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Article Info EXTENDED ABSTRACT
Article type: Introduction: Salinity stress, mainly from sodium chloride (NaCl),
Research Article limits plant growth, development, and distribution in arid and semi-arid

regions by causing osmotic and ionic toxicity, disrupting processes like
germination, seedling establishment, and photosynthesis. Diospyros
lotus L., known as lotus persimmon or date-plum, is a key rootstock for
commercial persimmon cultivars (D. kaki) due to its soil adaptability,
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its early-stage sensitivity to salinity challenges cultivation in saline
Germination, areas. Prior studies identify ion accumulation, osmotic imbalance, and
Lotus seedlings, reduced photosynthetic efficiency as damage mechanisms. Salinity

Sodium chloride salinity,
Chlorophyll fluorescence,
Environmental stress sensitivity

accumulates Nat+ and Cl- ions, restricting growth, affecting fruit
quality, and disrupting carbon fixation and Na+/K+ ratios, leading to
lower growth rates. Deep seed dormancy in D. lotus worsens under
salinity, impeding germination. Transcriptomic studies reveal tolerance
via ion transport regulation (e.g., chloride), H+/ATPase gene
overexpression for proton gradients, and root architecture changes
through thermospermine synthesis. This study evaluated D. lotus seed
resistance and vigor under varying NaCl levels, focusing on
germination, growth, physiological indices (chlorophyll fluorescence,
electrolyte leakage), and establishment, to inform breeding for salt-
tolerant rootstocks and saline soil management.
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Materials and Methods: Conducted in 2023 at Shahed University's Horticulture Laboratory,
Tehran, Iran, the experiment used mature D. lotus seeds from Taleghan, sterilized with 1%
sodium hypochlorite for 10 minutes, and rinsed. Treatments: 0 mM (control), 25 mM, 50 mM,
100 mM, 200 mM NaCl. Seeds (20/replicate) in 15-cm Petri dishes with Whatman No. 1 filter
paper, moistened with 10 mL solution, incubated at 25 + 2°C, 70 + 5% RH, 16/8-hour
light/dark for 21 days. Solutions refreshed bi-daily. Completely randomized design, three
replicates.

Parameters: Germination percentage (14 days, radicle emergence); growth traits (leaf, stem,
root lengths on 10 seedlings via digital caliper); seedling fresh/dry weights (dried 70°C, 48
hours); electrolyte leakage (conductivity pre/post 95°C heat, (C1/C2) x 100); chlorophyll
content (SPAD-502 on three leaves); chlorophyll fluorescence (FO, Fm, Fv/Fm via PAM-2500
after 20-min dark adaptation).

Data normalized, ANOVA via SAS 9.3; means compared by Duncan's test (P < 0.05);
graphs in Excel 2021.

Results and Discussion: Germination percentage remained unaffected at 25 mM NaCl (100%
similar to control) but declined significantly at 50 mM and above, reaching 51% at 200 mM,
indicating osmotic and ionic inhibition. This sharp drop at higher concentrations suggests that
combined effects of sodium and chloride ion toxicity, along with reduced water potential,
exceed the physiological tolerance threshold, impairing water uptake and embryonic growth
initiation. Growth parameters exhibited a sharp decline with increasing salinity: Leaf length
decreased from ~26 mm (control) to near zero at 200 mM, with a critical threshold between
50-100 mM. Stem length reduced from ~100 mm (control) to <5 mm at 200 mM, with
sensitivity evident from 25-50 mM. Root length, the most sensitive trait, dropped over 55% at
50 mM and was severely inhibited at higher levels, highlighting roots as the primary target of
ionic toxicity and osmotic stress.

Chlorophyll content decreased progressively, from 30 SPAD units (control) to near zero at
200 mM, with significant reductions (>26%) starting at 50 mM, reflecting damage to
chloroplasts and pigment biosynthesis. This decline is attributed to chloroplast structure
degradation, inhibition of biosynthetic pathways, and increased reactive oxygen species (ROS)
leading to pigment oxidation. Chlorophyll fluorescence (Fv/Fm) declined from 0.82 (control)
to 0.05 at 200 mM, with a notable drop at 50 mM (0.55), indicating impaired PSII efficiency;
an unexpected increase to 0.73 at 100 mM suggested transient defensive mechanisms like
osmolyte accumulation, carotenoid synthesis, or improved osmotic regulation. Electrolyte
leakage remained stable (~0.1%) across treatments, suggesting membrane integrity was
preserved despite other damages, possibly due to effective ion sequestration into vacuoles or
apoplast.

Seedling fresh weight and establishment percentage (seedlings with leaves) were stable up to
50 mM but plummeted at 100 mM (25% reduction in weight; 35% establishment) and reached
zero at 200 mM, underscoring complete physiological collapse under severe salinity. This
indicates that while low to moderate salinity allows for water retention and basic cellular
maintenance, higher levels disrupt metabolism, leading to halted biomass accumulation and
failed aerial organ development.
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The results demonstrate high sensitivity of D. lotus seedlings to NaCl salinity, particularly
beyond 50 mM, where osmotic stress and ion toxicity (Na+ and Cl-) disrupt germination,
growth, and photosynthetic processes. Roots showed the greatest vulnerability, likely due to
direct exposure, while leaves exhibited relative resilience up to moderate salinity, possibly
through osmoregulation, osmolyte accumulation (e.g., proline and soluble sugars), and
selective ion exclusion. The stability of electrolyte leakage implies that damages are primarily
metabolic rather than structural, possibly mitigated by ion compartmentalization mechanisms
(e.g., NHX and SOSI1 transporters). These findings align with prior research on persimmons
and other species, emphasizing salinity's role in reducing amylase activity, ROS accumulation,
and hormonal imbalances, such as auxin and cytokinin disruptions that affect cell division and
elongation.

Comparative analysis reveals that D. lotus response mirrors that in sensitive crops like tomato
and pomegranate, where roots suffer earliest due to direct contact, leading to overall growth
inhibition. The transient Fv/Fm recovery at 100 mM hints at adaptive responses, but ultimate
collapse at 200 mM confirms limited tolerance. Overall, D. lofus exhibits limited initial
resistance to salinity, highlighting its vulnerability in early growth stages. This study provides
foundational data for genetic improvement, such as breeding salt-tolerant rootstocks through
marker-assisted selection or CRISPR editing of ion transport genes, and management practices
like gradual salinity exposure or exogenous amendments (e.g., putrescine or chitosan) to
alleviate stress. Future research should explore transcriptomic responses, proteome changes,
and long-term field trials under combined stresses to further enhance salinity tolerance in this
economically important rootstock, ensuring sustainable cultivation in salinized agricultural
lands.
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Figure 1. The effects of sodium chloride salinity on germination. Means with same letters do not have a
significant difference according to Duncan's test (5%).
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Figure 2. The effect of sodium chloride salinity stress on stem, root, and leaf length. Means with

same letters do not have a significant difference according to Duncan's test (5%)
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Figure 3. The effect of sodium chloride salinity stress on chlorophyll content, fluorescence, and electrolyte leakage in
date palm seedlings. Means with same letters do not have a significant difference according to Duncan's test (5%).
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Figure 4. The effect of sodium chloride salinity stress on fresh weight and seedling establishment of date palm.
Means with same letters do not have a significant difference according to Duncan's test (5%).
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