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Abstract
Background and Objectives
Potato (Solanum tuberosum L.) is a vital crop of great global importance. Common scab is one of
the most destructive diseases affecting the quality and yield of potatoes. Effective disease
management strategies for potatoes include crop management, crop rotation, seed certification,
natural and chemical pesticides, disease prediction models, germplasm screening, and the
development of resistant varieties. Sulfur fertilization improves potato resistance to common scab,
possibly by decreasing the soil pH. Applying sulfur and Thiobacillus bacteria in alkaline and
calcareous soils has improved nutrient solubility and reduced damage caused by common potato
scab disease.
Materials and Methods
An experiment was conducted to investigate the effects of sulfur and Thiobacillus on tuber yield
and the common scab disease index under field conditions. The farm had a history of natural and
uniform infection with potato scab disease. The treatments included: 1- control (no use of
Thiobacillus and sulfur), 2- application of Thiobacillus, 3- granular sulfur, 4- liquid sulfur, 5-
Thiobacillus+granular sulfur, and 6- Thiobacillus+granular sulfur+liquid sulfur. The experiment
was conducted using a randomized complete block design with four replications.
Results: Analysis of variance indicated that the application of sulfur and Thiobacillus significantly
affected tuber yield and the common scab disease index. However, there was no significant
difference in the mean number of plants among the experimental treatments. Regarding the mean
number of tubers, the count increased from 104 in the control group to 135.75 in the treatment
with granular sulfur+liquid sulfur+Thiobacillus treatment. This combination significantly
increased tuber weight by approximately 4 kg compared to the control. Regarding the average
number of tubers per plant, the treatments of granular sulfur+liquid sulfur+Thiobacillus and
granular sulfur+Thiobacillus showed a significant difference compared to the control, increasing
the number of tubers by 13.06% and 8.10%, respectively. Both treatments also significantly



increased the mean tuber weight per plant by 19.69% and 16.21%, respectively, compared to the
control. The percentage and disease index varied under the influence of the experimental
treatments. The lowest disease index on potato tubers was associated with the simultaneous
application of granular sulfur+liquid sulfur+Thiobacillus, followed by liquid sulfur alone. The
decrease in the disease index on potato tubers can be attributed to the reduction in pH resulting
from sulfur application. This study demonstrated that the simultaneous application of sulfur and
Thiobacillus can effectively lower soil pH.

Discussion

In conclusion, the application of sulfur and Thiobacillus bacteria enhances the yield and quality of
potato tubers by improving soil conditions and plant nutrition. The forms of sulfur used played a
crucial role in disease management; liquid sulfur, either alone or in combination with other
treatments, significantly reduced disease severity. Liquid sulfur contains sulfate forms and has a
pH of approximately one. Additionally, its liquid form allows for better penetration into soil pores
and does not require soil microbial processes to alter pH. In contrast, powdered and granular forms
of sulfur must be converted to sulfate forms by sulfur-oxidizing bacteria such as Thiobacillus. This
conversion process is lengthy and gradually reduces soil pH over time. In the present study, various
forms of sulfur, especially the liquid form, effectively reduced soil pH, although it did not lower
it enough to classify the soil as acidic. It is important to note that the study's soil was calcareous,
which has buffering properties that prevent drastic pH changes. Moreover, the effect of sulfur is
not solely dependent on pH; even low amounts or specific forms of sulfur can significantly reduce
common potato scabs without altering soil pH. This phenomenon may be due to the conversion of
sulfur into toxic forms for microbes, such as hydrogen sulfide (H.S).
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Figure 1. Disease index of potato common scab. Please see the main text for index description.
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Table 1. Physical-chemical analysis of the soil in depth of 0-30 cm, in beginning of the experiment

Chemical factors

Soluble

Calcium Electrical . . Organic TOU."I.
gy Potassium  Phosphorus  Nitrogen neutralizing
and conductivity (ma/kg) (mg/kg) (%) carbon  pH value
Magnesium  Ec (ds.m™) 9kg 9kg (%) (%)
(meg.L?) °
0.48 0.4 751 63 0.19 1.97 7.81 17.7
Physical factors
Silt Clay Sand Sail
(%) (%) (%) Texture
48.4 40.4 11.2  Silty-clay
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Table 2. Analysis of variance of the effect of sulfur-containing treatments on potato growth traits in

the field conditions

Mean of square

Source of Degree of Mean of Mean of tuber  Total weight Mean of tuber ~ Mean of plant
variation freedom  tubers weight number per  of tuber in number in number in
per plant (Kg) plant treatment (kg) treatment treatment
Treatment 5 0.039™ 1.49™ 8.51" 471.48™ 1.86™
Block 3 0.008™ 1.67™ 29.48™ 3793.93™ 30.5™
Error 15 0.001 0.18 2.19 270.83 2.33
Coefficient of 2.94 3.89 12.39 14.48 14.66
variation (%)
Contrel b G I S+Thiobaciull
Granulate S+Thiobaciullus b control
Thicbaciullus ab Gramilate §
Granlate $ ab Thiobaciullus
Liquid § ab

Granulate S+Thiobaciullus+ Liquid §

Liquid §

Granulate S+Thiobaciullus+ Liquid §
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Figure 2. Mean comparison of the effect of different sulfur treatments on potato growth traits in the field

conditions
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Table 3. Analysis of variance of application of sulfur and Thiobacillus on the control of common potato scab.

Source of variation

Degree of freedom

Infected tubers (%) Disease Index

Block 3 4.58™ 0.018™
Treatment 5 167.82™ 1.18™
Error 15 3.67 0.02

Coefficient of variation (%) 16.53 10.31
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Figure 3. Mean comparison of the effect of different sulfur treatments on the percentage of infected potato

tubers with common scab disease.
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Figure 4. Mean comparison of the effect of different sulfur treatments on the disease index of potato tuber with

common scab disease.



e Golen IS 5 s joaw 3 Shas  (Thiobacillus) bl ss 53 8 & 3 )8 360,808 5 6550 AA

s R sk sl SL s bzl
Ls 04s gl (Handelsman & Stabb, 1996)
DRl Bl 5 o i 1) ST s Sn S 5 il 5 e
Sl b a4 S 558 dde slacs oo Sl
(Weller, 1988) 18" s (5,8 sl T iy 51 5 aistls
3558 5,8 & sl 0l adlls oyl mls JS 5k 4
S pH 2alS Lol Wl Olojar Hsbay oshl o
Gl o ol w5 S Ll b sse by edd
Soler 4 T (ST 22l 5 onim slaost 5 Shes

235 Jseme

Sl il
5553y Ll onl Jlo cales (sl (sl o

23)5 (oo (G138 o sheal 5 4 5 03 5 oal b

References

5 S G Lel Soline syl L s S8

Frome o 403 TGS 5505 500 (it fw CaS
e 5 L) 53 (§o5 5 ol 1SS 3 S5 b
Bl 35 38 polie ple o 55 el ol oS
S ) g oy S PH i 288 L 5 50
W15 o sl 3515 2B I pems 0 lge Lo sains
Caslin ol i) 55 5 oME ol Ol nlplL
Gl das il Bl gyl ol 53 1) e i OLE
b s 588 0 gl dasly @ Jiwsn, baos 042
5 @b bl JAS 5o peskalss sl ST
Ghaderi et al., ) sls oljm « 56 IS LU S
358 OplinaST 4 536 sl slags STt (2021
Sl PH 2ol & e & s 00 g ol
ol 3wl (sl Laa (BoOAl et al., 2024) 555

3 ol S 5 i) Wl Sosdpm dewl Lo

Adams, M. J., & Lapwood, D. H. (1978). Studies on the lenticel development, surface microflora
and infection by common scab (Streptomyces scabies) of potato tubers growing in wet and dry
soils. Annals of Applied Biology, 90(3), 335-343. Retrieved from http://dx.doi.org/10.1111/j.1744-
7348.1978.tb02641.x

Al-Mughrabi, K. I., Vikram, A., Poirier, R., Jayasuriya, K., & Moreau, G. (2015). Management of
common scab of potato in the field using biopesticides, fungicides, soil additives, or soil fumigants.
Biocontrol Science and Technology, 26(1), 125-135. doi:10.1080/09583157.2015.1079809

Besharaty, H., Khavazi, K., & Saleh-Rastin, N. (2001). Evaluation of some carriers for
Thiobacillus inoculants used along with sulphur to increase uptake of some nutrients by corn and
improve its performance. In Plant Nutrition (pp. 672-673).

Bimbraw, A. S. (2008). Sulfur Nutrition and Assimilation in Crop Plants. In Sulfur Assimilation
and Abiotic Stress in Plants (pp. 55-95): Springer Berlin Heidelberg.

Booali, S., Zoufan, P & ,.Bavani, M. R. Z. (2024). Effect of biofertilizer containing Thiobacillus
bacteria along with different levels of chemical sulfur fertilizer on growth response and
photochemical efficiency of small radish plants (Raphanus sativus L. var. shushtari) under
greenhouse conditions. Scientia Horticulturae, 327, 112835 .

Davis, J. R. (1976). Influence of soil moisture and fungicide treatments on common scab and
mineral content of potatoes. Phytopathology, 66(2), 228. doi:10.1094/phyto-66-228


http://dx.doi.org/10.1111/j.1744-7348.1978.tb02641.x
http://dx.doi.org/10.1111/j.1744-7348.1978.tb02641.x

A VEF Olie ) oF oyl PV il ((55,5UiS" oode alows) (K550l S

Dees, M. W., & Wanner, L. A. (2012). In Search of Better Management of Potato Common Scab.
Potato Research, 55(3-4), 249-268. doi:10.1007/s11540-012-9206-9

Degryse, F., Ajiboye, B., Baird, R., da Silva, R. C., & McLaughlin, M. J. (2016). Oxidation of
Elemental Sulfur in Granular Fertilizers Depends on the Soil-Exposed Surface Area. Soil Science
Society of America Journal, 80(2), 294-305. doi:https://doi.org/10.2136/sssaj2015.06.0237

Driscoll, J., Coombs, J., Hammerschmidt, R., Kirk, W., Wanner, L., & Douches, D. (2009).
Greenhouse and field nursery evaluation for potato common scab tolerance in a tetraploid
population. American Journal of Potato Research, 86, 96-101 .

Farzipour, H., Zeynadini Riseh, A., Sahhafi, S. R., & Karimi, H. R. (2024). Effect of different
sulfur concentrations and its application method in the control of root-knot nematode in four
Pistachio cultivars. Plant Protection (Scientific Journal of Agriculture), 47(2), 1-18.
d0i:10.22055/ppr.2024.46812.1742

Ghaderi, j., Davoodi, M. H., & Khvazi, K .(Y+Y)) .Effect of elemental sulfur and Thiobacillus
bacteria on yield and some quality characteristics of Canola. Iranian Journal of Soil Research,
35(3), 235-251. doi:10.22092/ijsr.2021.354082.595

Golmoradi, M., Barmaki, M., & Sedghi, M. (2017). Effect of sulfur fertilizer and thiobacillus on
qualitative traits and nutrients concentration of potato (Solanum tuberosum L.). Journal of Plant
Ecophysiology, 9(29), 113-124 .

Handelsman, J., & Stabb, E. V. (1996). Biocontrol of Soilborne Plant Pathogens. Plant Cell, 10(8),
1855-1869. doi:10.1105/tpc.8.10.1855

Islam, M. S., Khan, A. A., Rubayet, M. T., Haque, M. M., Karim, M. A., & Mian, I. H. (2021).
Effect of magnesium and sulfur fertilizer on yield, diseases and disorders of seed potato.
Poljoprivreda i Sumarstvo, 67(1), 239-254.

Jazaeri, M., Akhgar, A., Sarcheshmehpour, M., & Mohammadi, A. H. (2016). Bioresource efficacy
of phosphate rock, sulfur, and Thiobacillus inoculum in improving soil phosphorus availability.
Communications in Soil Science and Plant Analysis, 47(11), 1441-1450 .

Jones, J. B. (2001). Laboratory guide for conducting soil tests and plant analysis: CRC Press.

Kavazi, K., Jahandideh Mahjan Abadi, V., & Taghipoor, F. (2018). Effect of Sulfur, Thiobacillus
bacteria and phosphorus on the yield and nutrient elements uptake of wheat in calcareous soil.
Journal of Soil Management and Sustainable Production, 8(2), 23-41. In Persian.
d0i:10.22069/ejsms.2018.13665.1761

Klikocka, H., Haneklaus, S., Bloem, E., & Schnug, E. (2005). Influence of Sulfur Fertilization on
Infection of Potato Tubers withRhizoctonia solaniandStreptomyces scabies. Journal of Plant
Nutrition, 28(5), 819-833. d0i:10.1081/pIn-200055547

Klikocka, H., Klikocka, H., Gtowacka, A., Juszczak, D., & Kobiatka, A. (2015). The influence of
sulphur on phosphorus and potassium content in potato tubers (Solanum tuberosum L.). Journal
of Elementology (3/2015). doi:10.5601/jelem.2014.19.2.661


https://doi.org/10.2136/sssaj2015.06.0237

e Golen IS 5 s joaw 3 Shas  (Thiobacillus) bl ss 53 8 & 3 )8 360,808 5 6550 q.

Kumar, S., Biswas, S. K., Kumar, A., Rajput, V. D., Kumar, R., Kumar, S., ... Kumar, R. (2023).
Effect of integrated disease management (IDM) practices on disease severity and incidence of
common scab of Potato. Potato Research, 67(1), 271-292. doi:10.1007/s11540-023-09629-5

Larkin, R. P., & Griffin, T. S. (2007). Control of soilborne potato diseases using Brassica green
manures. Crop Protection, 26(7), 1067-1077. doi:10.1016/j.cropro.2006.10.004

Larkin, R. P., & Halloran, J. M. (2014). Management effects of disease-suppressive rotation crops
on potato yield and soilborne disease and their economic implications in potato production.
American Journal of Potato Research, 91(5), 429-439. doi:10.1007/s12230-014-9366-z

Larkin, R. P., Honeycutt, C. W., Griffin, T. S., Olanya, O. M., Halloran, J. M., & He, Z. (2011).
Effects of different potato cropping system approaches and water management on soilborne
diseases and soil microbial communities. Phytopathology, 101(1), 58-67. doi:10.1094/PHYTO-
04-10-0100

Lu, X., Wang, J., Al-Qadiri, H. M., Ross, C. F., Powers, J. R., Tang, J., & Rasco, B. A. (2011).
Determination of total phenolic content and antioxidant capacity of onion (Allium cepa) and shallot
(Allium  oschaninii) using infrared spectroscopy. Food Chem, 129(2), 637-644.
doi:10.1016/j.foodchem.2011.04.105

Mayorga Valladares, D. (2023). Effect od Different Sources and Application Rates of Sulfur on
Corn and Soybean Production Systems in Louisiana. (Master in Agricultural Management).
Louisiana State University ,

Moradpoor, F., Khoramivafa, M., & Zolnurian, H. (2019). Effect of various organic nutrition
methods on potato minituber production in aeroponic condition. Iranian Journal of Field Crop
Science, 50(3), 79-87. doi:10.22059/ijfcs.2018.242019.654382

Pavlista, A. D. (2015). Sulfur and Marketable Yield of Potato. In Sulfur: A Missing Link between
Soils, Crops, and Nutrition (pp. 171-182).

Powelson, M., & Rowe, R. (2008). Managing diseases caused by seedborne and soilborne fungi
and fungus-like pathogens. Potato health management, 183-195 .

Rowell, D. L. (1994). Soil science: Methods and applications: Routledge.

Sabbagh, H., Khorami Vafa, M., Jalali Honarmand, S., & Beheshti Al-Agha. (2014). Effect of
Thiobacillus bacteria, sulfur, and manure on the concentration of some mineral elements in garlic
bulbs. Paper presented at the The Second National Conference on Medicinal Plants and
Sustainable Agriculture, Hamedan.

Santos-Cervantes, M. E., Felix-Gastelum, R., Herrera-Rodriguez, G., Espinoza-Mancillas, M. G.,
Mora-Romero, A. G., & Leyva-Lopez, N. E. (2016). Characterization, pathogenicity and chemical
control of Streptomyces acidiscabies associated to potato common scab. American Journal of
Potato Research, 94(1), 14-25. doi:10.1007/s12230-016-9541-5

Sarikhani, E., Sagova-Mareckova, M., Omelka, M., & Kopecky, J. (2017). The effect of peat and
iron supplements on the severity of potato common scab and bacterial community in tuberosphere
soil. FEMS Microbiol Ecol, 93(1), fiw206. doi:10.1093/femsec/fiw206



A VEF Olie ) oF oyl PV il ((55,5UiS" oode alows) (K550l S

Sarwar, A., Latif, Z., Zhang, S., Zhu, J., Zechel, D. L., & Bechthold, A. (2018). Biological Control
of Potato Common Scab With Rare Isatropolone C Compound Produced by Plant Growth
Promoting Streptomyces A1RT. Front Microbiol, 9, 1126. doi:10.3389/fmicb.2018.01126

Tiwari, R. K., Kumar, R., Sharma, S., Sagar, V., Aggarwal, R., Naga, K. C., ... Kumar, M. (2020).
Potato dry rot disease: current status, pathogenomics and management. 3 Biotech, 10(11), 503.
d0i:10.1007/s13205-020-02496-8

Tomihama, T., Nishi, Y., Mori, K., Shirao, T., lida, T., Uzuhashi, S., . . . Ikeda, S. (2016). Rice
Bran Amendment Suppresses Potato Common Scab by Increasing Antagonistic Bacterial
Community Levels in the Rhizosphere. Phytopathology, 106(7), 719-728. doi:10.1094/PHYTO-
12-15-0322-R

Vahedi, M., & Fadaei Tehrani, A. A. (2014). Interaction of root- knot nematode (Meloidogyne javanica)
and bacterial agent of common scab (Streptomyces scabies) on potato. Plant Protection (Scientific Journal
of Agriculture), 37(3), 49-60.

Weller, D. M. (1988). Biological control of soilborne plant pathogens in the rhizosphere with
bacteria. Annual Review of Phytopathology, 26(1), 379-407 .

@2

A—dEAT © 2025 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution-NonCommercial 4.0
International (CC BY-NC 4.0 license) (http://creativecommons.org/licenses/by-nc/4.0/.


http://creativecommons.org/licenses/by-nc/4.0/

