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Present investigation was undertaken at ICAR-CRIJAF, Barrackpore, West Bengal, India during summer season (Apr–July) 
of 2020 to identify the jute breeding lines resistant to stem rot which is one of the major problems in jute production. 

The identified resistant and susceptible jute accessions (RS-6 and OIJ-272, respectively) were crossed to develop a mapping 
population for the disease. The resultant F2 population comprising 125 plants was screened for resistance to stem rot disease 
caused by Macrophomina phaseolina following artificial inoculation. The progress of infection was measured as the length of the 
infected stem portion (i.e., lesion length in cm) after 7, 14 and 21 days of inoculation (time replication). After stem inoculation 
investigation indicated that in the F2 population of the cross OIJ-272×RS-6, only 14 plants (PL-100, PL-40, PL-99, PL-33, 
PL-89, PL-119, PL-1, PL-43, PL-118, PL-121, PL-6, PL-11, PL-55 and PL-86) were found moderately resistant (lesion length 
2.0–3.0 cm). In contrast, 10 plants (PL-4, PL-31, PL-19, PL-27, PL-3, PL-50, PL-18, PL-26, PL-47, PL-51) were found 
highly susceptible (lesion length >5.0 cm). The remaining 101 plants exhibited moderate susceptible symptoms. While the parent 
OIJ-272 exhibited high susceptibility to stem rot with an average lesion length of 5.53 cm, the parent RS-6 exhibited moderate 
resistant reaction with an average lesion length of 2.30 cm. Because of good resistance under artificial stem inoculation of this 
fungi, these 14 F2 plants of the cross can be further exploited for a resistance breeding programme against this deadly disease.
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1.   INTRODUCTION 

Jute is a natural bast fibre crop belonging to malvaceae 
family of Corchorus genus (Benor, 2018). Tossa jute 

(Corchorus olitorius L.) and white jute (Corchorus capsularis 
L.) are the only two species of this genus that are 
commercially cultivated (Zhang et al., 2019). Jute fibre is a 
long, golden, lignocellulosic, eco-friendly and biodegradable 
fibre obtained from the bark of the plant (Meena et al., 
2022). It is the second most important natural fibre after 
cotton in the world (Majumder et al., 2018). It is mainly 
cultivated for fibre purposes in South East Asia and as a 
vegetable in Europe and the African continent. In India, 
jute is mainly cultivated in the country’s eastern states viz., 
West Bengal, Odisha, Bihar, Assam etc. (Majumder et 
al., 2020). India is the largest jute-producing country and 
exports a considerable amount of raw jute and diversified 
products (Mangal et al., 2023). Jute fibre is used for making 
bags, decorative, textiles, and geotextiles and its sticks 
are also used for fuel, door panels of automobiles and for 
making false ceiling boards (Adeyemo et al., 2021). Jute 
leaves are a good source of minerals, nutrients, vitamins 
and antioxidants (Choudhary et al., 2013). 

Jute crop cultivation faces constraint of abiotic and biotic 
stresses that not only reduce fibre yield but also deteriorate 
fibre quality (Ashraf and Javaid, 2007). Among these 
diseases, stem rot is the most important economically and 
poses a significant threat to the successful cultivation of jute 
(Mandal et al., 2022) by affecting both yield and quality of 
fibre in both cultivated jute species (De, 2014). 

This disease is reported to cause fibre yield losses of 30–40% 
in India and Bangladesh (Roy et al., 2008; Islam et al., 
2012). The causal agent of the disease (Macrophomina 
phaseolina) (Tassi) Goid, is a soil and seed-borne (Ghosh 
et al., 2018, Marquez et al., 2021), necrotrophic fungal 
pathogen which causes stem rot, root rot and charcoal rot 
diseases in both the cultivated species of jute (Meena et al., 
2015). The pathogen can infect and damage the crop at all 
stages of plant growth, starting from seedling emergence 
up to maturation. It survives as micro-sclerotia in the soil 
and on infected plant debris, serving as the primary source 
of inoculum. It disrupts nutrient and water transport to the 
upper parts of the plant as it affects the vascular system of 
the roots and basal internodes, leading to wilting, premature 
death and reduces yield (Islam et al., 2012). Environmental 
factors, like cloudy weather, abundant rainfall, high 
atmospheric humidity and low soil temperature (<30°C), 
favour infection. The pathogen remains dormant in soil 
amidst crop debris (Mandal et al., 2021). 

Though chemical control of disease by fungicides is an 
effective measure, the pathogen may gradually developed 
resistance mechanism against fungicide. Further, the factors 

of climate change and availability of alternate hosts have 
resulted in shifting of disease and pest status in jute and 
allied fibre crops. The mechanism of host resistance offers 
the most effective way to manage the disease (Meena et al., 
2021). However, none of the cultivable jute varieties has 
shown complete resistance against M. phaseolina (Mahapatra 
et al., 1994, Mandal et al., 2000, Kar et al., 2009, Srivastava 
et al., 2011). However, few tolerant jute cultivars/germplasm 
lines were identified in tossa jute (Corchorus olitorius) gene 
pool which is being utilized in a further breeding programme 
(De et al., 1990, De and Mandal, 2012). However, in the 
changing scenario of disease management programme, there 
is a need to develop a mapping population for stem rot by 
taking contrasting parents and evaluating the resistant/ 
tolerant lines against this disease. In this context, present 
study was undertaken to screen stem rot resistance in jute 
as well as identification of resistance degree in individual 
plants of F2 mapping population evaluated against this 
disease under artificial stem inoculum conditions. 

2.   MATERIALS AND METHODS 

In this investigation, F2 mapping population derived from 
crossing jute accession RS-6 (resistant parent) with OIJ-

272 (susceptible parent) was screened for resistance to stem 
rot disease. These parental lines were differentiated by stem 
colour as the parental line RS-6 had a red stem while the 
parent OIJ-272 had a green stem (Figure 1).
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OIJ-272

Susceptible Resistant

RS-6

Initial cross was made during winter season (Nov-Dec) of 
2018 to produce F1s and subsequently F1s were raised at 
ICAR-CRIJAF, Barrackpore, West Bengal, India (22°45’N 
and 88°26’E) during summer season (April-July) of 2019. 
The F2 mapping population comprising 125 plants along 

Figure 1: Susceptible and resistance parents
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with the parental lines was raised in summer (Apr-July) of 
2020 and artificial stem inoculation of Macrophomina fungi 
was done (following Mandal et al., 2021) in each and every 
plant (Figure 2) and data were recorded.

RS-6 exhibited moderate resistant reaction with an average 
lesion length of 2.30 cm (Table 1). The results confirm the 
previous reports of De and Mandal (2012) and Meena et al. 
(2015), in which the evaluation of jute genotypes for stem 
rot resistance has been reported. 

3.2.  Screening of F2 population

Selected 125 F2 plants derived from the cross OIJ-172×RS-6 
were screened for resistance against stem rot disease caused 
by Macrophomina phaseolina using the stem inoculation 
method in the summer of 2020. Progress of infection 
was measured as the length of the infected stem portion 
(i.e., lesion length in cm) after 7–14- and 21 days post-
inoculation (DPI). 

After seven days of infection, maximum damage or 
maximum lesion length (6.7 cm) was reported in the plant 
(PL-51), while minimum lesion length (2.3 cm) was noted 
in the plant (PL-100). After 14 and 21 days of infection 
plant PL-51 showed lesion lengths of 8.0 cm. and 7.0 
cm. respectively. Similarly, the plant PL-100 showed 
2.2 cm and 2.4 cm lesion lengths after 14 and 21 days of 
infection, respectively. The F2 plants were categorized in 
three categories based on lesion length after 21 days of 
inoculation. The lesion length was the smallest (2.0–3.0 
cm) in 14 plants, small (3.1–4.0 cm) in 66 plants, medium 
(4.1–5.0 cm) in 35 plants, large (5.1–6.0 cm) in 8 plants and 
largest (>6.0 cm) in 2 plants (Table 2). A total of 14 Plants 
recorded the smallest lesion (PL-100, PL-40, PL-99, PL-
33, PL-89, PL-119, PL-1, PL-43, PL-118, PL-121, PL-6, 
PL-11, PL-55 and PL-86) can be considered as the resistant 
sources and can be used in the further breeding programme 
after evaluation of other agronomic characters. Similarly, 
66 plants that exhibited small lesions and 35 that recorded 
medium lesions can be categorised as moderate susceptible 
for stem rot. The remaining 10 plants exhibiting large and 
largest lesions were categorised as highly susceptible to the 
fungus.

Data collected after three-week (21 days) indicated that no 
plant was immune (no disease) or highly resistant (lesion 

Figure 2: Stem inoculation in jute plants

Figure 3: Description of F2 mapping population plants based 
on lesion length (cm) of M. phaseolina pathogen infection

The F2 mapping population and parents were planted in 
row to row and plant to plant distance of 30 cm and 5 cm, 
respectively. Plants were evaluated for disease resistance 
based on lesion length and categorised into different groups 
from susceptibility to resistance (Figure 3).

 

2.32.42.42.62.732.732.82.832.872.92.972.97333.033.033.033.13.133.133.173.173.173.173.23.23.23.23.233.273.273.333.373.373.373.373.373.373.373.433.433.53.53.53.53.53.533.573.573.573.573.573.573.573.63.63.63.63.633.673.73.73.73.733.733.773.83.83.83.833.873.93.93.93.93.933.933.933.973.974.034.034.034.034.034.14.134.134.134.134.134.134.174.174.174.24.234.234.274.34.374.434.434.474.574.574.574.574.634.634.74.874.874.934.975.25.25.45.55.55.65.65.9
6.43
7.23

0

1

2

3

4

5

6

7

8

PL
-1

00

PL
-8

9

PL
-1

18

PL
-5

5

PL
-1

25

PL
-3

8

PL
-9

1

PL
-1

15

PL
-2

0

PL
-9

6

PL
-5

PL
-7

2

PL
-1

3

PL
-6

1

PL
-1

12

PL
-5

3

PL
-9

2

PL
-5

2

PL
-8

8

PL
-8

5

PL
-2

3

PL
-8

1

PL
-2

5

PL
-1

02

PL
-3

5

PL
-3

0

PL
-1

2

PL
-5

9

PL
-6

4

PL
-3

1

PL
-5

0

PL
-5

1

Le
as

io
n 

Le
nt

gh
 (c

m
.)

F2 mapping population plantsModerately Susceptible Highly Susceptible

3.   RESULTS AND DISCUSSION

3.1.  Development of mapping population 

The key approach to resistance breeding is identifying 
various resistant accessions in both wild and cultivated 
germplasm resources which is then used in developing 
resistant lines by introgression in adapted varieties. In jute, 
resistant sources to stem rot, including released varieties, are 
not known, and only a few reports about the inheritance of 
this deadly disease are published.

In this study, F2 mapping population derived from the cross, 
OIJ-272×RS-6, was evaluated against the pathogen of stem 
rot (M. Phaseolina) in the summer-2020 cropping season. 
The parent OIJ-272 exhibited high susceptibility to stem rot 
with an average lesion length of 5.53 cm, while the parent 

Table 1: Screening of parents for M. phaseolina based on 
stem inoculation

Par-
ents 

Lesion length (cm)

After 7 
days post 

inoculation 
(7 DPI)

After 14 
days post 

inoculation 
(14 DPI)

After 21 
days post 

inoculation 
(21 DPI)

Reaction 
type

O I J -
272

5.6 5.2 5.8 Susceptible 

RS-6 2.3 2.1 2.5 Moderate 
resistance 
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Table 2:  Screening of F2 mapping population for resistance to M.  Phaseolina based on stem inoculation

Lesion length 
range (cm)

Reaction types Plants falling into the particular category 

<2.0 Immune /Resistance None 

2.1–3.0 Moderate resistance PL-100, PL-40, PL-99, PL-33, PL-89, PL-119, PL-1, PL-43, PL-118, PL-121, 
PL-6, PL-11, PL-55, PL-86

3.1–5.0 Moderate susceptible PL-97, PL-111, PL-125, PL-117, PL-120, PL-124, PL-38, PL-56, PL-74, PL-75, 
PL-91, PL-93, PL-105, PL-108, PL-115, PL-24, PL-66, PL-7, PL-20, PL-39, 
PL-49, PL-84, PL-96, PL-101, PL-107, PL-2, PL-5, PL-21, PL-37,PL-58, PL-72, 
PL-95, PL-106,PL-9, PL-13,PL-22, PL-32, PL-54, PL-61, PL-82, PL-83, PL-90, 
PL-112, PL-113, PL-29, PL-45, PL-53, PL-67, PL-79, PL-73, PL-92, PL-122, 
PL-28, PL-36, PL-52, PL-65, PL-70, PL-71, PL-88, PL-109, PL-8, PL-76, PL-85, 
PL-873.93, PL-103, PL-104, PL-23, PL-44, PL-69, PL-77, PL-81, PL-110, PL-14, 
PL-17, PL-25, PL-34, PL-68, PL-94, PL-102, PL-116, PL-123, PL-15, PL-32 ,PL-
62, PL-98, PL-114, PL-30, PL-42, PL-78, PL-41, PL-12, PL-16, PL-46, PL-57, 
PL-59, PL-60, PL-63, PL-48, PL-64, PL-10, PL-80

>5.0 Highly susceptible PL-4, PL-31, PL-19, PL-27, PL-3, PL-50, PL-18, PL-26, PL-47, PL-51

length <2.0 cm). Only 14 plants of the population were 
moderately resistant (lesion length 2.0–3.0 cm), while the 
rest were either moderately susceptible or highly susceptible 
to stem rot disease (Table 2). Earlier studies (De et al., 1990, 
Gotyal et al., 2014, Palve et al., 2006, Sinha et al., 2006, 
Mandal et al., 2007, Rijal et al., 2022) also evaluated jute 
germplasm, F1 hybrids as well as wild species for stem rot 
resistance. The screening of segregating the F2 population 
of tossa jute (Corchorus olitorius) through stem inoculation in 
the present study indicated variable lesion sizes (2.30–6.70 
cm). Significant differences in lesion lengths were observed 
at 7, 14 and 21 days post-inoculation (DPI) (Table 2). The 
lesion size of PL-100, PL-40, PL-99, PL-33, PL-89, PL-
119, PL-1, PL-43, PL-118, PL-121, PL-6, PL-11, PL-55 
and  PL-86 plants were closer to the resistant group (lesion 
length <3.0 cm) than the susceptible ones PL-4, PL-31, 
PL-19, PL-27, PL-3, PL-50, PL-18, PL-26, PL-47 and  
PL-51 (lesion length >5.0 cm).

4.   CONCLUSION 

In this investigation, we identified 14 plants (PL-100, 
PL-40, PL-99, PL-33, PL-89, PL-119, PL-1, PL-43, 

PL-118, PL-121, PL-6, PL-11, PL-55 and PL-86) as 
moderately resistant against a deadly disease stem rot caused 
by M. phaseolina. These plants should be further exploited 
for developing resistant lines by using them in the breeding 
programme.
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