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Abstract

The study was conducted in 2008-2009 at the Agricultural Experi-
mental Station in Lipnik near Stargard, on sandy soil. The aim of this study 
was to determine the effect of sub-crown irrigation on the yield leaves 
photosynthesis and transpiration capacity, as well as CO2 concentration in 
the stomatal cells, and leaf greenness index of early ‚Geneva Early’ cv. and 
late ‚Rubinola’ cv. apple cultivars.

Irrigation was applied in the form of the sub-crown system, in 
which water is distributed through a mini-sprayers of Hadar type when 
water potential of soil fell below – 0.01 MPa. The experiment was es-
tablished in a randomized sub-block pattern (split-plot) in 10 replicates. 
The study was conducted using the four-year-old trees. The trees were 
planted at 4 × 2 m spacing; one hectare was planted with 1250 trees. Turf 
was maintained between the trees, while herbicide fallow was applied in 
rows. Plant material for laboratory tests was collected each year in three 
dates: fruit setting (date 1), harvest (date 2) and one month after the har-
vest (date 3). Studies have shown that leaves of the irrigated apple trees 
were lower content of assimilation pigments in leaves than non-irrigated 
ones. Leaves of late ‘Rubinola’ cv. showed higher photosynthetic activ-
ity and pigments content than early ‘Geneva Early’ cv. Pigment content 
was the highest at the second date of measurements. Better yielding late 
variety ‚Rubinola’ characterized by a greater intensity of transpiration, 
stomatal conductance and CO2 concentration leaves than the early va-
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riety ‚Geneva Early’. The applied irrigation significantly increased the 
fruit yield and also increased the fruits weight of both varieties. Among 
the varieties of apple trees higher yield and fruit mass was found in the 
late variety ‚Rubinola’. This treatment and the earliness of varieties had 
no significant effect on the content of other macro – and micronutrients. 
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INTRODUCTION

The apple is a typical temperate crop, grown in all parts of the world in 
the areas between 36° and 65° north latitude as well as in southern hemisphere 
areas with favorable climatic conditions. Cultivation of apple trees fails in hot 
climates, because it requires a cooling period for wintering.

According to the Central Statistical Office (GUS 2002 and 2010), a de-
crease in the area of apple growing, while increase in the production of cherries, 
sweet cherries and peaches has been observed in recent years. The most common 
cultivar grown in Poland is ‘Idared’ cv., that represents 21.1% of all cultivated 
apple trees, whereas the other is ‘Jonagold’ cv., which occupies 11.2% of the 
apple orchard area. ‘Cortland’ cv. and ‘Lobo’ cv. lose their importance, and they 
are replaced by newer varieties such as ‘Ligol’ cv. and ‘Gala’ cv. (Pacholak et al. 
2007, Treder 2004).

Contents of individual chemical components of apple fruit vary depending 
on the cultivar, ripeness and size of the apple fruit, age of the tree, as well as the 
pad, fertilization, cutting, and also the weather conditions during the vegetation 
period. The ash components amount of 0.22-0.66% of fresh apple fruit weight 
depending on the cultivar. The highest quantities characterize potassium, calci-
um, phosphorus, magnesium, sodium and iron, and they are mainly found in or-
ganic and mineral combinations, which facilitates their availability by an organ-
ism during digestion. In addition, fruits are a source of many vitamins, such as: 
A, B1, B2, B3, B4, B5, B6, C, E, H, as well as pectin that have medicinal features 
(Makosz 2014, Rzekanowski and Rolbiecki 1996). The development of apple 
fruit production in Poland was affected by significant technological and techni-
cal advances and the progress in plantation chemization. In order to improve the 
quality and size of crops in orchards, irrigation has begun to introduce, because 
deficient precipitation is detrimental to vegetative growth as well as to fruiting.

The aim of the present study was to determine the effect of irrigation on 
fruit yield and activity of some physiological processes occurring in the leaves 
of early ‘Geneva Early’ and late ‘Rubinola’.
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MATERIAL AND METHODS

The field experiment was carried out at the Experiment Station in Lipnik 
belonging to the West Pomeranian University of Technology in Szczecin. Lip-
nik is a village located in the West Pomeranian province, in Stargard County, 
about 2 km south-east of Lake Miedwie, on the border of two catchments: the 
Płonia River and the Ina River. The village is located in the area of the 7th Go-
leniów-Pyrzyce region, the mesoregion of Pyrzyce-Stargard plain, in the central 
part of the Szczecin lowland (Koźmiński and Michalska 2000). The field experi-
ment was conducted in 2007-2008 on the soil of good rye complex. The soil was 
developed from lightweight loamy sand clay, with lightly clay subsoil, strongly 
sanded and dusty. Geologically, these are the bottom moraines of the last Baltic 
glaciation, washed with glacial waters, which flowed from the northern tip of 
Lake Miedwie to the Ina river valley from the Pyrzyce Pleistocene marginal 
lake. Typologically, they are classified as brown acidic soils. It is characterized 
by low content of humus (1.3-1.5%), alluvial parts (11-13%), as well as low con-
tent of available forms of potassium (11-16.5 mg·100g-1) and phosphorus (12-16 
mg·100g-1) and slightly acidic reaction. In terms of cultivation, it is classified as 
low utility water retention soil. On the other hand, the groundwater level is be-
low 3 m, while the field water capacity for the soil layer to a depth of 100 cm is 
about 169 mm (Koźmiński and Michalska 2000, Podsiadło et al. 2006).

In the orchard, turf was maintained in spaces, while fallow under the trees. 
The grass was mown eight times during the growing season. The research was 
carried out in the sixth year after the apple trees planting (‘Rubinola’ cv. and 
‘Geneva Early’ cv.). Trees were planted in two rows with spacing of 4 × 2 m. The 
following fertilization was applied prior to the experiment: manure (60 t·ha-1), 
ammonium nitrate 36 % (60 kg N), triple superphosphate 46 % (30 kg P), and 
potassium salt 60 % (80 kg K). One row of trees was irrigated with a sub-crown 
system (mini-spraying) at water potential of soil 0.01 MPa measured using tensi-
ometer. Mini-sprayers of the Hadar type with a spray radius of 1 m were used for 
irrigation. The experiment was established by means of randomized sub-blocks 
in split-plot pattern. The first-order factor was sub-crown irrigation for the fol-
lowing objects: O – without irrigation (control), W – irrigation. The second-or-
der factor consisted of the apple tree cultivars: ‘Rubinola’ cv. and ‘Geneva Early’ 
cv. During the vegetation period, the photosynthetic activity of leaves was mea-
sured using a computerized LCA-4 analyser (ADC Bioscentific Ltd. Hoddesdon, 
UK) operating in an open system. Well developed leaves from the central part of 
the crown were selected to study, and measurements were made on three trees 
randomly selected from each combination. In addition, the leaf greenness index 
was measured using the electronic device Spad. The tree crown was divided into 
three floors: the lower floor, the middle floor, and the upper floor. In addition, 
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before fruit harvest, the contents of chlorophyll and carotenoids were determined 
in the fresh leaf matter applying the method by Arnon et al. (1956).

Statistical calculations were performed with the analysis of variance of 
a two-factor experiment in split-plot pattern, with the Tukey test, applying the 
ANALWAR – 5.1. FR software package.

RESULTS AND DISCUSSION

The demand for water in fruit growing is increasing year by year, which is 
associated mainly with the ever-increasing intensification of orchard production. 
The effectiveness of all elements of this production intensification, such as: in-
creased number of trees per hectare, proper care, proper cultivation, and fertiliza-
tion, are often limited by the amount of water available to the plants. Therefore, 
to supply extra water to fruit trees has a major impact on increasing the growth 
rate of shoots and stems, increasing the crop yields, improving the fruit quality, 
and facilitating the assimilation of mineral fertilizers. Under meteorological con-
ditions of Poland, the water lack is one of the most important factors limiting the 
crop yields. Its shortage is the cause of water deficit at in plants, resulting from 
the negative water balance, i.e. the advantage of transpiration over the water 
adsorption processes (Klamkowski and Treder 2000). 

Table 1. The impact of individual factors on selected indicators of the intensity of  
photosynthetic leaves

Objects E** A Gc Ci Tleaf

Irrigation
O 1.23 6.73 85.9 201 28.3
W 1.47 9.49 95.5 182 28.7

Variety
Rubinola 1.68 8.98 124 224 28.1

Geneva Early 1.02 7.24 56.8 158 28.9

LSD0.05for:

Irrigation n.s.* 2.51 n.s. n.s. n.s.
Variety 0.36 n.s. 20.1 27.1 n.s.

Interaction n.s. n.s. n.s. n.s. n.s.
*n.s. – not significant
**transpiration (E) [mmol H2O·m-2·s-1], assimilation (A) [µmol CO2·m

-2·s-1], stomatals conductance (Gc) 
[mmol H2O·m-2·s-1], CO2 concentration in substomatal cells (Ci) [µmol CO2·mol-1powietrza], leaf temperature 
(T) [oC]

Production of chemical energy accumulated in the form of organic com-
pounds is the result of the correct photosynthesis process, which is an indis-
pensable source of energy for all plants. The proper course of photosynthesis, 
in addition to solar radiation, temperature and CO2 availability, is influenced 
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by many factors, the most important of which are genetic properties, mineral 
availability, and water supply (Nalborczyk 1993, Wojcieska 1994). The activity 
of physiological processes, as well as the photosynthetic pigments content, affect 
the intensity of assimilation and transpiration, and thus the yield of cultivated 
plants. Our own research has shown that irrigation has only significantly in-
creased the intensity of assimilation. In addition, the leaves of late ‘Rubinola’ cv. 
were characterized by greater transpiration intensity, stomatal conductance, and 
CO2 concentration as compared to early ‘Geneva Early’ cv. (Table 1).

Table 2. The effect of irrigation and cultivar on the content of assimilation dyes in the 
leaves [ug • g-1 f. m.]

Objects Chlorophyll a Chlorophyll b Total chlorophyll Carotenoids

Irrigation
O 1604 697 2301 844
W 1821 834 2655 935

Variete
Rubinola 2367 977 3344 1183

Geneva Early 1058 554 1612 596

LSD0.05for:
irrigation 55.8 41.7 59.7 54.3
variety 101.2 89.7 112.4 49.0

interaction 145.0 99.6 151.1 77.8

Figure 1. The effect of irrigation and varieties of apple on the content of assimilation 
dyes in the leaves [g∙g-1 f. m.]

Moreover, ‘Rubinola’ cv. demonstrated higher contents of chlorophyll and 
carotenoid pigments (Table 2) and leaf greenness index at all floors of the tree 
crown. The effect of irrigation on this indicator was on average insignificant 
(Table 3).
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Table 3. The effect of irrigation and cultivar on leaf greenness index

Obiects
Floor crown

Mean
Lower middle top

Irrigation
O 42.3 45.3 42.8 43.5
W 42.8 44.3 41.3 42.8

Variete
Rubinola 45.3 47.9 45.1 46.1

Geneva Early 39.8 41.7 39.0 40.2

LSD0.05for:
irrigation  n.s.* 0.9 n.s. n.s.
variety 2.7 5.5 3.5 4.1

interaction 3.9 n.s. n.s. n.s.
*n.s. – not significant

Table 4. The effect of irrigation and cultivar on yield and fruit weight of 100 [kg ·tree-1]

Objects Yield Fruit weight of 100

Irrigation
O 9.86 13.9
W 16.3 14.2

Variety
Rubinola 19.6 16.,7

Geneva Early 6.59 11.4

LSD0.05 for:
irrigation 5.68 n.s.*
variety 3.45 1.48

interaction 4.88 n.s.
*n.s. – not significant

Statistic analysis based on our own research has shown that sub-crown irri-
gation has a significant impact on the yield size resulting in its increase by 65.3% 
as compared to non-irrigated object (Table 4).

A similar effect was obtained by Podsiadło et al. (2005), who achieved 
peach fruit yields higher by 16.8% as compared to the control after irrigation 
application. Pacholak (1985) reported that irrigation, independently of the plant-
ing system, pads, number of trees per hectare, cultivar, and the crown type, had 
a positive effect on yield growth (on average from 4.4 to 9.5 t/ha), although the 
yields strongly correlated with atmospheric conditions. This was also confirmed 
by he pluvio-thermal conditions during growing seasons in the experiments. In 
studies carried out in Lipnik, later cultivar (‘Rubinola’ cv.) fruited better than the 
earlier one (‘Geneva Early’ cv.). The difference in yield was about 13 kg·tree-1. 
A similar relationship was related to the weight of 100 fruits. ‘Rubinola’ cv. was 
characterized by a greater fruit weight (by 5.3 kg) as compared to ‘Geneva Early’ 
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cv. (Table 4). Similar dependencies have been demonstrated by other authors in 
earlier experiments (Pacholak et al. 2007, Szewczuk 2002, Treder et al. 1992, 
Treder 2004). In addition to the significant impact of habitat conditions and gen-
otype on the size and appearance of the fruit yield, its chemical composition is 
also very important. In the experiment, the irrigation decreased the contents of 
P, K in fruits of ‘Geneva Early’ cv., and Ca, Mg, Fe, Zn in ‘Rubinola’ cv., while 
increased the contents of N, Zn in ‘Geneva Early’ cv. and N, P in ‘Rubinola’ cv. 
(Table 5). Nevertheless, that was not confirmed in previous studies (Podsiadło 
et al. 2005), in which irrigation resulted in the increase in P, K, Fe, Zn concen-
trations and decrease in N total level in peach fruits. The beneficial effect of 
irrigation is the reduction in nitrate content, which is of particular importance for 
yield quality. The own study revealed that this factor contributed to the reduced 
concentration of nitrates in fruits by 23.3 % (‘Geneva Early’ cv.) and by 20.9 % 
(‘Rubinola’ cv.). 

Table 5. The effect of irrigation on the content of macro – and microelements in fruits

Obiekty
N P K Ca Mg Fe Zn N-NO3

[g · kg-1] [mg · kg-1]

Geneva Early
O

7.49 1.47 10.6 0.96 0.12 80.0 10.0 150.0

Rubinola 9.17 1.12 7.88 0.96 0.22 90.0 11.0 215.0

Geneva Early
W

8.54 1.23 9.3 0.96 0.12 80.0 11.0 115.0

Rubinola 9.24 2.33 7.88 0.72 0.15 80.0 10.0 170.0

CONCLUSIONS

1. Irrigation has increased the intensity of assimilation as compared to the 
trees in the non-irrigated object. The better yielding late ‘Rubinola’ cv. 
was characterized by greater transpiration intensity, stomatal conduc-
tivity, and CO2 concentration in leaves than early ‘Geneva Early’ cv. 

2. Irrigation increased the content of chlorophyll and carotenoids in 
leaves of tested apple tree cultivars. Their greater concentration was 
found in ‘Rubinola’ cv., in which higher values of the greenness index 
were also observed. 

3. Applied irrigation significantly increased the fruit yield and also af-
fected the fruit weight gain at both cultivars. Among apple tree culti-
vars, greater yield and fruit weight were found in late ‘Rubinola’ cv. 
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4. The improvement in the yield quality is the beneficial effect of irriga-
tion as evidenced by the reduced nitrate content in the fruits of both va-
rieties. This treatment and earliness of the cultivar did not significantly 
affect the content of other macro and micronutrients. 
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