasons.
Mg is very mobile; therefore, the majority of this element is often moved to
deeper parts of the soil profile, particularly in the case of light sandy soils [17].
Considering the importance of this element in the plant growth it can be sus-
pected that a significant dose of fertilizers containing Mg was applied in the
conventional farm which would contribute to higher levels of it. The concentra-
tion of Mg in plant tissues varies between 3000 and 10,000 mg-kg™ and it de-
pends on the plant species, its age, organ and plant demand for Mg. Generally,
higher concentrations of this element are observed in the aboveground parts of
the plant compared to the roots [18]. It agrees with our results where the Mg
concentration in parsley leaves was found to be higher than in the root and gen-
erally the highest among all analyzed plants. Although the concentration of Mg
was higher in the conventionally cultivated soil, plant tissue analysis demon-
strated a higher Mg content in all organically grown vegetables compared to
conventional ones. It is consistent with several other studies where a superior
concentration of Mg in organically grown vegetables was reported [5] [15] [19].

Stepienn and Adamiak [12] reported that on average N concentration in the
soils cultivated in different ways vary between 800 and 1000 mg-kg™". The same
authors demonstrated that among different types of fertilizers, organic ones in-
creased the content of N in the most significant way. In our study, the organi-
cally cultivated soil was characterized by an increased concentration of N (1794

mg-kg™') and it was over two times higher than in conventionally treated soil
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(840 mg-kg™'). We hypothesize that the main reason for high N content is the
frequent application of compost and cow manure in the organically managed
farm. Nitrogen is considered to be one of the most important nutrients for the
plant growth and development, primarily because it is essential in protein syn-
thesis and it builds nucleic acids. Plants generally have an increased demand for
N at various stages of development, particularly during leaf development and
flowering [20]; therefore, this element is frequently applied as a mineral fertil-
izer. In our study, vegetables cultivated in the conventional way were supplied
with this nutrient several times during the growing season, mainly in the form of
ammonium sulphate. Nevertheless, our results indicate that the concentration of
this element is higher in organic crops which correspond with the higher con-
centration of N in the soil.

Na is considered to be of secondary importance in the soil and its uptake de-
pends mainly on the plant species as well as the K level of the soil, rather than
the concentration of Na extractable from the soil. Colla et al. [21] in a two-year
study demonstrated that the soil Na content did not significantly differ among
organic, conventional and low input farming systems. The same authors ob-
served that the Na content in the crops changes over time and one year they re-
corded a significantly higher level of this element in conventionally grown to-
matoes but the following year there were no differences among farming systems.
The meta-analysis by Worthington [19] showed that organic crops on average
have about 20% more Na than conventional ones. In our study, no important
differences in the soil Na content between two growing systems were observed.
However, the concentration of Na in organic vegetables was significantly higher
in 4 out of 8 vegetables analysed.

The total content of K in soil ranges from 8000 to 25,000 mg-kg™ and it de-
pends on the clay fraction and soil mineral content. The highest concentration of
K is found in heavy soils, where the clay content represents more than 3%. In
loose sandy soils, K concentration usually does not exceed 0.4% [11]. The moni-
toring of the soils, plants, agricultural products and foodstuffs in 2000 [16] re-
ported that the average concentration of available K in the soils of Poland was
184 mgkg™'. The average for the south-west region, where both farms are lo-
cated is, however, much higher and represents 270 mg-kg™'. Generally, it was
reported that mineral fertilizers increase the content of K in the soil to a larger
extent than organic ones. Though, it is not entirely true in our study, where the
content of available K in the soil was slightly higher in the organic samples (312
mg-kg™) compared to conventional ones (290 mg-kg™). A lower concentration
of K in the conventionally treated soil might be the result of a slightly more
acidic pH which might lead to the higher loss rate [11]. Plants absorb K ions
from the soil solution and usually contain more of this element than other min-
erals such as Ca, Mg or P. The concentration of K in plant cells exceeds signifi-
cantly the content of this element in the surrounding environment. This indi-
cates that K is actively transported by plants, despite the concentration gradient

[11]. Our results clearly confirm this process. The content of K in the plant tis-
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sues is up to 100 times higher than in the soil. Due to many factors, the content
of K in the plant can vary from 1245 to 33,190 mg-kg™". It was observed that the
roots contained less K than the aboveground parts of the plant [18], which can
be clearly observed in the obtained results for the root and leaves of parsley.
Analysis of K concentration revealed that organically grown vegetables in our
study had generally higher content of this element compared to conventional
ones. The difference was significant in the case of celery, carrot, potato and on-
ion. It is in agreement with the results obtained by Worthington [19] which
showed that organic crops contain on average 10% more of K than conventional
ones. On the other hand, Warman and Havard [15] demonstrated that the supe-
rior level of K in organic crops is not conclusive. Some vegetables grown in a
conventional way, such as carrot, had a higher content of K over organic ones,
but in the case of cabbage, it was opposite.

The total content of P in the soil varies from 200 to 1500 mg-kg™" and a sig-
nificant amount of this element comes from soil organic matter [11]. The soil
monitoring program [16] revealed that the average concentration of this element
in Poland is 274 mg-kg™ and that the average for the south west region is 352
mg-kg™'. Furthermore, Lemanowicz and Koper [22] reported that arable soils
usually contain more of this element and in Poland; it is on average 478 mg-kg™".
In our study, the P content of the soil was generally higher than in Poland and in
this region. It was observed that the organically treated soil was twice richer in P
compared to the conventional one. Lemanowicz and Koper [22], in their studies,
showed that the use of organic fertilizers in the form of manure significantly in-
creases the amount of available P, while mineral fertilizers in the form of ammo-
nium nitrate reduce its amount in the soil. A similar research was conducted by
Stepient and Adamiak [12]. They showed that among the different types of ferti-
lizations, organic ones such as compost contributed to the highest increase of
soil P content. This may explain the results obtained in our study, where an ele-
vated amount of this element was found in the organic soil probably due to the
regular application of compost and cow manure.

P is taken up by plants from the soil solution as soluble orthophosphates (as
H,PO,and HPO; ions) at a soil pH between 6 and 7. Generally, the content of
available P in the soil is higher and the greater the soil moisture is, the better this
element is absorbed by a plant. The roots of the plants are able to extract phos-
phorus from a soil solution containing very low concentrations of this element.
Moreover, phosphorus content in roots and xylem is usually 100 to 1000 times
higher than its content in the soil solution [13]. This was also observed in our
results where the amount of P in vegetables far exceeded its content in the soil.
Moreover, our results revealed a significantly higher concentration of P in the
vegetables cultivated in an organic way; this was also confirmed in the study by
Williams [5]. Warman and Havard [15] also reported in their study a higher P
content in organic vegetables. However, the differences between the two growing
systems were not significant. Worthington [19], on the other hand, observes that

organic vegetables contained an average of 13% more of this element than con-

DOI: 10.4236/as.2019.103023

275 Agricultural Sciences


https://doi.org/10.4236/as.2019.103023

M. Gtodowska, J. Krawczyk

ventional crops. The same author, by analysing various articles, found that as
many as 55 of them reported higher P content in organic crops, 37 lower, and 10

did not show any difference.

5. Conclusion

Based on the results of our study, we can conclude that organically grown vege-
tables contain a higher content of macro elements. It is believed that the main
reason for the increased level of N, P and K in the organically grown crop is due
to the regular application of compost and cow manure and a generally more
balanced nutrient management. It is also observed that among all studied vege-
tables parsley leaves accumulate a much higher level of Ca, Mg, N and K. On the

other hand, celery root shows the highest concentration of Na and P.
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