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Abstract 
Regional context matters when assessing crop salt tolerance: what works in a coastal saline soil may 

fail in an inland alkaline-sodic environment. Cassava (Manihot esculenta Crantz) is often described as 

moderately salt-tolerant, but this label obscures large genotypic variation. This research explored 

salinity stress responses of eight cassava genotypes at six NaCl concentrations (0, 25, 50, 75, 100, 125, 

and 150 mM) in a pot experiment at the Varanasi National Institute of Tropical Agriculture, Uttar 

Pradesh, India, from July 2022 to June 2023. Relative growth rate, ion accumulation in leaf, stem, root, 

and tuber tissues, proline accumulation, membrane stability index, and tuber starch content were 

measured. Two genotypes (TME-419 and IITA-TMS-30572) maintained above 70% relative growth at 

100 mM NaCl, while four genotypes dropped below 50% at the same concentration. Tolerant 

genotypes excluded sodium from tuber tissue more effectively (tuber Na+ of 21 mmol/kg DW versus 

58 mmol/kg in sensitive types) and maintained higher K+/Na+ ratios (3.52 versus 0.89). Starch content 

declined linearly with increasing salinity, losing 4.7% per 25 mM NaCl increment. These results 

identify ion exclusion from storage roots as the key tolerance mechanism and TME-419 as a strong 

candidate for salt-affected production zones. 

 

Keywords: Stability analysis, seed quality, intercropping, indigenous varieties, lignin, cassava, salinity 
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Introduction 

A regional perspective is needed when discussing cassava and salt. In coastal West Africa, 

cassava fields near river estuaries face tidal saline intrusion during the dry season [1]. In the 

Ebro Basin of Spain, irrigation return flows carry dissolved salts from gypsiferous subsoils 

into downstream farmland [2]. And in the Indo-Gangetic Plain, where this research was 

conducted, rising water tables bring sodium-rich groundwater to the root zone of lowland 

crops [3]. Each scenario creates a different salt profile, but the plant's response follows similar 

physiological pathways. 

Cassava's tolerance to salinity has been described as moderate, roughly equivalent to that of 

rice, with yield reductions beginning at soil EC values above 4 dS/m [4]. But this 

generalisation hides the genotypic variation within the species. Some African landraces 

evolved in naturally saline coastal environments and may possess exclusion mechanisms that 

keep sodium out of edible storage roots [5]. Identifying these mechanisms and the genotypes 

that carry them is a priority for breeding programmes targeting salt-affected lands. 

The main physiological responses to NaCl stress in plants include ion toxicity (excessive Na+ 

and Cl- accumulation), osmotic stress (reduced water availability), and oxidative damage [6]. 

Tolerant genotypes typically exclude Na+ from above-ground tissues, maintain high K+/Na+ 

ratios, and accumulate compatible solutes like proline for osmotic adjustment [7]. Whether 

these mechanisms operate similarly in cassava storage roots, which are the harvested organ, 

has not been well characterised. 

 

Material and Methods 

Material 

Eight cassava genotypes were used: TME-419, IITA-TMS-30572, TMS-4(2)1425, Oko-

Iyawo, and four local Indian cultivars (Sree Vijaya, H-165, H-226, CO-3). Stem cuttings (20 

cm) were planted in 80-litre plastic pots filled with river sand at the Varanasi National 

Institute of Tropical Agriculture, Varanasi, Uttar Pradesh, India (25.3 degrees N, 83.0  
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degrees E, elevation 81 m). The facility operates under a 

subtropical monsoon climate with mean annual temperature 

of 26.1 degrees Celsius and rainfall of 1,100 mm. Plants 

were watered with half-strength Hoagland solution for the 

first 60 days to establish root systems before salt treatments 

began [8]. 

 

Methods 

The research was conducted from July 2022 to June 2023 at 

the Varanasi National Institute of Tropical Agriculture. Six 

NaCl concentrations (0, 25, 50, 75, 100, 125, 150 mM) were 

applied by adding NaCl to the Hoagland irrigation solution. 

Salt was introduced gradually over 7 days (25 mM 

increments) to avoid osmotic shock. A factorial completely 

randomised design with four replications (8 genotypes x 7 

salt levels x 4 reps = 224 pots) was used. Relative growth 

rate was measured from stem height increments every 14 

days. At harvest (11 months after planting), plants were 

separated into leaf, stem, root, and tuber fractions. Tissue 

ion concentrations (Na+, K+, Ca2+, Cl-) were determined by 

flame photometry and silver nitrate titration after dry ashing. 

Leaf proline was measured by the ninhydrin method. 

Membrane stability index was assessed by the electrolyte 

leakage method. Tuber starch was determined 

enzymatically. Data were analysed by two-way ANOVA in 

GenStat 20 [9]. 

 

Baseline soil characterisation 

The river sand substrate had initial EC of 0.12 dS/m, pH 7.1, 

organic carbon below 0.1%, and negligible exchangeable 

sodium. At the end of the experiment, substrate EC in the 

150 mM NaCl treatment had risen to 14.8 dS/m with 

exchangeable sodium percentage (ESP) of 28.4%, 

confirming that a strongly saline-sodic environment was 

established. In the 100 mM treatment, EC was 9.7 dS/m 

with ESP of 19.1%. Control pots maintained EC below 0.8 

dS/m throughout [10]. 

 

Results 

 
Table 1: Relative growth (% of control) and tuber Na+ 

concentration at 100 mM NaCl for eight cassava genotypes 
 

Genotype Rel. growth (%) Tuber Na+ (mmol/kg) K+/Na+ ratio 

TME-419 74.2 18.3 3.84 

TMS-30572 71.8 23.7 3.21 

TMS-4(2)1425 58.3 41.2 1.64 

Sree Vijaya 46.1 54.8 1.12 

H-226 42.7 63.4 0.78 

 

Genotype (F = 34.8, p<0.001) and NaCl level (F = 67.2, 

p<0.001) significantly affected relative growth, with a 

significant interaction (F = 4.9, p<0.001). TME-419 and 

TMS-30572 maintained above 70% growth at 100 mM 

NaCl, while H-226 retained only 42.7% (Table 1). Tuber 

Na+ concentration was inversely related to growth 

maintenance: tolerant genotypes accumulated less than 24 

mmol/kg DW versus over 54 mmol/kg in sensitive types. 

 

 
 

Fig 1: Relative growth (%) as a function of NaCl concentration for tolerant and sensitive genotype groups (bubble size proportional to 

deviation from 50% threshold) 

 

 
 

Fig 2: Heatmap of ion concentrations (mmol/kg DW) by tissue type for TME-419 at 100 mM NaCl 
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Ion partitioning analysis revealed that tolerant genotypes 

preferentially accumulated Na+ in roots and excluded it from 

tubers (Figure 2). TME-419 maintained a tuber K+/Na+ ratio 

of 3.84, nearly five times higher than H-226 (0.78). Starch 

content declined from 28.4% (control) to 17.1% at 150 mM 

NaCl, a loss of 4.7 percentage points per 25 mM increment. 

 

Discussion 

The ion exclusion strategy observed in TME-419 mirrors 

what has been described in salt-tolerant rice and wheat, 

where Na+ is retained in root vacuoles and prevented from 

entering the transpiration stream [6, 7]. For cassava, this 

mechanism has the added benefit of protecting tuber starch 

quality, since Na+ accumulation in storage roots directly 

interferes with starch synthesis enzymes [11]. 

The K+/Na+ ratio in tuber tissue appears to be the most 

informative single indicator of cassava salt tolerance in this 

research. Genotypes with ratios above 3.0 at 100 mM NaCl 

all maintained above 70% growth, while those below 1.5 

dropped below 60%. This threshold could serve as a rapid 

screening criterion in large germplasm evaluations [12]. 

The linear decline in starch content with increasing salinity 

has practical implications for cassava-processing industries 

that depend on high starch concentrations for efficient 

extraction. At NaCl levels above 75 mM, even tolerant 

genotypes showed starch losses that would reduce industrial 

extraction yield by 15-20% [13]. 

 

Conclusion 

This research identified ion exclusion from storage roots as 

the primary mechanism of salinity tolerance in cassava, with 

TME-419 and TMS-30572 demonstrating the strongest 

exclusion capacity. Tuber K+/Na+ ratio above 3.0 at 100 

mM NaCl reliably predicted growth maintenance above 

70%, making it a practical screening tool. Starch content 

declined linearly with salinity regardless of genotype, 

indicating that even tolerant varieties suffer quality losses 

under prolonged salt exposure. Breeding programmes for 

salt-affected zones should prioritise TME-419 as a donor 

parent and adopt the tuber K+/Na+ threshold as a selection 

criterion. 
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