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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 Al2SO4. 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 Al2SO4 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. 

 

柑橘属的表型。作为一种在非生物胁迫耐受性方面选择的矮化。木材料 

 

摘要：耐非生物胁迫园艺植物的研究已广泛开展。然而，以砧木为种植材料的柑橘表型

研究较少，在克服非生物胁迫和矮化性能方面具有优势。这项研究提供的柑橘砧木能够耐受

印度尼西亚的一些边缘土地，尤其是干旱、盐分、内涝和酸度。这项形态学研究是在印度尼

西亚巴图市的蓬腾实验花园进行的。在印度尼西亚巴利杰斯特罗和布拉维加亚大学的实验室

进行了解剖观察。从2021年7月到2021年9月，预处理选择持续了8个月，然后非生物胁迫处

理持续了2个月。本研究包括15种处理组合：三个砧木品种，即西特罗梅洛(花旗)、沃尔卡梅

里亚纳(大众)和埃及艳后柑橘(厘米)，以及五种非生物胁迫处理，即对照、聚乙二醇10%、氯

化钠3.5%、涝渍150%足球俱乐部和9毫米Al2SO4。结果表明，与其他非生物胁迫相比，非

生物胁迫，尤其是氯化钠和涝渍，导致叶片形状（即叶片形状）、叶面积、叶绿素含量、气

孔密度和冠层直径等表型变化。最佳气孔密度和开放气孔百分比是埃及艳后柑（厘米）。当

植物受到非生物胁迫时，脯氨酸含量的增加也表明了这一点，特别是在氯化钠胁迫下的克娄
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巴特拉普通话、Al2SO4胁迫下的沃尔卡梅里亚纳和涝渍(WL)下的西特罗梅洛。栅栏尺寸减

小，叶片中的维管束增多，孔隙分布发生变化。结果表明，所有候选砧木都对几种非生物胁

迫具有抗性并且具有矮化性能。可以得出结论，非生物胁迫的砧木品种对非生物胁迫的耐受

性最好的是埃及艳后，而沃尔卡梅里亚纳和西特罗梅洛对酸性土壤的耐受性较好。 

关键词：砧木, 非生物胁迫, 脯氨酸, 表型, 边缘土地。 

 
 

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 Al2SO4. 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, Al2SO4, 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 

V/C C1 

(PEG) 

C2 

(NaCl) 

C3 

(WL) 

C4 

(Al2SO4) 

C0 

(Control) 

V1 (Cit) V1/C1 V1/C2 V1/C3 V1/C4 V1/C0 

V2 (Volk) V2/C1 V2/C2 V2/C3 V2/C4 V2/C0 

V3 (CM) V3/C1 V3/C2 V3/C3 V3/C4 V3/C0 

 

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. 

Mandarins show significant 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. 

 
Fig. 1 The shape of leaves in stress treatments (control; 8% PEG; 3.5% NaCl, 150% FC waterlogging (WL); 9 mM Al2SO4) 

 

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 Al2SO4 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 Al2SO4) 

Cit C0 PEG NaCl WL Al2SO4 

Leaf lamina attachment 

Leaf lamina shape 

Leaf lamina margin 

Petiole wings 

 

Petiole wing shape 

Brevipetolate 

Lanceolate 

Dentate 

Presence 

Medium 

Obdeltate 

Brevipetolate 

Obovate 

Dentate 

Presence 

Medium 

Obdeltate 

Brevipetolate 

Elliptic 

Dentate 

Presence 

Medium 

Obdeltate 

Brevipetolate 

Elliptic 

Dentate 

Presence 

Medium 

Obdeltate 

Brevipetolate 

Elliptic 

Dentate 

Presence 

Medium 

Obdeltate 

Volk C0 PEG NaCl WL Al2SO4 

Leaf lamina attachment 

Leaf lamina shape 

Leaf lamina margin 

Petiole wings 

Petiole wing shape 

Brevipetolate 

Elliptic 

Dentate 

Presence medium 

Obdeltate 

Brevipetolate 

Elliptic 

Dentate 

Presence medium 

Obdeltate 

Brevipetolate 

Ovate 

Dentate 

Presence medium 

Obdeltate 

Brevipetolate 

Elliptic 

Dentate 

Presence medium 

Obdeltate 

Brevipetolate 

Elliptic 

Dentate 

Presence medium 

Obdeltate 

CM C0 PEG NaCl WL Al2SO4 

Leaf lamina attachment 

Leaf lamina shape 

Leaf lamina margin 

Petiole wings 

Petiole wing shape 

Brevipetolate 

Elliptic 

Acute 

Presence Narrow 

Obovate 

Brevipetolate 

Elliptic 

Acute 

Presence Narrow 

Obovate 

Brevipetolate 

Elliptic 

Acute 

Presence Narrow 

Obovate 

Brevipetolate 

Ovate 

Acute 

Presence Narrow 

Obovate 

Brevipetolate 

Ovate 

Acute 

Presence Narrow 

Obovate 

 

 
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 Al2SO4). Tukey test with the confidence level of 95% 

 

The results show that leaf area decreased in all 

rootstock varieties (Citromello, Volkameriana, and 

Cleopatra Mandarin) after the stress treatment 

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]. 

 
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 Al2SO4). 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 Al2SO4 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 Al2SO4) 

Variety Abiotic stress Stomata size (µm) 

Cit Control 22.43 

 PEG 17.47 

 NaCl 15.95 

 WL 16.71 

 Al2SO4 18.98 

Volk Control 24.10 

 PEG 17.73 

 NaCl 18.29 

 WL 16.31 

 Al2SO4 17.17 

CM Control 26.89 

 PEG 17.94 

 NaCl 15.56 

 WL 16.59 

 Al2SO4 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 Al2SO4) 

Varieties Stress Stomata Density The ratio of open and closed stomata Percentage of open stomata (%) 

Cit Control 505,97 1,5 60 

 PEG 303,58 0,53 34,62 

 NaCl 252,99 0,38 27,27 

 WL 269,85 0,52 34,04 

  Al2 SO4 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 

  Al2 SO4 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 

  Al2 SO4 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 Al2SO4 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 

Cl
-
 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]. 

 
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 Al2SO4). 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]. 

 
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 Al2SO4). 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 Al2SO4) 

Varieties Abiotic stress Stem 

diameter 

(mm) 

Root length 

(cm) 

Cit C0 4,67 20,0 

 PEG 3,16 21,0 

 NaCl 3,24 19,0 

 WL 3,44 19,0 

 Al2SO4 3,54 19,0 

Volk C0 5,05 22,0 

 PEG 3,34 23,0 

 NaCl 2,81 19,0 

 WL 3,35 19,0 

 Al2SO4 3,81 21,0 

CM C0 5,25 22,0 

 PEG 4,07 23,0 

 NaCl 3,55 19,0 

 WL 3,95 10,0 

 Al2SO4 4,01 20,0 

 

 
Fig. 6 Proline in the leaves of plants under abiotic stress treatment 

(control; 8% PEG; 3.5% NaCl, 150% FC Waterlogging (WL); 9 

mM Al2SO4) 

 

The analysis using LC-MS/MS indicated that the 

highest proline concentration was in Cleopatra 

mandarin under NaCl stress, i.e. 1,420.8 (µg/g), and 

Volkameriana under Al2SO4 stress, i.e. 1,539.6 (µg/g). 

Citromello has the highest proline content under 

waterlogging treatment (WL), i.e. 816.3 (µg/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]. 

 
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 Al2SO4). 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]. 

 
Fig. 8 Cross-section of rootstock under abiotic stress treatments 

(control; 8% PEG; 3.5% NaCl, 150% FC waterlogging (WL); 9 

mM Al2SO4). 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 Al2SO4 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 Al2SO4 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 

Al2SO4 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 Al2SO4 

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. 
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