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Abstract: Research on abiotic stress tolerant horticultural plants has been widely carried out. However,
there has not been much research on the citrus phenotype with rootstock as planting material, which has advantages
in overcoming abiotic stress and dwarf performance. This research provides citrus rootstock that is tolerant to some
of the marginal land in Indonesia especially on drought, salinity, waterlogging, and acidity. This morphological
research was conducted at Punten Experimental Garden in Batu city, Indonesia. Anatomical observations were
carried out in the laboratories of Indonesian Balitjestro and Universitas Brawijaya. This has done pre-treatment
selection lasted for 8 months and then abiotic stress treatment lasted for 2 months, from July to September 2021.
This study consisted of 15 treatment combinations: three rootstock varieties, i.e., Citromello (Cit), Volkameriana
(Volk), and Cleopatra mandarin (CM), and five abiotic stress treatments, i.e., control, PEG 10%, NaCl 3.5%,
waterlogging 150% FC, and 9 mM AIl,SO,. The results showed that abiotic stress, especially NaCl and
waterlogging, caused phenotypic changes such as in leaf shape, i.e., leaf lamina shape, reduced leaf area,
chlorophyll content, stomata density, and canopy diameter compared to other abiotic stresses. The best stomatal
density and open stomata percentage were for Cleopatra mandarin (CM). This was also shown by the increase in
proline content when plants are subjected to abiotic stresses, especially in Cleopatra mandarin under NaCl stress,
Volkameriana under Al,SO, stress, and Citromello under waterlogging (WL). The palisade size decreased, its
vascular bundles in the leaves increased, and the pore distribution changed. The results showed all rootstock
candidates were resistant to several abiotic stresses and had dwarf performance. It can be concluded that the best
tolerant of abiotic stress rootstock variety of abiotic stress is Cleopatra mandarin, while Volkameriana and
Citromello are better tolerant on acidic soil.

Keywords: rootstock, abiotic stress, proline, phenotype, marginal land.

HIBERIRE - (EA—REFFEMIEN I H EEFRIZRE - KA

BE : MEEYIEEZREYNARE ZFRB. A, AN FEN B HEERE
WRERD , ERRFEEVMHEFNECEESEERRLY ., XTHARRMNHZIL RS S
MEEBAIN—La5t LAHETE. &5, AFIRE, XMESERAREENER
BIEETHEESRAEERTH, ENECATERRISTNMALMT KFHRRE
BT T HRSIME. M20215F7AFI20215F9A8 |, MAEERISE T8MNA |, RAEFELEMIBL
BEZT2MNE, AHESFISHLIEAS  ZAEARR , EEZSEEACE). KR+
BIHRX)FIRRHEEHTE(EX) , UREFFELEYIELE , BIXNE, RZ=EB10%. |
1L4893.5%, FHR150% BB RIPMIZHKAIRSO4, £ RKRE , SHMIEEWHEMEL | 3E
EYIEE , AEREMHNGE R , SEHAFER (AHAEER ). HEAR, HEREE. S
ABENSTSRERERET,. RESABENFANRS %LE THERBRRIMBENM (EXRK). 4
MY ZEEEYEN K BERSENEMERATX—2 , FIREELMHETHRE

Received: May 23, 2022 / Revised: June 19, 2022 / Accepted: July 15, 2022 / Published: August 30, 2022
About the authors: Norry Eka Palupi, Indonesian Citrus and Subtropical Fruits Research Institute, Indonesian Agency for
Agricultural Research and Development, Ministry of Agriculture, Batu, Indonesia; Moch Dawam Maghfoer, Nunun Barunawati, Didik

Hariyono, Agriculture Faculty, Brawijaya University, Malang, Indonesia



Palupi et al. Phenotypes of Citrus Sp. As a Selected in Dwarf Rootstock Material Regard to Abiotic Stress Tolerance, VVol. 49 No. 8 August

151

2022

BN ERE, A2SO4 B THRRFHELMNRERWL) FTHERS S, MR
PN HERHNEERES AR BREL, SRRE , ABEREM AT LIPIEED
BEARMFBERREEE, WTUBEER , FFEYIIBAYRE R miPX IEEYIBM BRI T 2
HRFNRRRIBRE , MARFEETHANESD B8N BRE RN R

KB : B, SEEYIBNE, RREKR, RE, L5,

1. Introduction

Rootstock is the support for the plants growing on
it. It functions in the transport of nutrients, hormones,
and photosynthates. In citrus cultivation, seedlings are
generally propagated vegetatively, namely, rootstock-
scion grafting. Rootstock is disease resistant and able to
survive in unfavorable environments is needed to
increase fruit production. The increasing consumption
of fresh oranges and processed oranges in Indonesia,
i.e. 11.58% per year according to [1], has urged
stakeholders to strive for the fruit’s availability.
Therefore, policies must be directed toward expanding
citrus plantations in the marginal lands.

BBSDLP released in 2015 [2] that marginal land in
Indonesia reached 285.86 million ha; consisting of dry
soil, saline soil, waterlogged soil, and acidic soil. Plants
grown on such land will experience stress in their
phenotypes and physiology.

This study simulates abiotic stress, which is close
drought, salinity, waterlogging, and acidity. PEG
(polyethylene glycol) and NaCl are osmotic stress
agents used to stimulate drought stress conditions [3]
and salinity stress conditions [4]. PEG is a polymer that
causes plant tissues not to be easily penetrated, so it
interferes with water absorption in the root zone,
lowers osmosis potentials and makes plants under
water shortage [5]. It is used in rootstock breeding
technology as a fusion to fuse plant cell protoplasm to
test drought resistance [6]. High salinity can increase
proline content and reduce Fe content in pistachio
rootstock [7].

Waterlogging  simulates  waterlogged  soil,
causing stress on plants because of excessive water.
This condition causes the oxygen concentration around
the roots to decrease, i.e. the hypoxia [8, 9]. Acid soils
are associated with low soil pH; it causes poisoning by
metal ions such as Al, Fe, Zn, Cu, and Mn. This
reduces the absorption of important soil nutrients such
as P, Ca, Na, Mg, and K [10]. Al toxicity in citrus is
characterized by a decreased rate of photosynthesis in
scion-rootstock plants [11].

Rootstocks tolerant to abiotic stress will experience
phenotypic and physiological changes in their growth
stage to maintain their life. This study aimed to observe
phenotypic changes in several rootstock varieties that
experience abiotic stress such as drought, salinity,

waterlogging, and acidity. The results of this study are
expected to be useful in citrus farming to meet the
national citrus needs in sub-optimal land and limited
areas.

2. Methodology

This research was conducted in a greenhouse in the
Punten Experimental Garden of Batu city. This garden
covers 2.7 ha of land on 950 AMSL. This research was
started by sowing eight rootstock varieties, i.e.
Japansche Citron, Rough Lemon, Kanci, Citromello,
Carizzo, Volkameriana, Troyer, and Cleopatra
Mandarin, for 5 months. Then, the dwarf phenotype
selection was carried out with the parameters of slower
seedling growth, short internode distances, smaller
leaves, and narrower canopy diameter.

The rootstock varieties with dwarfism are
Citromello (Cit), Volkameriana (Volk), and Cleopatra
Mandarin (CM). Hardening was carried out for 3
months on the three varieties. They were then given
abiotic stress treatment, i.e. control, 8% PEG;
3.5% NaCl, 150% FC Waterlogging (WL); 9
mM Al,SO,. This research was conducted for 2
months,

This research used Olympus microscopes,
microtome, prepared slides and Kits, writing stationery,
field equipment, LAM (Leaf Area Meter) Type Li-Cor
3100C, LC-MS/MS Spectrophotometer (Thermo
Scientific), and a pH soil meter. The used materials are
rootstock varieties of Citromello (Cit), Volkameriana
(Volk), and Cleopatra mandarin (CM), PEG, NaCl,
water, Al,SO,, staining blue, and nail polish.

This study used a factorial randomized block
design. The first factor is variety, and the second factor
is abiotic stress. The treatment combinations are shown
in Table 1.

Table 1 Treatment combinations

vIC cl c2 C3 c4 Co
(PEG)  (NaCl) (WL)  (ALSO,) (Control)
VI(Cit)  VL/ICl  VI/C2 VIIC3 VIIC4  VIICO
V2 (Volk) V2/Cl  V2IC2 V2/C3  V2/C4  V2ICO
V3(CM)  V3/Cl  V3/C2 V3/C3 V3/C4  V3ICO

The experiment was repeated three times with five
units, so the material required was 5 x 5 x 3 x 3 =225
rootstocks. Observations were made once a week for
two months. Tukey post hoc test was used with a
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confidence level of 95%.

3. Results and Discussion

Phenotypic changes often occur when plants are
under extreme environmental changes. The changes
were made to survive and tolerate the environment.
significant

Mandarins  show physiological and

biochemical symptoms when they lack in water [12].
Citrus plants are classified as plants very sensitive to
salinity [13]. Therefore, information on citrus
rootstocks tolerant of several types of abiotic stress is
needed. Changes in phenotype in citrus can provide
information about the ability of certain rootstock
varieties to adapt to less normal environments.

Control

Fig. 1 The shape of leaves in stress treatments (control; 8% PEG; 3.5% NaCl, 150% FC waterlogging (WL); 9 mM Al,SO,)

Leaf shape changes under abiotic stress can be seen
in Fig. 1. The leaf lamina shape of Citromello changes
from lanceolate obovate and elliptic under abiotic

stress. In Volkameriana and Cleopatra mandarin,
elliptic shape turned to ovate, especially under NaCl
and Al,SO, treatment (Table 2).

Table 2 Description of the anatomy of citrus leaves under abiotic stress treatment (control; 8% PEG; 3.5% NaCl, 150% FC waterlogging

(WL); 9 mM Al,SO,)

Cit CO0 PEG NaCl WL Al,SO,

Leaf lamina attachment  Brevipetolate Brevipetolate Brevipetolate Brevipetolate Brevipetolate

Leaf lamina shape Lanceolate Obovate Elliptic Elliptic Elliptic

Leaf lamina margin Dentate Dentate Dentate Dentate Dentate

Petiole wings Presence Presence Presence Presence Presence
Medium Medium Medium Medium Medium

Petiole wing shape Obdeltate Obdeltate Obdeltate Obdeltate Obdeltate

Volk CO0 PEG NaCl WL Al,SO,

Leaf lamina attachment  Brevipetolate Brevipetolate Brevipetolate Brevipetolate Brevipetolate

Leaf lamina shape Elliptic Elliptic Ovate Elliptic Elliptic

Leaf lamina margin Dentate Dentate Dentate Dentate Dentate

Petiole wings Presence medium  Presence medium  Presence medium  Presence medium  Presence medium

Petiole wing shape Obdeltate Obdeltate Obdeltate Obdeltate Obdeltate

CM CO0 PEG NaCl WL Al,SO,

Leaf lamina attachment  Brevipetolate Brevipetolate Brevipetolate Brevipetolate Brevipetolate

Leaf lamina shape Elliptic Elliptic Elliptic Ovate Ovate

Leaf lamina margin Acute Acute Acute Acute Acute

Petiole wings Presence Narrow  Presence Narrow  Presence Narrow  Presence Narrow  Presence Narrow

Petiole wing shape Obovate Obovate Obovate Obovate Obovate
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The results show that leaf area decreased in all
rootstock varieties (Citromello, Volkameriana, and

Cleopatra Mandarin) after
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Fig. 2 Leaf areas in three rootstock varieties (Citromello,
Volkameriana, dan Cleopatra Mandarin) given the abiotic stress
treatment (control; 8% PEG; 3.5% NaCl, 150% FC waterlogging

(WL); 9 mM Al,SO,). Tukey test with the confidence level of 95%

compared with controls (Fig 2). Volkameriana has the
highest leaf area under waterlogging treatment (WL),
i.e. 13.54 mm, and the lowest under PEG treatment, i.e.
8.06 mm. Citromello had the highest leaf area under
PEG treatment, i.e. 13.15 mm, and the lowest under
NaCl treatment, i.e. 8.37 mm. Cleopatra Mandarin
tended to be stable under all abiotic stress treatment,
but lower than the control, i.e. 7.10-7.35 mm (Fig 2).
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The first response that we can see from a plant when
it is under stress is the decrease in leaf area. This is
caused by a decrease in turgor pressure in the cell, so
the cell volume decreases due to an increase in the
concentration of solutes in the cell. Decreasing leaf
area is one of plants' ways to reduce water transpiration
and their first way to fight drought. Generally, plants
give early signals by reducing leaf area when plants
experience salinity, waterlogging, and drought stress
[14]. Drought stress on paprika plants causes plants to
reduce their leaf area and number of stomata [15].

Volk
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Fig. 3 Cross-section of stomata in Citromello, Volkameriana, and

Cleopatra Mandarin on the eighth week under four abiotic stress

treatments (control; 8% PEG; 3.5% NaCl, 150% FC waterlogging
(WL); 9 mM Al,SO,). 400x magnification

Plants' initial defense when they are subjected to an
abnormal environment, apart from decreasing leaf area,
is closing their stomata. Partially closed stomata and
smaller stomata under all abiotic stress treatments
compared to control plants can be seen in Fig 3 and
Table 3.

Cleopatra mandarin has higher stomatal density and

more open stomata than other varieties, but the ratio of
open/closed stomata and its percentage of opening
stomata are lower (Table 4). This shows that plants
given the abiotic stress treatments of PEG, NaCl, WL,
and Al,SO, are trying to survive by reducing excessive
evaporation, i.e.,, avoiding dehydration due to
evaporation and transpiration [16].

Saline soils, which contain NaCl, reduce
groundwater potential, which causes the dehydration of
plants. The symptoms that appear in plants are the
same as the symptoms when they experience drought
stress. Anaerobic conditions, i.e., waterlogged soil,
cause oxidative damage that reduces the chlorophyl
content and stomatal conductance [8].

Table 3 Stomata size after abiotic stress treatment (control; 8%
PEG; 3.5% NaCl, 150% FC waterlogging (WL); 9 mM Al,SO,)

Variety Abiotic stress Stomata size (um)
Cit Control 22.43
PEG 17.47
NaCl 15.95
WL 16.71
AI2S04 18.98
Volk Control 24.10
PEG 17.73
NaCl 18.29
WL 16.31
Al2S04 17.17
CM Control 26.89
PEG 17.94
NaCl 15.56
WL 16.59
Al2504 16.56

Table 4 Stomata density, open-close ratio, percentage of opened stomata under abiotic stress treatment (control; 8% PEG; 3.5% NaCl, 150%
FC waterlogging (WL); 9 mM Al,SO,)

Varieties  Stress Stomata Density  The ratio of open and closed stomata Percentage of open stomata (%0)
Cit Control 505,97 15 60
PEG 303,58 0,53 34,62
NaCl 252,99 0,38 27,27
WL 269,85 0,52 34,04
Al, SO, 320,45 0,58 36,54
Volk Control 522,84 2,58 72,09
PEG 303,58 0,75 42,86
NaCl 202,39 0,57 36,36
WL 269,85 0,64 39,02
Al, SO, 320,45 0,66 39,58
CM Control 556,57 1,27 55,93
PEG 320,45 0,68 40,43
NaCl 320,45 0,58 36,54
WL 337,31 0,65 39,22
Al, SO, 404,78 0,67 40

Regarding the plant growth inhibition due to abiotic
stress, in addition to decreasing leaf area, stomata size,
the percentage of open stomata, the contents of a and b
chlorophyll were also reduced in all abiotic stress
treatments. Cleopatra mandarin contains chl a and b
better in Al,SO, and Volkameriana in PEG treatment
(Fig 4). Plants began to turn yellow in the second week,

especially in the waterlogging treatment (WL), because
the plant roots were hypoxic, so the gas exchange in the
leaves and the photosynthesis were disrupted.

The decrease in chlorophyll content and stomatal
conductance occurred in Citrange Carrizo grafted with
navel orange under waterlogging [17]. The high NaCl
in plant tissue interferes with the overall growth. In
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addition to inhibiting nutrient uptake in roots, Na* and
ClI ions are toxic when they accumulate in leaves, so
photosynthesis is disrupted. Drought stress also causes
the same thing, in which the photosynthesis is disrupted
because the stomata close, which reduces the
chlorophyl content [14].
Acidity stress also causes the degradation of
chlorophyll content, so the photosynthesis rate is
inhibited due to Al” ion toxicity. Here, plants cannot
absorb Ca and Mg. Additionally, Al induction in the
rootstock of C. sinensis can reduce the contents of a
and b chlorophyll, which slows down photosynthesis
[18].
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Fig. 4 Chlorophyll content of Citromello, Volkameriana, and
Cleopatra Mandarin) in the eighth week under four abiotic stress
treatments (control; 8% PEG; 3.5% NaCl, 150% FC waterlogging
(WL); 9 mM Al,SO,). Tukey test with a confidence level of 95%

The canopy diameter of all varieties is smaller under
all abiotic stress treatments than the control, i.e. 4-15
mm on the average. The narrowest canopy diameter is
found in plants under salinity stress (NaCl). Cleopatra
Mandarin (CM) has the widest diameter of all other
varieties in all abiotic stress treatments, i.e. 7-10 mm.
Volkameriana has a wide canopy diameter under all
abiotic stress treatments, i.e. 9-15 mm, except in
salinity stress, i.e. 4 mm (Fig. 5).

The disruption of metabolic processes due to
salinity, drought, waterlogging, and acidity stress
reduces growth rate, plant height, leaf area due to self-
defense from the transpiration process, and canopy
diameter (Fig 5). Further, the stem diameters of all
varieties are smaller than the control, but higher in PEG
treatment. NaCl stress has a smaller effect than other
abiotic stresses (Table 5). Drought stress causes roots
to grow lengthwise toward water sources and away
from drought in the upper layers [19].

In woody plants, osmotic stress decreases stem
diameter and an increase in lignin —a constituent of cell
walls in plants [20,21]. In the grafted citrus, stem cross-
sectional area and plant height correlate with canopy
diameter [22].
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Fig. 5 Canopy diameter of Citromello, Volkameriana, and
Cleopatra Mandarin) in the eighth week under four abiotic stress
treatments (control; 8% PEG; 3.5% NaCl, 150% FC waterlogging
(WL); 9 mM Al,SO,). Tukey test with a confidence level of 95%

Table 5 Stem diameter, root length, root dry weight under abiotic
stress (control; 8% PEG; 3.5% NaCl, 150% FC waterlogging (WL);
9 mM A|2804)

Varieties  Abiotic stress Stem Root length
diameter (cm)
(mm)
Cit Co 4,67 20,0
PEG 3,16 21,0
NaCl 3,24 19,0
WL 3,44 19,0
Al,SO, 3,54 19,0
Volk Co 5,05 22,0
PEG 3,34 23,0
NaCl 2,81 19,0
WL 3,35 19,0
Al,SO, 3,81 21,0
CM Co 5,25 22,0
PEG 4,07 23,0
NaCl 3,55 19,0
WL 3,95 10,0
AlLSO, 4,01 20,0
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Fig. 6 Proline in the leaves of plants under abiotic stress treatment
(control; 8% PEG; 3.5% NaCl, 150% FC Waterlogging (WL); 9
mM Al,SO,)

The analysis using LC-MS/MS indicated that the
highest proline concentration was in Cleopatra
mandarin under NaCl stress, i.e. 1,420.8 (ug/g), and
Volkameriana under Al,SO, stress, i.e. 1,539.6 (ug/g).
Citromello has the highest proline content under
waterlogging treatment (WL), i.e. 816.3 (ug/g).

Proline is synthesized in the cytoplasm or
chloroplast from L-glutamate and L-Ornithine, and it is
degraded in the mitochondria. When a plant is stressed,
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proline synthesis begins. Proline as a compound for an
osmoprotectant defense mechanism under abiotic stress
is accumulated in leaves. It is important as a metal
chelator, antioxidant defense, and stress tolerance agent
[23]. In citrus plantlets, under dry conditions, PEG 4%,
proline increases to 0.525 ml/l [24]. Cleopatra
mandarin showed the least damage under a salinity
stress of 100-mm NaCl and had the highest proline
level during seedling [25].

Cit Volk

Control

Fig. 7 Cross-section of leaves in Citromello, Volkameriana, and
Cleopatra Mandarin on the eighth week under four abiotic stress
treatments (control; 8% PEG; 3.5% NaCl, 150% FC waterlogging

(WL); 9 mM Al,SO,). 400x magnification

The cross-section of the leaves of the plants under
some abiotic stress also shows changes in their vascular
bundle consisting of xylem and phloem. Theirs are
bigger than those of the control, but it was not the case
for plants under waterlogging treatment (WL). Their
palisade tissue was smaller than the tissue of control
plants (Fig. 7). The palisade is the location of the
cytoplasm and photosynthesis chloroplast organelles.
The low chlorophyll content under abiotic stress
indicates that the palisade function is less optimal
during the period. [26] revealed that the size of palisade
and spongy cells decreased significantly when plants
were under high light stress; this also causes the
chloroplasts to shrink.

Cell changes in leaves also occur when plants
experience drought stress. This stress degrades the size
of the palisade and bundle sheath tissues. However, if

tolerance toward drought stress increases, the palisade
tissue, bundle sheath, and leaves will thicken, and
stomata will be constricted [27].

Cit

Control

NON

Fig. 8 Cross-section of rootstock under abiotic stress teatments
(control; 8% PEG; 3.5% NaCl, 150% FC waterlogging (WL); 9
mM Al,SO,). X: xylem, Em: Pith, P: vessel .400x magnification

Based on the cross-sectional image of rootstocks
under abiotic stress, the plants' porous vessels are
categorized as single pore surrounded by wood fibers;
each has pith as a food reserve network in
dicotyledonous plants. Xylem transports water and
nutrients in plants. In Cleopatra Mandarin, single pores
turned into grouped pores under waterlogging (WL)
treatments. All rootstock varieties died of NaCl
treatment. In Volkameriana, a single pore changed to
radial pore multiple under Al,SO, treatment; the two
pores appeared to intersect with each (Fig 8).

Environmental changes, especially drought stress
combined with high temperature and CO2, affect the
vascular system and water regulation of plants. Here
the size and density of xylem, the size of cambium, and
the cell wall are degrading [28]. Under drought and
salinity stress, the sizes of vessel cells and xylem in
Populus trichocarpa become smaller [21].

4. Conclusion

Phenotypic changes occur in plants that live in
unfavorable areas and cause stress symptoms. The
phenotypic changes that occur regarding abiotic stress
to citrus rootstocks include the following.

Changes in leaf shape when plants experience
abiotic stress, i.e. on leaf lamina shape, do occur. The
leaf area and the canopy diameter of all varieties tended
to decrease, except for Volkameriana (Volk). It has an
insignificant canopy diameter under Al,SO, treatment
compared to that of control plants. It has smaller
stomata that are closed and partially closed. The best
stomata density and the best open stomata percentage
are for Cleopatra mandarin (CM). Its stem diameter is
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smaller, and its root is shorter than, as compared to
their condition of PEG treatment.

The highest proline content was on Cleopatra
mandarin under NaCl stress, on Volkameriana under
Al,SQ, stress, and on Citromello under waterlogging
(WL). Their xylem and phloem were larger than those
of control plants, but that is not the case under
waterlogging (WL). All rootstock varieties died on
NaCl treatment .The palisade tissue became smaller
than the tissue of control plants. In Cleopatra
Mandarin, single pores turned into grouped pores
under waterlogging (WL). In Volkameriana, single
pores become radial pores multiple under Al,SO,
treatment, in which two pores intersect each other

The results of the phenotypic research showed that
all rootstock candidates were resistant to several abiotic
stresses, and could be recommended on four marginal
lands, especially on dry land, salinity, waterlogging,
and acid soils with dwarf performance. However, as
information based on the data above, the best tolerant
variety is Cleopatra mandarin, while Volkameriana
and Citromello are better tolerant of acidic soil.

This research is expected to continue in grafting
with scions as a production plant, so that its
compatibility with scions is known, the stability of both
growth and productivity.

References

[1] CENTER FOR AGRICULTURAL DATA AND
INFORMATION SYSTEMS. Citrus Outlook; Horticulture
Sub-Sector  Agricultural  Commodities.  Ministry  of
Agriculture, Jakarta, 2016.

[2] AGENCY FOR AGRICULTURAL RESEARCH AND
DEVELOPMENT. Indonesia's Agricultural Land Resources
Extensive, Distribution, and Potential Availability. IAARD
Press, Jakarta, 2015.

[3] CASTANEDA V., & GONZALEZ E. M. Strategies to
Apply Water-Deficit Stress: Similarities and Disparities at
the Whole Plant Metabolism Level In Medicago Truncatula.
International Journal of Molecular Sciences, 2021, 22: 2813.
https://doi.org/10.3390/ijms22062813

[4] AKBARI M., KATAM R., HUSAIN R., FARAJPOUR
M., MAZZUCA S., and MAHNA N. Sodium Chloride
Induced Stress Responses of Antioxidative Activities in
Leaves and Roots of Pistachio Rootstock. Biomolecules,
2020, 10: 189. https://doi.org/10.3390/biom10020189

[5]1 JUNG J. S., MUHAMMAD Z., LEE K.-W., MUN J. Y.,
PARK H. S., KIM Y. J., KIM W. H., LEE S.-H., and LEE
S.-H. 2015. Effects of polyethylene glycol-induced water
stress on the physiological and biochemical responses of
different Sorghum genotypes. Proceedings of the the XXIII
International Grassland Congress (Sustainable use of
Grassland Resources for Forage Production, Biodiversity and
Environmental Protection), New Delhi, 2015.
https://uknowledge.uky.edu/igc/23/4-1-2/4/

[6] CIMEN B., & YESILOGLU T. Rootstock Breeding for
Abiotic Stress Tolerance in Citrus. Intech, London, 2016.
http://dx.doi.org/10.5772/62047

[7] RAHNESHAN Z., NASIBI F., and MOGHADAM A A.
Effects of salinity stress on some growth, physiological,
biochemical parameters and nutrients in two pistachio

(Pistacia vera L.) rootstocks. Journal of Plant Interactions,
2018, 13(2): 73-82.
https://doi.org/10.1080/17429145.2018.1424355

[8] AMADOR M. L., SANCHO S., BIELSA B., GOMEZ-
APARISI J., and RUBIO-CABETAS M. J. Physiological
and biochemical parameters controlling waterlogging stress
tolerance in Prunusbefore and after drainage. Physiologia
Plantarum, 2012, 144: 357-368.
https://doi.org/10.1111/j.1399-3054.2012.01568.x

[9] MORALES-OLMEDO M., ORTIZ M., and SELLES G.
Review: Effects of transient soil waterlogging and its
importance for rootstock selection. Chilean Journal of
Agricultural Research, 2015, 75(2): 45-56.
http://dx.doi.org/10.4067/S0718-58392015000300006

[10] BHUYAN M. H. M. B, HASANUZZAMAN M.,
NAHAR K., AL MAHMUD J., PARVIN K., BHUIYAN
T.F., and FUJITA M. Plant Behavior under Soil Acidity
Stress: Insight into Morphophysiological, Biochemical, and
Molecular Responses. In: Plant Abiotic Stress Tolerance.
Springer Nature, Cham, 2019: 35-82.
https://doi.org/10.1007/978-3-030-06118-0 2

[11] XIN-YAN L., LIN-TONG Y., YI-BIN L., YE X., and
LI-SONG C. Roles of rootstocks and scions in aluminum-
tolerance of Citrus. Acta Physiologiae Plantarum, 2015, 37:
1743. https://doi.org/10.1007/s11738-014-1743-1

[12] DOS SANTOS I. C., DE ALMEIDA A. A. F,
PIROVANI C. P., COSTA M. G. C., DA CONCEICAO A.
S., FILHOW. S. S., FILHO M. A. C., and GESTEIRA A. S.
Physiological, biochemical and molecular responses to
drought conditions in field-grown grafted and ungrafted
citrus plants. Environmental and Experimental Botany, 2019,
162: 406-420.
https://doi.org/10.1016/j.envexpbot.2019.03.018

[13] ABOUTALEBI A., & HASANZADEH H. Salinity and
Citrus Rootstocks and Interstocks. International Journal of
Plant, Animal and Environmental Sciences, 2014, 4: 654—
672.
https://www.cabdirect.org/cabdirect/abstract/20143220344
[14] KORDROSTAMI M., & MAFAKHERI M.
Consequences of Water Stress and Salinity on Plants/Crops;
Physiobiochemical and Molecular Mitigation Approaches.
In: PESSARAKLI M. (ed.) Handbook of Plant and Crop
Physiology. CRC Press, Boca Raton, 2022: 789-814.
https://doi.org/10.1201/9780367554545-37

[15] PADILLA Y. G., GISBERT-MULLOR R., LOPEZ-
SERRANO L., LOPEZ-GALARZA S., and A.
CALATAYUD. Grafting Enhances Pepper Water Stress
Tolerance by Improving Photosynthesis and Antioxidant
Defense Systems. Antioxidants, 2021, 10(576): 1-15.
https://doi.org/10.3390/antiox10040576

[16] PIRASTEH-ANOSHEH H., SAED-MOUCHESHI A.,
PAKNIYAT H., and PESSARAKL M. Stomatal responses
to drought stress. In: AHMAD, P. (ed.) Water Stress and
Crop Plants: A Sustainable Approach Volume 1. John Wiley
& Sons, Hoboken, 2016: 24-40.
https://doi.org/10.1002/9781119054450.ch3

[17] OTERO A., & GONI C. Short hypoxia period affects
photosynthesis of citrus scion leaves under different
rootstocks. Citrus Research & Technology, 2016, 37(1): 19-
25. http://dx.doi.org/10.4322/crt.ICC110

[18] LIAO X. Y., YANG L. T., LU Y. B., YE X., and CHEN
L. S. Roles of rootstocks and scions in aluminum-tolerance
of Citrus. Acta Physiologiae Plantarum, 2015, 37: 1743.
https://doi.org/10.1007/s11738-014-1743-1



https://doi.org/10.3390/ijms22062813
https://doi.org/10.3390/biom10020189
https://uknowledge.uky.edu/igc/23/4-1-2/4/
http://dx.doi.org/10.5772/62047
https://doi.org/10.1080/17429145.2018.1424355
https://doi.org/10.1111/j.1399-3054.2012.01568.x
http://dx.doi.org/10.4067/S0718-58392015000300006
https://doi.org/10.1007/978-3-030-06118-0_2
https://doi.org/10.1007/s11738-014-1743-1
https://doi.org/10.1016/j.envexpbot.2019.03.018
https://www.cabdirect.org/cabdirect/abstract/20143220344
https://doi.org/10.1201/9780367554545-37
https://doi.org/10.3390/antiox10040576
https://doi.org/10.1002/9781119054450.ch3
http://dx.doi.org/10.4322/crt.ICC110
https://doi.org/10.1007/s11738-014-1743-1

Palupi et al. Phenotypes of Citrus Sp. As a Selected in Dwarf Rootstock Material Regard to Abiotic Stress Tolerance, VVol. 49 No. 8 August

157

2022

[19] GANDULLO J., AHMAD S., DARWISH E,
KARLOVA R., and TESTERINK C. Phenotyping tomato
root developmental plasticity in response to salinity in soil
rhizotrons. Plant  Phenomics, 2021, 2021: 1-14.
https://doi.org/10.34133/2021/2760532

[20] POLLE A., CHEN S. L., ECKERT C. and
HARFOUCHE A. Engineering Drought Resistance in Forest
Trees. Frontiers in Plant Science, 2019, 9: Article 1875.
https://doi.org/10.3389/fpls.2018.01875

[21] HORI C., YU X., MORTIMER J. C.,, SANO R,
MATSUMOTO T., KIKUCHI J, DEMURA T., and
OHTANI M. Impact of abiotic stress on the regulation of cell
wall  biosynthesis in  Populus trichocarpa. Plant
Biotechnology, 2020, 37: 273-283.
https://doi.org/10.5511/plantbiotechnology.20.0326a

[22] MARTINEZ-CUENCA M. R., PRIMO-CAPELLA A.,
and GINER M. A. F. Influence of Rootstock on Citrus Tree
Growth: Effects on Photosynthesis and Carbohydrate
Distribution, Plant Size, Yield, Fruit Quality, and Dwarfing
Genotypes. In: RIGOBELO E. C. (ed.) Plant Growth.
InTech Open, London, 2016: 107-129.
http://dx.doi.org/10.5772/64825

[23] SINGH A., SHARMA M.K. and SENGAR R.S.
Osmolytes: Proline metabolism in plants as sensors of
abiotic stress. Journal of Applied and Natural Science, 2017,
9(4): 2079-2092. http://dx.doi.org/10.31018/jans.v9i4.1492
[24] ASHARI A., NURCAHYANI E., HARDOK O,
QUDUS 1., and ZULKIFLI. Analisis Kandungan Prolin
Planlet Jeruk Keprok Batu 55 (Citrus Reticulata Blanco Var.
Crenatifolia) Setelah Diinduksi Larutan Atonik Dalam
Kondisi Cekaman Kekeringan Secara in Vitro. Analit:
Analytical and Environmental Chemistry, 2018, 3(01): 69—
78. http://dx.doi.org/10.23960%2Faec.v3i1.2018.p

[25] MAHMOUD L. M., DUTT M., VINCENT C. I, and
GROSSER J. W. Salinity-Induced Physiological Responses
of Three Putative Salt Tolerant Citrus Rootstocks.
Horticulturae, 2020, 6, 90.
https://doi.org/10.3390/horticulturae6040090

[26] ZECHMANN B. Ultrastructure of plastids serves as
reliable abiotic and biotic stress marker. PLoS ONE, 2019,
14(4). https://doi.org/10.1371/journal.pone.0214811

[27] PRASAD V., & RAO R. Various plant’s responses and
strategies to cope with the water deficit: A review. Journal of
Pharmacognosy and Phytochemistry, 2019, 8(1): 159-168.
https://www.phytojournal.com/archives/2019/vol8issuel/Par
tC/7-6-441-914.pdf

[28] QADERY M. M., MARTEL A. B., and DIXON S. L.
Environmental Factors Influence Plant Vascular System and
Water Regulation. Plants, 2019, 8: 65.
https://doi.org/10.3390/plants8030065

BEX:

[11 LIEHEREE ARG L. GRS WZTE]
AR o FENR AR, 2016.

[2] R S L EE.
FIEE R Pa Al SR 02 ~ Sy AR E m A -
FIEZ R A Ui oE S R B R - FEfNEA, 2015.

[3] CASTANEDA V. il GONZALEZ E. M.
L FGRK a5l © BEER E TE 2R R A -
EfR5r PRI ZGE, 2021, 22: 2813.
https://doi.org/10.3390/ijms22062813

[4] AKBARI M., KATAM R., HUSAIN R., FARAJPOUR
M., MAZZUCA S., fi MAHNA N. S/t S L FF 058
ARMFRFURATEVERI RN - 4E¥57 7, 2020, 10:
189. https://doi.org/10.3390/biom10020189

[5] JUNG J. S., MUHAMMAD Z., LEE K.-W., MUN J. Y.,
PARK H. S., KIM Y. J., KIMW. H., LEE S.-H., 11 LEE S.-
H. 2015.
T O WRE S K B a R B e s R A AR AR B R
AyEiE - 5 RERERAS (ERER - £P%
FEMEFIRF SRR P Y R R FRAY AT RE SR A ) 2300
Hr#E B, 2015. https://uknowledge.uky.edu/igc/23/4-1-2/4/
[6] CIMEN B., & YESILOGLU T. fit#&#idEA Ml -
YT, 10, 2016. http://dx.doi.org/10.5772/62047

[7] RAHNESHAN Z., NASIBI F., 1 MOGHADAM A A.
R AN RO (HIERTF LR AE R ~ 4
B~ B ESERIFR SRR o AR BRI AR, 2018,
13(1): 73-82.
https://doi.org/10.1080/17429145.2018.1424355

[8] AMADOR M. L., SANCHO S., BIELSA B., GOMEZ-
APARISI J., Fn RUBIO-CABETAS M. J.
PERIZ PRI a BB A bS5l AR,
2012, 144: 357-368. https://doi.org/10.1111/j.1399-
3054.2012.01568.x

[9] MORALES-OLMEDO M., ORTIZ M., 1 SELLES G.
WG« BRI IR BRI R AR R EE B - A
T ZE 7R, 2015, 75(1): 45-56.
http://dx.doi.org/10.4067/S0718-58392015000300006

[10] BHUYAN M. H. M. B, HASANUZZAMAN M.,
NAHAR K., AL MAHMUD J., PARVIN K., BHUIYAN
T.F., Fn FUIITA M.
TIEFR LRI T | RS A EY - E(ERSY
FRNL o £ - HEFEAE AT 1 o fiE bRk B 9K,
7, 2019: 35-82. https://doi.org/10.1007/978-3-030-06118-
02

[11] XIN-YAN L., LIN-TONG Y., YI-BIN L., YE X.,
LI-SONG C. TEME £ PR,
FAARFIBREVEA, MR, 2015, 37: 1743
https://doi.org/10.1007/s11738-014-1743-1

[12] DOS SANTOS I. C., DE ALMEIDA A. é\ F.,
PIROVANI C. P., COSTA M. G. C., DA CONCEICAO A.
S., FILHO W. S. S., FILHO M. A. C., i GESTEIRA A. S.
KN H IR IEGEAARIE Y Y T 2SR AR B, A kD
53 F N, FEM S ROFFEEFNSE ISR 7, 2019, 162: 406-
420. https://doi.org/10.1016/j.envexpbot.2019.03.018

[13] ABOUTALEBI A, #1 HASANZADEH H.
EhFEFIHE R AR) R ER o EFAEY) ~ shPRIEr5ER
ks 2014, 4: 654-672.
https://www.cabdirect.org/cabdirect/abstract/20143220344
[14] KORDROSTAMI M., & MAFAKHERI M.
K53 W E R S AV E I SZ W 5 B LSy 2%

i 534 o 1F : PESSARAKLI M.
(4w%E) EYVFEYAEREZETM - (P BIA = AR
, TE-RRLm, 2022: 789-814.

https://doi.org/10.1201/9780367554545-37
[15] PADILLA Y. G., GISBERT-MULLOR R., LOPEZ-
SERRANO L., LOPEZ-GALARZA S, 71 A,
CALATAYUD.

IR B A Tt A E I FIBT S L 2 Gk SaRAsn



https://doi.org/10.34133/2021/2760532
https://doi.org/10.3389/fpls.2018.01875
https://doi.org/10.5511/plantbiotechnology.20.0326a
http://dx.doi.org/10.5772/64825
http://dx.doi.org/10.31018/jans.v9i4.1492
http://dx.doi.org/10.23960%2Faec.v3i1.2018.p
https://doi.org/10.3390/horticulturae6040090
https://doi.org/10.1371/journal.pone.0214811
https://www.phytojournal.com/archives/2019/vol8issue1/PartC/7-6-441-914.pdf
https://www.phytojournal.com/archives/2019/vol8issue1/PartC/7-6-441-914.pdf
https://doi.org/10.3390/plants8030065
https://doi.org/10.3390/ijms22062813
https://doi.org/10.3390/biom10020189
https://uknowledge.uky.edu/igc/23/4-1-2/4/
http://dx.doi.org/10.5772/62047
https://doi.org/10.1080/17429145.2018.1424355
https://doi.org/10.1111/j.1399-3054.2012.01568.x
https://doi.org/10.1111/j.1399-3054.2012.01568.x
http://dx.doi.org/10.4067/S0718-58392015000300006
https://doi.org/10.1007/978-3-030-06118-0_2
https://doi.org/10.1007/978-3-030-06118-0_2
https://doi.org/10.1007/s11738-014-1743-1
https://doi.org/10.1016/j.envexpbot.2019.03.018
https://www.cabdirect.org/cabdirect/abstract/20143220344
https://doi.org/10.1201/9780367554545-37

158

Ko BRI =2 M - | ks, 2021,
https://doi.org/10.3390/antiox10040576
[16] PIRASTEH-ANOSHEH H., SAED-MOUCHESHI A.,

10(576): 1-15.

PAKNIYAT H., gl PESSARAKL M.
AL TR AR R - 7E : AHMAD, P.
(YRR KETREIRIEYIEY) © —Fhal i sy 7451
B, NEEFLT, BEH, 2016: 24-40.
https://doi.org/10.1002/9781119054450.ch3

[17] OTERO A, i GONI C.

L SR B M A AN [ AR (4 ) R A R P B S S VE

o THHEIFIE 540K, 2016, 37(): 19-25.
http://dx.doi.org/10.4322/crt.ICC110

[18] LIAO X. Y., YANG L. T., LU Y. B,, YE X,, 1 CHEN
L. S. TEM G EE M o,
AT ER, M ERLSEHE, 2015, 37: 1743,
https://doi.org/10.1007/s11738-014-1743-1

[19] GANDULLO J, AHMAD S., DARWISH E.,
KARLOVA R., g TESTERINK C.
FFEHAR & 5 vl S 5 SRR R EL 4 - MR,
2021, 2021: 1-14. https://doi.org/10.34133/2021/2760532
[20] POLLE A., CHEN S. L., ECKERT C. f#u
HARFOUCHE A. AARHIR T, HEMEERTT, 2019, 9:
L EE1875. https://doi.org/10.3389/fpls.2018.01875

[21] HORI C., YU X., MORTIMER J. C.,, SANO R,,
MATSUMOTO T., KIKUCHI J, DEMURA T., 1
OHTANI M.
AV B B R A A EE A= Y& ORI E20 A6
EMEER, 2020, 37: 273-283.
https://doi.org/lO.5511/p|antbiotechnoloqv.20.0326a

[22] MARTINEZ-CUENCA M. R., PRIMO-CAPELLA A,
Fn GINER M. A. F.

(i) A K g2« S E R R KA E &5 46 -
TEYIAR/N ~ P28~ RS LR R AR - £
RIGOBELO E. C.
(el ) HEPER - WBRAFFER, (8%, 2016: 107-129.
http://dx.doi.org/10.5772/64825
[23] SINGH A., SHARMA M. K., 1 SENGAR R. S.
BZT  AEY TR B E RO E D IR I E B
o NS BRI FIE, 2017, 9(4): 2079-2092.
http://dx.doi.org/10.31018/jans.v9i4.1492
[24] ASHARI A., NURCAHYANI E., HARDOK O.,
QUDUS L, Fn ZULKIFLI.
RO T BB T RS LIk IR G/ MG T4 5<55(
WA SR S Fpo ) B = B 2 oo b, oW = s BT fn
WEALF, 2018, 3(01): 69-78.
http://dx.doi.org/10.23960%2Faec.v3i1.2018.p
[25] MAHMOUD L. M., DUTT M., VINCENT C. I., fn

GROSSER J. W. = HE I B A
REVEEFEHSEBN - [ ZFY, 2020, 6,  90.
https://doi.org/10.3390/horticulturae6040090

[26] ZECHMANN B.
[FHARAVEE A ZE T P E N AT SERY IR R AE I E FRAC -
NI BIE—, 2019, 14(4).
https://doi.org/10.1371/journal.pone.0214811

[27] PRASAD V., Fn RAO R.
2 PR A NS K Y R AR SRH © (Bl - A2 255 SHEY)
(b2, 2019, 8(1): 159-168.

https://www.phytojournal.com/archives/2019/vol8issuel/Par
tC/7-6-441-914.pdf

[28] QADERY M. M., MARTEL A. B., fiDIXON S. L.
R Z I YIE 25 MK 8T - s, 2019, 8:
65. https://doi.org/10.3390/plants8030065



https://doi.org/10.3390/antiox10040576
https://doi.org/10.1002/9781119054450.ch3
http://dx.doi.org/10.4322/crt.ICC110
https://doi.org/10.1007/s11738-014-1743-1
https://doi.org/10.34133/2021/2760532
https://doi.org/10.3389/fpls.2018.01875
https://doi.org/10.5511/plantbiotechnology.20.0326a
http://dx.doi.org/10.5772/64825
http://dx.doi.org/10.31018/jans.v9i4.1492
http://dx.doi.org/10.23960%2Faec.v3i1.2018.p
https://doi.org/10.3390/horticulturae6040090
https://doi.org/10.1371/journal.pone.0214811
https://www.phytojournal.com/archives/2019/vol8issue1/PartC/7-6-441-914.pdf
https://www.phytojournal.com/archives/2019/vol8issue1/PartC/7-6-441-914.pdf
https://doi.org/10.3390/plants8030065

