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ABSTRACT 
 

Ginger crop is affected by various diseases. Among them rhizome/soft rot is the most damaging 
one and main production constraint in ginger growing areas. This disease is mainly caused by the 
Pythium spp. along with association of some others micro-organisms. The severity of Pythium soft 
rot disease is influenced by different factors related to seed, environment and soil. This study was 
focused on Pythium soft rot of ginger with special reference to different management strategies. 
Different cultural measures viz. seed rhizome treatment before storage and sowing, selection of 
disease free seed rhizome, sowing time, application of soil amendments, good drainage of soil, soil 
solarization etc. are the important measures for management of ginger soft rot. Seed treatment and 
soil drenching are the two options of chemical control of soft rot. Seed rhizomes treated with 
fungicides azoxystrobin 25%, tebuconazole 25.9%, copper oxychloride 50%, carbendazim 50%, 
propiconazole 25%, metalaxyl-M 4% + mancozeb 64%, metiram 55% + pyraclostrobin 5%, 
carbendazim 12% + mancozeb 63%, tebuconazole 25% + trifloxystrobin 25% and metalaxyl 8% + 
mancozeb 64% resulted in effective management. Different fungicide formulations viz. 
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carbendazim 50%, copper oxychloride 50%, metalaxyl-M 4% + mancozeb 64%, metiram 55% + 
pyraclostrobin 5%, carbendazim 12% + mancozeb 63%, tebuconazole 25% + trifloxystrobin 25% 
etc. found effective for spraying. Seed treatment and application of Trichoderma spp. found suitable 
for effective biological management. 
 

 

Keywords: Disease management; favourable condition; ginger; Pythium; soft rot. 
 

1. INTRODUCTION 
 

The important spice crop Ginger (Zingiber 
officinale Roscoe) belongs to family 
Zingiberaceae. Different cultivars, sowing time, 
climatic condition and maturity time are the major 
dependable factors for variability in productivity 
of ginger [1]. The infections by different diseases 
are the major limitations for ginger cultivation. 
Among them, rhizome rot or soft rot has been 
considered to be most destructive disease, 
causing huge economic losses in ginger growing 
areas [2,3,4]. This disease is caused by the 
Pythium spp. [5,6,7] along with association of 
Fusarium spp. [8,9,10,11], Ralstonia 
solanacearum [11], Collectotrichum dematum 
[12] and Sclerotium rolfsii [11,12]. Among the 
different causal micro-organisms, Pythium is 
important one because various species of 
Pythium are responsible for rotting as well as 
loss in yield of ginger [13]. Different species of 
Pythium viz. P. aphanidermatum, P. graminicola, 
P. deliense, P. myriotylum, P. splendens, P. 
spinosum, P. pleroticum, P. ultimum etc. are 
responsible for rotting of ginger [5,6,7,14]. In 
India, Pythium soft rot firstly reported by Butler in 
1907 with the description of the causal agent 
being P. gracile [15] and it was considered as a 
synonym for P. aphanidermatum [2]. Further, it 
was found in different parts of India viz. Bihar 
[16], Kerala [17], Maharashtra [18], Karnataka 
[11] and in Madhya Pradesh [19]. P. 
aphanidermatum was also responsible for soft rot 
of ginger in Australia [5], Bangladesh [20], China 
[21] and Japan [22]. On other hand, rhizome rot 
caused by P. butleri was reported in Malabar and 
South Kanara districts of South India [23]. The 
soft rot caused by P. complectans Braun was 
reported in Ceylon [24]. P. deliense Meurs was 
reported from India [19] and Australia [5]. P. 
graminicolum Subram was identified in Australia 
[25], Ceylon [26], Fiji [6], Hawai [27] and in India 
[26]. Lin et al. [28] studied soft rot in ginger and 
isolated the pathogen P. myriotylum Drechsler in 
Taiwan. It was also found in Australia [3,5], Fiji 
[3] and Korea [29]. The soft rot caused by P. 
spinosum Sawada in ginger have been reported 
in Australia [5,30] and Japan [31]. P. ultimum 
Trow affected the rhizomes of ginger in Australia, 
India and Japan [5,22,32]; P. vexans de Bary 

was found in India and Fiji [6,33]; and P. 
zingiberis Takahashi was observed in Japan and 
Korea [10,34]. Disease management strategy 
has been advocated for the management of the 
problem posed by this pathogen. Therefore, in 
this review an attempt has been made to provide 
an overview of Pythium soft rot in ginger with 
special reference to different management 
strategies. 
 

2. YIELD LOSS 
 

Loss of ginger production by soft rot varies from 
place to place and ranged between 4-100% 
[3,35]. Field losses by ginger soft rot have been 
reported in different countries; for example 
losses of 25% in Nepal [35], >50% in Fiji [3], 60% 
in China [21], 90% in India [36] and 100% at 
some cultivated areas of Australia [3]. In case of 
storage condition, crop loss due to Pythium in 
ginger may also be high and ranged between 4 - 
90% [35,37]. 
 
3. SYMPTOMS OF Pythium SOFT ROT 
 
Ginger crop infected by Pythium soft rot 
throughout the growing periods and it affect all 
plant parts [38]. The initiation and enlargement of 
brown watery lesions of pseudostem causes the 
stem rot/ soft rot in ginger [2]. Foliar symptoms 
appear as yellow to golden yellow colour on the 
older leaves starting from the leaf margins, finally 
wilting and toppling of the plants apart from 
rotting of the rhizomes [39]. As on older leaves 
progress, younger leaves start developing a 
similar symptom progression until the entire plant 
dies [40]. Through artificial inoculation, the ginger 
plant requires 7-10 days to show yellowing and 
rotting symptoms [7]. Gradually infection spreads 
from collar region to rhizome [41] and diseased 
stems can be easily pulled out from the field. 
Diseased plants look like brown, water soaked, 
soft, and it will decay gradually [2]. 
 
4. MODE OF ACTION OF Pythium 
 
Pythium produces cellulolytic and pectolytic 
enzymes or phytotoxins, these enzymes are 
tissue degrading species. The action of these 
enzymes is the basis of pathogenesis by Pythium 
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spp. [42,43]. Oospores are the major root 
infecting units [44], which produces germ tubes 
and terminate by producing a sporangium. 
Dissolution of the middle lamella of the host 
tissues results in soft rot. The high soil water 
deposition in the ginger plot is the main factor for 
production of sporangia on the host. The 
oomycete helps in invade and colonize the host 
by secreting cell wall degrading enzymes 
(CWDEs) like pectinase, cellulase, xylanase and 
protease, which breaks down the plant cell wall 
[45]. 
 
5. DISEASE CYCLE OF Pythium 
 
5.1 Survival of Inoculums 
 
Pythium spp. survives between crops on infected 
seed rhizome [46,47] and oospores takes place 
in scale leaves [46]. But nature of rhizome 
inoculum is not well understood [48]. The 
saprophytic survival of Pythium spp. on plant 
debris and soils produces oospores on non-host 
crops and weeds as well. Saprophytic survival of 
the fungus in soil is influenced by environmental 
factors, soil temperatures, moisture and 
presence of other microbes. Severity of Pythium 
disease is more in areas where rainfall is high or 
heavy clay soils where drainage is impede [49]. 
Oospores of Pythium present in the soil or 
infected seed rhizome would serve as the 
primary source of inoculums [44]. The rhizome 
rot infection occurs early if the infection is seed 
borne. Zoospores that are released from the 
sporangia are chemotactically attracted to the 
host roots where they encyst and form germ 
tubes which infect the host roots. Under ideal 
conditions, lesions appear in 72 hours around the 
penetration point. The zoospores released from 
the sporangia on the host may be carried 
passively or by the active movements to healthy 
plants where it may cause new infection resulting 
in the spread of the disease [50]. Infected seed 
rhizomes are the major sources of disease 
spread and serve as the primary source.  
Secondary spread of the disease is mainly 
through soil water. 
 
5.2 Favourable Conditions 
 
Severity of Pythium is influenced by different 
factors viz. temperature [3,5,51,52], rainfall [48], 
humidity [53,54], soil condition [29,48,55] etc. 
The optimum temperature for the germination of 
the oospores of P. apanidermatum was reported 
as 30°C [52]. Temperature of 20-35°C and 30-
35°C were found to be conducive for causing 

ginger soft rot due to P. myriotylum and P. 
aphanidermatum, respectively [5]. The infection 
of P. vexans is maximum when the temperature 
is low; the maximum tolerance limit of that 
pathogen is being 34°C. Whereas, optimum 
temperature of 34°C was favourable for ginger 
soft rot caused by P. aphanidermatum and 25-
30°C for P. myriotylum [51]. Stirling et al. [3] 
reported that P. myriotylum was capable of 
ruining rhizomes within 1-2 weeks in saturated 
condition with 26-30°C temperatures. Sarma [48] 
reported that high soil moisture and adequate 
temperature (25-30°C) prevailing during the 
months of July-September, coinciding with the 
south west monsoon is highly conducive for the 
disease development of rhizome rot. A warm and 
humid climate predisposes the plant to infection 
at sprouting stage, because of its tender and 
succulent tissues [54]. In the same way, P. 
aphanidermatum and P. myriotylum are reported 
to cause severe damage in warm humid climates 
[53]. Increased soil moisture may encourage 
disease onset and spread and wet year’s 
confirmed more incidence of Pythium rhizome rot 
[36]. Kim et al. [29] found an optimum pH of 6.0 – 
7.0 for growth of the P. myriotylum. Sharma et al. 
[55] found a significant contribution (93%) of 
organic carbon and soil pH for forecasting of 
ginger rhizome rot incidence with negative 
correlation. Similarly Debnath et al. [56] and Kim 
et al. [57] reported a negative correlation of soil 
pH and organic carbon with rhizome rot 
incidence and also found that these two factors 
may appear as important for occurrence.  Soft rot 
incidence reduced in soil with low pH and organic 
carbon >2.25% [55]. Similarly, compost treated 
soil suppressed the incidence of P. 
aphanidermatum [58]. Well drained soil is 
suitable for less disease incidence [48]. Varying 
degrees of association of Meloidogyne incognita 
was noticed with root system of ginger. 
Interaction of this nematode with P. 
aphanidermatum neither increased the disease 
nor could pre dispose the plant to infection [50]. 
However increased rhizome rot incidence was 
reported in association with nematodes viz. M. 
incognita and Pratylenchus coffeae [59]. 
 
6. MANAGEMENT OF GINGER SOFT ROT 

CAUSED BY Pythium 
 

6.1 Cultural Management 
 
Different cultural practices like storage of seeds, 
selection of seeds, sowing time, crop rotation, 
drainage, area selection, land preparation,        
weed management, fertilizer application, soil 
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management etc. are generally practiced in 
ginger field for lowering of the spread of Pythium 
spp. Treatment of seed ginger before storage 
and planting time by 0.3% mancozeb for a time 
period of 30 minutes reduced disease incidence 
[60]. Sharma et al. [61] found that seed rhizome 
treated with carbendazim (0.2%) + heat water 
treatment (50ºC for 10 minutes) + T. harzianum 
(0.5%) and heat water treatment (50ºC for 10 
minutes) + Mancozeb (0.2%) + T. harzianum 
(0.5%) before storage recorded lower rhizome rot 
incidence. Similarly, Bandyopadhyay and 
Bhattacharya [62] reported that hot water (51°C) 
treatment of seed rhizome for 10 minutes gave 
less rhizome rot severity as compared to control. 
Sowing of disease free seed rhizomes is the 
important step to prevent the contamination of 
Pythium [54]. Size of seed rhizome affected 
rhizome rot incidence and Tabin et al. [63] 
observed that a 60 - 80 g sized seed rhizome 
was best for ginger cultivation in considering 
yield and disease incidence. Whereas, Sharma 
et al. [64] found an optimum rhizome size of 
ginger planting was 50 - 75 g. It was observed 
that March and April planted ginger crop 
recorded less disease incidence and July planted 
plot recorded higher disease incidence in 
Karnataka, India [65]. Suitable planting time is 
not same at different places because of variation 
in seasonal occurrence [48]. Crop rotations could 
reduce population of Pythium spp. to some 
extent [66] and it might be increased and 
dominant in single cropping [67]. Crop rotation 
with corn and other non-host crops manage soft 
rot disease [68] and Elliott [69] advised not to 
grow ginger for more than one crop on the same 
site. To manage soft rot of ginger, selection of 
well-drained soil is important and water 
stagnation in field may prompt plant to infection 
[70]. Water stagnation in field would lead to high 
inoculums build up and higher spread of the 
disease through soil water. So, better drainage 
could reduce the chance of infection [50]. 
Similarly, Smith and Abbas [71] reported that 
good drainage system and increase water 
infiltration of soil were important for Pythium soft 
rot management in ginger. Raised bed with good 
drainage has also been found effective to 
minimize rhizome rot disease in field condition 
[72]. Soil with higher amount of clay and low pH 
suppressed P. zingiberum [73]. Plant spacing 
had also effect on rhizome rot disease incidence. 
Tabin et al. [63] observed maximum disease 
incidence in a spacing of 10 x 10 cm as against 
minimum at 30 x 30 cm. On other hand, Sharma 
et al. [64] observed a plant spacing of 25 × 30 
cm was better in terms of reduction in rhizome 

rot as well as wilt. For proper management of 
Pythium, weeding is important because weeds 
might play an important role in the carryover of 
the diseases between crop cycles [50]. Added 
organic matter in soil from different sources 
reduced incidence of soft rot [74,75]. Ayub et al. 
[76] conducted an experiment with the 
application of mustard oil cake @ 1 t/ha and 
poultry refuse @ 10 t/ha in soil at 21 days before 
sowing and another treatment with sawdust (15 
t/ha) was burned one day before sowing. They 
found that all of above three recorded less 
disease (rhizome rot) severity and higher fresh 
rhizome yield of ginger. Singh and Tomar [77] 
kept 3 kg farm yard manure (FYM) for 7 days 
with mixing of 1 kg neem cake and 100 g T. 
harzianum, they found that application of this 
mixture before sowing of ginger gave maximum 
yield and minimum rhizome rot disease 
incidence. Kumar et al. [78] applied leaf mulch of 
Schima wallichii and Datura spp. @ 15 t/ha in 
two splits (first application at the time of planting 
followed by after earthing up) and found lowest 
incidence of soft rot as compared to others mulch 
management. Mathur et al. [79] and Kumar et al. 
[80] observed that solarized field recorded less 
rhizome rot incidence as compared to non-
solarized field. 
 

6.2 Chemical Management 
 
Seed treatment and soil drenching are the two 
options for control of soft rot of ginger in respect 
to seed and soil borne inoculums. Avinash et al. 
[81] found that wherein rhizomes were treated 
with azoxystrobin 25%, tebuconazole 25.9%, 
copper oxychloride 50%, carbendazim 50%, 
propiconazole 25% and metalaxyl-M 4% + 
mancozeb 64% showed complete inhibition of P. 
aphanidermatum at different tested 
concentrations (0.01, 0.05 and 0.1%). Elliott [69] 
recommended to immerse seed pieces in 
metalaxyl-M 4% + mancozeb 64% (0.2%) 
solution for 20 minutes to reduce the incidence of 
disease. Based on performance after farm 
evaluation, metalaxyl was recommended for the 
seed treatment and soil drenching at the Indian 
Institute of Spices Research [48]. Effectiveness 
of metalaxyl was also reported by other 
investigators [82]. Seed treatment with captafol 
reduced rhizome rot incidence along with 
increased germination [82,83]. Seed treatment 
(0.2%) and soil drenching (0.2%) with Ridomil 
gold (metalaxyl-M 4% + mancozeb 64%) was 
found best for effective management for rhizome 
rot disease of ginger [76]. On the other hand, 
rhizomes treated with metalaxyl 8% + mancozeb 
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64% @ 1.25 g/litre found to be best for control of 
rhizome rot disease [84]. Soil drenching before 
sowing followed by weekly treatments with 
Bordeaux mixture (4:4:50) or Perenox (0.35%) 
and Dithane D-78 reduced the rhizome rot due to 
P. aphanidermatum and P. myriotylum [18]. 
Dohroo [85] concluded that rhizome treated with 
fungicide mancozeb + carbendazim (0.3 + 0.1%) 
to be effective against rhizome rot of ginger. 
Seed rhizome treated with metiram 55% + 
pyraclostrobin 5% followed by spraying of same 
chemicals at 60 days after sowing @ 3 g/litre of 
water exhibited least disease severity and 
maximum yield [86]. Jain et al. [87] conducted an 
experiment with seed treatment (2 g/kg seed) 
and soil drenching (2 g/litre water) by different 
fungicides. They observed that different 
fungicides viz. carbendazim 12% + mancozeb 
63%, mancozeb 64% + metalaxyl  4%, 
tebuconazole 25% + trifloxystrobin 25%, 
carbendazim 50% and copper oxychloride 50% 
were found effective to manage the rhizome rot 
diseases as compared to control. 
 
6.3 Biological Management 
 
The adverse effects of fungicides pressurized us 
to adopt alternative strategies for control 
measures which are safe by the public and pose 
negligible risk to human health and environment. 
In this context, uses of biological approaches are 
the good alternatives to fungicides for disease 
control measures. Worldwide Trichoderma spp. 
are popularly used as biological control agents 
for control of soft rot in ginger [13,38]. Scientists 
revealed that the production of antifungal 
metabolites, extracellular enzymes, and 
antibiotics by Trichoderma are responsible for 
the ability to control pathogens [88]. Dohroo and 
Sharma [89] controlled the rhizome rot caused by 
P. pleroticum up to 80% by using T. viride under 
storage condition. In vitro antifungal property of 
Trichoderma spp. against the growth of P. 
aphanidermatum were established by Bharadwaj 
and Gupta [90]. The activity of P. 
aphanidermatum found to be inhibited by soaking 
in spore suspension or coated with T. viride and 
T. hamatum [91]. Antagonistic effect of T. 
harzianum and T. aureoviride can reduce the 
ginger rot caused by P. myriotylum [92]. Rathore 
et al. [93] reported that the non volatile 
substance produced by T. viride completely 
inhibited the growth of P. myriotylum. Gupta et al. 
[94] found that individual application of T. 
harzianum was effective and combine application 
of T. harzianum, Glomus mosseae and 
fluorescent Pseudomonads gave more effective 

results in terms of minimum percent rotting of 
ginger due to Pythium. Dohroo et al. [95] applied 
T. harzianum with FYM and periodic drenching of 
copper oxychloride @ 0.3% during rainy season 
in field condition and found control of soft rot 
disease in ginger. A study by Dohroo et al. [96] 
revealed that application of T. harzianum in soil 
followed by seed rhizome treated with onion as 
well as garlic extract were effective for reduction 
of soft rot in ginger. Rakesh et al. [97] found that 
fresh and stored cow urine at a concentration of 
20% inhibits the growth of P. aphanidermatum. 
 
7. CONCLUSIONS 
 
Among the different diseases of ginger, soft rot 
has been considered to be most destructive 
disease and a major constraint of cultivation in 
ginger growing areas. This disease is mainly 
caused by the Pythium spp. Soft rot caused by 
different species of Pythium are distributed 
throughout the world. Losses of ginger due to 
soft rot varied from 4-100% in different countries. 
The disease is both seed and soil borne; and 
survives between crops on infected seed 
rhizome. The severity of Pythium is influenced by 
different factors related to environment and soil.  
Study shows that, different strategies like 
cultural, chemical and biological measures have 
been proven for controlling Pythium soft rot. But, 
effectiveness of single strategy was not achieved 
in an effective way. So, it is required to combine 
all approaches to reduce losses caused by 
Pythium soft rot. Among the different cultural 
measures, seed rhizome treatment before 
storage and sowing, selection of disease free 
seed rhizome, sowing time, application of soil 
amendments, good drainage of soil, soil 
solarization etc. are the important measures. 
Seed treatment and soil drenching are the two 
options of chemical control of soft rot. Seed 
rhizomes treated with azoxystrobin 25%, 
tebuconazole 25.9%, copper oxychloride 50%, 
carbendazim 50%, propiconazole 25%, 
metalaxyl-M 4% + mancozeb 64%, metiram 55% 
+ pyraclostrobin 5%, carbendazim 12% + 
mancozeb 63%, tebuconazole 25% + 
trifloxystrobin 25% as well as metalaxyl 8% + 
mancozeb 64% resulted in effective 
management. Different fungicide formulations 
viz. carbendazim 50%, copper oxychloride 50%, 
metalaxyl-M 4% + mancozeb 64%, metiram 55% 
+ pyraclostrobin 5%, carbendazim 12% + 
mancozeb 63%, tebuconazole 25% + 
trifloxystrobin 25% etc. found effecting for 
spraying or soil drenching. In case of biological 
management, scientist revealed that seed 
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treatment and application of Trichoderma spp. 
like T. lignorum, T. viride, T. hamatum, T. 
harzianum and T. aureoviride were found 
suitable as bio agent. 
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