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Abstract. This study aims to identify changes photosynthetic rate and dry matter accumulation
in apple leaves with decreasing plant to plant distance of the trees.
on dwarfing P60 rootstock and planted at different in distances: 0.5 m, 0.75 m, 1 m and 1.25 m
between plant to plant distance in rows. Photosynthetic indices were measured at 1.00 1.20 m
above ground inside the canopy. 20 randomly selected leaves from the whole apple tree canopy
were used to determine leaf area, fresh and dry weight. Measurements were made in three
different stages in May, June and September. By decreasing the distance between apple trees from
1.5 m to 0.5 m, photosynthetic rate decreases correspondingly, decreasing by 23% in spring, and
decreasing by 31% in autumn. Distance between trees has no significant impact on leave
mass per area (LMA), however in spring is higher by 33 51% compared to summer and 42 78%
compared to autumn. Dry and fresh weight ratio (DW/FW) significantly increased in summer -
by 27% and in autumn - by 37% compared to spring, also DW/FW significantly decreased by the
decreasing distance from 1.5 m to 0.5 m by 4 6%. In summary, the decreasing distance reduces
the photosynthetic rate, the accumulation of dry matter. Also, photosynthetic rate decreases from
spring to harvest time, and on the contrary, the accumulation of dry matter increases as autumn
approaches. After evaluating the obtained results, the aim is to further delve into the use and
transpiration of water and the impact of the planting scheme on fruit quality.
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INTRODUCTION

The efficiency of photosynthesis depends on a complex of environmental factors:
temperature, water content, CO2 concentration, light intensity, nutrient content, etc.
(Long, 2006; Yamori, 2016; Suvorova et al., 2017). In order to increase the productivity
yield per unit area, the distance between seedlings per unit area is reduced, which causes

2016; Al-Namazi, 2017). Increasing density of trees reduces leaf
illumination, increases shading, and reduces photosynthetic processes (Ishii, 2012;
Manoli, 2017). Light becomes one of the most limiting factors and a key tool for
regulating photosynthesis productivity in garden plants (Posada, 2009; Pengelly, 2010).
The densely planted, tall, and vigorous trees have reduced light penetration in the lower
and interior parts of the canopy, thereby reducing fruit yield, quality, photosynthetic rate
(Kami, 2010; Bhusal et al., 2017).
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Photosynthetic rate decreases with the penetration of light to the canopy and the
illumination of the leaves (Cai, 2011; Dong et al., 2012). The efficiency of photosynthesis
is strongly correlated with biomass content, decreasing photosynthesis also inhibits the
formation of biomass of the most of plants (Boussadiaa, 2009; Hassiotou, 2009;
Ghasemzadeh, 2010; Hassiotou, 2010; Gibsona, 2011; Gaju
2016). Also, there is correlation between seasonality and photosynthetic rate, studies
show that photosynthetic activity of plants with higher photosynthetic intensity changes
more seasonally (Zhang et al., 2017). The illumination intensity of the leaves strongly
influences not only mass of biomass but also the size and structure of the leaves as
reflected by leaf mass per area (LMA) (Riva, 2016). According to recent studies, leaves
with higher LMA in the warm season showed lower photosynthetic rate for woody
species and herbaceous plants (He et al., 2019). Although photosynthesis, dry matter
accumulation in light deficiency studies have been conducted worldwide, major studies
have been performed on tropical and subtropical plants (Posada, 2009; He, 2012), spruce
(Ishii, 2012) and others.

Data on changes in medium-broadleaved deciduous trees, garden plants, apple
trees, their photosynthesis and dry matter accumulation through tree density changes are
lacking. According to global studies, as the distance between trees decreases, it is likely
that the rate of photosynthesis and dry matter accumulation will decrease significantly
from a certain distance. Therefore, this study aims to identify changes photosynthetic rate
and dry matter accumulation in apple leaves with decreasing distance between fruit trees.

MATERIALS AND METHODS

Plant material and growing conditions
A field experiment was carried out in an intensive orchard at the Institute of

Horticulture, Lithuanian Research Centre for Agriculture and Forestry, Lithuania. The
apple tree (Malus domestica Borkh.) cv. Auksis was grafted on super-dwarfing
rootstocks P60. All trees were planted in 2001. Trees were planted in distances: 0.5 m,
0.75 m, 1 m and 1.25 m between trees in rows, while space between rows was 3 m. Pest
and disease management was carried out according to the integrated plant protection
practices, the orchard was not irrigated. Soil conditions of the experimental orchard were
as follows: clay loam, pH 7.3, humus 2.8%, P2O5 255 mg kg-1, K2O 230 mg kg-1.
Measurements were performed in 3 replicates, 3 trees in each replicate, 3 times
per season: in the end of May (leaves fully expanded BBCH 20-25), in the middle of
July (beginning of apple maturity BBCH 73-75) and at the end of August (harvest time
BBCH 87-88). A completely sunny day is chosen for the measurements.

Measurements
Photosynthetic rate was determined at 9:00 12:00 am by using a LI-6400XT

portable open flow gas exchange system (Li-COR Biosciences, Lincoln, USA).
Reference air [CO2] (400 mol-1), light intensity (1,000 m-2 s-1) and the flow
rate of gas pump (500 mmol s-1) were set. Twenty measurements were made from three
leaves (Fully mature leaves are selected) on 1.00 1.20 m above ground.
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To determine the leaf area (cm2), twenty leaves were randomly sampled from all
tree canopy and measured with a leaf area meter (AT Delta - T Device, UK). The dry
mass of twenty leaves was determined by drying apple tree leaves in 70 h.

Leaf dry mass per area (LMA) was calculated from twenty leaves dry mass divided
from twenty leaves area.

Meteorological conditions

Institute of Horticulture, LAMMC. Both years temperature was close or higher then
multiannual (Fig. 1). 2018 was dry, natural drought was announced in Lithuania in 2018
(Lit
had 14% more rainfall than perennial, with particularly heavy rainfall on harvest time
in August.

Figure 1. Meteorological conditions in two years and the total precipitation in 2018 and 2019
compared to multiannual (average of 100 years) conditions.

Statistical analysis
The data was processed using XLStat software (Addinsoft, 2019), and analyzed

using Tukey (HSD) test at the confidence level p = 0.05. Data was processed using
MS Excel software (version 7.0), standard deviation represents the mean of three
replications.

RESULTS

The distance between trees had a significant effect on the photosynthetic rate.
Although the season has influenced Photosynthetic rate (Pn) in individual years, no
general trend has been observed, nevertheless, in spring the fall in photosynthetic rate
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with distance reduction is significantly less than in autumn. By decreasing the distance
between apple trees from 1.5 m to 0.5 m, the rate of photosynthesis decreases
correspondingly, decreasing by 23% in spring, and decreasing by 31% in autumn
(Fig. 2).

Figure 2.
leaves. Means followed by the same letter do not differ significantly at P = 0.05 according to
Tukey multiple range; lower-case letters indicate significant differences in 2018 and 2019 and
capital letters the significant differences in mean of years. Error bars shows standard deviation.

The increasing distance between apple trees had no significant effect on leaf
mass per area (LMA), while the effect of seasonality was significant. The lowest
LMA was found during the spring (BBCH 20-25), significantly higher in summer
(BBCH 73-75) and autumn (BBCH 87-88), respectively 33 51% and 42 78% compared
to spring (Fig. 3).

Dry and fresh weight ratio significantly different not only seasonally, but also by
the increasing density of apple trees. DW / FW ratio increased by 27% (BBCH 73-75)
and 37% (BBCH 87-88) compared to BBCH 20-25. As the distance between apple trees
decreased, the DW / FW ratio decreased, with a significant decrease in the distance from
1.5 m to 0.5 m, which decreased by 4 6% in different seasons.
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Figure 3. Leaf dry mass per
average of two years) in three seasons of vegetation. Means followed by the same letter do not
differ significantly at P = 0.05 according to Tukey multiple range; lower-case letters indicate
significant differences in 2018 and 2019 and capital letters the significant differences in mean of
years. Error bars shows standard deviation.

Figure 4.
two years) in three seasons of vegetation. Means followed by the same letter do not differ
significantly at P = 0.05 according to Tukey multiple range; lower-case letters indicate significant
differences in 2018 and 2019 and capital letters the significant differences in mean of years. Error
bars shows standard deviation.
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Positive strong and moderate correlations were found between the studied
indicators (Fig. 5)

Figure 5. Correlation maps (by Pearson correlation matrix) between photosynthetic rate (Pn),
leave mass per area (LMA) and Dry and fresh weight ratio (DW/FW).

DISCUSSION

The efficiency of photosynthesis is strongly correlated with biomass content,
decreasing photosynthesis also inhibits the formation of biomass of the plant
(Boussadiaa, 2009; Hassiotou, 2009; Ghasemzadeh, 2010; Hassiotou, 2010; Gibsona,

dy show that
dry matter accumulation per unit area varied slightly between apple trees planted at
different distances (Fig. 2). High LMA (thick) leaves show low water loss due to thick
cuticle layers and leaf thickness to be an important feature determinin
resource acquisition, water retention, and CO2 assimilation and leaves with higher LMA
in the warm season (Riva, 2016; Zhang et al., 2017; He et al., 2019) as well as when
plant exposed to the scarcity of water (Bhusal et al., 2020). Although the leaf
mass per area did not show a clear trend, the dry to green mass ratio was strongly
correlated with the rate of photosynthesis (Fig. 4). Increasing tree density resulted in
lower photosynthesis rate, more water retention and less dry matter accumulation in
leaves (Fig. 2 and Fig. 4).

Decreasing light: under 30% sunlight, midday leaf net photosynthesis was reduced
by 32% 44%, (Guenni et al., 2018). Excessive light can inhibit photosynthesis and
biomass growth, shading could improve plant growth in Torreya grandis seedling, the
optimum shade for these seedlings is 75% (Tang et al., 2015). Recent studies have shown
that 20% shading increases the efficiency of apple photosynthesis, research also showed
that shading substantially increased the size and weight of apples (Aoun & Manja, 2020).
Our studies showed that at 3 1.5 m, apple trees, although shaded by one another, were
active in photosynthesis, and with increasing competition and shading, the rate of
photosynthesis tended to decrease (Fig. 2).

World-wide studies have found different photosynthetic responses to temperature.
Some scientists have reported results that warmed plants have higher photosynthesis
rates and higher optimum temperatures that maximize photosynthesis rates (Zhou et al.,
2007; Niu et al., 2008; Gunderson et al., 2010; Crous, 2013). Others, meanwhile, say
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that warming of the temperature does not significantly affect the rate of photosynthesis
(Bronson & Gower, 2010; Chi et al., 2013). However, changes in the length of the day
go hand in hand with changes in temperature. Way & Montgomery (2015) in their
research showed the importance of day length on tree growth. Some studies showed that
photosynthetic capacity decreases with shortening day length. In addition, day length
plays an important role in controlling the seasonal variation in gross ecosystem
productivity (Busch et al., 2007; Bauerle et al., 2012; Stoy et al., 2014). Still, in
Lithuanian conditions, when the day begins to shorten before the harvest, the
photosynthesis rates increased, so the length of the day for apple trees of this variety had
no negative effect on the intensity of photosynthesis (Fig. 2). Mean temperatures,
however, remained similar, although the length of the day fell. From the obtained data
we can state that photosynthesis rate of 'Auksis' apple trees was seasonally more
influenced by temperature than day length (Fig. 1).

CONCLUSION

By decreasing the distance between apple trees from 1.5 m to 0.5 m,
photosynthetic rate decreases correspondingly.

Distance between trees has no significant impact on LMA, however in spring is
higher up to 50% compared to summer and up to 78% compared to autumn.

DW/FW significantly increased in summer and autumn compared to spring, also
DW/FW significantly decreased by the decreasing distance from 1.5 m to 0.5 m by 4 6%.

In summary, the decreasing distance reduces the photosynthetic rate, and the
accumulation of dry matter. Also, photosynthetic rate decreases from spring to harvest
time, and the accumulation of dry matter inversely increases as autumn approaches.
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