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Abstract. The citrus industry in arid areas is largely constrained by the salinity of irrigation water 
and soil. This study was conducted to determine how six novel citrus hybrid rootstocks will 
respond to salinity at the seedling stage. Three different NaCl concentrations, 0, 2, and 5 g L-1, 
were added to the half-concentrated Hoagland solution (corresponding to 1.3 (control), 4 and 
9 dS m-1, respectively). Three-month-old seedlings grown in greenhouse conditions and 
transplanted in plastic pots were used. After two months of stress, different responses from the 
rootstocks and salt levels were observed. The addition of NaCl to the irrigation solution 
considerably decreased the fresh and dry weight and leaf chlorophyll content. Additionally, the 
proline content, soluble sugar, and the leaf chloride content increase with the increase in salinity. 
Our findings demonstrated that the hybrid Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V5) 
H6 is salt-sensitive, accumulating a high leaf chloride level of 46.92 mg g-1 of dry matter and a 
low chlorophyll content of 1.12 mg g-1 of fresh matter associated with signs of leaf toxicity, 
leading to poor fresh and dry weight. Although hybrid Poncirus Trifoliata× Citrus reshni Hort. 
ex Tan. (V1) H2 is thought to be salt-tolerant, it accumulates 38.88 mg g-1 of dry-matter leaf 
chloride and 1.72 mg g-1 of fresh-matter chlorophyll content. 
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INTRODUCTION 

 
Citrus is a fruit crop of great commercial importance in the Mediterranean basin, 

where it produces over 26 million metric tonnes and accounts for 13% of the world’s 
citrus yield (FAOSTAT, 2021). The detrimental impacts of climate change in  
citrus-growing regions should not be overlooked, as they exacerbate the adverse effects 
of salinity and water stress. Around 1 billion hectares of soil worldwide are salinised 
(Ivushkin et al., 2019), it accounts for 33% of irrigated soils and 20% of all cultivated 
soils used for agriculture (Shrivastava & Kumar, 2015). The Mediterranean basin covers 
27.3 million hectares of salt-affected areas (Aragüés et al., 2011). In many cases, 

https://doi.org/10.15159/AR.24.103
https://doi.org/10.15159/AR.24.103
mailto:hamidbenyahia2002@yahoo.fr


610 

additional irrigation is necessary to achieve optimal yield (Maas, 1993; Srivastava & 
Singh, 2009; Syvertsen & Garcia-Sanchez, 2014; Othman et al., 2023). Additionally, the 
aquifer irrigation water may have an excessive quantity of soluble salts, which might 
increase the electrical conductivity (Navarro et al., 2014; Ziogas et al., 2021; Othman et 
al., 2023). Salinity significantly reduces yield, plant growth, and fruit quality, 
particularly in dry and semiarid areas (Grattan et al., 2015; Shafieizargar et al., 2015; 
Sajyan et al., 2018; Issa et al., 2020; Martínez-Cuenca et al., 2021; Marathe et al., 2022; 
Zhang et al., 2023; Maaroufi-Dguimi et al., 2024). According to reports, citrus growth 
and yield are adversely affected by soil salinity levels below 2 dS m-1, and fruit yield 
decreases by 13% for every 1 dS m-1 salinity increase above 1.4 dS m-1, which is the 
electrical conductivity threshold for saturated soil extract (Maas, 1993; Murkute et al., 
2005). Previous research revealed that the salinity effects were associated with chloride 
ion accumulation (Cole, 1985; Storey & Walker, 1998; López-Climent et al., 2008; 
Khalil et al., 2011; Hussain et al., 2012; Brito et al., 2015), which can be affected by 
passive forces and associated with water consumption (Moya et al., 1999; Moya et al., 
2003). The chloride ion accumulation in leaves leads to a gradual decline in plant growth, 
accompanied by reduced rates of transpiration and photosynthesis and low productivity 
(Bañuls et al., 1997; Moya et al., 2002; Arbona et al., 2006; Ziogas et al., 2021). The 
chloride ion contributes to macromolecule disruption and enzyme inactivation (Kamran 
et al., 2020). Citrus species vary significantly in their ability to limit sodium and chloride 
ion uptake at the root level and their transfer to shoots (Storey & Walker, 1998; Hussain 
et al., 2012). Hence, the tolerance of certain citrus genotypes to salinity seems to be 
related to their ability to prevent or reduce the transfer of chloride ions into the leaves 
(Moya et al., 2003; Kamran et al., 2020). Several years of field studies have successfully 
identified some citrus species and rootstocks tolerant to salinity (Davies & Albrigo, 
1994). These studies have revealed that Rangpur lime and Cleopatra mandarin are more 
resilient to high salinity levels. They also demonstrated that they can survive high 
chloride levels in leaves and exclude and restrict chloride ion transfer from roots to 
shoots (Douglas & Walker, 1983). This capacity is the result of physiological and 
biochemical changes at the cellular level that are regulated by gene expression in reaction 
to high salinity levels (Romero-Aranda et al., 1998; Storey & Walker, 1998). Citrus 
aurantium (sour orange), the main rootstock used in citrus orchards, was found sensible 
to the citrus tristeza virus, a devastating disease in the Mediterranean basin, and needs 
to be replaced. Currently used rootstocks such as Citrus macrophylla and Citrus 
volkameriana are considered susceptible to salinity, an environmental factor increasing 
with climate change. Under these circumstances, there is a need to find novel rootstock 
candidates tolerant to salinity to replace the susceptible ones used. Forner-Giner et al. 
(2009) and Forner-Giner et al. (2011) have developed, through directed hybridisation, 
two new rootstocks tolerant to salinity: Forner-Alcaide 5 and Forner-Alcaide 13. In 
various citrus rootstocks and cultivars, physiological and biochemical alterations in 
response to excessive salt have been examined (GuetaDahan et al., 1997; Benyahia et 
al., 2004; Fadli et al., 2014; Ait El Aouad et al., 2015). The objective of the current study 
is to evaluate the resistance of new citrus hybrid rootstocks, resulting from a 
hybridisation between parents with salt tolerance and the citrus tristeza virus 
characteristics, to salt stress using morphological, physiological, and biochemical 
indicators under greenhouse conditions. 
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MATERIAL AND METHODS 
 

Plant material and growing conditions 
The experiment was conducted in the summer of 2022 in a greenhouse of the 

Regional Agricultural Research Centre (INRA), Kenitra, Morocco (Latitude 34.296722: 

1:1 peat and sand. This substrate allows root aeration and solute leaching. The seedlings 
were routinely watered twice weekly with a half-concentrated Hoagland solution during 
a one-month acclimatisation period (Hoagland & Arnon, 1950). 

 
Salt stress treatment 
Salt stress treatment was performed for two months. Salt stress is applied after the 

period of acclimation to the new environment by adding NaCl to the half-concentrated 
Hoagland solution at two different levels: 2 g L-1 and 5 g L-1, while the control was 
irrigated with the half-concentrated Hoagland solution, corresponding to 4, 9, and 
1.3 dS m-1. To avoid osmotic shock, the concentration of NaCl is increased gradually 
until the desired levels are reached. Irrigation is performed twice a week in addition to a 
water washout every two weeks to avoid salt ion accumulation.  

 
Assessment of salt stress tolerance 
Chlorosis symptoms 
The response of seedlings to salt stress was determined by recording the appearance 

of leaf injury symptoms after two months. All seedlings were visually assessed, and a 
score from 0 to 5 was assigned to each plant according to the scale of Goell (1969). The 
score was given based on the severity of injury symptoms, such as chlorosis, wilting, 
and defoliation (Fadli et al., 2014; Ait El Aouad et al., 2015). 

 

Longitude -6.485867: Altitude 25 m), 
under the conditions of a 28 °C average 
temperature, 60% average relative 
humidity, and 14–15 h of daylight. The 
healthy and mature fruits of six 
rootstock hybrids (Table 1), belonging 
to the seed collection of INRA, were 
harvested at the experimental field of 
El Menzeh. Seeds were extracted, 
washed, and dried in the shade; the 
seeds were germinated in plastic basins 
filled with peat. The seedlings were 
irrigated regularly, twice a week. When 
the seedlings were three months old, 
uniform seedlings with 4 to 6 leaves 
and a height of about 10 cm were 
transplanted into 1 litre plastic pots 
(14 cm height, 13 cm top diameter, and 
10 cm bottom diameter) in a mixture of 

 
Table 1. List of the new hybrid citrus rootstocks 
tested in the experiment 
Rootstock Code 
Poncirus Trifoliata×  
Citrus Volkameriana 

H1 

Poncirus Trifoliata×  
Citrus reshni Hort. ex Tan. (V1) 

H2 

Poncirus Trifoliata×  
Citrus reshni Hort. ex Tan. (V2) 

H3 

Poncirus Trifoliata×  
Citrus reshni Hort. ex Tan. (V3) 

H4 

Poncirus Trifoliata×  
Citrus reshni Hort. ex Tan. (V4) 

H5 

Poncirus Trifoliata×  
Citrus reshni Hort. ex Tan. (V5) 

H6 

Citrus limonia Osbeck  
(Lime Rangpur) 

LR 

Poncirus Trifoliata PT 
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Determination of leaf chloride content 
The chloride ion was extracted from 200 mg of dry leaf tissue by adding 50 mg of 

calcium hydroxide and a few drops of distilled water. The samples are then mixed and 
placed in an oven for high-temperature alkaline incineration at 550 °C for 90 min 
(Cotlove, 1964). After incineration, 50 mL of distilled water is added to the samples, and 
the mixture is brought to a boil. After filtration, 0.5 mL of the extract was taken to 
determine the content of the chloride ion, based on the chloride analyser Sherwood 
England manufacturer (Sherwood Scientific Ltd., Cambridge, UK), using a standard 
commercial solution of 200 mg L-1 of chloride for calibration (Vives-Peris et al., 2023). 
And the obtained values are expressed as mg g-1 of dry matter (DM) of leaves. 

 
Estimation of total chlorophyll pigment 
The chlorophyll content was determined using the Arnon (1949) method by 

measuring the optical density. For this analysis, fresh leaves weighing 0.1 g were mashed 
and transferred into screw-cap tubes containing 10 mL of 80% acetone. The tubes were 
then stored in darkness at a temperature of 4 °C. Subsequently, the mixture was filtered, 
and the resulting supernatant was collected. The optical density (DO) measurements 
were taken at both 645 nm and 663 nm for the collected supernatant. The obtained results 
were expressed as mg g-1 fresh matter (FM): 

Chlorophyll (mg g−1FM)  =
20.2 (DO645)  +  8.02 (DO663)] ∙ V

1,000 ∙ FM
 

where V = volume of acetone; FM = fresh leaf weight; DO645 = optical density at 
645 nm, and DO663 = optical density at 663 nm. 

 
Determination of leaf proline content 
Leaf proline content is determined according to the methods of Bates (1973). In 

screw-cap tubes, 50 mg of dried and ground leaves is combined with 3 mL of 3% 
sulfosalicylic acid. The mixture is heated in a water bath at 80 °C for 1 hour. Afterward, 
1 mL is taken and mixed with 1 mL of ninhydrin acid and 1 mL of glacial acetic acid. 
The resulting mixture is heated again in a water bath at 100 °C for 30 min. To each tube, 
5 mL of toluene is added, and the contents are thoroughly mixed using a vortex mixer. 
Finally, the optical density of the mixture is measured at a wavelength of 520 nm using 
a spectrophotometer, and the obtained values are expressed in mg g-1 of dry matter (DM) 
using the equation of the standard curve prepared with L-proline. 

 
Determination of leaf sugar content 
The leaf sugar content was estimated according to the method of DuBois (1956). 

In a screw-cap tube, 3 mL of 80% ethanol and 50 mg of dried powdered leaves are 
combined. The mixture is kept in darkness for 48 hours. Afterward, 1 mL of the extract 
is mixed with 1 mL of 5% phenol and 5 mL of sulfuric acid. And the mixture is 
thoroughly mixed using a vortex. Finally, the reaction was stopped by placing the tubes 
in a water bath for 30 min, and then the optical density of the mixture was measured at 
a wavelength of 485 nm using a spectrophotometer. The values obtained were expressed 
in mg g-1 dry matter (DM) using the standard curve equation previously prepared with 
glucose. 
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Fresh and dry weights of stem, leaf and root 
After harvesting, the plants were divided into leaves, stems, and roots. Each part of 

the plant was placed in a bag and weighed before and after drying at 80 °C for 72 h  
to determine their fresh and dry weights (Bañuls et al., 1997). Salinity tolerance was 
estimated by determining the relative percent reduction in fresh and dry weights  
(Fadli et al., 2014; Ait El Aouad et al., 2015). 

 
Statistical analysis 
The experiment was conducted using a split-plot design, with the salinity factor 

assigned to the main plot and the rootstock factor in the subplot. The data collected were 
imported into the Statistical Analysis System (SAS) software and analysed using a  
two-way analysis of variance (ANOVA) of the general linear models (GLM). The 
significant differences between means were determined using Duncan's multiple range 
test at a 95% confidence level. 

 
RESULTS 

 
Effect of salt stress on leaf injury symptoms 
Chlorosis symptoms appear on the leaves 5 weeks after the beginning of the salt 

treatment. This phenomenon starts at the basal leaves and progresses to the apical leaves. 

Ex Tan. (V5) H6 rootstocks had an index of 1.50 according to the Goell scale (Figs 1, 2). 
At 5 g L-1, all the rootstocks were affected by salt. The Poncirus Trifoliata×Citrus 
Volkameriana H1 and Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V2) H3 
rootstocks were the least affected and presented the lowest index of 1.50, which is close  
 
 

The results presented in Table 2 
show variability between rootstocks 
in relation to the stress levels 
applied. For the treatment control, 
the leaf injury was very low, with 
variability among the hybrids that 
varies between 0.33 and 0.67 
depending on the hybrids. Indeed, 
at 2 g L-1 NaCl, the Poncirus 
Trifoliata× Citrus Volkameriana 
H1 rootstock showed the lowest 
toxicity symptoms (0.83); the 
Poncirus Trifoliata× Citrus 
Reshni Hort. Ex Tan. (V1) H2, 
Poncirus Trifoliata× Citrus 
Reshni Hort. Ex Tan. (V2) H3, 
And Poncirus Trifoliata× Citrus 
Reshni Hort. Ex Tan. (V4) H5 
rootstocks showed an index of 
1.17; whereas the Poncirus 
Trifoliata× Citrus Reshni Hort.  

 
Table 2. Effect of salt stress on leaf injury symptoms 
according to the scale of Goell (1969) 
Rootstock Control 2 g L-1 NaCl 5 g L-1 NaCl 
H1 0.33 ± 0.21b 0.83 ± 0.31ab 1.50 ± 0.22a 
H2 0.50 ± 0.22b 1.17 ± 0.17a 1.67 ± 0.21a 
H3 0.33 ± 0.21b 1.17 ± 0.17a 1.50 ± 0.22a 
H4 0.67 ± 0.21b 1.33 ± 0.21ab 2.00 ± 0.26a 
H5 0.50 ± 0.22b 1.17 ± 0.17b 2.50 ± 0.56a 
H6 0.33 ± 0.21c 1.50 ± 0.22b 3.33 ± 0.33a 
LR 0.17 ± 0.17b 0.67 ± 0.21ab 1.17 ± 0.17a 
PT 1.00 ± 0.26c 2.67 ± 0.21b 4.50 ± 0.22a 
For the same rootstock, stress levels with the same letter do 
not differ significantly; at P ≤ 0.05 (one-way ANOVA, 
separated by Duncan’s test), mean values ± standard error 
(n = 6). H1 = Poncirus Trifoliata× Citrus Volkameriana H1, 
H2 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V1) 
H2, H3 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. 
(V2) H3, H4 = Poncirus Trifoliata× Citrus reshni Hort. ex 
Tan. (V3) H4, H5 = Poncirus Trifoliata× Citrus reshni Hort. 
ex Tan. (V4) H5, H6 = Poncirus Trifoliata× Citrus reshni 
Hort. ex Tan. (V5) H6, LR = Citrus limonia Osbeck (Lime 
Rangpur), PT = Poncirus Trifoliata. 
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to that of the resistant control LR (1.17). On the other hand, the rootstock Poncirus 
Trifoliata× Citrus Reshni Hort. Ex Tan. (V5) H6 showed the highest toxicity index of 
3.33. 

 

 
 
Figure 1. Effect of salinity levels on leaf injury of the rootstocks: (a) hybrid Poncirus Trifoliata× 
Citrus reshni Hort. ex Tan. (V1) H2 ; (b) hybrid Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. 
(V5) H6. 
 

 
 
Figure 2. Effect of salt stress on the appearance of the rootstocks at the end of treatment: (a) the 
control; (b) 2 g L-1 NaCl; (c) 5 g L-1 NaCl. 
H1 = Poncirus Trifoliata× Citrus Volkameriana H1, H2 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. 
(V1) H2, H3 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V2) H3, H4 = Poncirus Trifoliata× Citrus 
reshni Hort. ex Tan. (V3) H4, H5 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V4) H5, H6 = Poncirus 
Trifoliata× Citrus reshni Hort. ex Tan. (V5) H6, LR = Citrus limonia Osbeck (Lime Rangpur), PT = Poncirus 
Trifoliata. 

2 g L-1 NaCl 2 g L-1 NaCl 5 g L-1 NaCl 5 g L-1 NaCl Control Control 

a) 

b) 

c) 

a) b) 
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Effect of salt stress on the chloride ion content in leaves 
Fig. 3 shows the chloride ion content in leaves as a function of the applied NaCl 

concentration. The results show that rootstocks accumulate chloride ions in the leaves in 
the presence of NaCl in the irrigation solution, and this accumulation varies with the 
concentration of salt in the irrigation solution and rootstock genotype. Chloride content 
ranged from 5.06 mg g-1 DM to 9.30 mg g-1 DM for control rootstocks. At 2 g L-1 NaCl, 
the chloride content was tripled or quadrupled depends on the rootstock; the lowest 
content of 19.34 mg g-1 DM was recorded in the rootstock Poncirus Trifoliata× Citrus 
Reshni Hort. Ex Tan. (V1) H2, while the highest content of 28.97 mg g-1 DM was 
recorded in the Poncirus Trifoliata× Citrus Volkameriana H1 rootstock. At a 
concentration of 5 g L-1 NaCl, the chloride ion content increased significantly, more than 
five times compared to the control. The highest content of 46.92 mg g-1 DM was 
recorded in rootstock Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V5) H6, 
followed by rootstock Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V4) H5 with a 
content of 45.50 mg g-1 DM. The lowest chloride contents of 38.88 and 38.90 were 
recorded in rootstocks Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V1) H2 and 
Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V3) H4, respectively. 

 

 
 
Figure 3. Effect of salt stress on leaf ion chloride content. 
For the same rootstock, stress levels with the same letter do not differ significantly; at P ≤ 0.05 (one-way 
ANOVA, separated by Duncan’s test), vertical bars represent the standard error (n = 6). H1 = Poncirus 
Trifoliata× Citrus Volkameriana H1, H2 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V1) H2, 
H3 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V2) H3, H4 = Poncirus Trifoliata× Citrus reshni Hort. 
ex Tan. (V3) H4, H5 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V4) H5, H6 = Poncirus Trifoliata× 
Citrus reshni Hort. ex Tan. (V5) H6, LR = Citrus limonia Osbeck (Lime Rangpur), PT = Poncirus Trifoliata. 

 
Effect of salt stress on leaf chlorophyll content 
The results presented in Fig. 4 show that all the rootstocks tested respond negatively 

to salt stress. However, this response varies according to the rootstock and the intensity 
of the salt level. For the control, the chlorophyll content varies between 2.56 mg g-1 FM 
and 3.36 mg g-1 FM. At 2 g L-1 NaCl, chlorophyll content decreased in all rootstocks. 
The highest reduction percentage was recorded in rootstocks Poncirus Trifoliata× Citrus 
Reshni Hort. Ex Tan. (V5) H6 and Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. 
(V1) H2, and the lowest was recorded in rootstocks Poncirus Trifoliata× Citrus Reshni  
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Hort. Ex Tan. (V3) H4 and Poncirus Trifoliata× Citrus Volkameriana H1. Under 5 g L-1 
NaCl, chlorophyll content decreased in all rootstocks. However, rootstock Poncirus 
Trifoliata× Citrus Reshni Hort. Ex Tan. (V5) H6 showed a significant reduction in 
chlorophyll content and recorded a percentage reduction of 64.89%. While 
rootstocks Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V4) H5 and Poncirus 
Trifoliata× Citrus Reshni Hort. Ex Tan. (V3) H4 seemed to be less affected by salinity, 
they recorded percentages of reduction of 37.02% and 37.63%, respectively.  

 

 
 

Figure 4. Effect of salt stress on leaf chlorophyll content. 
For the same rootstock, stress levels with the same letter do not differ significantly; at P ≤ 0.05 (one-way 
ANOVA, separated by Duncan’s test), vertical bars represent the standard error (n = 6). H1 = Poncirus 
Trifoliata× Citrus Volkameriana H1, H2 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V1) H2, 
H3 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V2) H3, H4 = Poncirus Trifoliata× Citrus reshni Hort. 
ex Tan. (V3) H4, H5 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V4) H5, H6 = Poncirus Trifoliata× 
Citrus reshni Hort. ex Tan. (V5) H6, LR = Citrus limonia Osbeck (Lime Rangpur), PT = Poncirus Trifoliata. 

 
Effect of salt stress on leaf proline content 
Fig. 5 shows the results obtained from the proline content of the leaves of the 

rootstocks evaluated according to the levels of stress. According to these results, we can 
observe variability among rootstocks and stress levels. The proline content increased 
with increasing salt concentrations in the irrigation solution. Indeed, low levels were 
recorded in the control rootstocks, ranging from 48.97 µg g-1 DM recorded in the 
Poncirus Trifoliata× Citrus Volkameriana H1 rootstock to 61.10 µg g-1 shown by the 
Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V2) H3 rootstock. Under a 
concentration of 2 g L-1 NaCl, the proline content increased. Rootstock Poncirus 
Trifoliata× Citrus Reshni Hort. Ex Tan. (V3) H4 accumulated the lowest value of 
71.59 µg g-1 DM, and rootstock Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V2) 
H3 accumulated the highest amount of 89.12 µg g-1 DM. When the rootstocks were 
irrigated with 5 g L-1 NaCl, the proline content increased significantly, and the rootstock 
Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V1) H2 recorded the lowest value of 
95.82 µg g-1 DM, and the rootstock Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. 
(V4) H5 accumulated more proline, 117.89 µg g-1 DM. 
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Figure 5. Effect of salt stress on leaf chlorophyll content. 
For the same rootstock, stress levels with the same letter do not differ significantly; at P ≤ 0.05 (one-way 
ANOVA, separated by Duncan’s test), vertical bars represent the standard error (n = 6). H1 = Poncirus 
Trifoliata× Citrus Volkameriana H1, H2 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V1) H2, 
H3 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V2) H3, H4 = Poncirus Trifoliata× Citrus reshni Hort. 
ex Tan. (V3) H4, H5 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V4) H5, H6 = Poncirus Trifoliata× 
Citrus reshni Hort. ex Tan. (V5) H6, LR = Citrus limonia Osbeck (Lime Rangpur), PT = Poncirus Trifoliata. 

 
Effect of salt stress on leaf sugar content 
Fig. 6 shows the variation in soluble sugar content in the leaves of the citrus 

rootstocks as a function of irrigation solution salt concentration. It has been shown  
that the soluble sugar content of leaves increases when salt concentration increases. 

 

 
 

Figure 6. Effect of salt stress on leaf sugar content. 
For the same rootstock, stress levels with the same letter do not differ significantly; at P ≤ 0.05 (one–way 
ANOVA, separated by Duncan’s test), vertical bars represent the standard error (n = 6). H1 = Poncirus 
Trifoliata× Citrus Volkameriana H1, H2 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V1) H2, 
H3 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V2) H3, H4 = Poncirus Trifoliata× Citrus reshni Hort. 
ex Tan. (V3) H4, H5 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V4) H5, H6 = Poncirus Trifoliata× 
Citrus reshni Hort. ex Tan. (V5) H6, LR = Citrus limonia Osbeck (Lime Rangpur), PT = Poncirus Trifoliata. 

 
Under low stress (2 g L-1), the soluble sugar content in the leaves of the different 
rootstocks varied between 1.15 mg g-1 DM and 1.31 mg g-1 DM. Under a concentration 
of 5 g L-1 NaCl, the content of soluble sugars in the leaves of different rootstocks 
increases significantly. The highest soluble sugar content was recorded in 
rootstock Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V3) H4, and the lowest was 
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recorded in rootstock Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V5) H6 and 
Poncirus Trifoliata× Citrus Volkameriana H1. However, all rootstocks recorded lower 
soluble sugar content than the resistant control LR and higher than the susceptible PT. 

 
Effect of salt stress on the variation of fresh weight of the rootstocks 
The salt stress reduces the fresh weight of different plant organs, leaves, stems, and 

roots, as well as the whole plant. At whole plant level, the rootstock Poncirus Trifoliata×  
Citrus reshni Hort. ex Tan. (V1) 
H2 has a reduction of 8% when 
the plants are treated with 2 g L-1 
NaCl, and the rootstock Poncirus 
Trifoliata× Citrus Reshni Hort. 
Ex Tan. (V5) H6 has a reduction 
of 30%. At a 5 g L-1 NaCl level, 
the fresh weight of rootstock 
Poncirus Trifoliata× Citrus 
Reshni Hort. Ex Tan. (V1) H2 has 
reduced by 29%, while a fresh 
weight reduction of 50% has been 
recorded for rootstock Poncirus 
Trifoliata× Citrus Reshni Hort. 
Ex Tan. (V5) H6. 

 
Effect of salt stress on fresh 

weight of leaves. Table 3 shows 
that the fresh weight of leaves 
responds negatively with the 
increase in NaCl in irrigation 
solution. The fresh weight ranges 
between 10.35 g and 3.43 g for 
the control and between 5.13 g 
and 1.14 g for 5 g L-1 NaCl. The 
rootstock Poncirus Trifoliata× 
Citrus reshni Hort. ex Tan. (V1) 
H2 has the greatest weight of all 
treatments. While the rootstock 
Poncirus Trifoliata× Citrus Reshni 
Hort. Ex Tan. (V5) H6 has the 
lowest. 

 
Effect of salt stress on fresh 

weight of stems. Table 4 shows 
that the fresh weight of stem 
organs decreases with the 
elevation of NaCl concentration in 
the irrigation solution. The highest  

 
Table 3. Effect of salt stress on fresh weight of leaves (g) 
Rootstock Control 2 g L-1 NaCl 5 g L-1 NaCl 
H1 6.88 ± 0.50a 5.66 ± 0.33a 4.25 ± 0.59b 
H2 8.36 ± 0.13a 7.25 ± 0.40b 5.13 ± 0.24c 
H3 7.36 ± 0.60a 5.66 ± 0.69ab 4.29 ± 0.35b 
H4 7.99 ± 1.10a 5.88 ± 1.46ab 4.11 ± 0.77b 
H5 7.99 ± 0.97a 7.73 ± 0.67a 3.67 ± 1.05b 
H6 5.44 ± 0.31a 3.88 ± 1.11ab 2.36 ± 0.61b 
LR 10.35 ± 1.64a 6.47 ± 0.32b 4.76 ± 0.24b 
PT 3.43 ± 1.33a 1.25 ± 0.20a 1.14 ± 0.23a 
For the same rootstock, stress levels with the same letter do 
not differ significantly; at P ≤ 0.05 (one–way ANOVA, 
separated by Duncan’s test), mean values ± standard error 
(n = 6). H1 = Poncirus Trifoliata× Citrus Volkameriana H1, 
H2 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V1) 
H2, H3 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. 
(V2) H3, H4 = Poncirus Trifoliata× Citrus reshni Hort. ex 
Tan. (V3) H4, H5 = Poncirus Trifoliata× Citrus reshni Hort. 
ex Tan. (V4) H5, H6 = Poncirus Trifoliata× Citrus reshni 
Hort. ex Tan. (V5) H6, LR = Citrus limonia Osbeck (Lime 
Rangpur), PT = Poncirus Trifoliata. 
 
Table 4. Effect of salt stress on fresh weight of stems (g) 
Rootstock Control 2 g L-1 NaCl 5 g L-1 NaCl 
H1 2.62 ± 0.32a 2.03 ± 0.05a 2.01 ± 0.26a 
H2 4.68 ± 0.31a 4.31 ± 0.19a 3.65 ± 0.49a 
H3 3.49 ± 0.12a 2.75 ± 0.04b 2.13 ± 0.22c 
H4 3.81 ± 0.77a 3.56 ± 0.45a 2.43 ± 0.12a 
H5 2.40 ± 0.24a 2.14 ± 0.22a 1.58 ± 0.16a 
H6 2.83 ± 0.25a 1.85 ± 0.27b 1.33 ± 0.17b 
LR 5.02 ± 0.36a 3.59 ± 0.22b 2.87 ± 0.22b 
PT 3.77 ± 0.44a 2.76 ± 0.15a 2.77 ± 0.37a 
For the same rootstock, stress levels with the same letter do 
not differ significantly; at P ≤ 0.05 (one–way ANOVA, 
separated by Duncan’s test), mean values ± standard error 
(n = 6). H1 = Poncirus Trifoliata× Citrus Volkameriana H1, 
H2 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V1) 
H2, H3 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. 
(V2) H3, H4 = Poncirus Trifoliata× Citrus reshni Hort. ex 
Tan. (V3) H4, H5 = Poncirus Trifoliata× Citrus reshni Hort. 
ex Tan. (V4) H5, H6 = Poncirus Trifoliata× Citrus reshni 
Hort. ex Tan. (V5) H6, LR = Citrus limonia Osbeck (Lime 
Rangpur), PT = Poncirus Trifoliata. 
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fresh weights were observed for the control, and the lowest were observed in  
hybrids irrigated with 5 g L-1 NaCl. The rootstock Poncirus Trifoliata× Citrus reshni 
Hort. Ex Tan. (V1) H2 has the greatest weight of all treatments. While the rootstock 

 
 

Poncirus Trifoliata× Citrus 
Reshni Hort. Ex Tan. (V5) H6 has 
the lowest. 

 
Effect of salt stress on 

fresh weight of roots. The fresh 
weight of roots (Table 5), 
decreased with the elevation of 
salt concentration in the solution. 
The rootstock Poncirus 
Trifoliata× Citrus reshni Hort. ex 
Tan. (V1) H2 has the greatest 
weight of all treatments and has 
the lowest reduction in root 
weight. While the rootstock 
Poncirus Trifoliata×Citrus Reshni 
Hort. Ex Tan. (V5) H6 has the 
lowest fresh weight compared 
with other rootstocks. 

 
Effect of salt stress on the 

variation of the dry weight of 
the rootstocks. The dry weight of 
leaves, stems, and roots, as well 
as the whole plant, was affected 
negatively by the salt stress 
compared with the control; the 
variation of the dry weight is 
fairly the same as the fresh 
weight. At whole plant level, the 
rootstock Poncirus Trifoliata× 
Citrus Reshni Hort. Ex Tan. (V1) 
H2 has a reduction of 9% when 
the plants are treated with 2 g L-1 
NaCl, and the rootstock Poncirus 
Trifoliata× Citrus Reshni Hort. 
Ex Tan. (V5) H6 has a reduction 
of 27%. At a 5 g L-1 NaCl  
level, the fresh weight of rootstock  

 
Table 5. Effect of salt stress on fresh weight of roots (g) 
Rootstock Control 2 g L-1 NaCl 5 g L-1 NaCl 
H1 5.68 ± 0.67a 4.32 ± 0.11a 4.29 ± 0.54a 
H2 6.54 ± 0.32a 6.55 ± 0.66a 5.08 ± 0.11b 
H3 5.70 ± 0.27a 4.41 ± 0.13b 3.41 ± 0.41b 
H4 5.98 ± 1.41a 5.16 ± 0.44a 3.12 ± 0.06a 
H5 5.70 ± 0.10a 4.12 ± 0.41b 3.11 ± 0.35a 
H6 4.74 ± 0.15a 3.40 ± 0.34ab 2.81 ± 0.51b 
LR 6.10 ± 0.74a 4.20 ± 0.38ab 3.35 ± 0.41b 
PT 5.57 ± 0.45a 4.02 ± 0.37b 3.52 ± 0.22b 
For the same rootstock, stress levels with the same letter do 
not differ significantly; at P ≤ 0.05 (one–way ANOVA, 
separated by Duncan’s test), mean values ± standard error 
(n = 6). H1 = Poncirus Trifoliata× Citrus Volkameriana H1, 
H2 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V1) 
H2, H3 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. 
(V2) H3, H4 = Poncirus Trifoliata× Citrus reshni Hort. ex 
Tan. (V3) H4, H5 = Poncirus Trifoliata× Citrus reshni Hort. 
ex Tan. (V4) H5, H6 = Poncirus Trifoliata× Citrus reshni 
Hort. ex Tan. (V5) H6, LR = Citrus limonia Osbeck (Lime 
Rangpur), PT = Poncirus Trifoliata. 
 
Table 6. Effect of salt stress on dry weight of leaves (g) 
Rootstock Control 2 g L-1 NaCl 5 g L-1 NaCl 
H1 1.82 ± 0.11a 1.77 ± 0.19a 1.47 ± 0.10a 
H2 2.55 ± 0.03a 2.21 ± 0.06a 1.61 ± 0.19b 
H3 2.08 ± 0.20a 1.69 ± 0.18a 1.57 ± 0.14a 
H4 2.27 ± 0.26a 1.74 ± 0.31b 1.37 ± 0.23b 
H5 2.40 ± 0.21a 2.31 ± 0.23a 1.34 ± 0.32b 
H6 1.78 ± 0.18a 1.36 ± 0.18ab 0.74 ± 0.20b 
LR 3.37 ± 0.51a 2.11 ± 0.14ab 1.61 ± 0.15b 
PT 0.86 ± 0.11a 0.69 ± 0.08a 0.61 ± 0.06a 
For the same rootstock, stress levels with the same letter do 
not differ significantly; at P ≤ 0.05 (one–way ANOVA, 
separated by Duncan’s test), mean values ± standard error 
(n = 6). H1 = Poncirus Trifoliata× Citrus Volkameriana H1, 
H2 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V1) 
H2, H3 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. 
(V2) H3, H4 = Poncirus Trifoliata× Citrus reshni Hort. ex 
Tan. (V3) H4, H5 = Poncirus Trifoliata× Citrus reshni Hort. 
ex Tan. (V4) H5, H6 = Poncirus Trifoliata× Citrus reshni 
Hort. ex Tan. (V5) H6, LR = Citrus limonia Osbeck (Lime 
Rangpur), PT = Poncirus Trifoliata. 
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Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V1) H2 has been reduced by 30%, while 

 
DISCUSSION 

 
Salt stress is one of the environmental factors affecting plant growth and 

physiological and biochemical traits. In this study, we evaluated the effect of salt stress 
on six citrus hybrid rootstocks using morphological, physiological, and biochemical 

a fresh weight reduction of 50% 
has been recorded for rootstock 
Poncirus Trifoliata× Citrus Reshni 
Hort. Ex Tan. (V5) H6. 

 
Effect of salt stress on dry 

weight of leaves. Table 6 shows 
the variation of dry weight of 
leaves. The salinity applied has a 
negative effect on the leaf dry 
weight; the rootstock Poncirus 
Trifoliata× Citrus Reshni Hort. 
Ex Tan. (V1) H2 has the greatest 
weight of all treatments. While 
rootstock Poncirus Trifoliata× 
Citrus Reshni Hort. Ex Tan. (V5) 
H6 has the lowest. 

 
Effect of salt stress on dry 

weight of stems. The results of 
Table 7 show that the salinity has 
reduced the stems dry weight. 
The rootstock Poncirus Trifoliata× 
Citrus Reshni Hort. Ex Tan. (V1) 
H2 has the greatest weight of all 
treatments. While rootstock 
Poncirus Trifoliata× Citrus 
Reshni Hort. Ex Tan. (V5) H6 has 
the lowest. 

 
Effect of salt stress on dry 

weight of roots. Table 8 shows 
that the salinity has reduced the 
roots dry weight. The rootstock 
Poncirus Trifoliata× Citrus Reshni 
Hort. Ex Tan. (V1) H2 has the 
greatest weight of all treatments. 
While rootstock Poncirus 
Trifoliata × Citrus Reshni Hort. 
Ex Tan. (V5) H6 has the lowest. 

 
Table 7. Effect of salt stress on dry weight of stems (g) 
Rootstock Control 2 g L-1 NaCl 5 g L-1 NaCl 
H1 0.93 ± 0.54a 0.83 ± 0.48ab 0.64 ± 0.37b 
H2 1.76 ± 1.01a 1.53 ± 0.88a 1.34 ± 0.78a 
H3 1.23 ± 0.71a 0.97 ± 0.56ab 0.79 ± 0.45b 
H4 1.47 ± 0.85a 1.14 ± 0.66ab 0.89 ± 0.51b 
H5 0.89 ± 0.51a 0.73 ± 0.42ab 0.62 ± 0.36b 
H6 0.99 ± 0.57a 0.65 ± 0.38b 0.51 ± 0.30b 
LR 2.10 ± 1.21a 1.34 ± 0.78b 1.08 ± 0.62b 
PT 1.62 ± 0.93a 1.33 ± 0.77b 1.21 ± 0.70b 
For the same rootstock, stress levels with the same letter do 
not differ significantly; at P ≤ 0.05 (one–way ANOVA, 
separated by Duncan’s test), mean values ± standard error 
(n = 6). H1 = Poncirus Trifoliata× Citrus Volkameriana H1, 
H2 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V1) 
H2, H3 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. 
(V2) H3, H4 = Poncirus Trifoliata× Citrus reshni Hort. ex 
Tan. (V3) H4, H5 = Poncirus Trifoliata× Citrus reshni Hort. 
ex Tan. (V4) H5, H6 = Poncirus Trifoliata× Citrus reshni 
Hort. ex Tan. (V5) H6, LR = Citrus limonia Osbeck (Lime 
Rangpur), PT = Poncirus Trifoliata. 

 
Table 8. Effect of salt stress on dry weight of roots (g) 
Rootstock Control 2 g L-1 NaCl 5 g L-1 NaCl 
H1 1.29 ± 0.74a 1.12 ± 0.65ab 0.82 ± 0.47ab 
H2 1.49 ± 0.86a 1.51 ± 0.87a 1.13 ± 0.65a 
H3 1.23 ± 0.71a 1.09 ± 0.63ab 0.80 ± 0.46b 
H4 1.55 ± 0.89a 1.09 ± 0.63ab 0.78 ± 0.45b 
H5 1.05 ± 0.61a 0.86 ± 0.50ab 0.65 ± 0.37b 
H6 1.00 ± 0.58a 0.72 ± 0.42b 0.65 ± 0.37b 
LR 1.41 ± 0.82a 1.02 ± 0.59ab 0.78 ± 0.45b 
PT 1.26 ± 0.73a 0.99 ± 0.57a 0.91 ± 0.52a 
For the same rootstock, stress levels with the same letter do 
not differ significantly; at P ≤ 0.05 (one–way ANOVA, 
separated by Duncan’s test), mean values ± standard error 
(n = 6). H1 = Poncirus Trifoliata× Citrus Volkameriana H1, 
H2 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. (V1) 
H2, H3 = Poncirus Trifoliata× Citrus reshni Hort. ex Tan. 
(V2) H3, H4 = Poncirus Trifoliata× Citrus reshni Hort. ex 
Tan. (V3) H4, H5 = Poncirus Trifoliata× Citrus reshni Hort. 
ex Tan. (V4) H5, H6 = Poncirus Trifoliata× Citrus reshni 
Hort. ex Tan. (V5) H6, LR = Citrus limonia Osbeck (Lime 
Rangpur), PT = Poncirus Trifoliata. 
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parameters as indicators. The results show that symptom severity varies according to 
rootstock and increases with salt concentration. Among the hybrids studied, rootstocks 
Poncirus Trifoliata× Citrus Volkameriana H1 and Poncirus Trifoliata× Citrus Reshni 
Hort. Ex Tan. (V2) H3 were less affected by salinity, while rootstocks Poncirus 
Trifoliata× Citrus Reshni Hort. Ex Tan. (V4) H5 and Poncirus Trifoliata× Citrus Reshni 
Hort. Ex Tan. (V5) H6 showed symptoms of chlorosis. These chlorosis symptoms might 
be a result of the accumulation of toxic ions such as chloride and sodium. Our results 
show that the presence of NaCl in the irrigation solution causes an increase in leaf 
chloride content, and the rate of accumulation varies according to rootstock. The rate is 
less pronounced on rootstocks Poncirus Trifoliata× Citrus Volkameriana H1 and 
Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V2) H3, and higher on rootstocks 
Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V4) H5 and Poncirus Trifoliata× 
Citrus Reshni Hort. Ex Tan. (V5) H6. This accumulation of chlorides in the leaves could 
be the cause of the pronounced cellular toxicity noted in some rootstocks. Indeed, we 
found that rootstocks Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V4) H5 and 
Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V5) H6, which recorded high chloride 
levels, also exhibited pronounced cellular toxicity. Similar results were reported by Fadli 
et al. (2014); they stipulated the existence of a link between these two parameters and 
found that chloride is the cause of leaf chlorosis, and the resistant rootstock accumulates 
low chloride with fewer toxicity symptoms. Alam et al. (2020) also found that the 
amount of chloride was significantly increased in the leaves with an increase of NaCl. 
Previous studies found that excess ion accumulation of chloride and sodium in citrus 
tissues can cause specific ion toxicity (Maas, 1993; Alam et al., 2020). The accumulation 
of chloride ions in leaves reduces transpiration rate and photosynthesis, which leads to a 
decline in plant growth (Bañuls et al., 1997; Moya et al., 2002; Arbona et al., 2006; 
Ziogas et al., 2021). The chloride ion disrupts macromolecules and inactivates enzymes 
(Kamran et al., 2020). In citrus, significant changes in chlorophyll pigment content are 
generally observed when irrigated with a saline solution, whatever its concentration. Our 
results show that chlorophyll content decreases with increasing salt stress intensity and 
that this decrease varies according to rootstock. The lowest percentage reduction was 
noted in rootstock Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V2) H3, and the 
highest in rootstock Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V5) H6. The high 
chlorophyll contents recorded in some of the rootstocks we tested could be related to the 
degree of resistance of the chlorophyll pigments in these rootstocks to salinity. These 
results agreed with the findings of Alam et al. (2020) and Khoshbakht et al. (2015), who 
found a decrease in chlorophyll content at the highest NaCl concentration compared with 
the control. Recent studies have found that the salt treatment reduces the chlorophyll 
content of leaves (Issa et al., 2020; Sassine et al., 2022; Maaroufi-Dguimi et al., 2024). 
This reduction in chlorophyll content might be the result of salt ion accumulation in the 
chloroplast, which has a direct impact on photosynthetic activities and yield (Abbas et 
al., 2013). Chlorophyll decrease could result from the inhibition of enzymes necessary 
for the synthesis of photosynthetic pigments (Murkute et al., 2006, 2009) or from the 
negative effect of sodium on magnesium absorption, which is necessary for the 
biosynthesis of chlorophyll (Navarro et al., 2014). The results obtained show an 
accumulation of proline in all rootstocks in the presence of salt, with the intensity of 
accumulation differing according to the rootstock studied. Proline accumulation is 
among the main mechanisms to cope with salinity in citrus (Vives-Peris et al., 2018; 
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Ziogas et al., 2021). In this context, maximum values were recorded on rootstock 
Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V4) H5 and minimum values on 
rootstock Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V1) H2. Our findings agree 
with those of Huang et al. (2013), Shafieizargar et al. (2015), Alam et al. (2020), 
Goharrizi et al. (2020), and Sohby et al. (2023), who revealed that an increased level of 
salt stress led to an increase in proline content, and the tolerant genotype had a greater 
increase in proline concentration. Anjum (2008) and Balal et al. (2011) found that 
Cleopatra mandarin and Rangpur lime seedlings accumulated more proline as the 
salinity level increased. Maaroufi-Dguimi et al. (2024) reported that salt treatment 
induced proline accumulation in the tissues of Lycopersicon esculentum. Proline plays a 
key role in reducing the cell osmotic potential and stabilising proteins and cellular 
structures under salt stress (Yang & Guo, 2018). Proline acts as a compatible osmolyte 
and is considered a mechanism for carbon and nitrogen storage (Shafieizargar et al., 
2015) and maintains the enzymatic activities in the presence of toxic ions (Xue et al., 
2009). Soluble sugar content also increased under salt stress. The highest soluble sugar 
content was observed in rootstocks Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. 
(V1) H2 and Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V2) H3, while the lowest 
was recorded in rootstock Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V5) H6. 
Dong & Beckles (2019) suggest salinity might induce the accumulation of sugar as an 
osmotic response. Denaxa et al. (2022) reported that under saline conditions, the content 
of sugar and other osmolytes commonly increases to counterbalance the rise in osmotic 
potential in the vacuole. Shafieizargar et al. (2015) found that Cleopatra mandarin and 
Shaker rootstocks accumulate a higher content of soluble sugars and proline compared 
to other rootstocks, and this accumulation is relatively associated with their higher 
relative water content. The increase in leaf sugar content could be the result of starch 
degradation of rootstocks under salt stress, enabling the plant to maintain turgor level. 
The increased contents of osmoregulation substances, such as soluble sugar, soluble 
protein, and proline, effectively removed ROS, reducing the content of MDA in plants, 
and thus relieved the damage of salt stress to plants (Dien et al., 2019; Kučerová et al., 
2019; Lin et al., 2019; Gurrieri et al., 2020; Sun et al., 2022). In this study, we found that 
both fresh and dry weights decreased on the different rootstocks, irrespective of NaCl 
concentration. However, the percentage of biomass reduction varied according to 
rootstock and salt stress intensity. The highest percentages of fresh weight reduction 
were recorded for rootstock Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V5) H6, 
and the lowest for rootstock Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V1) H2. 
For dry weight reduction, considered an index of plant sensitivity to salinity, the highest 
percentage of dry weight reduction was recorded in rootstock Poncirus Trifoliata× 
Citrus Reshni Hort. Ex Tan. (V5) H6, and the lowest in rootstock Poncirus Trifoliata× 
Citrus Volkameriana H1 and Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V1) H2. 
Similar findings were reported in the study of Othman et al. (2023), who found a 
reduction of fresh and dry weights by orders of 20% and 27%. With increasing salt stress, 
stem diameter, average leaf area, and dry weight of aboveground plant parts decrease 
(Sajyan et al., 2018; Sassine et al., 2022). Ünlükara et al. (2017) found that salinity 
significantly affects the fresh and dry leaf weight and fresh yield of spinach. The 
reduction of fresh and dry weights observed could be a result of photosynthetic activity 
and chlorophyll reduction. 
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CONCLUSION 
 

We studied the effect of 0, 2, and 5 g L-1 NaCl in the irrigation solution 
(corresponding to 1.3, 4, and 9 dS m-1, respectively) on six new hybrid citrus rootstocks 
for eight weeks. The findings indicated that the rootstock’s response depends on the level 
of stress. The content of leaf chlorophyll, both fresh and dry weight, was noticeably 
reduced as the salt level increased. Additionally, as the salt level rose, the leaf chloride, 
proline, and soluble sugar content increased. According to the findings of our study, the 
hybrid Poncirus Trifoliata× Citrus Reshni Hort. Ex Tan. (V1) H2 is thought to be  
salt-tolerant since it accumulates 38.88 mg g-1 of dry weight leaf chloride, 1.72 mg g-1 
of fresh weight chlorophyll content, and 1.59 mg g-1 of dry weight leaf sugar content. 
It also has the highest amount in both fresh and dry weight. In contrast, the hybrid 
Poncirus Trifoliata×Citrus Reshni Hort. Ex Tan. (V5) H6 exhibits salt sensitivity, 
accumulating high leaf chloride levels of 46.92 mg g-1 of dry weight and a low 
chlorophyll content of 1.12 mg g-1 of fresh weight associated with signs of leaf toxicity, 
leading to poor fresh and dry weight. Breeders aim to shorten selection time for new 
rootstocks using physiological, morphological, and biochemical indicators to understand 
tolerance mechanisms and quickly evaluate plant material. Conducting long-term studies 
to observe the effects of prolonged salt stress on the association of the tolerant hybrid 
with the scion could help to understand its resilience over multiple growing seasons. By 
adopting salt-tolerant rootstocks, farmers can maintain higher yields and better-quality 
produce in saline environments. 
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