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Abstract
Background and Objective
Plant-parasitic nematodes represent a major constraint on global crop production, causing
substantial yield losses and economic damage each year. Among these, root-knot nematodes
(Meloidogyne spp.) are particularly problematic because they induce extensive structural and
physiological alterations in root tissues, leading to marked reductions in plant growth and
productivity. Although chemical nematicides remain widely used, growing concerns about
environmental safety and human health have created an urgent need for environmentally sound,
sustainable management strategies. The application of micronutrients as resistance inducers
offers a promising alternative, as these compounds can strengthen plant defense responses while
supporting overall growth. Manganese (Mn) is an essential micronutrient involved in several
physiological and biochemical processes in plants, including photosynthesis, nitrogen
metabolism, enzyme activation, and antioxidant defense. Previous studies have examined the
role of Mn in plant growth and pathogen tolerance; however, the use of manganese sulfate (MS)
in the potato—nematode pathosystem has not been reported. This gap constitutes the principal
novelty of the present study. This study first evaluated the effects of different MS
concentrations on nematode control and plant growth. The most effective concentration was
then selected for detailed biochemical analyses to clarify the underlying defense mechanisms
induced in potato plants under nematode stress. The results aim to contribute to the development
of sustainable strategies for nematode management and improved crop resistance.
Materials and Methods
In this study, three-week-old potato plants received foliar applications of MS at concentrations
ranging from 10 to 2000 mg L' and were inoculated 24 h later with 6000 second-stage juveniles
(J2) of M. incognita. At 35 days post-inoculation, nematode reproduction indices and plant
growth parameters were measured. The most effective MS concentration was then selected for
biochemical analyses. Defense-related enzyme activities, including catalase (CAT), superoxide
dismutase (SOD), peroxidase (POD), polyphenol oxidase (PPO), and phenylalanine ammonia-
lyase (PAL), were determined. In addition, hydrogen peroxide (H20.), total phenols, and lignin
contents were quantified at 24, 48, and 72 h after infection. All experiments followed a
completely randomized design (CRD). Data were analyzed using the least significant difference
(LSD) test at P < 0.05.
Results and Discussion
The results for nematode-related parameters showed that MS at 1000 mg L™ significantly
reduced galling, nematode population density, and egg mass production. Plant growth
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measurements indicated that 1000 mg L™ produced the greatest improvement compared with
nematode-inoculated plants without MS treatment. Laboratory assays further demonstrated that
this concentration did not affect juvenile mortality or movement, supporting the hypothesis that
MS increases potato resistance to root-knot nematode through induced resistance mechanisms
rather than direct toxicity. Biochemical analyses of potato roots following foliar application of
1000 mg L' MS and nematode inoculation showed increased POD and PPO activities, along
with higher phenolic and lignin contents in the roots. These responses likely contributed to the
formation of strengthened physical and chemical barriers that limit nematode penetration and
establishment.

Conclusion

This study showed that foliar application of MS, particularly at 1000 mg L', significantly
reduced the reproductive parameters of M. incognita while improving growth traits of potato
plants. Biochemical analyses indicated that MS induced resistance primarily through increased
activities of antioxidant enzymes, including POD and PPO, greater accumulation of phenolic
compounds and lignin, and regulated levels of H2O:. These results support the view that MS
promotes host resistance rather than acting through direct nematicidal activity. The novelty of
this research lies in establishing a link between manganese nutrition and induced resistance to
root-knot nematodes in potato. Nevertheless, the experiments were conducted under controlled
conditions, which may restrict direct extrapolation to field environments. Further studies should
evaluate the efficacy of MS under field conditions, across different potato cultivars, and in
combination with other sustainable management practices. Overall, MS offers a promising and
environmentally compatible option for improving potato resistance to root-knot nematodes.
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Figure 1. Analysis of nematode indices (A, B, and C) and plant growth parameters (D, E, F, G, and H) in response to

different concentrations of manganese sulfate. MI: M. incognita. Values on the bars represent the mean (10 replicates
of two experiments) + SE. Mean comparisons were performed using Fisher’s LSD test. Means with the same letters

within each column are not significantly different at the 5% probability level.
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Figure 2. Percentage mortality (A) and motility (B) of second-stage juveniles (J2s) of the root-knot nematode
Meloidogyne incognita in manganese sulfate solution (MS, 1000 mg L) containing 0.02% Tween 20, compared with the
control (0.02% Tween 20 alone), after 72 h under laboratory conditions. Values represent the mean of 15 replicates (the
sum of three experiments). Comparisons between treatments were performed using the Student’s t-test. n.s., not

significant (P > 0.05).
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Figure 3. Biochemical analyses of manganese sulfate-induced resistance in potato against the root-knot nematode
Meloidogyne incognita at 24, 48, and 72 hours after nematode inoculation. A: Peroxidase (POD) activity; B: Catalase
(CAT) activity; C: Polyphenol oxidase (PPO) activity; D: Hydrogen peroxide (H-0:) content; E: Phenol content; F:
Lignin content; G: Superoxide dismutase (SOD) activity; H: Phenylalanine ammonia-lyase (PAL) activity. Ctrl:
control; Mi: M. incognita; Ms: manganese sulfate. The results are based on two independent experiments. Each
experiment included five biological replicates, and for each biological replicate, three technical replicates were
performed. The values shown in the graphs represent the mean (10 replicates from two experiments) £ SE. Mean
comparisons were conducted using Fisher’s LSD test. Means with the same letters within each column are not
significantly different at the 5% probability level. At each time point, mean comparisons among treatments were
performed independently using a completely randomized design (CRD).
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