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In the springs of 2020 and 2021, with a temperature of 15°C, root rot on garlic were widespread in Enshi, 
Hubei Province, China. Based on micro-morphological and cultural characteristics, the pathogen was 
identified as a Fusarium sp. Further, based on multilocus (ITS, EF-1α) phylogenic data, the strains were 
identified as Fusarium oxysporum. Koch’s postulates were thus fulfilled by pathogenicity tests on 
garlic seedlings cultured in vitro. 
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INTRODUCTION 
 
Garlic (Allium sativum L.) is both flavorful and rich in 
nutrients, and has important medicinal value compared to 
other vegetables. It has bactericidal, anti-cancer, anti-
corrosion and anti-aging properties, among others 
(Yayeh et al., 2021; Oosthuizen et al., 2018). Currently, 
the garlic planting area in the world exceeds 1.2 million 
hectares. China accounts for nearly 70% of the global 
garlic production (Seth et al., 2018). In recent years, root 
rot of garlic occurred more frequently in China, which 
leads to about 20-30% production loss rate and more 
than 50% in serious area (Xie et al., 2015). Garlic root rot 
symptoms are yellowing leaves, basal stem discoloration 
and rotten roots found in various provinces in China, 
caused by fungi such as Pythium sp. in Shandong 
(Zhang et al., 2021) and Ceratobasidium sp.  in  Jinxiang, 

Shandong, and Feng Counties, Jiangsu (Yin et al., 2020). 
 
 
MATERIALS AND METHODS 

 
The investigation of Local Agricultural Technology Extension 
Department indicated that the root rot incidence reached up to 35-
40% in the garlic cultivation bases in Enshi Tujia Autonomous 
Prefecture, Hubei Province in China in the springs of 2020 and 
2021. In order to isolate and identify the causal agent of this 
disease, symptomatic plants were collected and the infected roots 
were cut into small root segments. These root segments were 
washed thoroughly with 75% ethanol followed by surface 
sterilization with 0.1% HgCl2 for 1 min and rinsed with sterilized 
distilled water three times. The sterilized root segments were put on 
potato dextrose agar (PDA) plates and penta chloro nitrobenzene 
agar  medium  (PPA)  plates  (Fusarium  selective   medium)  (Nash  
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Figure 1. Symptoms and pathogen morphology of root rot on garlic caused by Fusarium oxysporum. (a & b) Front 
and back view of colony after 7 days at 25°C on PDA plates in the dark. (c) Conidiogenous cells and developing 
conidia scale bar=20 µm apparatus. (d) Lesion on garlic at 3 weeks after inoculation with conidial of Fusarium 
oxysporum. e) After inoculation with water as control. 

 
 
 
and Snyder, 1962), at 25°C for 24 h in the dark. The isolated single-
spore Fusarium colonies were inoculated on carnation leaf agar 
(CLA) medium and Fusarium species were identified through their 
morphological characteristics (Awere et al., 2021). 

 
 
RESULTS 

 
The colonies on potato dextrose agar medium (PDA) 
exhibited typical Fusarium characteristics, viz; Fusarium-
like, floccose, and pale orange with aerial mycelia 
(Figures 1a and b). The colony had a diameter of 4.5 cm 
after 4-day culture at 25°C. The colony microconidia were 
in ovate or reniform shape, 0~1 septate, 4.8~10.1 
μm×2.0~4.6 μm, whereas colony macroconidia were in 
falcate shape, 3~5 septate, and 20.2~36.6 μm × 3.3~4.5 
μm (Figure 1c). Our observation of morphological 
characteristics was similar to those of Fusarium 
oxysporum (Leslie and Summerell, 2006). We obtained a 
total of 26 Fusarium isolates from 48 garlic rots collected 
in 2020 and 2021 in Hubei province. Since the 
morphological observation was consistent for all isolates, 
one isolated colony was selected for molecular 
identification. CTAB method was applied to extract 
pathogen genome DNA from isolate (GRR-1) (Wu et al., 
2001). The primers EF1/EF2 were used to amplify the 
DNA sequence of translation elongation factor 1 alpha 
(EF-1α, a marker gene of F. oxysporum) (Geiser et al., 
2004). The resultant EF-1α sequence (MW660368) of 
GRR-1 exhibited 99% identity with that of F. oxysporum 
(MK560296). Also, the results of ITS sequence 
(MW644753) analysis displayed a 99% match to one 
accession of F. oxysporum (MK560296) through BLAST 
against the NCBI nucleotide database 
(https://www.ncbi.nlm.nih.gov/). The phylogenetic tree of 
GRR-1 and the other Fusarium species in Figure 2 shows 
that  GRR-1   and   F.  oxysporum   comprise   the   same 

cluster. 
 
 

Pathogenic examination of GRR-1 strain 
 
The two-week-old garlic plants were used as materials for 
the pathogenicity tests. The root irrigation method was 
employed to inoculate the healthy garlic plants with 100 
ml of conidial suspension (3.0×10

7
 conidia/ml), and the 

same volume of sterile water served as a control. Three 
weeks after inoculation with conidial suspension, all the 
garlic leaves gradually turned yellow, which was 
consistent with the symptoms observed in the field. Four 
weeks after inoculation with conidial suspension, all the 
garlic root systems exhibited typical rotten symptoms 
(Figure 1d), followed by eventual plants withering and 
death, whereas the control plants stayed healthy (Figure 
1e). We further isolated the same fungus colonies and 
confirmed Koch’s hypothesis (Silva et al., 2013). 
 
 

Conclusion 
 

In this study, the root rot of garlic caused by F. 
oxysporum in Southern China was reported for the first 
time. Thus, the identification of F. oxysporum as the 
causal agent of the observed root rot on garlic is critical 
to the prevention and control of this disease in the future. 
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Figure 2. Phylogram generated from neighbor joining analysis based on alignment of ITS and EF-1α gene 
sequences. Values above the branches are parsimony bootstrap (equal or above 50%). 

 
 
 
Vegetable Industry Technology System of China (CARS-
24-G-14). 
 
 
 
REFERENCES 
 
Awere CA, Githae EW, Gichumbi JM (2021). Phytochemical analysis 

and antifungal activity of Tithonia diversifolia and Kigelia africana 
extracts against Fusarium oxysporum in tomato. African Journal of 
Agricultural Research 17(5):726-732. 

Geiser DM, del Mar Jiménez-Gasco M, Kang S, Makalowska I, 
Veeraraghavan N, Ward TJ, Zhang N, Kuldau GA, O'donnell K 
(2004). FUSARIUM-ID v. 1.0: A DNA Sequence Database for 
Identifying Fusarium. European Journal of Plant 
Pathology 110(5):473-479. 

Leslie JF, Summerell BA (2006). The Fusarium Laboratory Manual. 
Blackwell Publishing, Oxford, U.K 

Nash SM, Snyder WC (1962). Quantitative estimations by plate counts 
of propagules of the bean root rot Fusarium in field soils. 
Phytopathology 52(6). 

Oosthuizen CB, Reid A-M, Lall N (2018). Garlic (Allium sativum) and its 
associated molecules, as medicine. In: Medicinal Plants for Holistic 
Health and Well-Being. Elsevier 9:277-295 

Seth T, Lyngdoh Y, Chattopadhyay A, Sharangi AB, Mishra G (2018). 
Export of onion, garlic and Chilli: three essential spices in daily 
kitchen. Springer 13:359-378. 

Silva ADA, Pinho DB, Hora Junior B, Pereira OL (2013). First Report of 
Leaf Spot Caused by Phyllosticta yuccae on Yucca filamentosa in 
Brazil. Plant Disease 97:1257. 

Xie YQ, Zhang LJ, Mao J (2015). Rhizosphere Soil Community 
Characteristics of Root Rot Diseased Garlic Plants in Xinjiang Area. 
Modern Agricultural Science and Technology 21:133-137. 

 
 
 
 
 
 
 
 
 
 
 

Yayeh SG, Melkamu A, Amare H, Yigzaw D (2021). Assessment of 
small holder farmers garlic (Allium sativum L.) production practices 
under irrigated farming system in the Highlands of Ethiopia. African 
Journal of Agricultural Research 17(9):1172-1179. 

Yin YS, Li JJ, Zhang FB, Zhang SQ, Gao M (2020). First Report of 
Ceratobasidium sp. Causing Root Rot of Garlic in China. Plant 
Disease 104(2): 569. 

Zhang B, Zhang Y, Ma L Qi K, Wang P, Li CS, Qi JS (2021). 
Identification of Pythium species as pathogens of garlic root rot. 
Journal of Plant Pathology 103(1):259-267. 

Wu ZH, Wang TH, Huang W, Qu YB (2001). Asimplified method for 
chromosome DNA preparation from filamentous Fungi. Mycosystema 
20(4):575-577. 

 
 

 

Fig. 2 Phylogram generated from neighbor joining analysis based on alignment of ITS  
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