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Abstract. Yulianti F, Adiredjo AL, Soetopo L, Ashari S. 2020. Short Communication: Morphology and genetic characteristics of potential
citrus rootstock in Indonesia. Biodiversitas 21: 5514-5520. Study on variability among the citrus rootstock genotypes is very important
to classify and utilize citrus germplasm resources. The genetic variability would greatly assist the breeders in genotypes identification to
develop database and maintain the germplasm repositories in Indonesia. It would also be helpful for stakeholders to choose the right
rootstock. The aim of the study was to identify the morphology and genetic variability among three potential citrus rootstocks in
Indonesia. Morphological and molecular techniques were used to characterize three citrus rootstocks potential in Indonesia.
Characteristics of plant, leaves, flowers, fruits, seeds, and genomic DNA polymorphisms were used to characterize three potential citrus
rootstocks (Japansche citroen (JC), Citrumelo and Kanci). Morphological characterizations were based on Descriptors for Citrus
(IPGRI 1999). Genetic variabilities were conducted using seven specific markers for biotic and abiotic stresses (VP, CMA, PIP1a,
PIP1b, PIP2, osmotin, and Y65). The important characters of citrus rootstock for growers were tree shape, tree growth habit, number of
seed, seed polyembryony, and tolerance to biotic and abiotic stresses. JC has spheroid tree shape with spreading growth habit, while
Citrumelo and Kanci have ellipsoid tree shape with erect growth habit. These characters may influence scion vigor and size. All of
rootstocks observed have high number of seed and polyembryony. These rootstocks amplified PIPs and osmotin markers and could not
amplify VP, CMA, and Y65 marker. These plants thought to have the characteristic of tolerance to drought stress with formation of

aquaporin and osmotin but susceptible to salinity and Citrus tristeza virus.
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Abbreviations: JC: Japansche citroen; DNA: Deoxyribonucleic Acid; CTAB: Cetyltrimethylammonium Bromide; TE: Tris-Ethylene
Diamine Tetra acetic Acid; PCR: Polymerase Chain Reaction; CTV: Citrus Tristeza Virus

INTRODUCTION

Citrus is one of the most economically important fruit
crops in the world, belonging to the subfamily
Aurantioideae of the family Rutaceae. It is widely
distributed throughout the tropical and subtropical regions.
As an agricultural country, Indonesia has 255 Citrus
varieties with 43% are mandarin (Citrus reticulata Blanco),
4% are tangerine (C. nobilis Lour.), 0.7% are sweet orange
(C. xsinensis (L.) Osbeck), 14.3% are sour orange (C.
xaurantium L.), 15% are pummelo (C. maxima (Burm. F.)
Merr), and 23% are rootstock, lime, lemon, and other types
of the species C. medica L. Total production of mandarin
citrus in Indonesia in the year 2018 are 2.408.043 tons
(BPS-Statistics Indonesia 2019).

The sustainability of the citrus industry depends on
yield, fruit quality, and harvesting date. The ability to
diversify citrus production is the use of the appropriate
rootstocks. The selection of a rootstock should be for the
purpose of enhancing the merits of a scion, or adapting it to
its total environment. Rootstocks play a crucial role in
determining orchard efficiency in fruit crops. The role of

rootstocks and its use in fruit crops have significant impact
on fruit crop production by influencing canopy
architecture, nutritional uptake, flowering, yield, and fruit
quality. Moreover, it can confront biotic and abiotic
stresses (Balal et al. 2012; Nimbolkar et al. 2016; Albrecht
et al. 2018; Santana et al. 2018). Choosing the right
rootstock and scion combination is an important factor that
can result in higher economic returns.

In over 70 major crops, selection for root and shoot
system traits have been decoupled through the process of
grafting. Grafting is an ancient horticultural technique that
creates a composite plant by surgically attaching the shoot
bud from one plant (the scion) to the stocks, joining their
vascular and cambial systems (Migicovsky et al. 2019).
Rootstock selection should be based on soil adaptability,
soil pH, biotic and abiotic pressure, desired tree spacing
and size control, and rootstock-scion combination (Castle
et al. 2016; Albrecht et al. 2018). Rootstocks have also to
be acceptable nursery plants and to show good and
prolonged compatibility with scion varieties (Spiegel-Roy
and Goldschmidt 1996).
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Evaluation of genetic diversity and relationship among
citrus rootstocks is a great importance activity in
identification of genetic resources. At present,
morphological study is still considered important and has
been deployed as an initial step for cultivar identification
and diversity assessment (Rodriguez-Garay et al. 2009;
Elameen et al. 2011). Although many molecular techniques
have been developed in studying the genetic diversity, the
practical of morphological characters in horticultural plant
species could be an essential component since most of the
horticultural characters cannot be evaluated through
molecular markers (Singh et al. 2010; Susandarini et al.
2013). Furthermore, the technique is relatively cheaper and
easier to conduct. Many previous authors (Dorji and
Natural 2011; Nikoumanesh et al. 2011; Malik et al. 2012;
Marboh et al. 2015; Neves et al. 2018; Gora et al. 2018)
used morphological and/or molecular diversity as an
independent or complementary to genetic diversity in citrus.

Study on citrus rootstock characterization in Indonesia
is still limited. The study on variation among the citrus
rootstock genotypes is very important to classify and utilize
the rootstocks. The aim of the study was to identify the
morphology and genetic variability among three potential
citrus rootstocks in Indonesia. The information provided
herein was developed from observation data of the
rootstocks planted in Indonesia. The genetic variability
would greatly assist the breeders in cultivar identification to
develop database and maintain the germplasm repositories
of Indonesian Citrus rootstock varieties. It would also be
helpful for the growers to choose the right rootstock.

MATERIALS AND METHODS

Three Citrus rootstock, Japansche citroen (JC) or
‘Rangpur’ lime (C. xlimonia Osheck), Citrumelo (C.
paradisi Macf. cv. Duncan x Poncirus trifoliata (L.) Raf)
and Kanci (Fortunella sp.) mother plants used in the
present study were obtained from field of Indonesian Citrus
and Subtropical Fruits Research Institute (ICISFRI). The
experiment was carried out from June 2019 to December 2019.

Table 1. Primers used for genetic characterization

Procedures
Morphological characterization

Description of three citrus rootstocks mother plants
were based on Descriptors for Citrus (IPGRI 1999)
consisted  following qualitative  observations:  six
parameters of tree morphology (tree shape, tree growth
habit, vegetative life cycle, density of branches, branch
angle and spine density on adult tree), nine parameters of
leaves (shoot tip color, shoot tip surface, leave division,
intensity of green color of leaf blade, leaf lamina
attachment, leaf lamina shape, leaf lamina margin,
absence/presence of petiole wings and petiole wing shape),
six parameters of flowers (arrangement of flowers, flower
position, flower type, color of petal, length of anthers
relative to stigma, and color of anther), ten parameters of
fruits (fruit shape, shape of fruit base, shape of fruit apex,
fruit skin color, fruit surface texture, adherence of
mesocarp to endocarp, albedo color, fruit axis, cross-
section shape of axis and pulp color), and six parameters of
seeds (number of seed/fruit, seed shape, seed surface, seed
color, cotyledon color, and seed embryony).

Genetic characterization

DNA was extracted from young leaves using CTAB
protocol (Doyle 1991). The DNA concentration was
measured by nanodrop (Infinite 200Pro, Tecan,
Switzerland). The samples were diluted with TE buffer to
50 ng/L for PCR reactions. The PCR reaction consisted of
25 ng of genomic in a 25 pL PCR reaction (12.5 pL
MyTaq mix, 25 UM forward and reverse primer (Table 1),
up to 25 uL water). PCR conditions consisted of 95°C for 1
min; 35 cycles of 95°C for 15s, 60°C for 15 s and 72°C for
10s; and one cycle of 72°C for 10 min. PCR reactions were
performed on a The Eppendorf 6331 Nexus Gradient
MasterCycler. PCR products containing 1 pL loading dye
were separated by electrophoresis on 2% agarose gel. 1 kb
Gene ruler (Fermentas International Inc., Germany) was loaded
in the first lane of each gel to determine the size of amplified
bands. Electrophoresis was carried out at 100 volts for 1
hour and photographed using UV transilluminator (Bio-
Rad Gel Documentation System, USA).

Primer Specific Specific
name Sequences character Target genes Gene code band (bp)
VP F:GCATATGCTCCCATCAGTG Salt tolerance  Citrus sinensis pyrophosphate-energized XM_006453055.2 831

R:CAGGCTCCTGTCTGTTTGAG
CMA F.GTTGCTGATGCTACAGATG Salt tolerance
R:CCTCTCTCTCTTCTTTACCG
PIPla F: GACACTCGGCCTGTTCTTG Drought
R: TCCGGTAATTGGGATGGTAG tolerance
PIP1b F:AGGATTACACGGAGCCACCT Drought
R:TGCTTTTGGATTTGGACACG tolerance
PIP2 FTGTGTTCATGGTTCACTTGG Drought
R:TGAATGGTCCAACCCAGAAG tolerance
Osmotin F:CAACGACCTCTCCTCCTACG  Drought
R:ACAGCTCGTCCGTACCAAAC tolerance
Y65 F: GCATCCCTCTTCCTAATTCACA CTV resistance
R: TCTGCCAAGCCTGAAACATC
PC F: TGTTCCAAGCTCTTTCTCTG Ploidisation
R: CACCACTCGGAATCTCATC

vacuolar membrane proton pump
Citrus clementina plasma membrane ~ XM_006450103.2 805
ATPase

Citrus sinensis putative aquaporin PIP1 MK084791.1 346
Citrus sinensis putative aquaporin PIP1 MK084789.1 156
Citrus sinensis putative aquaporin PIP2 MK084797.1 137

Citrus sinensis osmotin-like protein XM_006488230.3 218

Poncirus trifoliata citrus tristeza virus  AF278857.1 1336
resistance gene
Citrus sinensis plastocyanin XM_006473661.3 107




5516

RESULTS AND DISCUSSION

Morphological characters
Tree morphology

Observations regarding tree morphological characters
are presented in Table 2. Citrumelo and Kanci have
ellipsoid tree shape, erect tree growth habit, and wide
branch angle, differ with JC that have spheroid tree shape,
spreading tree growth habit, and narrow branch angle. JC
and Kanci were evergreen plants, and Citrumelo were
deciduous ones. JC and Citrumelo have dense high spine
density and Kanci have narrow one on adult tree. All of
rootstock have dense of branches (Table 2, Figure 1).

Leaf morphology

Observations regarding leaf morphology in three citrus
rootstocks are presented in Table 2 and Figure 2. The three
rootstocks have different leaf forms. JC and Kanci have the
same leaf division, leaf lamina attachment, and petiole
wings characters. JC and Citrumelo have the same leaf
lamina margin character. All of their shoot tip surfaces are
the same, i.e. glabrous. The intensity of green color in
leaves of JC was dark green (NN 137A, RHS Color chart)
while Citrumelo and Kanci were medium green (Green
group 137A, RHS Color chart). Kanci has larger leaf than
JC and Citrumelo. The average leaf area of Kanci, JC, and
Citrumelo was 34.42, 24.32 dan 18.04 cm? respectively.
Based on chlorophyll index assessment, JC has larger
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chlorophyll index than Citrumelo and Kanci, namely 68.99,
52.93, and 35.84, respectively.

Flower morphology

Observations regarding flower morphology in three
citrus rootstocks are presented in Table 2 and Figure 3. All
of the rootstocks investigated showing hermaphrodite
flower. Citrumelo and Kanci have solitary flowers, white
petal, and anthers that longer than stigma and JC have
inflorescence flowers, purple petal, and anthers that same
length to stigma. Kanci has different color of anthers,
which is pale yellow, while JC and Citrumelo have yellow
ones.

Fruit morphology

JC, Citrumelo and Kanci fruits have the same shape, i.e.
spheroid. Variations occur in the character of shape of fruit
base, shape of fruit apex, fruit skin color, fruit surface
texture, adherence of albedo to pulp, albedo color, fruit axis
color, and pulp color (Table 2, Figure 4). The JC and Kanci
fruits have skin color of fruits at ripe physiologically, i.e.
orange, while the Citrumelo is yellow. JC and Citrumelo
oranges are ripe physiologically at the age of 8-9 months
after anthesis, while Kanci is at 4 months after the anthesis.
Kanci could be fruiting throughout the year, while JC and
Citrumelo only bear fruit once with flower induction occur
in the beginning of the rainy season.

Dry Season

Figure 1.

B

Cc

Tree performance of: A. Japansche citroen (JC), B. Citrumelo, and C. Kanci at rainy (above) and dry seasons (below)



YULIANTI et al. — Characteristics of Indonesian citrus rootstock

A B C

Figure 2. Leaf performance of: A. Japansche citroen (JC), B.
Citrumelo ,and C. Kanci. Bar =1 cm

Figure 3. Flower performance of: A. Japansche citroen (JC), B.
Citrumelo, and C. Kanci. Bar =1 cm

Seed morphology

Observations regarding seed morphology in three citrus
rootstocks are presented in Table 2 and Figure 5. Based on
the observations, all of three types of rootstock have seeds
with varying characters. JC and Citrumelo are seedier than
Kanci. JC has same seed shape, seed surface, and cotyledon
color as Kanci and different from Citrumelo. All of seed
produced by the rootstocks are polyembryony. Seed
characteristics are important to citrus rootstock, especially
those related to characters number and polyembryony of
the seeds.

Genetic characters

Specific markers related to the character of resistance
to abiotic stress and biotic stress were used to characterize
the citrus rootstocks observed. The results of marking
specificity tests (primer blast) indicate that specific genes
will be amplified at certain band sizes (Table 1).
Electrophoresis results of DNA amplicons of citrus
rootstocks using specific markers are presented in Figure 6.
The size of the DNA band is in accordance with the results
of the prediction of specific bands as indicated by the
arrow. The results show that the JC, Citrumelo, and Kanci
were unable to amplify all of the markers tested. The three
types of plants could not amplify VP, CMA, and Y65
markers. At the VP and CMA markers, amplification
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A B C

Figure 4. Fruit performance of: A. Japansche citroen (JC), B.
Citrumelo ,and C. Kanci. Bar =1 cm

A B C

Figure 5. Seed performance of: A. Japansche citroen (JC), B.
Citrumelo, and C. Kanci. Bar =1 cm

occurred but the amplicon did not match with the target
gene. At the Y65 markers, there was no amplification. This
shows that the three types of plants did not have resistance
to salinity stress caused by the Citrus sinensis
pyrophosphate-energized vacuolar membrane proton pump
and the Citrus clementine plasma membrane ATPase. The
three types of plants also did not have resistance to Citrus
tristeza virus as expression of the Poncirus trifoliata gene
putative disease resistance gene (pY65). The results of the
amplification using markers PIPla, PIP1b, PIP2, and
osmotin show the presence of an amplicon according to the
size of the target gene band. This shows that the JC,
Citrumelo and Kanci plants were thought to have the
characteristic of tolerance to drought stress with formation
of aquaporin.

Discussion

The analysis of rootstock samples with morphological
and molecular markers was very useful and informative in
assisting the breeders in cultivar identification to develop
database and maintain the germplasm repositories of
Indonesian citrus rootstock varieties. For breeders, all
characters were very useful for developing new varieties,
but for growers, the important characters of citrus rootstock
were number of seed, seed polyembryony, tree shape, tree
growth habit, and tolerance to biotic and abiotic stress.
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Table 2. Morphology of Japansche citroen (JC) (C. xlimonia Osbeck), Citrumelo [C. xparadisi Macfad. x Poncirus trifoliata (L.) Raf.]

and ‘Kanci’ (Fortunella sp.)

Traits Japansche citroen (JC) Citrumelo Kanci
Tree
Tree shape Spheroid Ellipsoid Ellipsoid
Tree growth habit Spreading Erect Erect
Vegetative life cycle Evergreen Deciduous Evergreen
Density of branches Dense Dense Dense
Branch angle Narrow Wide Wide
Spine density on adult tree High High Narrow
Leaf
Shoot tip color Purple Green Green
Shoot tip surface Glabrous Glabrous Glabrous
Leaf division Simple Trifoliate Simple
Intensity of green color of leaf blade Dark Medium Medium
Leaf lamina attachment Sessile Brevipetiolate Sessile
Leaf lamina shape Elliptic Lanceolate Lanceolate
Leaf lamina margin Dentate Dentate Entire
Absence/presence of petiole wings Absent Present, medium Absent
Petiole wing shape - Obdeltate -
Flower
Arrangement of flowers Inflorescence Solitary Solitary

Flower/inflorescence position Terminal Axillary, Terminal Axillary, Terminal
Flower type Hermaphrodite Hermaphrodite Hermaphrodite
Color of petal Purple White White
Length of anthers relative to stigma Medium Longer Longer
Color of anther Yellow Yellow Pale Yellow
Fruit
Fruit shape Spheroid Spheroid Spheroid
Shape of fruit base Concave Convex Truncate
Shape of fruit apex Mammiform Rounded Rounded
Fruit skin (epicarp) color Orange Green-Yellow Orange
Fruit surface texture Rough Smooth Smooth
Adherence of albedo (mesocarp) to pulp  Weak Strong Weak
(endocarp)
Albedo color Orange Yellow Orange
Fruit axis Hollow Solid Hollow
Cross-section shape of axis Irregular Round Irregular
Pulp (flesh) color Orange Yellow Orange
Seed
Number of seed/fruit 10-19 10-19 5-9
Seed shape Ovoid Clavate Ovoid
Seed surface Smooth Wrinkled Smooth
Seed color Cream Brown Green
Cotyledon color Green Cream Green
Seed embryony Polyembryony Polyembryony Polyembryony

Number of seed and seed polyembryony in citrus
rootstock is related to the ease, expense, and consistency of
propagation. Seed polyembryony is an important trait for
breeding and commercial multiplication of citrus rootstocks
(Castle 2010). Polyembryony in citrus is a type of
facultative apomixis wherein simultaneous development of
embryos of nucellar origin co-exists in the same seed
containing sexual embryo. Nucellar embryony is
considered to be an essential trait for the propagation of
genetically uniform plants (Kishore et al. 2012). The ease
of seed propagation is one of citrus rootstock selection
criterion (Castle et al. 2016).

Today, breeding of citrus rootstocks aimed to create
rootstocks that can reduce tree size. Size-controlling
rootstocks are important for higher density orchards, and
rootstocks that induce scion precocity are needed for
significant cropping to begin early (Castle 2010). Tree

shape and tree growth habit characters of rootstock may
influence scion vigor and size. In this study, Citrumelo and
Kanci had ellipsoid tree shape and erect growth habits,
meanwhile, JC had spheroid tree shape and spreading
growth habit. The ellipsoid tree shape and erect growth
habit caused narrow canopy. This character is important for
higher density orchards than the wide one. Citrus scion
grafted on Citrumelo has smaller canopy than grafted on
Rangpur lime (Domingues et al. 2018). Other researchers
reported that citrus scion grafted on Citrumelo and Rangpur
lime had the same canopy volume (Gonzatto et al. 2011;
Bacar et al. 2017). The use of Fortunella as rootstock
caused tree size and canopy volume of citrus scion smaller
than other rootstocks (Ono and Hirose 1987; Donadio et al.
2019). However, the Fortunella is a subtropical citrus,
adaptation within the tropical area such as in Indonesia is
still to be examined.
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Figure 6. DNA amplification of Japansche citroen (JC) (C. xlimonia Osbeck), Citrumelo (C) [C. xparadisi Macfad. x Poncirus
trifoliata (L.) Raf.] and ‘Kanci’ (K) (Fortunella sp.) using eight specific markers (arrow: band-specific location)

The resistance of citrus rootstock to biotic and abiotic
stresses also made into attributes as a rootstock selection
criterion. In this study, all of rootstocks observed did not
have resistance gene to tristeza virus and salinity that
evidenced by unamplified DNA on specific markers. On
the other hand, all rootstocks have resistance to drought
stress that was evidenced by amplified DNA on PIP and
osmotin markers. PIP and osmotin markers are specific
markers for detecting genes linked to aquaporin and
osmotin, respectively. Aquaporins, a highly conserved
superfamily of major intrinsic proteins, play key roles in
regulation of movement of water and other small molecules
across membranes (Yaneff et al. 2015; Wei et al. 2019).

Osmotin is an abundant multifunctional cationic protein
that has adapted to low osmotic potential environments.
Moreover, it has a function in osmoregulation and food
preservation (Hakim et al. 2018). Both of these proteins
are believed to be related to plant drought tolerance.

In conclusion, we have confirmed that JC, Citrumelo,
and Kanci have characteristic to be used as citrus rootstock.
All  rootstock observed have high number and
polyembryony of seed. These plants were also thought to
have the characteristic of tolerance to drought stress but
susceptible to salinity and Citrus tristeza virus. The three
rootstocks have different tree shapes and tree growth habits
may influence scion vigor and size.
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