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Abstract

Understanding the attributes of spur leaves in apple trees is essential to gain
more insight into the complex process of fruit development and quality.
However, limited literature is available about the spur leaf characteristics of
the 'Amasya’ apple cultivar. In this work, the Soil Plant Analysis Development
(SPAD) and leaf area were investigated in flowering and non-flowering spur
leaves of 'Amasya’ and six common apple cultivars. Significant differences
among cultivars were observed for the SPAD and spur leaf area. The median
SPAD readings in 'Amasya’ were 32.63 and 26.23 for the flowering and non-
flowering spurs, respectively, which were the relatively low values among
studied cultivars. The maximum SPAD value was measured in flowering spurs
of 'Cripps Pink' (45.03). SPAD values were found to be lower in non-flowering
spurs compared with flowering ones for all the studied cultivars, which
confirms that decline in chlorophyll content coincided with a gradual decline in
productivity. A notably significantly lower spur leaf area was found in 'Amasya’,
whereas the highest spur leaf area was in 'Cripps Pink'. However, no statistical
difference was observed between flowering and non-flowering spur leaf areas
within the same cultivars. The present results provided a general framework
of SPAD and spur leaf areas in 'Amasya' and other apple cultivars when spurs
had flowers or not. Knowledge of these characteristics provides a basis for
building a model related to yield elaboration of apple trees.

1. Introduction

Unlike shoot leaves, spur leaves are produced
firstly on an apple tree in spring and enlarged from
the spurs, non-extension and shorter shoots
(Proctor and Palmer, 1991; Elsysy and Hirst, 2017).
These primary spur leaves can usually make up 30
to 60 percent of the total leaf area on an apple tree,
depending on the cultivar, whereas they are the
main part of the tree canopy until fruit set (Van den
Ende, 2018). Therefore, they are strongly
associated with the fruit set, fruit growth, quality,
and long-term productivity (Ferree and Palmer,
1982; Proctor and Palmer, 1991; Ferree et al.,
2001). In addition, studying spur leaf attributes of

the cultivars is needed to understand these complex
processes of agronomic importance.

'Amasya’ apple is characterized by its unique
eating quality and aroma (Atay et al., 2016). It also
faces several production constraints such as
nonfunctional tree architecture, low production,
alternate bearing, earlier bloom, and poor coloration
(Atay et al., 2018). For this reason, a better
definition of its spur leaf habits would be of great
relevance for overcoming these constraints, which
complicate the management of the cultivar.

SPAD, also called chlorophyll meter or leaf
greenness index, has been proposed to analyze
leaf chlorophyll content or leaf nitrogen
concentration through a non-destructive spectral

Published by Bati Akdeniz Agricultural Research Institute (BATEM) Antalya / Turkey



Atay and Atay / HortiS (2022) 39(1):8-14

practice (Uddling et al., 2007; Munoz-Huerta et al.,
2013). It is widely accepted that tight coordination
between the SPAD readings and plant nitrogen
status in apple trees as well as citrus, grapevine,
wheat, rice, maize, oak, sycamore and maple
(Castelli et al., 1996; Argenta et al., 2004; Jifon et
al., 2005; Percival et al., 2008; Cerovic et al., 2015;
Treder et al., 2016). The SPAD value assigned on
the principles of leaf transmittance or reflectance of
a red and an infrared light provides immediate and
valuable approaches to assess the relative amount
of leaf nitrogen (Markwell et al., 1995). While
differences in the leaf color in early spring may have
been observed among cultivars and flowering and
non-flowering spurs of the same cultivar, previous
research on 'Amasya'’ is limited.

Within the tree canopy, the leaf area of fruit trees
is a vital component favoring orchard productivity.
Various methods have been used to assess the leaf
area in the orchard (Breda, 2003; Demirsoy, 2009;
Mora et al., 2016; Bairam et al., 2017; Atay et al.,
2019). Generally, these methods take into account
shoot leaves, or total leaf area represented the ratio
of leaf to a specific area of soil. Indeed, spur leaves
and shoot leaves growth vary spatially in an apple
tree (Van den Ende, 2018). However, for reflecting
the potential of the spurs, the information on the
spur leaf area is crucial.

In the present study, the SPAD and spur leaf
area were investigated in flowering and non-
flowering spur leaves of 'Amasya’ and six common
apple cultivars 'Granny Smith', 'Braeburn’,
'‘Jerseymac', 'Cripps Pink', 'Mondial Gala', and
'Golden Reinders'. The objectives were to (i) reveal
a detailed description of spur leaf characteristics in
'Amasya’ cultivar, (ii)) compare commercially
important apple cultivars which exhibit varied
branching and bearing behaviors by evaluating the
SPAD and leaf area of spur leaves, (iii) to disclose
and quantify the SPAD of flowering and non-
flowering spur leaves in apple trees.

2. Materials and Methods

The study was carried out at Fruit Research
Institute, Egirdir-Isparta in Turkey, in 2018 on a five-
year-old apple trees cv. 'Amasya’, 'Braeburn',
'‘Granny Smith', 'Cripps Pink', 'Jerseymac’, 'Golden
Reinders', and 'Mondial Gala', grafted onto M.9
rootstock. Trees were planted at 4.0 m row spacing
and 1.0 m tree spacing and trained as a trellis
spindle system with minimal pruning. Orchard
management practices, including irrigation,
nutrition, pest, disease, and weed control, were
performed according to local commercial orchards.

The experimental design was randomized
blocks with three replications (two trees each). The
SPAD and spur leaf area values were obtained in
flowering (Figure 1a) and non-flowering spurs
(Figure 1b), sampled randomly, in the last week of
April, nearly 5-7 days after full blooming, when the
spur leaves were steady. The data were collected
from sixty tagged spurs (30 for flowering and 30 for
non-flowering) for each cultivar. The SPAD values
were obtained using a portable chlorophyll meter
(SPAD-502PIus, Konica Minolta, Japan) between
12:00 and 14:30 each measurement day. Three
successive readings were taken from the three
uppermost fully expanded leaves of spurs tagged.
The mean of the three measurements was taken as
the mean SPAD value of a spur.

Spur leaf area of the same tagged spurs for each
cultivar was visually ranked on a scale of 1 to 5
(1=0-10 cm?, progressively to 5=>41 cm? spur leaf
area (Figure 2). Using this scale, established in
previous experiments, is time-saving for predicting
the vigorous and weak spurs in mature apple trees.

All statistical analyses and graphs were
performed using R statistical software version 4.1.2
(R Core Team, 2021). When the F-test was
significant in the one-way analysis of variance
(ANOVA), means were separated using the Least
Significant Difference (LSD) test (‘agricolae’

Figure 1. (a) Non-flowering and (b) flowering spurs with spur leaves in apple.
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Figure 2. Changes in spur leaf areas in apples and the scale values of total spur leaf area according to a 5—point scale
(1:0-10 cm?, 2:11-20 cm?, 3:21-30 cm?, 4:31-40 cm? and 5:more than 41 cm?).

package). A correlation analysis was performed
with the 'PerformanceAnalytics' package to
investigate the relationship level between SPAD
and spur leaf area values. Box plot and violin graphs
were created with the 'ggplot2' package.

3. Results and Discussion

When apple trees were at full bloom individual
flowering and non-flowering spurs of each cultivar
were tagged and separated to examine spur leaf
attributes. SPAD values were varied from 45.73 to
25.91 and differed among the cultivars and spur
type (P=0.001). The median SPAD values were
higher in all cultivars' flowering spurs than non-
flowering spurs. The median SPAD values in
‘Amasya’ were 31.55 and 26.05 for the flowering
and non-flowering spurs, respectively, which were
relatively low when considering the cultivars
studied. 'Golden Reinders' showed pretty similar
SPAD values to 'Amasya' (median values 32.00 and
27.20 for flowering and non-flowering spurs,
respectively). The flowering spurs of 'Cripps Pink’
displayed the highest SPAD value (median=44.85),
followed by the flowering spurs of 'Braeburn'
(median=41.80). In non-flowering spurs, the lowest
mean for SPAD values were observed in 'Amasya’
(median=26.05) and 'Golden Reinders' cultivars
(median=27.20), while the highest values were
recorded from 'Granny Smith' (34.65) and
'Jerseymac' (35.55). SPAD values of 'Mondial Gala'
did not differ significantly by spur type (Figure 3).

The greenness index determined by SPAD is an
indirect measurement of the chlorophyll content of
leaves (Markwell et al., 1995; Uddling et al., 2007).
SPAD differences between cultivars in our study
indicated the changes in their chlorophyll content.

As reported in previous studies, the SPAD readings
is a robust and satisfactory method to estimate the
leaf chlorophyll concentrations or leaf nitrogen
content, which is a significant component of
chlorophyll molecule structure (Rostami et al., 2008;
Brunetto et al., 2012; Romero et al., 2013; Benati et
al., 2021). Moreover, the relationship between leaf
chlorophyll content and SPAD values may be
affected by the changes in cultivars, environmental
factors, and management strategies (Argenta et al.,
2004; Munoz-Huerta et al., 2013; Xiong et al.,
2015). The high variability of the SPAD among the
cultivars observed in this study can be attributed to
their wide range of flowering and fruiting patterns
and growth habits. Biennial cultivars such as
'Amasya’ and 'Golden Reinders' displayed relatively
low mean SPAD values. However, SPAD reached
relatively high values for the cultivars with annual
bearing capacity such as 'Cripps Pink' and
'‘Braeburn'.

Moreover, most previous studies using SPAD
indicators focused on the nitrogen nutritional status
to adjust fertilizer management practices during
critical plant growth periods (Wang et al., 2006;
Xiong et al., 2015; Cerovic et al., 2015; Benati et al.,
2021). Our results found a better relationship
between the SPAD and spur type (flowering vs non-
flowering) for each cultivar. The potential of using
the SPAD for yield indicator purposes has been
evaluated for grain cereals, such as maize (Bishnu,
2020; Szulc et al., 2021), rice (Zhang et al., 2019;
Hou et al., 2021), but it is underutilized in fruit trees.
The current study is the first to disclose and quantify
the relationship between flowering, and non-
flowering spur leaves for SPAD measurements in
apples and particularly in the Turkish cultivar
'Amasya’. For all cultivar when spurs had flowers,
the SPAD values were much higher in the current
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Figure 3. Box plot representation of leaf Soil Plant Analysis Development (SPAD) readings in apple cultivars for each spur
leaf category (flowering and non-flowering). The bold horizontal line indicates the median value of SPAD values. The
whiskers below and above the boxes denote the minimum and maximum SPAD values, respectively. Different letters
indicate statistically different values at P < 0.0001 considering both flowering and non-flowering spurs of all the cultivars
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Figure 4. Distribution of spur leaf area in apple cultivars for the two bearing statuses (flowering and non-flowering)
considering together the seven cultivars. The expansion and shrinkage of the letter-value plots denote their corresponding
quantiles. Different letters indicate statistically different values at P < 0.0001, considering all the cultivars' flowering and

non-flowering spurs.

study, which confirms that decline in chlorophyll
content or SPAD values coincided with a gradual
decline in productivity. There were significant
differences in spur leaf area between cultivars
(P<0.001). The spur bearing behavior had no direct
effect on the leaf area of the cultivar. A slight
difference was observed among flowering and non-
flowering spur leaf areas in the cultivars 'Cripps
Pink' and 'Granny Smith'. Spur leaf area was
relatively high in 'Cripps Pink' with the mean values
4.93 and 4.70 for flowering and non-flowering spur,
respectively. 'Granny Smith' also showed relatively
high spur leaf area values (mean values 4.63 and
447 for flowering and non-flowering spur,
respectively). The flowering and non-flowering
spurs of other cultivars showed similar distributions

with no differences statistically for spur leaf area.
'Golden Reinders' (mean values 4.57 and 4.43 for
flowering and non-flowering spur, respectively)
showed a similar spur leaf area pattern to 'Mondial
Gala' (mean values 4.60 and 4.53 for flowering and
non-flowering spur, respectively) for flowering and
non-flowering spur. However, there was a greater
distribution in 'Mondial Gala' for flowering and non-
flowering spur. The latter the main spur leaf area
were determined at 3.73, 3.43, 3.07 and 2.83 for
flowering and non-flowering spurs of the cultivars
‘Jerseymac’ and ‘Braeburn’, respectively. A
significantly lower spur leaf area was found in
'Amasya’ with mean values 2.40 and 2.20 for
flowering and non-flowering spur, respectively
(Figure 4).
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In previous studies, shoot leaves or total leaf
areas of different apple cultivars have been
described (Winsche and Palmer, 1997; Lauri and
Kelner, 2001; Knerl et al., 2018). However, to our
knowledge, there are limited reports on the spur leaf
area of the cultivars we studied in the current study.
Indeed, the spur leaf area is one of the critical
factors for improved productivity of apple cultivars
(Ferree and Schmid, 2004). The presence of a
sufficiently large leaf area per spur in apple is a
significant factor favoring fruit set and quality
(Ferree et al., 2001). Different spur leaf areas were
observed in our study depending on the cultivar.
The lowest spur leaf area was determined in
'Amasya’, whereas the highest spur leaf area was in
'Cripps Pink'. Like all yield components, spur leaf
area can typically vary depending on the genotype
(Ferree and Palmer, 1982; Elsysy and Hirst, 2017),
probably due to differences in their photosynthetic
performances (Proctor and Palmer, 1991).
Generally, it was determined that the spur leaf area
was more prominent in the cultivars with superior
yield and fruit quality, except for 'Braeburn'.

Interestingly, no statistical difference was
observed between flowering and non-flowering spur
leaf areas within the same cultivars, unlike the
SPAD value. A relatively weak growth for flowering
buds than for vegetative buds is expected chiefly in
apple trees since the presence of the flowers/fruits
can reduce the amount of carbon required for
growth, as previously shown in other studies
(Costes, 2003; Willaume et al., 2004; Lauri et al.,
2008). However, these studies generally
considered shoot leaves, and this prediction is not
entirely relevant for spur leaves. The current study
examined the spur leaves, which are often more
vigorous to initiate flowers. Indeed, weak spurs are
not expected to be florally induced, which could

explain the similarity in spur leaf area between
flowering and non-flowering spur.

The role of SPAD in the spur leaf area was
highlighted in the correlation plot illustrated in Figure
5, which clearly showed that the SPAD value was
positively correlated with spur leaf areas. This
positive impact can be attributed to the relationship
between photosynthesis and SPAD values, as
previously observed in other studies (Thompson et
al.,, 1996; Miah et al., 1997; Pallas et al., 2018).
Increased photosynthetic activity may likely develop
nutrient status and leaf growth of the spurs. These
results appear to confirm the observations of
Vrignon-Brenas et al. (2019). They suggested that
decreasing SPAD value accompanies the lower leaf
area.

4. Conclusion

To conclude, this research shows the
corresponding changes in spur leaf characteristics
of '"Amasya' and six common apple cultivars. We
determined a significant variability in the SPAD and
spur leaf area amongst cultivars/ flowering and non-
flowering spurs. '"Amasya’ had a relatively low SPAD
value and spur leaf area compared to other
cultivars. It is vital to have good growth of spur
leaves to maximize the productivity of apple trees.
Therefore, the knowledge of spur leaf properties of
the cultivars studied here could be helpful to
organize the management practices or breeding
programs. Furthermore, SPAD readings were
higher for flowering spurs than non-flowering spurs
for all cultivars. The SPAD may play an essential
role in estimating apple yielding potential. This study
would be the basis for future research over many
environmental conditions and long years.
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Figure 5. Correlation analysis between Soil Plant Analysis Development (SPAD) value and spur leaf area in flowering

and non-flowering spurs of studied apple cultivars.
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