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Abstract

Lanauskas J., Kviklys D., Liaudanskas M., Janulis V., Uselis N., Vigkelis J., Viskelis P. (2017): Lower nitrogen nutrition
determines higher phenolic content of organic apples. Hort. Sci. (Prague), 44: 113-119.

Phenolic content of apples from an integrated and organic apple tree orchard was analysed at the Institute of Horticul-
ture of Lithuanian Research Centre for Agriculture and Forestry in 2012—2013. Apples of ‘Lodel’ and ‘Aldas’ cultivars
on rootstock B.396 in 8—9™ leaf were tested. Nitrogen and potassium fertilizers were applied annually at the rates of
50 kg/ha N and 66.4 kg/ha K in an integrated fruit orchard. A mixture of perennial grasses with 25% of white clover was
sown in interrows in the second year after tree establishment in the organic production system. Every two years sward
in alternate interrows was tilled for natural organic matter mineralization. Fertilizers were not used in the organic apple
orchard. Organic apples of both cultivars had a higher content of procyanidins B1 and B2, phloridzin, chlorogenic acid,
(+)-catechin, and (-)-epicatechin. Organic ‘Aldas’ apples also contained more hyperoside, avicularin and quercitrin than
non-organic apples. On average, the total phenolic content of organic apples of both cultivars was 43% higher than that
of apples from the integrated orchard. These differences could be explained by nitrogen nutrition: the N content in
organically grown apple leaves was significantly lower than that in leaves from the integrated production system. Tree
trunk diameter and yield of organic apple were less, and fruits were better coloured.
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People who are concerned about healthy life-
style prefer functional and healthy food products.
Fruits that are rich in secondary metabolites can
provide adequate nutrition. Polyphenols are some
of the most important bioactive components; a di-
rect positive correlation between the phenol con-
tent and antioxidative activity has been reported
(MATTHES, ScHMITZ-EIBERGER 2012). Apples
show intermediate values of phenol content (Fu et
al. 2011) and are one of the most commonly con-
sumed fruits in the world (FRANCINI, SEBASTIANI
2013). Fruits of different apple cultivars show sig-
nificant variation in the content of phenols (Rop et

al. 2011; L1AuDANSKAS et al. 2015). According to
KorobziejczYK et al. (2010), the total polyphenol
content of apples ranges from 161.9 to 882.4 mg/kg
fresh weight. Kvikrys et al. (2014) reported the ef-
fect of rootstocks on the phenolic content of ap-
ples: super-dwarf P 61 and P 22 determined the
highest phenolics.

Environmental and orchard management prac-
tices also affect the phenolic content of apples. It
was found that exposure to the sun significantly
increased the content of anthocyanins, quercetin-
glycosides, epicatechin, procyanidins, phloridzin
and chlorogenic acid in the peel of fruits (HAGEN
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et al. 2007). The accumulation of phenolic com-
pounds in plants can be negatively affected by ex-
cessive N-fertilization (TREUTTER 2010).
Organically grown products have recently in-
creased in popularity. Organic farming systems of-
fer advantages for nature and society, for example,
by preventing environmental and product contam-
ination with synthetic products. Information con-
cerning the fruit phenolic content from organically
and conventionally grown apples differs: some ex-
periments have demonstrated an increased amount
of phenolic compounds in organically grown ap-
ples (VEBERIC et al. 2005; MIKULIC PETKOVSEK et
al. 2010), but other studies have shown no differ-
ences (PEck et al. 2009). The aim of this research
was to evaluate the phenolic content of apples from
integrated and organic apple tree orchards.

MATERIAL AND METHODS

The trial was conducted in the experimental
orchard of the Institute of Horticulture (55°60'N;
23°48'E), at the Lithuanian Research Centre for
Agriculture and Forestry in 2012-2013. The ex-
periment was designed in two adjacent blocks
(integrated and organic) with randomly arranged
plots (cultivars). Each experimental plot contained
four apple trees planted at the distance of 4 x 2 m.
Cvs ‘Lodel’ and ‘Aldas’ on rootstock B.396 in 8—9'!
leaf were tested. The experiment was performed in
three replicates. The apple trees within blocks were
maintained according to integrated or organic pro-
duction specifications. Sward in interrows and her-
bicide-applied strips in the rows were maintained
in the integrated production system (IPS). Nitrogen
(N) and potassium (K) fertilizers were applied an-
nually at the rate of 50 kg N/ha and 66.4 kg K/ha in
the IPS. Organic block was certified in accordance
with the Council Regulation (EC) No. 834/2007
(No. of Ekoagros certificates SER-K-12-01085
and SER-K-13-01301). In the organic production
system (OPS) mixture of perennial grasses with
25% of white clover was sown in interrows in the

second year after tree establishment. After two
years, sward in every second interrows was tilled
for natural organic matter mineralization. Every
two years, the same procedures were repeated in
alternate interrows. Soil in the strips was cultivated
mechanically. Fertilizers were not used in the OPS.

The soil was analysed in the first year of the experi-
ment, in aggregated samples taken from different
blocks in tree rows at a depth 0—60 cm (Table 1). Soil
pH was determined using 1N KCI potentiometric
method, plant available phosphorus, potassium cal-
cium and magnesium by the Egner-Riehm-Domingo
A-L method (soil extraction with buffer solution pH
3.7 from lactic and acetic acids and ammonium ac-
etate). Phosphorus was determined with spectrom-
eter Shimadzu UV 1800 and potassium with flame
photometer Jenway PFP7. Calcium and magnesium
were determined by atomic absorption spectrom-
eter Analyst 200 (Perkin Elmer, USA). Total organic
carbon was measured by a dry combustion method
by Total Organic Carbon analyzer Liqui TOC II (El-
ementar Analysen systeme GmbH, Germany). Soil
humus was calculated by multiplying the value of
total organic carbon by coefficient 1.72.

The soil in the experiment field was Epicalcari-
Endohypogleyic Cambisol, heavy clay loam. The
orchard was not irrigated. During the vegetation
period soil moisture was measured at the depth
of 30 cm with irrometers (Irrometer Comp., Inc.,
USA) in tree row strips. Soil moisture status during
vegetation period was the same in both blocks of
the experiment and ranged from 16 to 38 centibars.

Each year in late July, random samples of 50 leaves
were taken for leaf chemical analyses from the mid-
dle part of the shoots. Ten randomly selected fruits
from each experimental plot were taken for phe-
nolic analyses.

Leaf nitrogen (N), phosphorus (P), potassium
(K), calcium (Ca) and magnesium (Mg) concen-
tration (% dry weight (d.w.)) was established. The
content of leaf nitrogen was measured by the
Kjeldahl method using Tecator Digestion System
DK 20 (VelP Scientifica, Usmate, Italy) and Semi-
automatic Distillation Unit UDK139 (VelP Scien-

Table 1. Agrochemical properties of the soil (0—60 cm layer) in integrated and organic apple tree production systems

Nutrient content (mg/kg)

Humus content

Sampling place H
pnep P K Ca Mg (%) P

Integrated orchard 88.9 106.2 6,947 2,564 2.29 7.4

Organic orchard 96.8 102.9 8,197 1,729 1.54 7.4
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Table 2. Leaf nutrient content (%) in integrated and organic production systems

Production system N P K Ca Mg

‘Aldas’

201y |ntegrated 2.21° 0.20° 0.96° 1.28° 0.24
Organic 1.96° 0.22° 1.32° 1.00° 0.19°

5013 Integrated 2.16° 0.29* 1172 1.242 0.24°
Organic 1.98° 0.27° 1.03 1.25% 0.26*

‘Lodel’

501y Integrated 2.13b 0.23* 1.17° 1.05° 0.20°
Organic 1.79 0.242 1.34 0.99 1.79*

5013 Integrated 2.18P 0.20° 1.10° 1.22° 0.22°
Organic 1.65° 0.32° 1.55° 0.79 0.172

different letters in columns indicate significant differences between values for cultivars (P < 0.05)

tifica, Usmate, Italy). Phosphorus was determined
by spectrometer ICP Optima 2100 (Perkin Elmer,
USA), potassium by flame photometry with Jen-
way PFP7 (Bibby Scien-tific Limited, Staffordshire,
UK), and the contents of calcium and magnesium
by atomic absorption spectrophotometry (AAna-
lyst 200; Perkin Elmer precisely, USA).
Preparation of samples. Each apple with the peel
was cut into slices and was frozen and lyophilised
with a ZIRBUS sublimator 3 x 4 x 5/20 (ZIRBUS
technology, Germany) and ground to a fine powder
using a Retsch 200 mill (Haan, Germany).
Extraction. Lyophilised apple powder (2.5 g) was
mixed with 30 mL ethanol (70%, v/v) and was ex-
tracted in a Sonorex Digital 10 P ultrasonic bath
(Bandelin Electronic, Germany) for 20 min at 40°C.
Instrumentation and chromatographic conditions.
A Waters 2695 (Waters Co., USA) chromatograph
equipped with a Waters 2998 photodiode array (PDA)
detector was used for HPLC analysis, which was
controlled with Empower® v.2.0. software (Waters,
Czech Republic). Chromatographic separations were
carried out usinga YMC-Pack ODS-A (5 pm, CIS’ 250
x 4.6 mm i.d.) column equipped with a YMC-Triart
(3 um, C, 10 x 3.0 mm i.d.) precolumn (YMC Eu-
rope GmbH, Germany). The volume of the extract
under investigation was 10 pl. The flow rate was 1
ml/min, and a gradient elution was performed. The
mobile phase consisted of 2% (v/v) acetic acid in
water (solvent A) and 100% (v/v) acetonitrile (sol-
vent B). The following conditions of elution were ap-
plied: 0-30 min, 3-15% B; 30-45 min, 15-25% B;
45-50 min, 25-50% B; and 50—-55 min, 50-95% B.
Detection was simultaneously performed at
three wavelengths: 280 nm (dihydrochalcones,

catechins, procyanidins), 320 nm (phenolic acids),
and 360 nm (quercetin glycosides). All the phenol-
ic compounds were identified by comparing their
retention times and spectra (from 200 to 600 nm)
with those of standard compounds.

The results were elaborated statistically by one-way
analysis of variance for each cultivar and the signifi-
cance of differences between the means were evaluat-
ed using the Duncan’s multiple range test at P < 0.05.

RESULTS AND DISCUSSION

Different fertilization and orchard floor manage-
ment revealed differences in apple tree nutrition. N
content in organically grown apple leaves was lower
than that in leaves from the integrated production
system (IPS). The mean decrease in N content of cv.
‘Aldas’ leaves was about 10% and in ‘Lodel’ leaves
it was 20% (Table 2). Leaf K content for cv. ‘Lodel’
was higher in the OPS. The soil K content was simi-
lar for both production systems. The increased K
content in organically grown tree leaves might be
due to N deficiency or lower yield (FIEDLER 1970).
A higher calcium (Ca) content in cv. ‘Aldas’ leaves
was observed in 2012 and in cv. ‘Lodel’ in 2013 in
the IPS. The content of Ca in the soil was high in
both production systems (Table 1).

Trunk diameter indicates that apple trees of both
cultivars were less vigorous in OPS (Table 3). The
yield of organic cv. ‘Aldas’ was lower by 30% and cv.
‘Lodel’ by 43%. Fruit weight of organic ‘Lodel” ap-
ples was about 15% less than in IPS. Organic ‘Lodel’
apples were better coloured in both years, ‘Aldas’ in
one year of the experiment.
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Table 3. Growth and yield parameters of integrated and organic ‘Aldas’ and ‘Lodel’ apples

Production system Trunk diameter (cm) Yield (kg/tree) Fruit weight (g) Red blush (%)
‘Aldas’

Integrated - 11.2° 185° 60°
2012 ) N X )

Organic - 7.4 172 74
9013  Integrated 9.6" 13.8° 180? 70°

Organic 8.7% 10.1* 169° 78°
‘Lodel’

— b b a

9012 Integra.lted 18.3 130 78b

Organic - 11.2% 112° 90
h013  Integrated 7.5b 23.1° 124° 822

Organic 6.4° 12.3° 105° 100°

different letters in columns indicate significant differences between the values from separate years for cultivars (P < 0.05)

The content of hyperoside in organically grown
‘Aldas’ apples was 25-62% higher than that in the
IPS (Table 4). For cv. ‘Lodel, no significant differ-
ences were observed. In 2012, the content of iso-
quercitrin was higher in organic ‘Aldas’ apples than
in fruits from the integrated orchard. In ‘Lodel
fruits the trend was opposite. The content of ru-
tin was higher in ‘Lodel’ apples in the integrated
system in one year of the experiment. Organic ‘Al-
das’ fruit had a higher content of avicularin and
quercitrin than apples from the integrated orchard
37-48% and 30—40%, respectively. Production sys-
tem had no effect on the content of latter glycosides
in ‘Lodel” apples. The total quercetin glycoside con-
tent in organic ‘Aldas’ fruit was 31-46% higher than
in non-organic apples. ‘Lodel’ apples from both
production systems contained a similar amount of
quercetin glycosides.

No differences were observed in the content of
(+)-catechin between tested production systems in
the first year (Table 5). In the second year of the
experiment, the content of (+)-catechin in apples of
both cultivars was 52—58% higher in organic apples
than in non-organic apples. The content of (-)-epi-
catechin was higher in organic apples in both years
and for cv. ‘Aldas; the increase was 18-35%. Ex-
tremely large differences were observed in ‘Lodel’
apples in the first year of the experiment. Organic
apples contained 2.8-fold more (-)-epicatechin
than apples from the integrated orchard. (-)-Epi-
catechin was predominant and determined differ-
ences of total content of catechins. In organic ‘Al-
das’ apples, the content of total catechins increased
by 16—38%, and in ‘Lodel’ — by 49-149%.

In organic ‘Aldas’ apples, the content of procyani-
din B1 was 39-49% higher than that in the IPS (Ta-

Table 4. Content of quercetin glycosides (ug/g of dry weight) in ‘Aldas’ and ‘Lodel’ apples from integrated and organic

production systems

Production system Hyperoside Isoquercitrin Rutin Avicularin Quercitrin

‘Aldas’

h01y  Integrated 138.2° 23.0° 15.42 153.3° 108.9°
Organic 224.4> 32.6° 15.8° 226.3° 141.6°

2013 Integrated 190.0° 33.6% 15.9° 164.0° 149.9°
Organic 237.2b 40.4 14.8° 224.5b 209.2°

‘Lodel’

501y  |ntegrated 148.1° 28.6° 50.8° 100.0° 98.8°
Organic 151.8° 12.6* 16.0° 114.4 97.8°

2013 Integrated 147.3% 27.1% 21.6° 114.3% 114.72
Organic 153.42 22.4 15.1° 111.8° 108.3*

different letters in columns indicate significant differences between the values from separate years for cultivars (P < 0.05)
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Table 5. Content of catechins (pug/g of dry weight) in
‘Aldas’ and ‘Lodel” apples from integrated and organic
production systems

Production system (+)-Catechin (-)-Epicatechin

‘Aldas’

Integrated 90.5% 611.2%
2012 Organic 92.1° 720.3°
2013 Integrated 144.4° 545.5%

Organic 218.8° 736.7°
‘Lodel’

Integrated 54.3% 335.0°
2012 Organic 42.3° 928.4°
9013 Integrated 99.1°* 659.1°

Organic 156.3" 974.1°

different letters in columns indicate significant differ-
ences between the values from separate years for cultivars
(P < 0.05)

ble 6) and the content of procyanidin B1 in organic
‘Lodel’ apples was 2.4-fold higher. The content of
procyanidin B2 in organic apples was 32-54% and
22-182% higher, respectively, for ‘Aldas’ and ‘Lodel’
cultivars. Because procyanidin B2 was predomi-
nant, the differences in the total content of procya-
nidins were similar to those in procyanidin B2. The
mean phloridzin content was 25 and 54% higher
for organic ‘Aldas’ and ‘Lodel” apples, respectively.
Chlorogenic acid was the predominant phenolic
compound and its content was on average 24 and
76% higher for organic ‘Aldas’ and ‘Lodel” apples.

doi: 10.17221/50/2016-HORTSCI

The mean total phenolic content of organic ‘Aldas’
apples increased by 30% and ‘Lodel’ by 63% com-
pared to apples from the integrated orchard (Fig. 1).

The results demonstrate that the farming system
had a significant effect on the phenolic content of ap-
ples. The contents of (—)-epicatechin and procyani-
din B2 in organic ‘Lodel’ fruits harvested in 2012 was
2.8-fold higher than in fruits produced in the inte-
grated system and the mean content of procyanidin
B1 in organic ‘Lodel” apples was 2.4-fold higher. In
a similar experiment, VANZO et al. (2013) observed
a higher total phenolic content in organic Golden
Delicious apples, whereas differences in other three
cultivars were not significant. In our study, the mean
total phenolic content increased significantly in
both tested cultivars. The differences were observed
in the accumulation of quercetin glycosides between
‘Aldas’ and ‘Lodel’ cvs. Organic ‘Aldas’ apples con-
tained more hyperoside, avicularin and quercitrin
than apples in the integrated system, but the con-
tent of the latter constituents was similar in ‘Lodel’
fruits from both production systems. The content of
isoquercitrin and rutin was higher in ‘Lodel’ apples
from the integrated system than in organic apples.

Organic apples also contained a higher level of
total phenolics than integrated or conventional ap-
ples in other trials (HECKE et al. 2006; BoGs et al.
2012). The cultivation type had an important influ-
ence on the polyphenolic level and antioxidant ca-
pacity of the apple fruits and leaves. Organic apples
contained higher concentrations of hydroxycin-
namic acids, flavanols, dihydrochalcones, querce-

Table 6. Content of the procyanidins, phloridzin and chlorogenic acid (ug/g of dry weight) in ‘Aldas’ and ‘Lodel” apples

from integrated and organic production systems

Production system Procyanidin B1 Procyanidin B2 Phloridzin Chlorogenic acid
‘Aldas’
Integrated 113.2% 645.7% 151.0% 2,745.1*
2012 . b b b b
Organic 156.9 854.3 187.9 3,274.4
Integrated 111.3% 791.0° 150.2% 2314.7%
2013 ; b b b b
Organic 165.4 1219.4 189.5 3018.9
‘Lodel’
Integrated 37.6% 453.3% 131.2° 709.2%
2012 ; b b b b
Organic 94.0 1,278.6 268.2 1629.5
2013 Integrated 54.6% 1,316.2% 213.0% 1270.8%
Organic 125.6° 1,606.9° 260.4° 1859.1°

different letters in columns indicate significant differences between the values from separate years for cultivars (P < 0.05)
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Fig. 1. Total phenolic content in ‘Aldas’ and
55571 ‘Lodel” apples from integrated (IPS) and or-
’ ganic (OPS) production systems
+43% different letters in column pairs indicate
significant differences between the values

(P < 0.05)

Aldas Lodel

tins and total phenolics than apples from integrat-
ed cultivation (MIKULIC PETKOVSEK et al. 2010).

Some studies have demonstrated no differences
in the total phenolic content or in the classes of
polyphenols between apples produced by organic
and conventional/integrated methods (BRIVIBA et
al. 2007; PEcK et al. 2009; VALAVANIDIS et al. 2009).

In terms of why the results differ, the organic
farming method itself should Wnot cause phenolic
accumulation in fruits, which is instead, probably
due to the impact of a distinctive aspect of the OPS.
According to VEBERIC et al. (2005) the higher con-
centration of phenolic compounds in organically
grown cultivars might represent a response of the
plant to stress. In our experiment, such a stress fac-
tor was apparently N nutrition, because apple trees
in the OPS were not supplied with additional N.
Furthermore, the soil in the organic orchard had
lower humus content. This led to deficient N nutri-
tion of fruit trees. An inadequate apple tree supply
with the nitrogen in OPS was confirmed by weaker
tree growth, lower yield, fruit weight and better
fruit colour. According to STRACKE et al. (2009),
organic fertilizers used in organic farming contain
less-available forms of N; therefore, depending on
the orchard, soil properties and fertilization prac-
tices, organically grown fruit trees might suffer
from N deficiency.

Apple trees respond to a high N-supply by in-
creased shoot growth and the reduced accumula-
tion of total phenolic compounds in their leaves
(LEser, TREUTTER 2005). The application of N
might cause a decrease in the content of some phe-
nolics and in the percentage of blush skin of apples
(AwaD, DE JAGER 2002).

Organic apples that contain a high phenolic con-
tent offer additional advantages to consumers, but
this might not be beneficial for the fruit grower, as
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N deficiency usually results in smaller fruits and
lower yields.
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