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Preliminary Selection of Different Species of Genus Pear (Pyrus) for Dwarfing

and Nutrients Uptake
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Table 1. Physical and chemical properties of the soil media used in pots during the growth period of different species of genus Pyrus and

some commercial pear rootstocks as well as the optimal range of soil media properties for horticultural plants

Physical and chemical properties of the soil media S 2w obed 5 (S35 Slos o
Sl ey e Aoy e il SOSU e doys doys deoys o S9) 35 ool -

Soil Clay  che o2 IS @il (250 inr) )il JT 08 0555 ied (EAS 5508 Aa)o ShS 530 8 Jed o SAS 530 5 Aadp SIS 530 8 et S5S 050 5 o)
texture (%) Silt (%) Sand (%) TNV (%) EC (ds.m?) pH O.C. (%) N (%) P (%) K (ppm) Zn (ppm) Mn (ppm) Fe (ppm) Cu (ppm)
e 18 18 64 15.7 3.1 7.67 331 0.33 0.08 0.37 3.7 4 7.52 2.08

Sandy loam
Optimal Range <. «.ls
>10 >2.0 7-75 >15 >0.2 0.15 0.35 3.0 10 6.00 2
TNV: Total neutral value, EC: Electric conductivity, O.C.: Organic carbon, N: Nitrogen, P: Phosphorous, K: Potassium, Zn: Zinc, Mn: Manganese, Fe: lron,
Cu: Copper

I Sl sbal 5l S s PYIUS e Calties (sla 658 ladlgils Ay 055 Jsb 53 OIS (6l 5 eslizal 3550 (LT T (gl sl (S505-Y Jsir
Table 2. Chemical properties of irrigation water used for pots during the growth period of different species of genus Pyrus and some

commercial pear rootstocks
S s ~

Sl s S i Joms sl JS ke oS <bS e Cod
el (o oo 5 ow3) (G 53 SVl (ST o) G s SVl (ST e) (Gd o SV (ST ) (il 5o iVl (ST ) (,L_Jppf‘_sl?a) G ys ¥l (ST ) Gl 5o iVl (ST ) (il po iVl ST o) ST o

pH EC(dsm?)  CI(Meg.1?Y) SO4(Meg. 1) Ca (Meg. 1) Mg (Meg.11)  TDS (ppm)  Na (Meq. 1)

7.56 0.64 1.15

e s b
CO3(Meq.1?)  HCO3(Meq.171) Class SAR SSP
377.58 4.23 0.09 3.13

3.11 1.99 1.17 C2-S1 3.36 57.24
EC: Electric conductivity, CI: Chlorine, SO4: Sulfate, Ca: Calcium, Mg: Magnesium, TDS: Total dissolved solids, Na: Sodium, CO3: Carbonate, HCO3: Bicarbonate.
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Fig. 1. Mean seedlings height of different species of the genus Pyrus and some
commercial vegetative pear rootstocks, 70, 120 and 160 days after establishment, in
controlled conditions, Columns with at least one letter in common are not significantly
different at the 5% probability level-using Duncan’s Multiple Range Test. Error bars on

columns represent standard errors
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P. calleryana P. betulifolia Rbreteclmeideri P. salicifolia P. nivalis P.am ygdliformis

.
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Fig. 2. Comparison of seedling height, growth habit, density and arrangement of leaves,
internode length, development and number of leaves, as well as chlorophyll content of
the middle leaves in different species of the genus Pyrus and some commercial
vegetative pear rootstocks, 160 days after establishment, in controlled conditions
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Fig. 3. Mean stem circumference of seedlings of different species of the genus Pyrus

and some commercial vegetative pear rootstocks, 70, 120 and 160 days after

establishment, in controlled conditions. Columns with at least one letter in common are

not significantly different at the 5% probability level-using Duncan’s Multiple Range

Test. Error bars on columns represent standard errors
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Table 3. Vegetative growth characteristics of seedlings of different species of the genus

Pyrus and some commercial pear rootstocks, 70, 120 and 160 days after establishment,

in controlled conditions

(e 5le) 0 Sbo dlsls

(o hoo) il a5 plis sl e B o

Internode length (cm) Stem diameter Diameter:
(mm) height ratio
w6 BEEAA BESAAN 90\ 90\ 9\

Species/ Rootstock 70 Days 120 Days 160 Days 160 Days 160 Days
P. calleryana 1.61+0.06bc 2.28+0.29d 2.48+0.21def ~ 10.10+0.36b 0.09
P. betulifolia 1.56+0.19¢ 1.74+0.64g 2.78+ 0.39bc 8.31+0.51b 0.08
P. bretschneideri 1.77+0.33b 1.99+0.85e 2.79+0.47b 10.33+1.84b 0.08
P. salicifolia 1.31+0.40def  1.41+0.66ij 2.29+0.58gh 9.15+2.68b 0.08
P. nivalis 1.05+0.63g 1.83+0.89fg 2.41+0.63efg 8.96+0.13b 0.08
P. amygdaliformis 1.55+0.71c 1.23+0.76k 2.10+ 0.35j 6.85+0.18b 0.08
P. syriaca 1.34+0.54de 1.3440.61jk 1.61+0.49k 9.69+0.37b 0.17
P. pashia 1.05+0.37¢ 1.91+40.53ef 2.12+0.15ij 11.65+0.45b 0.14
P. cordata 1.05+0.299 1.90+0.54¢f 2.90+0.33ab 7.27+3.11b 0.09
P. hyrcana 1.14+0.81fg 2.74+0.39b 2.62+0.61c 9.54+0.58b 0.08
Q1 Rootstock 1.04+0.649 1.89+0.58ef 2.21+0.91hij 18.63+1.31a 0.17
P. communis cv. Dargazi 1.61+0.58bc 3.06+0.48a 3.02+0.28a 11.35+0.37b 0.08
P.communis cv. LGI477  1.22+0.96efg  2.42+0.61c 2.32+0.31fgh 8.89+1.18b 0.10
P. communis cv. LGI456  2.06+0.39a 2.66+ 0.19b 2.12+0.26ij 12.09+0.30ab 0.12
Pyrodwarf Rootstock 1.17+0.13efg  1.44+0.22ij 2.51+0.15de 8.81+0.36b 0.12
Quince EMA Rootstock 1.46+0.17cd 1.5740.38h 2.51+0.25de 7.12+0.58b 0.12
Quince BA29 Rootstock 1.22+0.31efg  1.51+0.57hi 2.53+0.11de 7.56+0.76b 0.11
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Means, in each column, followed by at least one letter in common are not significantly different at the 5%
probability level-using Duncan’s Multiple Range Test.
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Table 4. Vegetative growth characteristics of seedlings of different species of the genus
Pyrus and some commercial pear rootstocks, 70, 120 and 160 days after establishment,
in controlled conditions

o Koo sltas & sl
Number of internode Number of leaf

wb/sf SV BESAAN BISAlQ BINAA BISAM o \P
Species/ Rootstock 70 Days 120 Days 160 Days 70 Days 120 Days 160 Days
P. calleryana 7.40+1.14cd 30.33+3.28a-¢ 45.90+4.23abc 14.80+3.11cde 35.66+2.18bc 68.0045.23bc
P. betulifolia 7.20+2.20cd 30.31+4.40a-e  36.90+2.86cde 17.80+3.06a-d 36.33+2.56bc 47.30+4.98de
P. bretschneideri 6.90+1.92cd 29.33+1.15a-e 49.00+2.28ab  8.80+1.91f 36.00+1.20bc  71.50%3.13b
P. salicifolia 7.80£0.45cd 31.00+3.78a-d 52.00+2.80a  19.60+0.39ab  33.33+2.40cd 54.02+4.09cde
P nivalis 8.80£0.95c 38.00+3.05ab 50.70+4.68ab 20.60+2.38a  47.66+8.37ab 64.90+7.37hc
P. amygdaliformis 7.00+158cd 40.33+4.33a  41.00+1.52bcd 15.40+2.41b-e 51.00+6.65a 91.20+3.14a
P. syriaca 7.60+1.31cd 19.00+2.51ef  36.20+3.29cde 15.43+2.07b-e 35.33+2.33bc  45.00+1.73de
P. pashia 7.20+1.70cd 21.00+7.00def 41.10+2.57bcd 11.60+1.21ef  32.00+4.16cde 49.01+2.57de
P. cordata 8.40+0.86c 16.66+2.96f  28.06+4.15ef  9.78+0.36f 21.00+2.88de 41.85+2.22¢
P. hyrcana 7.20£1.09cd 27.33+0.33cf 48.20+2.95ab  13.80+3.15def 41.66+3.66abc 58.40+5.77bcd
Q1 Rootstock 14.08+2.07a 23.66+0.33c-f 51.77+4.00a  21.00+4.84a  35.6616.69bc 68.44+3.57hc
P.communis cv. Dargazi  11.4042.40b 35.66+4.48abc 49.07+3.20ab  18.80+2.86abc 50.66+2.90a  65.70+5.96bc
P.communis cv. LGI477 850+0.08c 15.28+3.00f  41.00+1.52bcd 11.27+0.84ef  29.36+1.27cde 55.20+3.14cde
P.communis cv. LGI456 5.60+1.90d 33.00+3.78a-d 49.60+4.79ab  10.01+2.22f  37.33+2.66abc 72.90+4.80b
Pyrodwarf Rootstock 9.00+0.41c  26.71+251cf 30.13+1.35ef 11.05+2.35ef  38.02+0.66bc 41.29+0.86e
Quince EMA Rootstock  8.00+0.63cd 22.31+1.20c-f 25.51+1.09ef  10.41+152ef  36.11+1.82bc 36.83+1.24ef
Quince BA29 Rootstock  11.00+0.28b 25.68+2.30c-f 27.64+0.97ef 13.00+1.26de 37.62+2.91bc 38.07+1.26ef
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Means, in each column, followed by at least one letter in common are not significantly different at the 5%
probability level-using Duncan’s Multiple Range Test.
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Fig. 4. Mean leaf chlorophyll index (Spad) of seedlings of different species of the genus
Pyrus and some commercial vegetative pear rootstocks, 70, 120 and 160 days after
establishment, in controlled conditions. Columns with at least one letter in common are
not significantly different at the 5% probability level-using Duncan’s Multiple Range

Test. Error bars on columns represent standard errors
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Fig. 5. Mean of nitrogen, phosphorus and potassium contents in the leaves of seedlings

of different species of the genus Pyrus and some commercial pear rootstocks, 160 days

after establishment, in controlled conditions. Columns with at least one letter in

common are not significantly different at the 5% probability level-using Duncan’s

Multiple Range Test. Error bars on columns represent standard errors
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Table 5. Simple correlation coefficients between evaluated traits of seedlings of

different species of the genus Pyrus and some commercial pear rootstocks, 160 days

after establishment, in controlled conditions

osles
No. Trait cie 1 2 3 4 5 6 7 8 9 10
1 Seedling height (cm) walS s, 1.00

2 Stem circumference (mm) sl b 040 1.00

3 Intermediate nodes o Slesluws 0.83** 0.58* 1.00

4 Number of leaves &8s 0.57% 031 0.71** 1.00

5 Internodes length (cm) s Sledot 046 -0.20 -0.08 -0.12 1.00

6  Leaf chlorophyll index &, g S Lesls 0.70** 0.25 0.68* 0.60* 0.25 1.00

7 Leaf potassium content & sl 0lje -0.08  -0.21 -0.07 -0.14 -0.12 -0.44 1.00

8  Leaf phosphorus content &, a0 009 -035 007 044 0.06 0.20 0.00 1.00

9  Leaf nitrogen content &L 05m0e 022 004 025 008 001 025 -0.10 0.26 1.00

10 Leaf iron content &, aTule 025 0.02 007 0.29 0.38 0.38 -0.66* 0.44 0.01 1.00

Fh Kk

.M)A&)@Ju}‘ch.«):&)‘b@xﬁ%‘;@. )

* and **: Significance at the 5% and 1% probability levels, respectively.
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ABSTRACT
Rezaei, A., Abdollahi, H., Arzani, K., Mokhtassi Bidgoli, A. and Ahmadi, N. 2023. Preliminary
selection of different species of genus pear (Pyrus) for dwarfing and nutrients uptake. Seed and Plant, 39,
pp.253-282 (In Persian).

Dwarfing and nutrient uptake ability are among the important traits in pear rootstocks
breeding programs. In this research, growth characteristics and macronutrients and iron
uptake ability was compared in seedlings of 13 native and introduced species of genus
pear (Pyrus), one commercial interspecies hybrid and three common clonal rootstocks of
Pyrodwarf, Quince EMA and Quince BA29 from the species of genus Cynodonia
(Cydonia oblonga Mill.). Evaluation was carried-out under controlled conditions using
completely randomized design with 10 replicates in 2022. Growth characteristics and
chlorophyll index in 70, 120, and 160 days after establishment were evaluated and
measured. Nitrogen, phosphorus, potassium and iron uptake was evaluated and compared
in Pyrus and Cydonia rootstocks 160 days after seedlings establishment. The results
showed that the highest dwarfing rate belonged to P. syriaca followed by the clonal
rootstocks, and the highest growth rate was measured in seedling rootstocks of P.
communis derived from cv. Dargazi followed by P. bretschneideri. In P. syriaca, the
lowest internode length was observed after 160 days with an average of 1.61 cm, which
indicated the effect of dwarfing on slowing the growth of this species. Regarding the
uptake of nutrient, P. hyrcana, P. nivalis, and P. pashia had the highest nitrogen uptake,
P. amygdaliformis and P. nivalis had the highest phosphorus uptake and P. syriaca had
the highest leaf potassium content. Considering the results of this research, future
researches should focus on e evaluation of using P. syriaca as a dwarf rootstock for in
establishment of intensive/ highly intensive pear orchards, or as the parent for dwarfing
traits in pear breeding programs.

Keywords: Pear, iron, quince rootstock, germplasm, vegetative growth, chlorophyll index.
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Introduction

Pear (Pyrus spp.) is one of the oldest cultivated fruits in the world and some evidence
show the cultivation of pear trees in the Neolithic era (Simionca Marcasan et al., 2023).
About 22 different species of the genus Pyrus have been identified in the world, of which
about 12 species have been reported in Iran. The existence of different species of this
genus in the plateau of Iran has contributed to the country as one of the main centers of
diversity of pear species in the world (Abdollahi, 2010). Currently, the cultivated areas of
pear orchards in the world is estimated to be about 1.5 million hectares, from which about
24 million tons of fruits are harvested annually. According to the World Food and
Agriculture Organization, China, USA, and Italy were the most important pear-producing
countries in 2021 and Iran ranks 15th in the world (FAO, 2022).

The rootstock of fruit trees plays a very important role in determining the efficiency
and sustainability of orchards of different horticultural crops. In a standard and modern
pear orchard, the trees should have uniform canopy, which facilitates husbandry
operations and harvest as well as producing uniform and high-quality fruits (Roberto et
al., 2022). One of the problems in the cultivation of pears in Iran is the lack of access to
suitable and adapted rootstocks to Iran's different climatic conditions. European pear
seedling rootstocks obtained from cv. Dargazi are used in the nurseries (Abdollahi,
2010). Considering the existence of germplasm of different pear species in Iran and the
existence of different growth rates among different species, it is necessary to evaluate
this germplasm for use in rootstock breeding programs. Also, the availability of
different introduced species of the genus Pyrus from Southeast Asia in Iran facilitates
evaluation and comparison of the growth vigor and characteristics of these species for
further use in the national pear breeding programs.

Vegetative growth and nutrients uptake potential has not been evaluated between
seedlings obtained from many native and introduced species of the genus Pyrus and
pear clonal rootstocks in Iran, Therefore, the present research aimed to evaluate and
compare the vegetative growth and nutrient uptake in the seedlings obtained from
different species of the genus Pyrus and commercial clonal rootstocks.

Materials and Methods

Growth characteristics and macronutrients and iron uptake ability was compared in
seedlings of 13 native and introduced species of genus pear (Pyrus), one commercial
interspecies hybrid and three common clonal rootstocks of Pyrodwarf, Quince EMA and
Quince BA29 from the species of genus Cynodonia (Cydonia oblonga Mill.). Evaluation
was carried-out under controlled conditions using completely randomized design with 10
replicates in 2022. Growth characteristics and chlorophyll index in 70, 120, and 160 days
were evaluated and measured. Nitrogen, phosphorus, potassium and iron uptakes was also
measured in the two genera of Pyrus and Cydonia rootstocks, 160 days after
establishment. Phosphorus, potassium, and total iron contents were measured using an
inductively coupled plasma device (model Agilent Technologies, Varian 700-es ICP-
OES, USA), and nitrogen content was determined using the Kjeldal and via the digestion
method. Analysis of variance for data was performed using SAS 9.2 software. Duncan’s
Multiple Range Test was employed for means comparison at the 5% probability level.
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Results and Discussion

Analysis of the variance showed significant difference between rootstocks for all
vegetative traits. These significant differences were observed in all three developmental
stages; 70, 120, and 160 days after seedlings establishment. Pear species originated
from Southeast Asia including; P. calleryana, P. betulifolia, and P. bretschneideri had
the most vigorous vegetative growth as they reached 107.20, 98.80, and 132.0 cm,
respectively, after 120 days after establishment. On 160 days after establishment,
Dargezi seedlings with 145.6 cm had the tallest plant height and P. syriaca seedlings
with 56.10 cm had the shortest height, respectively.

The results also showed that in 120 and 160 days after seedling establishment,
chlorophyll index increased in most of rootstocks. In 70 days after establishment,
chlorophyll index varied from 25.66 to 62.66. According to the reports, different pear
cultivars have demonstrated good compatibility with P. syriaca species. P. syriaca is
known as an excellent tolerant genotype to drought stress as well as calcareous soils.
Therefore, this species has great potential for breeding of new dwarfing pear rootstocks
in Iran. Regarding nutrient uptake ability, P. hyrcana, P. nivalis, and P. pashia had the
highest nitrogen content, P. amygdaliformis and P. nivalis had the highest phosphorus
and P. syriaca had the highest leaf potassium contents. Also, all species of the genus
Pyrus had higher total iron content when compared to the rootstocks belonging to
C. oblonga.
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