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INFLUENCE OF DIFFERENT VIGOUR CLONAL
ROOTSTOCKS ON THE FRUIT QUALITY OF
‘LAPINS’ SWEET CHERRY

UTJECAJ VEGETATIVNIH PODLOGA RAZLICITE BUINOSTI NA
KVALITETU PLODA TRESNJE SORTE LAPINS

Z. Cmelik i I. Miljkovi¢

ABSTRACT

In the experiment, the 'Lapins' cherry variety was grafted on six rootstocks
of different vigour (F12 / 1, Maxmal4, PiKul, Gisela 5, Weiroot 13 and
Weiroot 158). The orchard was in full production (8 years after planting) and
was planted at a distance of 5 x 3.5 m. The orchard was not irrigated. Samples
were analyzed at full maturity. The study showed a significant impact on
almost all parameters of fruit quality. The largest fruits were on the rootstock
F12 / 1 and Gisela 5. The color indicators of the skin and flesh depended
relatively little on the rootstocks. In the chemical composition, greater
differences were manifested in the soluble dry matter, on W13 and PiKu 1 being
highest, in which the vitamin C content was also higher. The largest differences
were found in the content of phenol (199.0 mg / kg on the rootstock PiKu 1,
and 68.3 on the rootstock W158) and in the content of neflavanoids
(231.7 mg / kg on the rootstock PiKu 1, and 119.5 mg/kgon F12 /1)
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SAZETAK

U pokusu je bila tre$nja sorte Lapins cijepljena na Sest podloga razlicite
bujnosti (: F12/1, Maxmal4, PiKul, Gisela 5, Weiroot 13 and Weiroot 158).
Voc¢njak je bio u punoj rodnosti (8 godina nakon sadnje) a posaden je na
razmaku 5 x 3,5 m. Vocénjak nije navodnjavan. Uzorci su analizirani u punoj
zrelosti. Istrazivanje je pokazalo znaCajan utjecaj na gotovo sve parametre
kakvoce ploda. Najkrupniji plodovi su bili na podlozi F12/1 i Gisela 5.
Pokazatelji boje kozice i mesa su relativno malo ovisili o podlozi. U kemijskom
sastavu vece razlike ocitovale su se u topivoj suhoj tvari, pri ¢emu je veca bila
W13 i PiKu 1 kod kojih je i sadrzaj C vitamina bio veci. Najveée razlike
ocitovale su se u sadrzaju fenola (199,0 mg/kg na podlozi PiKu 1, a 68,3 na
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podlozi W158) te u sadrzaju neflavanoida (231,7 mg/kg na podlozi PiKu 1, a
119,5 mg/kg na podlozi F12/1)
Kljuc¢ne rijeci: treSnja, podloga, kakvocéa ploda

INTRODUCTION

In recent decades, a relatively large number of vegetative rootstocks for
cherries have been selected. Attention was mainly focused on reducing vigour,
adaptable to different soil conditions, precocity and satisfactory yield and
quality. The selection of size reduction rootstocks enabled the intensification of
cherry cultivation. The mechanisms of vigour control have not yet been fully
elucidated, but are mainly attributed to hormonal interaction of rootstock and
variety (Webster, 1998). However, a complex of factors involved in the effects
of the rootstock on water and nutrient uptake, flowering time and fruit ripening
time, fruit quality (fruit size, sugar and acid content, physical properties of the
fruit, antioxidant content, etc.) as well as the mechanisms influencing early
entry into productive age and yield efficiency were also only partially explained
in numerous studies (Schmitt et al., 1989; Nielsen & Kappel, 1996; Gongalves
et al., 2005). The chemical composition of cherries greatly affects the sensory
quality of fruits. The sweetness and color of the skin affect the acceptance of
consumers of cherry varieties as well as fruit size and firmness. According to
Kappel et al. (1996) ideal cherry weighs 11.6 g, color corresponding to code
number 6 of the CTIFL scale, firmness 0.5-0.6 kg / cm2, contains 19.5% soluble
solids content (SSC), pH 3.76, while the ratio of SSC to total acids ranges
between 1.5 to 2. Many studies have investigated the influence of rootstocks on
the physical, chemical and nutritional properties of cherries (Usenik & Stampar,
2000; Cmelik et al., 2004; Spinardi et al., 2005; Sitarek & Grzyb, 2010; Usenik
et al., 2010; Sitarek & Bartosiewicz, 2012; Milinovic et al., 2016.).

MATERIALS AND METHODS
Materials

Research was performed at the experimental station “Jazbina” located in
Zagreb, Croatia. At this location the soil is rather heavy and poorly aerated. In
the research, a self-fertile sweet cherry variety ‘Lapins’ was grafted on the
following vegetative rootstocks: F12/1, Maxmal4, PiKul, Gisela 5, Weiroot 13
and Weiroot 158. The experimental design was randomly complete block with
5 blocks. Planting density was 5.0. x 3.5 m. Trees were trained as Zhan spindle
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(Zahn, 1990). The orchard was not irrigated. Sweet cherry fruits, collected from
the orchard, were immediately analysed. They were kept in cooled bags during
transportation to the laboratory. The moisture content was immediately
measured on arrival. All of the analyses were carried out at a room temperature
of 23°C.

METHODS
Chemical analyses

The total titratable acidity was assessed by titration with sodium hydroxide
and expressed as a % of malic acid. The pH value was measured using a digital
pH-meter (Metler Toledo, Germany). Total soluble solids were measured as
°Brix (Kriiss refractometer- Germany). Ascorbic acid was determined using
2.6-dichlorophenolindophenol by visual titration (Ough and Amerine, 1998).

Total phenolics and nonflavonoids were determined using the Folin-
Ciocalteu colorimetric method described by Amerine and Ough (Amerine and
Ough, 1981). Results were expressed as mg gallic acid equivalents (GAE)/kg
fresh weight of the edible part of fruits. Formaldehyde precipitation was used to
determine nonflavonoids in fruit samples (Kramling and Singleton, 1969).
Results were expressed as mg gallic acid equivalents (GAE)/kg fresh weight of
the edible part of fruits. The extract of total phenolics was used for the DPPH
assay.

Total anthocyanin content in extracts from selected fruits was determined
using the bisulphite bleaching method (Ough and Amerine, 1998).

The molar absorbance value for cyanidin-3,5-diglucoside was used as a
standard value. Results were expressed as mg cyanidin-3,5-diglucoside
equivalents/kg fresh weight of the edible part of fruits.

The free radical scavenging capacity of fruit extracts was determined
according to the previously reported procedure using the stable DPPH radical
(Brand-Williams et al., 1995). The method is based on reduction of stable
DPPH nitrogen radicals in the presence of antioxidants. Results were expressed
as mmol Trolox equivalents per kg of fresh weight of the edible part of fruits.

Physical analyses

From the physical parameters: dry matter, fruit dimensions (length, width,
thickness), fruit weight, surface and fruit sphericity were determined. Total dry
matter was conducted by drying of fruits at 105°C until constant mass (AOAC
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1995). To determine the average size of fruit, for 100 randomly picked fruits
their three linear dimensions namely, length (L), width (W) and thickness (T)
were measured using a digital calliper (sensitivity of 0.01 mm). Fruit mass was
measured with electronic balance ( 0.01g sensitivity). Surface area (S) and
sphericity (®) were calculated according Vursavus et al. (2006).

The fruit colour was represented by Hue angle (H), Chroma (C),
Lightness (L), a (red-greenness), and b (blue-yellowness) values, according
to CIE Lab system on colorimeter (Colortec PCM, USA). L defines the
lightness, while a and b define the red-greenness and blue-yellowness,
respectively. Hue angle (H) was calculated as H=arctan b/a.

Statistical analysis

Statistical analyses were performed using the SAS® version 9.1 Data were
subjected to the one-way analysis of variance (ANOVA) according to the
treatment structure. Mean values were compared by t-test (LSD), and they are
considered significantly different at p<0.05. Regression analyses were
performed in order to investigate the nature and intensity of relationships
between compounds with antioxidative activity, and antioxidative capacity in
vitro. Correlation coefficients with p values <0.05 were considered significant.

RESULTS AND DISCUSSION
Physical fruit properties

Our data suggested that vegetative rootstocks of different vigour did
keep pace with fruit physical properties of Lapins sweet cherry (Table 1). The
highest values of dimensional properties of fruits (length, width and thickness)
were measured on F12/1 and Gi5 rootstocks. Fruits grafted on Maxmal4
rootstock had the lowest values. The fruits of ‘Lapins’ grafted on rootstocks
W13, PiKu and W158 had similar values. Fruit length varied from 22.8 mm
(Maxmal4) to 26.1 mm (F12/1 and Gi5). Fruit width varied from 20.7 mm
(Maxmal4) to 23.3 mm (Gi5). Values for fruit thickness were similar for
‘Lapins’ grafted on W13, PiKu and F12/1, rootstocks. The fruit surface area
was the highest on Gi5 and F12/1 rootstocks. On rootstocks W13, PiKu and
W158 values for fruit surface were similar, while the smallest values were
observed on Maxmal4 rootstock. Fruit sphericity significantly differed only
between fruits on PiKu 1 and W158 and F12/1. Fruit mass was similar on
rootstocks W13, PiKu i and W158 (7.95, 7.99 and 7.70 g), respectively.
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The lowest fruit mass was noted on Maxma 14, and the highest on Gi5 (8.48 g)
and F12/1 (8.65 g). In comparison to the other rootstocks, Maxmal4 had
significantly different influence on almost all of the investigated physical fruit
characteristics, among which negative influence of the fruit weight is very
important

Table 1 Fruit physical properties of ‘Lapins’ grafted on six rootstocks of different

vigour Values are means of three observation + standard deviation (SD).

Tablica 1. Fizikalne osobine ploda sorte Lapins cijepljene na Sest podloga razli¢ite

bujnosti
Physical properties

: heees Fruit : .~ S
Rootstock Fruit length| Fruit width thickness Fruit surfazce Sphericity |Fruit weight| Stalk length

(mm) (mm) i) area (cm’) (%) (€) (mm)
Maxmal4 |22.8+0.51c| 20.7£0.91c | 19.1+0.21c | 20.8+0.08d [91.11+0.02ab| 6.19+0.31c | 31.6+2.33¢c
W13 24.9+0.32b|22.44+0.35ab| 20.840.24b [22.6+0.11bc|91.04+0.01ab|7.95+0.30ab| 30.9+1.75¢
PiKu 1 24.2+0.87b|22.7+0.52ab| 20.8+0.83b |22.5+0.71bc| 93.17+0.00a |7.99+0.62ab| 38.5+4.28a
W158 24.740.52b|21.9+0.72bc| 20.8+1.02b | 22.440.75¢ | 90.73+0.01b | 7.70+0.57b |32.94+0.75bc
F12/1 26.1+0.14a|22.4+0.86ab|21.6+0.35ab|23.3+0.25ab| 89.29+0.01b | 8.65+0.13a | 32.143.57¢
Gi5 26.1£0.25a| 23.3+0.74a | 21.940.27a | 23.7+0.43a (90.88+0.01ab| 8.48+0.44a |37.5+0.57ab

Different letters within each column indicate significant differences between means at P<0.05

Our results partially coincide with the results of other researchers
(Gongalves et al., 2005; Sitarek & Grzyb, 2010; Usenik et al., 2010), and the
differences were probably due to different growing conditions.

Table 2 Fruit outer and inner colour of ‘Lapins’ grafted on six rootstocks of
different vigour (Values are means of three observation + standard
deviation (SD).

Tablica 2. Boja koZice i mesa ploda sorte Lapins cijepljene na Sest podloga razlicite

bujnosti
Outer and inner colour

Rootstock L outer C outer H outer L inner C inner H inner
Maxmal4 | 22.9+1.54a | 17.8+2.77ab | 29.2+4.64d | 33.4+291la | 22.5+3.11a | 35.6£3.21a
w13 20.3+2.72a | 17.4+0.52b | 33.1£1.86cd | 28.743.04a | 18.1£1.76a | 27.2+1.69b
PiKu 21.5+6.55a | 17.9+1.94ab | 31.5+0.84cd | 32.0+8.45a 22.7+6.22a | 25.1£3.48b
W158 21.3+2.94a | 17.4+0.27b | 35.3+5.21bc | 30.9+541a 19.0+1.48a 18.2+0.37¢
F12/1 19.5+43.34a | 20.8+2.13a | 39.2+1.17ab | 33.144.32a | 22.444.62a | 24.9+2.01b
Gi5 23.0+2.53a | 19.1+1.02ab | 42.4+1.42a | 34.2+3.56a 22.14+2.16a 34.4+2.87a

Different letters within each column indicate significant differences between means at P<0.05
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Skin colour is considered to be the most important indicator of cherry quality
and maturity. As it can be seen in Table 2, there are no significant differences for
parameter L, which ranged from 19.5 for fruit grown on F 12/1 to 23.0 for fruits
grown on Gi5. Values for parameter C ranged from 17.4 to 20.8, while parameter
H ranged from 29.2 to 42.4. In comparison with the data of Bernalte et al. (2003)
and Vursavus et al. (2006), our results were partly similar. These differences can
be attributed to the environmental and cultivation conditions.

Chemical fruit properties

Table 3 Fruit chemical properties of ‘Lapins’ grafted on six rootstocks of different
vigour Values are means of three observation + standard deviation (SD)

Tablica 3. Kemijske osobine ploda sorte Lapins cijepljene na Sest podloga razlicite

bujnosti
Chemical properties
Rootstock D.M. (%) T.S.S. (°Brix) T.A.(%) T.S.S./T.A. pH value
Maxmal4 18.7£1.01b 18.3+0.31c 0.72+0.03a 25.6+1.61b 3.73+0.03a
W13 21.6£2.12a 19.740.55a 0.65+0.09ab 30.4+3.74ab 3.76+£0.07a
PiKu 20.3£1.17ab 19.9+0.83a 0.67+0.04ab 29.942.83ab 3.74+0.05a
W158 19.9£1.79ab | 18.7+0.30bc 0.63+0.09ab 32.0+7.50ab | 3.79+0.01a
F12/1 19.1+0.43b 18.5+0.46¢ 0.71£0.06a 26.1+2.17ab | 3.74+0.01a
Gi5 20.0+0.74ab 19.6+0.60ab 0.60+0.03b 32.7+£2.81a 3.76+0.01a

D.M. = dry matter; T.S.S. = total soluble solids (°Brix); T.A. = total acids
Different letters within each column indicate significant differences between means at P<0.05

Dry matter content varied from 18.7% in fruits to grow on rootstock
Maxmal4 to 21.6% in fruits grown on rootstock W13. On the other rootstocks
dry matter in fruits where similar. Total soluble solids were the lowest on the
rootstock Maxmal4. Similar values for soluble solids were obtained from fruits
grown on rootstocks W13, PiKu i Gi5. Total aciditiy, expressed as malic acid
was similar in all analysed fruits. Somewhat lower acidity had fruits grown on
rootstock Gi5 and it was 0.60 g/kg f.w. TSS/TA ratio ranged from 25.6 in fruits
grown on rootstock Maxma 14 to 32.7 on Gi5. Values of pH in fruits were
similar for all rootstocks in the experiment. Our results are to some extent
comparable with those obtained by Vursavus et al. (2006); however in they
research they obtained somewhat lower values for TSS (14.20%) and TSS/TA
ratio (24.38). In general, our results indicate certain differences in chemical
fruit characteristics that are significant for particular combinations of
varieties/rootstocks, which may have practical significance.
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Table 4 Fruit antioxidative compounds and antioxidative capacity of ‘Lapins’
grafted on six rootstocks of different vigour (Average of three observation
+ standard deviation (SD)

Tablica 4. Antioksidativne tvari i antioksidativni kapacitet ploda sorte Lapins
cijepljene na Sest podloga razli¢ite bujnosti

Antioxidative compounds and antioxidative capacity

Phenolic Non- Antioxidative
compounds flavonoids | capacity (mmol TE
(mg/kg fw.) | (mg/kg f.w.) | equivalent / kg f.w.)
Maxmal4| 21.4£1.13b | 38.2+1.04ab | 99.5+4.72b | 137.2+8.76¢ 1.63+£0.010b

Vitamin C | Anthocyanins

Rootstock (mg/100g fw.) | (mg/kg f.w.)

W13 30.0+2.83a 26.7+1.72¢ 91.2+£3.08c | 189.2+9.42b 1.51£0.020c
PiKu 1 31.1+£3.62a 43.0+2.72a | 199.0+3.91a |231.7+11.14a 1.70+£0.015a
W158 21.0+0.86b 26.5+4.19¢ 68.3+2.68d | 124.8+5.42cd 1.37+0.015¢f
F12/1 19.3+£2.34b 27.34£3.82¢ 87.4+3.55¢ | 119.543.70d 1.46+0.032d
GiS 19.7+£0.57b 35.244.76b | 71.241.94d |130.0+4.55cd 1.42+0.015¢

Different letters within each column indicate significant differences between means at P<0.05

Among fruits grown on other rootstocks, fruits on the PiKu 1 rootstock had
a significantly higher phenolic (199.0 mg/kg f.w.) and non-flavonoid (231.7
mg/kg f.w.) compounds. It is visible that other antioxidative compounds in
cherry fruits grown on PiKu 1 rootstock was higher, but not significantly
different from those on W13, and Maxmal4. Generally, total antioxidative
capacity in fruits on PiKu 1 was significantly higher than in fruits from the other
rootstocks. In studies of Vursavus at al. (2006) total anthocyanins were
different, while those for total phenols were similar as in our research.

Regression analyses

Regression between antioxidant capacity measured by DPPH methods and
some antioxidant active compounds are presented in Figures 1-4. It was found
that the concentration of vitamin C significantly correlates with the antioxidant
capacity (DPPH) (Figure 1). In our investigation, the best relationship was
observed between antioxidant capacity and total phenolic compounds
(r=0.8605), but regression was quadratic and not linear as it was reported by
Rousseaux et al. (2005) (Figure 2). However, the relationship between total
anthocyanins and antioxidant capacity, and non-flavonoids and antioxidant
capacity was linear, similar as reported by Pantelidis et al. (2007), although they
obtained to some degree lower values (Figures 3 and 4).
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Figure 1 Regression between vitamin C content and antioxidant capacity measured
in fruits of ‘Lapins’ cherry variety. Significance of correlation coefficient
() is marked with asterisks (** = significance at p<0.01)

Slika 1. Regresija izmedu sadrZaja vitamina C i antioksidacijskog kapaciteta u
plodovima sorte Lapins
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Figure 2 Quadratic regression between total phenolic compounds content and
antioxidative capacity measured in fruits of ‘Lapins’ cherry. Significance
of correlation coefficient (r) is marked with asterisks (** = significance at
p<0.01)

Slika 2. Regresija izmedu ukupnih fenola i antioksidacijskog kapaciteta plodova
sorte Lapins
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Figure 3 Linear regression between total anthocyanins content and antioxidative
capacity measured in fruits of ‘Lapins’ cherry. Significance of correlation
coefficient (r) is marked with asterisks (** = significance at p<0.01)

Slika 3. Regresija izmedu ukupnih antocijanina i antioksidativhnog kapaciteta
plodova sorte Lapins
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Figure 4 Linear regression between non-flavonoids content and antioxidative
capacity measured in fruits of ‘Lapins’ cherry. Significance of correlation
coefficient () is marked with asterisks (** = significance at p<0.01)

Slika 4. Regresija izmedu neflavonoida i antioksidativnog kapaciteta plodova sorte
Lapins

CONCLUSION

It is well known that there is an interaction between rootstocks and varieties,
which is primarily manifested in vegetative growth, time of entry into
productive age, yield and fruit quality (primarily in size). Recent research has
shown that the rootstock can affect virtually all fruit quality parameters
(physical and chemical). Furthermore, research has shown a significant
agroecological impact on fruit characteristics, so the results of research cannot
be universally applied.

121



Z. Cmelik i sur.: Influence of different vigour clonal rootstocks
on the fruit quality of ‘Lapins’ sweet cherry

LITERATURE

Amerine, M.A., Ough, C.S. (1981). Methods for Analysis of Musts and Wines.
Journal of The Institute of Brewing 87: 223-224.

Bernalte, M.J., Sabio, E., Hernandez, M.T., Gervasini, C. (2003). Influence of
storage delay on quality of “Van” sweet cherry. Postharvest Biology and
technology 28: 303-312.

Brand-Williams W., Cuvelier, M.E., Berset, C. (1995). Use of a free radical
method to evaluate antioxidant activity. Lebensm.Wiss.Technol. 28: 25-30.

Cmelik, Z., Druzic, J., Duralija, B., Bencic, D. (2004). Influence of Clonal
Rootstocks on Growth and Cropping of ‘Lapins’Sweet Cherry. Acta Hort.
658: 125-128.

Gongalves B., Moutinho-Pereira J., Santos A., Silva A.P., Bacelar E., Correia C.,
Rosa E. (2005). Scion—rootstock interaction affects the physiology and fruit
quality of sweet cherry. Tree Physiology 26: 93—-104

Kappel, F., Fisher-Fleming, B., Hogue, E. (1996). Fruit CharacteristicS and
Sensory Attributes of an Ideal Sweet Cherry. Hort Science 31: 443-446.

Milinovi¢, B., Dragovi¢-Uzelac,V., Halapija Kazija, D., Jelaci¢, T., Vujevi¢, P.,
Cicek, D., Bisko, A..Cmelik, Z. (2016). Influence of four different dwarfing
rootstocks on phenolic acids and anthocyanin composition of sweet cherry
(Prunus avium L.) cvs. ‘Kordia’ and ‘Regina’. Journal of applied botany and
food quality, 89:29-37

Nielsen, G., F. Kappel. (1996). ‘Bing’ sweet cherry leaf nutrition is affected by
rootstock. HortScience 31: 1169-1172.

Ough, C.S., Amerine, M.A. (1998). Methods for Analysis of Musts and Wines. J.
Wiley & Sons. Washington.

Pantelidis G.E., Vasilakakis M., Manganaris G.A., Diamantidis Gr. (2007).
Antioxidant capacity, phenol, anthocyanin and ascorbic acid contents in
raspberries, blackberries, red currants, gooseberries and Cornelian cherries.
Food Chemistry 102:777-783.

Rousseaux, M.C., Jones. C.M., Adams, D., Chetelat, R., Bennett, A., Powell, A.
(2005). QTL analysis of fruit antioxidants in tomato using Licopersicon
pennellii introgression lines. Theor. Appl. Genet. 111: 1396-1408.

122



Z. Cmelik i sur.: Influence of different vigour clonal rootstocks
on the fruit quality of ‘Lapins’ sweet cherry

Schmitt, E.R., F. Duhme, Schmid.P.P.S. (1989). Water relations in sweet cherries
(Prunus avium L.) on sour cherry rootstocks (Prunus cerasus L.) of different
compatibility. Sci. Hortic. 39:189-200.

Sitarek M., Grzyb Z.S. (2010) Growth, productivity and fruit quality of 'Kordia'
sweet cherry trees on eight clonal rootstocks. Journal of Fruit and Ornametnal
Plant Research. 18 (2): 169-176

Sitarek M., Bartosiewicz B. (2012). Influence of five clonal roostock on the
growth, productivity and fruit quality of 'Sylvia' and 'Karina' sweet cherry
trees. Journal of Fruit and Ornametnal Plant Research. 20 (2): 5-10

Spinardi, A.M., Visai, C., Bertazza, G. (2005). Effect of rootstock on fruit quality
of two sweet cherry cultivar. Acta Horticulturae. 667: 201-206.

Usenik V., Stampar F. (2000). Influence of various rootstocks for cherries on p-
coumaric acid, genistein and prunin content and their involvement in the
incompatibility process. Gartenbauwissenschaft, 65 (6): 245-250

Usenik V., Fajt N., Mikulic-Petkovsek M., Slatnar A., Stampar F., Veberic R.
(2010). Sweet cherry pomological and biochemical characteristics influenced
by rootstock. Journal of Agricultural and Food Chemistry 58: 4928-4933.

Vursavus, K., Kelebek, H., Selli, S. (2006). A study on some chemical and
physico-mechanic properties of three sweet cherry varieties (Prunus avium L.)
in Turkey. Journal of Food Engineering 74:568-575.

Webster, A.D. (1998). Strategies for controlling the tree size of sweet cherry
trees. Acta Horticulturae 410: 229-240.

Zahn, F.G. (1990). Die Spindel beim Steinobst. Erwerbsobstbau 32: 60-66.

Author's address - Adresa autora:
Prof. dr. sc. Zlatko Cmelik,

e-mail: zcmelik1952@gmail.com
10000 Zagreb

Prof. dr.sc. Ivo Miljkovié
e-mail: ivo.miljkovi¢@yahoo.com
Cazmanska 2, 10000 Zagreb

123



124



