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ARTICLE DETAILS ABSTRACT

Article History: Cotton (Gossypium hirsutum) is an important cash crop which is cultivated in more than 80 countries
Received 26 July 2020 worldwide producing worth of 121.30 million bales in MY 2019/2020. However, it is attacked by many insect
Accepted 27 August 2020 pests that causes high economic loss. Vertcillium wilt (VW) and Fusarium wilt (FW),a soil borne fungus

Available online 04 September 2020 caused by Verticillium dahlia kleb and Fusarium oxysporum f.sp. vasinfectum, is one of the most destructive
diseases in cotton (Gossypium hirsutum L.) production deleteriously affecting the yield and quality in ,India
and worldwide. The wilt is becoming serious problem for cotton growing farmer and key subject of research
in cotton resistance genetics and pathology. This aim of this paper is to call for attention and concentrated
action by describing potentially damage of the pest, morphology, symptoms, Epidemiology, behavior, entry
pathways and control method. The key pest of cotton accounts for its production loss up to70% in the absence
of compatible control measures. Its effective control strongly relies on integrated management strategies

includes Bio control agents, Physical, cultural a virulent strains, resistant varieties are the best practices for

pest management.
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1. INTRODUCTION

Cotton is derived from the Arabic word "quotn” (Lee and Fang ,2015). It
belongs to the Genus Gossypieae and family Malvaceae. Over 50 species of
cotton are recognized so far (Fryxell 1992). The new molecular data
confirmation and taxonomy recorded the two new tetraploid species of
cotton which includes Gossypium ekmanianum (AD6) and Gossypium
stephensii (AD7), in addition to 5 tetraploid (2n=4x=52) and 46 diploid
(Gallagher, 2017; Grover, 2015.Among these, there are 4 most widely
domesticated species: two of them i.e Gossypium arboreum and Gossypium
Herbaceum are diploids domesticated from Africa and Asia and other two
includes G. hirsutum and G. barbadense are allopolyploid domesticated
from America (Wendel and Grover, 2015). The two allotetraploid species
Gossypium hirsutum and Gossypium barbadense makes up the
comprehensive production of the cotton in the world (Wendel, 1992,
2013; Wang, 2015). 90% of global cotton production with a premium
quality of cotton is dominated by Gossypium hirsutum (Brown 2002; Liu
etal 2013).

Cotton(Gossypium) is perennial shrub or a tree which is mainly grown in
subtropical and tropical climate enrolling an area of 33-37 million ha over
100 countries between the latitude of 37 <N - 32-S (Noreen et al, 2020).
The characterstics of cotton plant includes an upright branched stems,
alternate dark green leaves with 5 petals, large flowers, capsulated fruit
having ovoid seeds covered by thread or fibers, with the taproot system
which can penetrate up to the depth of 60 cm if favorable soil and moisture
is present (Ali et al, 2020).

Cotton is known as one of the essential crop that provide ecologically
sustainable fiber to the growing global population (Cusser et al, 2016).

The highest Cotton producing country in the world is India with the
production estimating of 28.5 million 480 lb. bales in the year 2020/21
But the highest exporter is USA estimating the export of 15 million 480 Ib.
bales. (USDA 2020/21). Nepal produces about 92 mt of Cotton cropped in
an area of 90 ha (Krishi diary., 2019/20). Currently, Cotton in Nepal are
produced in Dang, Banke, Bardiya district of Nepal in an area of 106, 27,
10 ha producing 74, 41, 12 mt of cotton respectively (MOAD, 2016/17)

There are different biotic and abiotic factors responsible for the loss of
yield, viability of cotton fiber production. During the growth the two soil-
borne diseases, Vertcillium wilt (VW, caused by Verticillium dahliae Kleb.)
and Fusarium wilt (FW, caused by Fusarium oxysporum f.sp. vasinfectum
Atk. Sny & Hans, FOV), represent two major disease problems in world
cotton production (Pegg and Brady, 2002 ; Halpren et al,2018). FOV is
composed of eight nominal races worldwide but only six of the races with
different genetic sequences are recognized (Chianchetta., 2014). Recently,
FOV4 has become increasingly prevalent in Upper Rio Grande Valley of
Texas in El Paso and Hudspeth Counties (Halpern et al.,2017), similarly in
New mexico(Zhu et al,2019) with severe damage on cotton seedlings.
Though Fusarium wilt has a specific host range but the verticillium dahilae
has the widest host range of more than 200 species among the 10 species
of genus verticillium (Inderbitzin et al., 2011; Inderbitzin and Subbarao,
2014).Based on the defoliating and non defoliating symptoms of cotton,
Verticillium dahilae is divided into two races (Hu et al,2015).

FOV is an anamorphic fungus.The morphology of F. oxysporum f. sp.
Vasinfectum includes white to grayish white or bluish purple mycelium
with two type of conidia present : small, one or two celled

microconidia(5-20 2.2-3.5) and 3-5 septate, fusiform , sickle shaped,
2.5-4.5 um)

multinucleated macroconidia(27-48 having a

Quick Response Code

[=] 3i[s]

Access this article online

Website: DOI:

www.contaminantsreviews.com

10.26480/ecr.02.2020.48.52

Cite The Article: Sudip Bhandari, Dikshya Niraula And Kripa Adhikari (2020).Fusarium And Verticellum Wilt

In Cotton: A Review.Environmental Contaminants Reviews, 3(1): 48-52.



mailto:bhandarisudip37@gmail.com
https://www.cabi.org/isc/datasheet/56275#0fae5b14-9c28-47f5-8693-b72f48b43b4f

Environmental Contaminants Reviews (ECR) 3(1) (2020) 48-52

chlamydospores with short conidiophores as a distinguishing character
than other species of Fusarium (Chohan et al,2020). Similarly, the author
describes Verticillium dahliae (2.0-3.5 mm at 20-25 C) having dark brown
to black microsclerotia existing in the soil and crop debris having short
cylindrical to ellipsoidal conidia with erect conidiophores present on it.
Both of the pathogens are soil borne (Abdelraheem et al., 2019), surviving
saprophytically on crops and other debris (Li et al., 2017). Both of these
pathogen damages the plants by producing similar symptoms like
chlorosis, wilting and defoliation of the leaves that gradually damage the
vascular tissue and eventually leads to death of the plant and Hence called
as the 'cancer' of cotton crops (Zhang et al, 2018). The symptoms of
Fusarium wilt is seen from the seedling stage and is highest as the squaring
stage where as in case of Verticillium wilt the symptoms are observed
before the squaring stage reach highest at the boll-setting stage.(Hu et al,,
2015).

2. RESULT AND DISCUSSION

2.1 Etiology

2.1.1 Fusarium Wilt

Casual Organism: Fusarium Oxysporium f.sp. vasinfectum

2.1.2 Verticillium Wilt

Casual Organism: Verticillium dahliae Kleb, Verticillium alboatrum
2.2 Symptoms

At every stage of Growth of the plant the symptoms of Fusarium wilt is
seen (Davis et al., 2006). The different symptoms of FOV include:

2.3 Seedling stage

The disease symptoms starts from the seedling stage and is highest at the
squaring stage (Hu et al, 2015)

The initial symptoms of is seen on the cotyledon that includes:
Vein darkening, Chlorosis, withering of the young cotyledons and
eventually the cotyledons droop, and die. (Chohan et al., 2020)

2.4 Older Plants
According to, (Synder and Hansen,2020)

Symptoms begins with the yellowing of the lower leaves margin of the
older plants and then spreads towards the main veins.

It ultimately leads to drooping of the plants as the xylem vessels are
blocked, leading to brownish black vascular discoloration when vertical
section of the stems are cut.

Finally, necrosis of the leaves and the entire plants death is seen.

The symptom like browning of vascular system of the hypocotyl
differentiate the fusarium wilt to that of damping-off caused by Pythium
spp., Rhizoctonia solani Kuhn, and Fusarium spp (Davis et
al,2006).Sometimes, it is not obvious to see those apparent symptoms
that are usually seen in the field if the density of inoculum is low (Synder
and Hansen,2020). The severity of the Fusarium wilt depends on many
other environmental and soil prolificity, increased moisture and rainfall
condition (Cox jr et al,2019). Similarly, in a study of Greenhouse the
disease symptoms of FOV were not seen below 103 conidia/gm of
inoculums in Green house (Hao et al., 2009).

Though there are some typical symptoms of FOV and VW like yellowing,
shrinking, shedding of the leaves, dwarfing and vascular discoloration
(Deketelaere et al., 2017) , the verticillium wilt can be distinguished : As,
VW has less vascular discoloration and leaves become red , however the
disease isolation is the foremost to distinguish it(Davis et al.,, 2006).The
defoliating and non defoliating symptoms are also seen on the cotton
infected with VW (Hu et al.,2015). The disease are seldom observed in non
irrigated cotton than that of irrigated cotton which shows an increased
incidence of Verticillium wilt by 50%(Land et al,2017).Due to the
resistant germplasm FW are however under controlled but VW control
however difficult and is currently on it's way of research and study
(Shaban et al., 2018)
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Figure 2: Chlorosis, Necrosis and vascular discoloration of Cotton by FOV
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Figure 3: Wilting, Chlorosis, Vascular discoloration of cotton by
Verticillium wilt

2.5 Disease cycle and Epidemiology

FW is a soil borne pathogen. The Chlamydospores produced by it persists
in the soil for a several years. The infection begins from the primary source
Chlamydospores and begins to produce conidia (Sanogo et al,2015).
These conidia inoculates on the root surface for about 6 hours and they
form a mat of mycelium concealing the surface followed by the formation
of hyphae (Chohan et al,,2020). These hypha penetrates the xylem vessels
. As a result, conidia proceeds upward to the plants blocking the xylem
vessels which eventually leads to wilting of the plant around 5-6 week
period of time (Chohan et al.,2020).

Similarly, The survival of VW in soil is done by microsclerotia for a longer
period of time at a depth below 40cm (Chohan et al.,2020) .If the favorable
environment is achieved by the microsclerotia, these germinates around
the plant roots and colonize over it (Deketelaere et al, 2017). The
formation of hyphae take place and these hyphae penetrate the xylem
vessels within only 2-4 days and colonize (Heniz et al,1998; Chen et al.,
2004; Fradin and Thomma, 2006) and as a result xylem vessels are
blocked and restricts the translocation of water and nutrients. (Liu et
al, 2020).

The disease symptoms of FOV are seen at the soil temperature of 26 to
28°C (Tripathy et al,2020) at 80-90% moisture content (Chohan et al.,
2020) . According to the study by ( Li et al, 2017), in China, verticillium
wilt is seen at a temperature of 25°c to 30°C and is also aggravated by the
rainfall with the precipitation of more than 250mm but show less
pathogen occurrence in <155 mm precipitation. The VW is more serious
on heavier soils and high clay and slit content 50 (Land et al., 2017).

2.6 Management

The management of FOV and VW of cotton can be done by different
methods. These include:

2.7 Crop rotation

Itis regarded as one of the most oldest and effective means of reducing the
pathogen in case of FW and VW (Sanogo and Zhang,2016 ).Crop rotation

with Barley, wheat, Sorghum, Ryegrass, Fescuse, different legumes, Peas,
Soyabean, Alfaalfa, Lespedeza, mustard and rapeseeds are known to
reduce the innoculum rate in VW (Raper et al,,2017) . However, these
practice are difficult to be used in large scale production (Zhang etal,
2019).

Figure 4: Life cycle of FOV
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Figure 5: Life cycle of Verticillium dahilae

2.8 Soil solarization and fumigation

Soil solarization is found to be effective as this process increases the
temperature of soil to a level that becomes lethal for soil borne
microorganism to survive (Kumar et al,2017). The chemical soil
treatment by methyl-bromide + chloropicrin, solarization, and
chloropicrin and 1,3-dichloropropene showed reduced infestation of FW
in race 4 of cotton (Bennet et al,2011).Though it is the most efficient
method, may not be economically feasible in cotton (Bennett et al. 2011;
Doan etal. 2014)

2.9 Hot water treatment

Hot water treatment at 90°C for about 105 s showed decrease in the attack
of FOV pathogens and even not affecting the viability of cotton. (Bennett
and Colyer,2010)

2.10 Irrigation

Increased Irrigation practices highly affects the disease incidence and
yield in cotton (Raper et al., 2017). To reduce the infestation of VW,
appropriate irrigation practices when needed, reduction in the overuse of
irrigation practice should be followed. (Raper et al.,, 2017).

2.11 Bio control Agent

2.11.1 Endophyte as Biocontrol Agents

An endophytic fungus Chaetomium globosumCEF-082 is effective in
controlling Verticillium wilt in cotton (Zhang et al,2020). Similarly,
endophytic fungus isolated from roots of cotton viz: CEF-818 (Penicillium
simplicissimum), CEF-714 (Leptosphaeria sp.), CEF-642 (Talaromyces
flavus.) and CEF-193 (Acremonium sp.) were effective to reduce the VW of
cotton. (Yuan et al,,2017)

2.12 Biocontrol Agents

Biocontrol agents like Bacillus velezensis Strain AL7, Pseudomonas,
Bacillus, Streptomyces is found effective in reducing incidence of
verticillium wilt disease of cotton (Liu et al.,2020; Li et al,, 2013; Xue et
al,2016; Gomez.l et al,2018) Similarly, Trichoderma virens is seen to be
effective on FW and VW of cotton LE (2000): Zhanng et al, 1995)

2.13 Use of Avirulent Strains

Recent study on non-pathogenic Fusarium oxysporum strain FO12 is found
to be effective against VW as it contains volatile organic compounds and
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other soluble substances that inhibited the growth of microsclerotia
(Mulero.Aparicio et al.,, 2019)

2.14 Use of Resistant Varieties

The use of resistant varieties are the major way for reducing FW and VW.
In Shaanxi Huanghuai China , Shaan 1155 variety was the first resistant
variety against FW and VW that were produced on large scale (Cai et
al,2009) Similarly, vareties like Zhongzhimian 2, Shaimian 2177,
Chuanmian 65, Chuanmianyou 2, Shaan 2365 and BD 18 are the resistant
varieties against VW (Ma et al, 2002).Recently, NuMex COT 17 GLS,
Glandless cotton showed resistant to FW and VW on race 4 (Zhang et
al,2020)

2.15 Chemical Control

Chemicals like Carbendazim, ethylene thiosulphate is found to be effective
for controlling seedlings pathogen (Shen 1985). The systemic fungicide
Benzimidazole are used to control verticillium in cotton at different doses
in the greenhouse and can be used in the field For eg: 100 ppm of Benlate
in water drenchers and 10-20 kg of Benlate in field (Chohan et al.,2020)

2.16 Genetic engineering approaches

Different Genetic approaches has been described to reduce Fusarium and
Verticillium wilt of cotton. According to (Wang et al, 2016) as the
verticillium wilt has varying pathogenicity and survivability.A broad
spectrum Gastrodia anti-fungal protein (GAFP) when incorporated to the
cotton provides resistance to many fungal pathogens and GAFP4 is the
most excellent for controlling VW of cotton. Similarly, the use of
Agrobacterium mediated transformation by the use of shoot apex of
Upland cotton varieties as explants with SNC1 gene showed resistant to
Fusarium wilt of cotton (Lei et al, 2011).(Pie et al.,2020 )described Germin
like protein (GLPs), GLP2 provides a defense function against Fusarium
and Verticillium wilt of Cotton.

3. CONCLUSION

Cotton, the major industrial crop are threatened by Fusarium and
Verticillium Wilt leading to reduce in the quality and quantity and
eventually death of the plant. The persistency of Chlamydospore and
microsclerotia makes Fusarium and Verticillium wilt as a limiting factor.
In absence of crop host and environment these pathogen survive in the soil
for many years and infects the plants showing wilting, chlorosis and
necrosis symptom. In this regard, there is an utmost need to adopt the
ecologically sustainable management practices in the field so that it would
promote global increase in the production of Cotton. As this pathogens are
soil borne, and the disease severity depends upon the soil environment. It
is better to prevent the occurrence of pathogen by maintaining the good
soil health and applying phyto sanitation, integrated pest management
and use of resistant varieties.

REFERENCES

A data sheet of Cotton Market Fundamentals & Price Outlook. August 2020
Cotton Incorporated. All rights reserved; America's Cotton Producers
and Importers

Abdelraheem, A, Elassbli, H., Zhu, Y., Kuraparthy, V., Hinze, L., Stelly, D., &
Zhang, J. 2020. A genome-wide association study uncovers consistent
quantitative trait loci for resistance to Verticillium wilt and Fusarium
wilt race 4 in the US Upland cotton. Theoretical and Applied
Genetics, 133(2), 563-577.

Ali, M. A, llyas, F., Danish, S., Mustafa, G., Ahmed, N., Hussain, S., & Ahmad,
S. 2020. Soil Management and Tillage Practices for Growing Cotton
Crop. In Cotton Production and Uses, Springer, Singapore, 9-30.

Bennett, R. S,, & Colyer, P.D. 2010. Dry heat and hot water treatments for
disinfesting  cottonseed of Fusarium oxysporum f.  sp.
vasinfectum. Plant disease, 94(12), 1469-1475.

Bennett, R. S., Spurgeon, D. W,, DeTar, W. R,, Gerik, J. S., Hutmacher, R. B., &
Hanson, B. D. 2011. Efficacy of four soil treatments against Fusarium
oxysporum f. sp. vasinfectum race 4 on cotton. Plant disease, 95(8),
967-976

Bennett, R. S, Spurgeon, D. W, DeTar, W. R,, Gerik, J. S., Hutmacher, R. B, &
Hanson, B. D. 2011. Efficacy of four soil treatments against Fusarium
oxysporum f. sp. vasinfectum race 4 on cotton. Plant disease, 95(8),
967-976

Brown, H. B, & Ware, ]. 0. 2002. Cotton: History, Species, Varieties,
Morphology, Breeding, Culture, Diseases, Marketing and Uses. Delhi:
Biotech Books, 27-40.

Cai, Y., Xiaohong, H., Mo, J., Sun, Q. Yang, ], & Liu, J. 2009. Molecular
research and genetic engineering of resistance to Verticillium wilt in
cotton: a review. African Journal of Biotechnology, 8(25).

Chen, P., Lee, B, and Robb, J. 2004. Tolerance to a non-host isolate
of Verticillium dahliae in tomato. Physiol. Mol. Plant Pathol. 64, 283-
291. doi: 10.1016/j.pmpp.2004.10.002

Chohan, S., Perveen, R, Abid, M., Tahir, M. N., & Sajid, M. 2020. Cotton
Diseases and Their Management. In Cotton Production and Uses (pp.
239-270). Springer, Singapore.

Cianchetta, A. (2014). Distribution of Fusarium oxysporum f. sp. vasinfectum
in the United States and Quantification of Race 4 in Soil. University of
California, Davis.

Cox]Jr, K. L., Babilonia, K., Wheeler, T., He, P., & Shan, L. 2019. Return of old
foes—recurrence of bacterial blight and Fusarium wilt of
cotton. Current opinion in plant biology, 50,95-103.

Cun, M,, Guiliang, J., & Chuanlin, Z. 2002. The advances in cotton breeding
resistance to Fusarium and Verticillium wilts in China during past fifty
years. Zhongguo Nongye Kexue (China)

Cusser, S., Neff, . L., & Jha, S. 2016. Natural land cover drives pollinator
abundance and richness, leading to reductions in pollen limitation in
cotton agroecosystems. Agriculture, Ecosystems & Environment, 226,
33-42.

Davis, R. M,, Colyer, P. D., Rothrock, C. S., & Kochman, J. K. 2006. Fusarium
wilt of cotton: population diversity and implications for
management. Plant Disease, 90(6), 692-703

Deketelaere, S., Tyvaert, L., Franca, S. C., & Hofte, M. 2017. Desirable traits
of a good biocontrol agent against Verticillium wilt. Frontiers in
microbiology, 8, 1186

Doan, H. K, Zhang, S., & Davis, R. M. 2014. Development and evaluation of
AmplifyRP Acceler8 diagnostic assay for the detection of Fusarium
oxysporum f. sp. vasinfectum race 4 in cotton.Plant Health
Progress, 15(1), 48-52.

Fradin, E. F., and Thomma, B. P. 2006. Physiology and molecular aspects of
Verticillium wilt diseases caused byV. dahliae and V.albo-
atrum. Mol.PlantPathol. 7, 71-86. doi: 10.1111/j.1364-
3703.2006.00323.x

Fryxell, P.A. 1992. A revised taxonomic interpretation of Gossypium L.
(Malvaceae). Rheedea 2:108-165

Gallagher, J. P., Grover, C. E., Rex, K, Moran, M., & Wendel, ]. F.2017. A new
species of cotton from Wake Atoll, Gossypium stephensii
(Malvaceae). Systematic Botany, 42(1), 115-123.

Goémez-Lama Cabanas, C., Legarda, G., Ruano-Rosa, D., Pizarro-Tobias, P.,
Valverde-Corredor, A. Niqui, J]. L. & Mercado-Blanco, J. 2018.
Indigenous Pseudomonas spp. strains from the olive (Olea europaea
L.) rhizosphere as effective biocontrol agents against Verticillium
dahliae: from the host roots to the bacterial genomes. Frontiers in
microbiology, 9, 277

Grover, C. E., Zhy, X,, Grupp, K. K, Jareczek, . J., Gallagher, J. P., Szadkowski,
E., & Wendel, J. F. 2015. Molecular confirmation of species status for
the allopolyploid cotton species, Gossypium ekmanianum
Wittmack. Genetic Resources and Crop Evolution, 62(1), 103-114.

Halpern, H. C, Bell, A. A, Wagner, T. A, Liu, ], Nichols, R. L., Olvey, |, &
Brewer, M. T. 2018. First report of Fusarium wilt of cotton caused by
Fusarium oxysporum f. sp. vasinfectum race 4 in Texas, USA. Plant
Disease, 102(2), 446-446.

Hanson, L. E. 2000. Reduction of Verticillium wilt symptoms in cotton
following seed treatment with Trichoderma virens

Hao, J. ], Yang, M. E., & Davis, R. M. 2009. Effect of soil inoculum density of

Cite The Article: Sudip Bhandari, Dikshya Niraula And Kripa Adhikari (2020).Fusarium And Verticellum Wilt

In Cotton: A Review.Environmental Contaminants Reviews, 3(1): 48-52.




Environmental Contaminants Reviews (ECR) 3(1) (2020) 48-52

Fusarium oxysporum f. sp. vasinfectum race 4 on disease development
in cotton. Plant disease, 93(12), 1324-1328.

Heinz, R, Lee, S. W, Saparno, A, Nazar, R. N,, and Robb, J. 1998. Cyclical
systemic colonization in Verticillium-infected tomato. Physiol. Mol.
Plant Pathol. 52, 385-396. doi: 10.1006/pmpp.1998.0163

Hu, X. P,, Gurung, S., Short, D. P,, Sandoya, G. V., Shang, W. ], Hayes, R. ], &
Subbarao, K. V. 2015. Nondefoliating and defoliating strains from
cotton correlate with races 1 and 2 of Verticillium dahliae. Plant
Disease, 99(12), 1713-1720.

Inderbitzin, P., & Subbarao, K\V. 2014. Verticillium systematics and
evolution: how confusion impedes Verticillium wilt management and
how to resolve it. Phytopathology, 104(6), 564-574.

Inderbitzin, P., Bostock, R. M., Davis, R. M., Usami, T., Platt, H. W.,, &
Subbarao, K. V. 2011. Phylogenetics and taxonomy of the fungal
vascular wilt pathogen Verticillium, with the descriptions of five new
species. PloS one, 6(12), e28341.

Kumar, A., Azad, C. S., Kumar, R, Kumar, R., & Imran, M. 2017. Soil
Solarization: An eco-friendly and effective disease management
approach for soil borne diseases. Journal of Pharmacognosy and
Phytochemistry, 513-515

Land, C. ], Lawrence, K. S., Burmester, C. H., & Meyer, B. 2017. Cultivar,
irrigation, and soil contribution to the enhancement of Verticillium
wilt disease in cotton. Crop Protection, 96, 1-6.

Lee, J. A, & Fang, D. D. 2015. Cotton as a world crop: origin, history, and
current status. Cotton, 57, 1-23.

Lei, ]., Li, X, Wang, D., Shao, L., Wei, X,, & Huang, L. 2012. Agrobacterium-
mediated Transformation of Cotton Shoot Apex with SNC1 Gene and
Resistance to Cotton Fusarium Wiltin T 1 Generation. Cotton Genomics
and Genetics, 3.

Li, S, Zhang, N., Zhang, Z, Luo, J., Shen, B,, Zhang, R., & Shen, Q. 2013.
Antagonist Bacillus subtilis HJ5 controls Verticillium wilt of cotton by

root colonization and biofilm formation. Biology and fertility of
soils, 49(3), 295-303.

Li, X, Zhang, Y. N,, Ding, C., Xu, W., & Wang, X. 2017. Temporal patterns of
cotton Fusarium and Verticillium wilt in Jiangsu coastal areas of
China. Scientific reports, 7(1), 1-8.

Liu, C, Yuan, D, Zhang, X,, & Lin, Z. 2013. Isolation, characterization and
mapping of genes differentially expressed during fibre development
between Gossypium hirsutum and G. barbadense by cDNA-
SRAP. Journal of genetics, 92(2), 175-181

Liu, H.,, Zeng, Q., Wang, W., Zhang, R, & Yao, J. 2020. Complete Genome
Sequence of Bacillus velezensis Strain AL7, a Biocontrol Agent for
Suppression of Cotton Verticillium Wilt. Microbiology Resource
Announcements, 9(8).

MOAD. 2017. Statistical Information on Nepalese Agriculture,
2016/17 Ministry of Agricultural Development, Singh Durbar,
Kathmandu

Mulero-Aparicio, A, Cernava, T, Turra, D. Schaefer, A, Pietro, A. D.,
Escudero, F. J. L, .. & Berg, G. 2019. The role of volatile organic
compounds and rhizosphere competence in the mode of action of the
non-pathogenic Fusarium oxysporum FO12 towards Verticillium
wilt. Frontiers in microbiology, 10, 1808

Noreen, S, Ahmad, S, Fatima, Z., Zakir, [, Igbal, P, Nahar, K, &
Hasanuzzaman, M. 2020. Abiotic Stresses Mediated Changes in
Morphophysiology of Cotton Plant. In Cotton Production and Uses (pp.
341-366). Springer, Singapore

doi:10.1079/9780851995298.0000

Pei, Y, Zhuy, Y, Jia, Y., Ge, X, Li, X, Li, F., & Hou, Y. 2020. Molecular evidence
for the involvement of cotton GhGLP2, in enhanced resistance to

Verticillium and Fusarium Wilts and oxidative stress. Scientific
Reports, 10(1), 1-15.

Raper, T., Meyer, B., Lawrence, K., Sandlin, T., Cutts, T., Silvey, N. & Kely, H.
2017. Verticillium Wilt in Tennessee Valley Cotton. UT Crops News, 3.

Sanogo, S, & Zhang, J. 2016. Resistance sources, resistance screening
techniques and disease management for Fusarium wilt in
cotton. Euphytica, 207(2), 255-271.

Shaban, M., Miao, Y., Ullah, A., Khan, A. Q., Menghwar, H., Khan, A. H. & Zhu,
L. 2018. Physiological and molecular mechanism of defense in cotton
against Verticillium dahliae. Plant physiology and biochemistry, 125,
193-204

Shen, C.Y. 1985. Integrated management of Fusarium and Verticillum wilts
of cotton in China. Crop Protection, 4(3), 337-345.

Synder, W.E., Hansen, H.N. 2020. Datasheet report for Fusarium
oxysporium sp,vasinfectum(Fusarium
wilt).cabi.org/isc/datasheetreport/24715

Tripathy, A., Kesharwani, A, Malla, A. K,, Behera, J. 2020. Chapter-4 An
Introduction to Epidemiology of Plant Diseases. Current Research and
Innovations in Plant Pathology, 49.

Wang, Q., Fang, L., Chen, ], Hy, Y, Si, Z, Wang, S., Chang, L., Guo, W. and
Zhang, T. 2015. Genome-Wide Mining, Characterization, and
Development of Microsatellite Markers in Gossypium Species. Science.
Repository, State Key Laboratory of Crop Genetics and Germplasm
Enhancement

Wendel, ].F., & Cronn, R.C. 2003. Polyploidy and the evolutionary history
of cotton. Advances in agronomy, 78, 139.

Wendel, ].F., & Grover, C.E. 2015. Taxonomy and evolution of the cotton
genus, Gossypium. Cotton, 57, 25-44.

Wendel, J.F., Brubaker, C.L., & Percival, A.E. 1992. Genetic diversity in
Gossypium hirsutum and the origin of upland cotton. American Journal
of Botany, 79(11), 1291-1310

Xue, L, Gu, M, Xu, W,, Lu J.,, Xue Q. 2016. Antagonistic Streptomyces
genomic analysis of lignocellulosic biomasses. Sci Rep 7:42623.
https:// doi.org/10.1038/srep42623

Yuan, Y, Feng, H,, Wang, L., Li, Z,, Shi, Y., Zhao, L., & Zhu, H. 2017. Potential
of endophytic fungi isolated from cotton roots for biological control
against verticillium wilt disease. PLoS One, 12(1), e0170557.

Zhang, ]. 1995. Identification and pathogenicity of Fusarium species
associated with cotton seedling roots, and their interactions with
biocontrol agents and other soil-borne pathogens (Doctoral
dissertation, Texas A & M University).

Zhang, ., Idowu, 0.]., & Wedegaertner, T. 2020. Registration of glandless
‘NuMex COT 17 GLS’upland cotton cultivar with Fusarium wilt race 4
resistance. Journal of Plant Registrations, 14(1), 1-9.

Zhang, Q., Gao, X, Ren, Y., Ding, X., Qiu, J., Li, N. & Chu, Z. 2018. Improvement
of Verticillium wilt resistance by applying arbuscular mycorrhizal
fungi to a cotton variety with high symbiotic efficiency under field
conditions. International journal of molecular sciences, 19(1), 241.

Zhang, Y., Yang, N., Zhao, L., Zhu, H., Tang, C. 2020. Transcriptome analysis
reveals the defense mechanism of cotton against Verticillium dahliae
in the presence of the biocontrol fungus Chaetomium globosum CEF-
082. BMC plant biology, 20(1), 1-15.

Zhang, Z., Diao, H., Wang, H., Wang, K., & Zhao, M. 2019. Use of Ganoderma
Lucidum polysaccharide to control cotton fusarium wilt, and the
mechanism involved. Pesticide biochemistry and physiology, 158, 149-
155

Zhu, Y., Lujan, P. A, Wedegaertner, T., Nichols, R., Abdelraheem, A., Zhang,
J. F., & Sanogo, S. 2020. First report of Fusarium oxysporum f. sp.
vasinfectum race 4 causing Fusarium wilt of cotton in New Mexico,
USA. Plant Disease, 104(2), 588-588.

- 9
e

Cite The Article: Sudip Bhandari, Dikshya Niraula And Kripa Adhikari (2020).Fusarium And Verticellum Wilt
In Cotton: A Review.Environmental Contaminants Reviews, 3(1): 48-52.



https://www.cabi.org/isc/abstract/20023073035
https://www.cabi.org/isc/abstract/20023073035
https://www.cabi.org/isc/abstract/20023073035

