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Abstract
Aim of study: To investigate the effect of different combinations of pear rootstocks and cultivars on the contents of leaf 

photosynthetic pigments and their relation with some growth and yield characteristics.
Area of study: Ondokuz Mayis University, Samsun, Türkiye, in two years, 2021 and 2022.
Material and methods: The pear cultivars ‘Santa Maria’, ‘Williams’, and ‘Deveci’ were grafted on eight rootstocks: two 

quince clonal rootstocks (BA29 and QA), five pear clonal rootstocks (FOX9, FOX11, OH×F333, OH×F87, FAROLD40) 
and Pyrus communis L. seedlings. Growth and yield attributes were calculated and chlorophyll and carotenoid contents 
were determined by the spectrophotometric method, using 99.8% methanol solvent for chlorophyll (chl) extraction.

Main results: Chl a/b in the case of rootstocks, chl a and total carotenoids in the cultivars were found statistically 
significant; the ratio chl a/b ranged 1.71-2.30 in the case of rootstocks; in the case of cultivars chl a ranged from 17.77 
(cv. ‘Santa Maria’) to 19.88 (cv. ‘Deveci’) μg mL-1, and carotenoids ranged 0.21-0.95 μg mL-1. Under the main impact of 
cultivars, rootstocks and their combinations, a significant difference was seen in the growth and yield attributes.

Research highlights: A negative correlation coefficient was observed between photosynthetic pigments and 
morphological characteristics; however, the correlation coefficient was positive for canopy volume and annual shoot 
growth. Canopy management, especially with the use of rootstocks and cultivars that result in weaker growth, is helpful 
for improving chlorophyll content and yield performances.

Additional key words: Cydonia oblonga; Pyrus communis; clonal rootstocks; carotenoids; plant physiology; photo-
synthetic pigments.
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Introduction

Pear (Pyrus communis L.) is the second most prominent 
temperate fruit in many countries worldwide, and it has a 
great degree of adaptation to a wide range of climatic situa-
tions (Kurt et al., 2022). In 2020, 23.1 million tons of pears 
were produced globally. Sixteen million tons (69.2%) were 
produced in China, followed by Italy, America, Argentina, 

and Türkiye in the fifth position producing 545.569 tons 
of pears (FAOSTAT, 2022). Rootstocks are important in 
the fruit production sector since they help producers reach 
remarkable yield and resistant against biotic and abiotic 
factors. Many experts now recognize that rootstocks are 
just as valuable as cultivars. Rootstocks can affect growth, 
fruiting initiation, yield productivity, fruit quality, biologi-
cal, physiological and economical qualities as inducers or 
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inhibitors (Sabajeviene et al., 2006). Currently, pear cul-
tivars are grafted on quince (Cydonia oblonga) and pear 
clone rootstocks (Hancock & Lobos, 2008), which are 
recommended because they provide precocity, increase 
fruit quality, facilitation of cultural processes, and reduc-
tion of the tree size (Francescatto et al., 2014). Pear clones 
and seedling rootstocks show stronger growth than quince 
clone rootstocks (Hancock & Lobos, 2008). 

It is well known that plant productivity is influenced by 
the relationship between leaf area light absorption, light use 
efficiency, and light dispersion within the canopy for CO2 as-
similation, which ultimately determines the amount of fruit 
yield (Aikman, 1989; Bosa et al., 2016; Proietti et al., 2023). 
The major leaf pigments, chlorophyll and carotenoids, offer 
essential insights into the physiological state of plants. Chlo-
rophylls are essentially necessary pigments for converting 
light energy into chemical energy which can be stored. The 
amount of photosynthetic pigments in a leaf determines how 
much solar radiation it can absorb; as a result, chlorophyll 
concentration can directly affect photosynthetic potential 
and primary production. For assessing the physiological 
state of plants during development, senescence, acclimati-
zation and adaptation to various environments and stresses, 
variations in leaf carotenoids content and their proportion 
to chlorophyll are frequently used (Sabajeviene et al., 2006; 
Simkin et al., 2022). Changes in chlorophyll content occur 
due to nutrient deficiency, especially nitrogen (N) as it is 
leached from soil quickly. Low concentrations of chloro-
phyll contents in the leaves, directly curtail photosynthetic 
potential of the trees (Ghasemi et al., 2011). The leaf chloro-
phyll content is a good indicator of mutations, photosynthe-
sis activity, biotic and abiotic stress conditions (Naumann 
et al., 2008), and nutritional composition of plants (Wu et 
al., 2008). To assess the nutritional status of pear trees, par-
ticularly N content in the leaves, the measurement of total 
chlorophyll is very helpful because there is a strong positive 
correlation between total chlorophyll and N content of pear 
leaves. Pear trees require precise nutrient schedules during 
vegetative growth as well as fruiting periods (Ghasemi et 
al., 2011). 

The aim of this work was to study the effect of rootstocks 
on the contents of leaf photosynthetic pigments and its rela-
tion with some growth and yield characteristics of different 
pear cultivars. To our knowledge, this is the first work present-
ing various rootstock effects in combination with some culti-
vars on the chlorophyll and carotenoid content of pear leaves.

Material and methods
The research was performed in the Bafra Agriculture 

Research Station of Ondokuz Mayis University (41° 33’ 
50’’ N; 35° 52’ 21’’ E; altitude 20 m) along two years, 2021 
and 2022. A hot and humid climate in summer and a cool 
climate in winter is prominent in the research area, and 
precipitation mainly occurs in late autumn and early win-

ter. Generally, the annual max, min, and mean temperature 
are 26.2 °C, 3.3 °C and 14.1 °C respectively (TSMS, 2022). 
Soil properties of the study area were: 2.73-10% clay, 
13.21-20% silt, 6.5-20% sand, pH 7.5, 0.2-0.3 dS m-1 salt, 
0.3-0.5% organic matter, 3-6% lime (CaCO3), 0.03-0.06% 
N, 5-10 ppm P level, and soil depth > 1 m. 

Plant material

In this study, ‘Santa Maria’ ‘Williams’, and ‘Deveci’ 
pear cultivars were grafted on eight different rootstocks in 
2018: two semi-dwarf quince clonal rootstocks (BA29, QA) 
and six pear clonal rootstocks (FOX9, OH×F87 –both semi-
dwarf–; FOX11, OH×F333, FAROLD40 –semi-vigorous– 
and Pyrus communis semi-vigorous seedlings). 

In the case of quince rootstocks (BA29 and QA), trees 
were planted at a distance of 3.5 m × 1.5 m (1910 tree 
ha-1), while in the case of pear rootstocks at 3.5 m × 3.0 
m (952 tree ha-1). Trees were pruned during the research 
according to the modified leader system. To support the 
quince saplings, a system of metal poles was established 
in the blocks where rootstocks were planted, but they were 
not used for pear rootstocks. Depending on the water re-
quirement, irrigation of the trees was done with pressure 
compensating drippers at 1.20 m intervals, with two pipes 
per row on both sides of the trees. Weeds were controlled 
with a cultivator.

Growth attributes

Based on previous studies (Massai et al., 2008; Akcay 
et al., 2009), the annual shoot length (cm) was measured 
in 25 current-year developed shoots from different parts of 
a tree canopy at the end of the growing season (one month 
after leaf fall). 

To calculate the canopy volume (CV, m3): (i) the canopy 
width (m) was measured in the east-west direction with a 
tape measure at the end of the growing season of all trees in 
each replication; (ii) the canopy height (m) was measured 
from the first branch to the tip of the canopy at the end of the 
growing season; (iii) using the formula reported by Ozturk 
et al. (2022) and Kul et al. (2022), CV was calculated as:
CV = (½ canopy width in m)2 * 3.14 * (½ canopy height in m)

Yield attributes

Fruit weight (g) was measured using 30 fruits randomly 
harvested in each replication with 0.01 g sensitive digital bal-
ance (CAMRY L-500) as described by Ozturk et al. (2022). 
Yield per tree (kg tree-1) was obtained by multiplying the to-
tal number of fruit per tree by the average fruit weight. Yield 
per hectare (kg ha-1) was calculated by multiplying yield per 
tree with the total number of trees per hectare. 
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Chlorophyll and carotenoid determinations 

Pure methanol solvent (99.8%, Sigma-Aldrich) was 
used for chlorophyll extraction. For chlorophyll contents 
analysis, leaves were collected from upper, middle and 
down parts of trees at the fruiting time (in August) from the 
east side of the tree without considering whether branches 
were fruiting or not, then all leaves brought to the labora-
tory for analysis. Measurements were made from 5 healthy 
mature leaves in each replication. For this purpose, 100 mg 
of these five leaves were measured and grinded with 10 

mL of 99.8% methanol, then concentrations of pigments 
were detected with a spectrophotometer by taking 1 mL of 
the prepared solution in the PS cuvettes (Lichtenthaler & 
Wellburn, 1983; Ghasemi et al., 2011). Finally, we calcu-
lated the amount of chl a, chl b, total chl and total carote-
noids (all in µg mL-1 of plant extract) the formulas below:

Chl a = 15.65 A666 - 7.34 A653

Chl b = 27.05 A653 - 11.21 A666

Total chl = chl a + chl b
Total carotenoids = (1000 A470 - 2.86 chl a - 129.2 chl b) / 245

Table 1. Effects on photosynthetic pigments of combination of different rootstocks × pear cultivars.
Rootstocks Cultivars chl a/chl b chl a chl b Total chl Carotenoids 

(μg mL-1 of plant extract)

Quince

BA29 Santa Maria 1.59 13.57 10.76 24.33 0.76 

Williams 1.91 18.66 10.15 28.82 0.99

Deveci 1.85 17.98 10.69 28.67 0.83

QA Santa Maria 1.57 19.28 12.29 31.57 0.30

Williams 2.17 18.07 8.67 26.75 1.33

Deveci 2.05 19.54 10.24 29.78 1.24

Pear

FOX9 Santa Maria 2.08 20.48 10.13 30.61 0.62

Williams 1.36 17.42 12.84 30.26 0.33

Deveci 1.70 15.73 10.35 26.08 0.60

FOX11 Santa Maria 2.22 16.53 8.25 24.78 0.63

Williams 1.78 15.29 8.93 24.22 0.46

Deveci 1.85 19.74 11.42 31.16 0.27

OH×F333 Santa Maria 1.86 17.84 10.40 28.23 0.19

Williams 2.28 16.87 7.52 24.38 1.59

Deveci 1.85 21.39 12.17 33.56 0.81

OH×F87 Santa Maria 1.87 18.88 11.18 30.05 0.95

Williams 2.15 18.68 9.83 28.51 0.95

Deveci 1.98 21.87 11.31 33.18 1.81

FAROLD40 Santa Maria 2.60 18.69 7.31 26.01 1.45

Williams 1.91 18.49 10.69 29.18 0.24

Deveci 1.95 20.54 11.13 31.66 1.09

Seedling Santa Maria 2.29 16.87 8.20 25.07 0.88

Williams 2.50 19.38 7.72 27.10 2.09

Deveci 2.13 22.25 11.37 33.62 1.01

Significance 0.623 ns 0.578 ns 0.913 ns 0.892 ns 0.198 ns

**: Highly significant (p<0.01). *: significant (p<0.05). ns: not significant (p>0.05).
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Data analysis
The experiment was carried out as a factorial rand-

omized complete block design. There were two factors in 
the study including rootstocks and cultivars. There were 
three replications; each replication consisted of 10 trees in 
the case of quince rootstocks (high-density plantation) or 
5 trees in the case of pear rootstocks (low-density plan-
tation). The data, showing the average of two research 
years, were analyzed with IBM SPSS 21.0 program (SPSS 
Inc. Chicago, ABD) and mean comparison was made with 
Duncan multiple comparison test at p<0.05. Pearson corre-
lation coefficient and principal component analysis (PCA) 
of evaluated characteristics were done with the IBM SPSS 
and XLSTAT statistical program. 

Results 

Chlorophyll and total carotenoids 

The rootstocks and cultivars’ combination effect on the 
photosynthetic pigments of pear trees is given in Table 1. 
These combinations did not have effect on carotenoids and 
chlorophyll contents. Chl a ranged 13.57-22.25 μg mL-1, 
chl b 7.31-12.84 μg mL-1, total chl 24.22-33.62 μg mL-1, 
the ratio chl a/chl b between 1.36 and 2.60, and carotenoids 
from 0.19 to 2.09 μg mL-1. 

The main effects of rootstocks and cultivars on the chlo-
rophyll characteristics are showed in Table 2. Chl a/chl b 
in the case of rootstocks, and chl a and total carotenoids 
in the case of cultivars were statistically significant, while 
the other characteristics were not significant. The highest 
value recorded for the ratio chl a/chl b was in the seedling 
(2.30) and the lowest in the FOX9 rootstock (1.71). In the 
case of cultivars, the highest chl a and carotenoid contents 
were recorded in cv. ‘Deveci’ (19.88 and 0.95 μg mL-1, re-
spectively) and the lowest in cv. ‘Santa Maria’ (17.77 and 
0.21 μg mL-1, respectively).

Growth and yield characteristics 

The combined effect of 8 rootstocks and 3 cultivars on 
the growth and yield performances is illustrated in Table 
3. Except the CV, which was found statistically not signifi-
cant, all remaining growth and yield properties were found 
significant. Annual shoot growth ranged between 9.57 
and 38.48 cm, the highest in ‘Santa Maria’/BA29 and the 
lowest in ‘Williams’/seedling combination. In the case of 
CV data varied from 0.08 to 1.98 m3. Fruit weight ranged 
135.49-269.19 g, the highest recorded in the combination 
‘Williams’/seedling and the lowest in ‘Williams’/OH×F333. 
Yield ranged 1.06-59.40 kg tree-1 and 172.65-144833.69 kg 
ha-1, the highest yield found in both cases in the combination 
‘Deveci’/BA29, while lowest in ‘Deveci’/OH×F87. 

Table 2. Main effects of rootstocks and cultivars on the chlorophyll characteristics.
Main effects chl a/chl b chl a chl b Total chl Carotenoids 

(μg mL-1 of plant extract)

Rootstocks
BA29 1.78 ab 16.74 10.53 27.27 0.35 
QA 1.92 ab 18.96 10.40 29.37 0.76
FOX9 1.71 b 17.88 11.10 28.98 0.29
FOX11 1.95 ab 17.19 9.54 26.72 0.45

OH×F333 1.99 ab 18.70 10.03 28.73 0.86

OH×F87 1.99 ab 19.81 10.77 30.58 0.60

FAROLD40 2.15 ab 19.24 9.71 28.95 0.92
Seedling 2.30 a 19.50 9.09 28.60 1.33
Cultivars
Santa Maria 2.01 17.77 b 9.81 27.58 0.21 b
Williams 2.01 17.86 b 9.54 27.40 0.91 a
Deveci 1.92 19.88 a 11.08 30.96 0.95 a
Significance
Rootstocks 0.023 * 0.501 ns 0.958 ns 0.954 ns 0.550 ns

Cultivars 0.807 ns 0.049 * 0.337 ns 0.123 ns 0.046 *

Means in the same column with different letters are significantly different. **: highly significant (p<0.01). *: significant 
(p<0.05). ns: not significant (p>0.05).
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Regarding growth and yield performances, all evaluat-
ed factors in the rootstocks and cultivars were significant, 
except annual shoot growth and CV in the case of culti-
vars which were not significant (Table 4). In the case of 
rootstocks, we detected the highest annual shoot growth 
(35.43 cm) on BA29, CV (1.44 m3) on FOX11, fruit weight 
(202.09 g) on seedling, yield per tree (34.73 kg tree-1) on 
BA29 and yield per hectare (86137.70 kg ha-1) on BA29. 
The respective lowest values were: 15.92 cm on seedling, 
0.10 m3 on FOX9, 152.05 g on OH×F333, 1.14 kg tree-1 
on FOX9, and 1603.19 kg ha-1 on FOX9. In the case of 
cultivars, the highest fruit weight (199.65 g), yield per tree 
(19.60 kg tree-1), and yield per hectare (39033.54 kg ha-1) 

were all found in cv. ‘Deveci’; while the lowest values ob-
served respectively were 158.60 g on ‘Santa Maria’, 8.83 
kg tree-1 on ‘Williams’, and 15412.44 kg ha-1 on ‘Williams’.

Correlation and principal component analysis 
(PCA) of evaluated characteristics

Pearson correlation coefficients between chlorophyll, 
carotenoid, morphological and yield characteristics are 
illustrated in Figure 1. The correlation coefficients were 
calculated using a total number of ten evaluated fea-
tures. The correlation between total chl and carotenoids 
(-0.248*) was significantly negative. Moreover, our study 
found negative correlations between CV and photosyn-
thetic pigments. In contrast, CV and annual shoot growth 
(0.422**) showed a significantly positive correlation. We 
found a negative correlation between fruit weight and 
morphological characteristics. 

PCA of dependent variables is shown in Figure 2. As 
a result of PCA, all dependent variables were divided 
into three components. The contribution to component 1 

Table 3. Combination effects of rootstocks × pear cultivars on growth and yield performances. 
Rootstocks Cultivars Annual shoot 

growth (cm)
CV
(m3)

Fruit weight (g) Yield 
(kg tree-1) (kg ha-1)

Quince
BA29 Santa Maria 38.48 a 1.50 152.51 b 21.54 b 54720.39 ab 

Williams 29.95 b 0.96 163.50 b 23.28 b 58859.04 b
Deveci 37.88 a 1.59 222.15 a 59.40 a 144833.69 a

QA Santa Maria 31.99 b 1.67 183.14 b 33.14 b 82331.65 ab
Williams 27.35 b 0.44 149.92 c 10.08 c 27446.66 ab
Deveci 28.52 b 1.14 239.83 a 44.96 ab 110464.72 a

Pear
FOX9 Santa Maria 16.56 d 0.12 150.59 c 1.57 e 2210.33 d

Williams 17.28 d 0.08 242.34 a 0.73 e 172.65 e
Deveci 21.19 c 0.13 170.70 b 1.14 e 2426.61 d

FOX11 Santa Maria 35.84 a 1.60 160.98 b 18.52 b 18938.42 bc
Williams 34.76 a 1.40 204.21 a 9.33 d 10205.67 bcd
Deveci 32.70 b 1.32 194.34 a 14.30 c 14927.51 c

OH×F333 Santa Maria 22.08 c 0.90 161.50 b 25.95 b 25998.23 ab
Williams 18.78 d 1.15 135.49 c 11.74 c 12500.19 ab
Deveci 29.36 b 1.98 159.18 b 15.39 b 15965.71 abc

OH×F87 Santa Maria 26.07 c 0.22 174.78 c 2.73 e 3936.27 cd
Williams 34.54 a 0.32 179.00 b 1.20 e 619.56 e
Deveci 22.35 c 0.14 219.93 a 1.06 e 1409.53 bcd

FAROLD40 Santa Maria 17.70 d 1.18 143.72 c 22.79 b 22995.86 b
Williams 29.06 b 1.37 204.36 a 12.60 c 13314.79 c
Deveci 30.31 b 1.33 195.63 a 18.27 b 18700.69 bc

Seedling Santa Maria 24.22 c 1.55 141.63 c 8.28 d 9207.68 d
Williams 9.57 e 0.47 269.19 a 1.74 e 181.01 e
Deveci 13.99 d 0.67 195.48 a 2.31 e 3539.95 d

Significance 0.001** 0.148 ns 0.001 ** 0.001 ** 0.001 **

CV: canopy volume. Means in the same column with different letters are significantly different. **: highly significant (p<0.01). *: signifi-
cant (p<0.05). ns: not significant (p>0.05).
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was 33.16%, to component 2, 26.92% and to component 
3, 16.58%. 

Discussion

Chlorophyll and total carotenoids

Chlorophyll content is vital in the photosynthesis pro-
cess for the absorption and transfer of light energy. It can 
change in response to biotic and abiotic stress factors 
in the leaves, so quantification of chlorophyll provides 
important information about the trees’ physiological sit-
uations (Hu et al., 2013). In our study, considering the 
combination effects of rootstocks and cultivars, CV was 
found not significant. Also, CV was not significant in the 
case of rootstocks’ main effects. This can be the reason 
for less variation in the chlorophyll content of rootstocks, 
cultivars and their combinations due to the equality in the 
absorption of light. The same finding was also reported 
by Bosa et al. (2016). Carotenoids have two important 
roles in plants: first, they absorb light energy for use in 
photosynthesis, and second, as critical antioxidants, they 
reduce photo-damage and photo-inhibition (Adadi et al., 
2018; Simkin et al., 2022). In this study, significant dif-
ferences in the chl a and carotenoid contents of the cul-
tivars were found, probably due to variations in natural 
hormone contents of the cultivars (Mosa et al., 2022), 
organic acids content of the cultivars (Olaetxea et al., 

Figure 1. Pearson correlation analysis of chlorophyll, ca-
rotenoid, growth and yield of different rootstocks × pear 
cultivars combinations.

2020; Nargesi et al., 2022), or nutrient uptake capacity of 
the rootstocks and grafted cultivars on them (Mosa et al., 
2022). Our findings revealed that there were variations 
in the content of carotenoid and chl a between cultivars. 
The same findings were reported by Zhao et al. (2022) 
in pears and by Wojdylo et al. (2021) in leaves of vari-
ous fruit tree species (apple, pear, quince, apricot, peach, 
plums, sweet cherry, and sour cherry) and their cultivars. 
In our study, chlorophyll and carotenoid contents were 
found not significant, except for chl a and carotenoid in 
the case of cultivar main effect and chl a/chl b ratio in 
the case of the rootstock’s main effect. This is related to 
the CV and tree shapes which were managed properly 
to receive an appropriate amount of sunlight energy and 
macro/micro elements, as well as trees ages that were so 
young and there was not any interference for absorption 
of light and between them. Later on, when trees become 
older a significant variation in the photosynthetic rate 
and chlorophyll content may occur, as it was observed by 
Zhao et al. (2022) in pear cv. ‘Zaosu’. In order to ensure 
the accuracy of the determination of chlorophyll, extra 
care must be taken at all phases, particularly during the 
extraction period to avoid the hydrolase enzyme chloro-
phyllase from converting chlorophyll to chlorophyllide 
(Hu et al., 2013). Photosynthetic pigment contents and 
the chl a/chl b ratio in apple leaves are related with crop 
load, higher crop load is consequence of higher photo-
synthetic pigment content, and lower chl a/chl b ratio 
(Sabajeviene et al., 2006). 

The chl and carotenoid contents may be differ based on 
the extractant, as there are various methods to determine 
the chl and carotenoid contents (Lichtenthaler & Wellburn, 
1983; Ghasemi et al., 2011; Paul et al., 2017). They in-
clude the use of several solvents (water-saturated diethyl 
ether, pure diethyl ether, pure methanol, 96% ethanol, 80% 
or 100% acetone, di-methyl-formamide (DMF), dimethyl 
sulfoxide solvent (DMSO) and estimation by instruments 
(SPAD-502, CCM-200) which also called non-destruc-
tive methods of chlorophyll estimation.  In our study, we 
used methanol, as it is a well extractant for chlorophylls 
specially in case of recalcitrant vascular plants, which is 
less volatile and less flammable compared to the acetone. 
However, it is notoriously toxic and readily adsorbed by 
inhalation as well as via the skin. Methanol also fogs PS 
cuvettes leading to false readings and cannot be used with 
PMMA cuvettes (Porra, 2002). According to some re-
searchers, ethanol is better than acetone or methanol, but 
it is not used very often for the analysis of chlorophylls. 
Ethanol is flammable but not very toxic and it doesn’t 
attack PS cuvettes (Ritchie, 2006). Although acetone is 
a good solvent to assay chlorophylls, it has been report-
ed not to be an ideal solvent for extraction. The reason it 
that, in most practical situations, it is inefficient for large 
sample sizes and can lead to inevitable loss and oxidation. 
From the safety point of view, acetone is highly volatile 
and flammable. It is narcotic in high concentrations and 
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can cause headache and skin irritation. Acetone also can 
destroy PS and PMMA. Therefore, PS and PMMA cu-
vettes cannot be used for acetone-based chlorophyll evo-
lutions (Ritchie, 2006). Using dimethyl sulfoxide solvent 
(DMSO) for chlorophyll extraction of Asian pear (Pyrus 
serotina Rehd.) leaves; Ghasemi et al. (2011) reported chl 
a, chl b and total chl contents of 0.0221 mg cm2, 0.0182 
mg cm2, and 0.0403 mg cm2, respectively. Küçükyumuk 
(2020) reported leaf chlorophyll index of 65.4, 58.0, and 
52.6, in 2-yr old young pear saplings of cvs. ‘Deveci’, ‘An-
kara’ and ‘Margarita’, respectively, which were grafted on 
OH×F333 rootstocks, measured with SPAD chlorophyll 
meter. Tatari et al. (2020) reported chlorophyll index of 
Pyrus salicifolia, Pyrus syriaca, and Pyrus communis (cv. 
‘Khoji1’, ‘Khoji2’, and ‘Spadona’) pear species 53.1, 50.5, 
45.1, 49.6, and 46.1 respectively, measured by SPAD. Us-
ing pure acetone as chlorophyll extractant, Ciobotari et al. 
(2010) found the following amounts of chl a, chl b and 
carotenoid of pear cultivars, respectively: 1.48, 0.42, 0.65 
mg g-1 in cv. ‘Comtesse de Paris’; 1.38, 0.43, 0.42 mg g-1 in 
cv. ‘Williams’; 1.55, 0.45, 0.45 mg g-1 in cv. ‘Trivale’; and 
1.35, 0.39, 0.40 mg g-1 in cv. ‘Triumf’.

Growth and yield characteristics

Rootstocks affect the morphological characteristics 
of pear cultivars at various levels (Sugar & Basile, 2011; 

Dondini & Sansavini, 2012; Francescatto et al., 2014). 
Limitation of annual shoot growth of pear trees on 
quince rootstocks is due to unfavorable conditions like 
dry and excessively hot weather (Sansavini et al., 2007; 
Musacchi et al., 2021). Annual shoot length was ob-
served to differ in the case of different rootstocks (Pasa 
et al., 2020). When there is an incompatibility between 
the rootstock and cultivar, this situation tends to ear-
ly cropping and consequently causes limitations in the 
growth of annual shoots (Dondini & Sansavini, 2012). 
In high-fruiting years, less carbohydrates are available 
to the shoots because they are needed for fruit produc-
tion, which lead to a decline in shoot growth (Pasa et al., 
2012). Dalzochio et al. (2021) reported that there were 
differences in the annual shoot growth between pear 
cvs. ‘Packhams Triumph’ (34.3 cm) and ‘Hosui’ (80.4 
cm). Engin (2011) observed annual shoot lengths in cv. 
‘Santa Maria’ grafted on QA ranged between 35.56 and 
49 cm and in ‘Santa Maria’ on OH×F333 ranged from 
15.69 to 37.90 cm. 

Canopy management of fruit trees, is important for 
light penetration and regular flower and fruit production. 
Otherwise, naturally there is an adverse effect between 
fruit set and CV of a tree (Close & Bound, 2017; Costa et 
al., 2019; Einhorn, 2021). Moreover, canopy chlorophyll 
content, that can actively change by the penetrated light 
inside of canopy to stored chemical energy, is extraor-
dinarily considerable. We found a negative correlation 

Table 4. Main effects of rootstocks and cultivars on growth and yield performances. 
Main effects Annual shoot 

growth (cm)
CV
(m3)

Fruit weight
(g)

Yield 
(kg tree-1) (kg ha-1)

Rootstocks

BA29 35.43 a 1.35 a 179.38 b 34.73 a 86137.70 a

QA 29.28 b 1.08 a 190.96 ab 29.39 a 73414.34 a

FOX9 18.34 d 0.10 b 187.87 ab 1.14 c 1603.19 b

FOX11 34.43 a 1.44 a 186.50 ab 14.05 b 14690.53 b

OH×F333 23.40 c 1.34 a 152.05 c 17.69 b 18154.71 b

OH×F87 27.65 bc 0.22 b 191.23 ab 1.66 c 1988.45 b

FAROLD40 25.68 bc 1.29 a 181.23 b 17.88 b 18337.11 b

Seedling 15.92 d 0.89 a 202.09 a 4.10 c 4309.54 b

Cultivars

Santa Maria 26.62 1.09 158.60 b 16.81 a 27542.35 b

Williams 25.16 0.78 193.50 a 8.83 b 15412.44 c

Deveci 27.04 1.04 199.65 a 19.60 a 39033.54 a

Significance

Rootstocks 0.001 ** 0.001 ** 0.001 ** 0.001 ** 0.001 **

Cultivars 0.410 ns 0.091 ns 0.001 ** 0.001 ** 0.001 **

CV: canopy volume. Means in the same column with different letters are significantly different. **: highly significant (p<0.01). *: 
significant (p<0.05). ns: not significant (p>0.05).
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between CV and chlorophyll contents, that indicate the 
management of CV is important to increase photosyn-
thetic pigments by providing an ideal canopy structure 
for light penetration. Consequently, this negative corre-
lation causes more production per CV, similar to findings 
reported by Bound (2021). Engin (2011) reported a tree 
crown volume of 0.26-1.02 m3 in ‘Santa Maria’ grafted 
on QA and of 0.23-0.53 m3 in ‘Santa Maria’ grafted on 
OH×F333. It was determined that the CV of pear trees on 
quince MC rootstock was low, as it is a dwarf rootstock 
(Ozturk, 2021), so it can be debated that dwarf rootstocks 
decreased the CV and are able to achieve more sunlight 
than semi-dwarf and vigor rootstocks. So, their photo-
synthetic system work more actively for yield production 
due to availability of nutrients especially N for photo-
synthetic pigments formation. While, trees with huge CV 
are consume nutrients for vegetative growth instead of 
using them in the photosynthesis system and its process-
es. In our study, we found similar results that semi-dwarf 
(QA, FOX9 and OH×F87) rootstocks even statistically 
were not significantly different in case of chl contents, 
but had higher values of chl contents than semi-vigorous 
rootstocks that we used in our study.

Suitable rootstocks for pear cultivars are necessary for 
increasing cultivars average fruit weight (Askari-Khoro-
sgani et al., 2019). Lepaja et al. (2014) reported a fruit 
weight of 195.18 g in cv. ‘Santa Maria’. Öztürk & Faizi 
(2022) calculated the following fruit weights of some 
Turkish local pear cultivars grafted on BA29 rootstock: 

‘Karpuz’ 195.47 g, ‘Kadın Parmak’ 53.44 g, ‘Karga’ 63.44 
g, ‘Kuşak’ 111.75 g, ‘Gelin’ 83.24 g, ‘Macar’ 205,03 g, 
‘Harman’ 114.07 g, ‘Rıza’ 128.73 g, ‘Kara’ 141.44 g, and 
‘Eşek’ 154.60 g.

In summary, in this research, CV was found to be neg-
atively correlated with the chlorophyll and carotenoid 
contents. This means the increase in CV will cause a 
decrease in the chlorophyll content of the trees. Con-
sidering this correlation, management of the canopy 
is a vital practice that must be applied regularly in the 
pear orchards to increase photosynthetic pigments and 
consequently, it causes an increase in the yield and a 
decrease in vegetative growth, especially annual shoot 
length.
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