
Introduction

Opium poppy (Papaver somniferum L.) belongs to
family Papaveraceae and is one of the few medici-
nal plants grown over thousands of years (Neligan
1927) for its opium alkaloids, which are being
used as analgesic, antitussive and antispasmodic
drugs in modern medicine. It is grown as a source
of alkaloids, seeds and seed-oil in European coun-
tries, as well as different parts of Russia and
China, (Veselovaskaya 1976; Ramanathan and
Ramachandran 1977). Romania, Yugoslavia, Po-
land and other countries grow poppy for straw and
seed (Hussain and Sharma 1983). In India it is
grown for seeds and opium. Currently, the major
opium poppy producing states in India are Uttar
Pradesh, Madhya Pradesh and Rajasthan, where it
is grown under strict supervision of the Govern-
ment of India and the International Narcotics Con-
trol Board (INCB), Vienna.
The crop is attacked by various fungal, bacterial
and viral pathogens. Among fungal diseases
downy mildew, damping-off, collar rot, wilt and
stem rot are most important. The collar rot disease
has been reported recently and occurs at
the 10–12-leaf stage of plants. In case of severe in-

cidence of the disease there are extensive losses in
plant populations leading to bare patches in
the field. The incidence of the disease commonly
occurs in 60-65-day-old plants and takes the epi-
demic form when high humidity prevails for sev-
eral days due to winter rains during the first
and second week of January. All the local varieties
of opium poppy growing in Lucknow and the ad-
joining districts of Uttar Pradesh (India) have been
found to be adversely affected by this disease
caused by Rhizoctonia solani (Sattar et al. 1999).
Severely infected plants topple down and dry pre-
maturely due to fast rotting at the collar region.
The mortality rate was found to be more than
50 percent among highly susceptible genotypes.
Therefore, the present study was carried out to
gain insight into the genetic nature of the disease
so that an effective breeding strategy can be for-
mulated to reduce heavy losses.

Material and methods

Accessions of opium poppy (Papaver somni-

ferum L.) germplasm are collected and maintained

in the National Gene Bank of Medicinal and Aro-
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matic Plants at CIMAP, Lucknow, India. From

the available germplasm collection seven acces-

sions were selected as parents for the breeding

program for collar rot resistance (Table 1). The se-

lection was performed on the basis of their disease

reaction to collar rot, seed yield and morphine

content in straw. These seven accessions including

resistant sources for collar rot (IS-22, Ib-38),

a high yielding variety (Shubhra) and four distinct

genotypes with morphological and physiological

markers were used in genetic studies on resistance

against collar rot in opium poppy.

Growing of opium poppy plants in pots

and the layout of the experiment

Selfed seeds of all the accessions selected as par-

ents were sown in pots (six inch in diameter) con-

taining approximately three kg autoclaved soil.

The pots were kept on the platform of a glasshouse

of the Microbiology and Plant Pathology Division

CIMAP, Lucknow, India. The experiment was

carried out in four replications keeping one repli-

cation as control. Each replication consisted of

15 plants.

Preparation of inoculum and screening

of disease

Infected opium poppy plants showing typical
symptoms of the collar rot disease were collected
from commercial fields of India (Lucknow,
Barabanki and the adjoining districts) as well as
from experimental fields of CIMAP, Lucknow In-
dia. All the infected plants were rinsed under tap
water, small fragments of the infected region were
cut off and surface sterilized with 0.5% NaOCl.
These fragments were then placed on the potato
dextrose agar medium for the proliferation of

the fungal mycelium. Prof. D.E. Carling, Univer-
sity of Alaska, Alaska, USA and Prof. Sheigo
Naito, Hokkaido State University, Japan per-
formed the characterization of the fungal culture
up to the anastomosis group. The fungal character-
istics confirm that the pathogen causing collar rot
is Rhizoctonia solani Kühn AG 4. A pure culture
was prepared by repeated subculturing and named
OP-Rh1.

A mass inoculum of the R. solani culture

OP-Rh1 was prepared by taking the pure culture

and multiplying it on the cornmeal-sand medium

(Engelkes and Windels 1996; Trivedi et al. 2001).
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Table 1. Origin and distinguishing features of elected 7 germplasm accessions of opium poppy

S. No.
Geno-
types

Source of origin / type of ge-
notype

Distinguishing features

1 H-9 A distinct chlorophyll mutant
with greenish yellow leaves

Susceptible to collar rot, downy mildew and damping-off, very late flow-
ering, white petals, pink latex, moderate in seed and straw yield, low in oil
and morphine content, leaves broad and greenish yellow in colour

2 Ib-38 Inbred line developed from
a landrace from the Ghazipur
district (U.P., India).

Resistant to collar rot, susceptible to downy mildew, also resistant to
damping-off, white petals, light pink latex, good oil content, serrated leaf
margins

3 IS-22 Inbred line developed from
a landrace from the Ghazipur
distric (U.P., India).

Resistant to collar rot, susceptible to downy mildew and damping-off,
white petals, light pink latex, low seed and straw yield, good in morphine
and oil content, narrow leaves with serrate margins and highly twisted leaf
tips

4 SPS-23 Half sib selection from
the gene pool

Susceptible to collar rot and downy mildew and susceptible to damp-
ing-off, late flowering, white petals, light pink latex, good oil and mor-
phine content, broad dark green leaves with purple colouration on leaf
surface as well as margins

5 SPS-49 Half sib selection from
the gene pool

Susceptible to collar rot, susceptible to downy mildew, tolerant to damp-
ing-off, late flowering, white petals, dark pink latex, moderate seed and
straw yield, very broad leaves, peduncle covered with clearly visible white
stiff trichomes

6 Shubhra Released variety from
CIMAP, Lucknow,

Susceptible to collar rot, downy mildew and damping-off, white petals,
low height, dark pink latex, high seed and straw yield, good oil and mor-
phine content, narrow leaves

7 Thai-
land

An introduction from Thai-
land

Susceptible to collar rot, downy mildew and damping-off, late flowering,
pink coloured petals with white blotches, pink latex, tall height, broad and
light-green leaves

M.P. – Madhya Pradesh

U.P. – Uttar Pradesh

CIMAP – Central Institute of Medicinal and Aromatic Plants



Inoculation and recording of disease reactions

Healthy plants of opium poppy at the 60–65-day

old (10–12 leaf) stage were used for the inocula-

tion. The amount of 50 g of homogenized

inoculum (corn-meal-sand culture) was evenly

spread on the soil around the collar region of

the opium poppy plants on the top soil of each pot

and irrigated with sterilized water. Similarly,

an uninfested cornmeal sand culture was added to

the control plants and irrigated with sterilized wa-

ter. All the inoculated as well as uninoculated

(control) pots were kept in a humidity chamber

(20 ± 2ºC and 95 ± 2% RH) for 48 h, after which

they were irrigated with sterile water. After being

taken out of the humidity chamber the pots were

kept on benches in a glasshouse for the develop-

ment of the disease.

The disease reactions were scored on individ-

ual plants. All the plants in inoculated and control

pots were uprooted and washed under tap water to

score the disease reactions. Disease reactions were

scored in the field under natural inoculum condi-

tions. The inoculum load was estimated in the

field according to Keinath (1995, 1997) with a lit-

tle modification, in which samples of soil were

collected from a naturally infested experimental

field of the Central Institute of Medicinal and Aro-

matic Plants, Lucknow. Colony-forming units

(CFU) were determined by suspending 0.1 g soil

in 9.9 mL of sterile distilled water and plating dilu-

tions in Petri plates contaning one-quarter-

-strength PDA with streptomycin sulphate (150

ppm/liter). The Petri plates were then incubated

for 36 h in the dark for the development of colo-

nies or propogules.

The symptoms of the disease were scored on

a 0–4 arbitrary scale (Sattar et al. 1995, 1997)

where 0 = no visible reaction at the collar region,

1 = very few necrotic lesions up to 1 cm length of

the collar region, 2 = necrotic lesions enlarge and

cover more than 1 cm length on the collar region,

the infection starts to spread towards roots and

shoots, thus causing necrosis of lower leaves,

3 = rotting symptoms become more prominent

and the entire infected portion of the plant be-

comes dark brown. The length of the necrotic le-

sion was measured in centimeters and the disease

severity index (DSI) was calculated.

The Disease Severity Index was calculated by

the formula given by Bansal et al. (1994), with

slight modifications

DSI
(N Dsc)

N MDsc

1

t

�
�

�

�

where: N1 is number of plants in a disease scale

category, Dsc is disease scale category, Nt is total

number of plants inoculated, Mdsc is maximum

disease scale category.

On the basis of DSI, the reaction type was de-

termined where the genotype with DSI ranging be-

tween 0–1.0 was considered resistant, while that

of 1.1–4.0 was susceptible.

Hybridization

The crosses were prepared only under field

conditions. All the accessions selected as parents

along with their hybrids were again sown (in RBD,

2 × 2 m plots in three replications, with row × row

50 m.) both under the field as well as glasshouse

conditions in four replications with one replication

as control. The parents as well as F1’s were selfed

in the field to obtain F2 generations of different

crosses. The F1 plants were also crossed with

either of the parents to obtain backcross

generations (B1 and B2).

Frequency distribution of collar rot reactions

in different generations of crosses

and assessment of genetic ratios

The disease reactions were scored in all the gener-

ations of the crosses along with their parents in

the glasshouse on a 0–4 scale and genetic ratios

were calculated by counting the number of plants

in different reaction types. The plants with

reactions ranging from 0–1 were considered

resistant, and 1.1–4.0 susceptible. The chi-square-

test was used to test ‘the goodness of fit’ in

different generations of the crosses.

Results and discussion

Frequency distributions of disease reactions for

collar rot in all the generations along with their

parents are presented in Tables 2, 3 and 4. Both

the resistant parents (IS-22 and Ib-38) showed

completely resistant reactions. While Shubhra

H-9, SPS-49, Thailand and SPS-23 showed highly

susceptible reactions.

Disease reactions in collar rot resistance

in F1 crosses

Reciprocal F1 cross combinations between

the resistant parents, i.e. Ib-38 and IS-22, showed

resistant reactions to R. solani. However,

the frequency distribution of disease reactions for

collar rot in F1 crosses of resistant × susceptible
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combinations showed all susceptible reactions,

indicating thereby the recessive nature of genes

governing collar rot resistance. All the susceptible

× susceptible F1 cross combinations also showed

susceptible reactions. Differences were not

observed between the reciprocal cross

combinations, suggesting the absence of

cytoplasmic effects and a possibility of only

nuclear genes governing collar rot resistance.

The frequency distribution of disease reactions for

collar rot in the F2 generation of the reciprocal

crosses between both the resistant parents (IS-22

and Ib-38) showed completely resistant reactions

and no segregants could be found in their F2

generations. In the F2 generations of all

the susceptible × susceptible cross combinations,

completely susceptible reactions were observed,

indicating thereby the absence of any background

effects. The chi-square test was used to test

the goodness of fit of the observed segregating

generations in all the F2 and backcross generations

under the single locus model. All the F2

generations of the reciprocal cross combinations

between resistant × susceptible parents showed

3 (susceptible) : 1 (resistant) segregation

and no differential reactions could be observed.

The chi-square value gave good fit of the 3 : 1

segregation ratios with probability limits ranging

from 0.25–0.30 in crosses such as Ib-38

× Thailand and IS-22 × Shubhra to 0.75–0.80 in

Shubhra × Ib-38.

Genetic studies on collar rot resistance

The information on the inheritance of resistance to

collar rot will be useful in transferring the resis-

tance to high yielding but susceptible cultivars.

During the last few years, significant progress has

been made towards the development of standard

screening procedures for the identification of re-

sistance sources and thus two resistance sources

(Ib-38 and IS-22) could be identified for R. solani

(Trivedi et al. 2001) using the corn meal-sand cul-

ture method. All possible reciprocal cross combi-

nations were prepared and different segregating

generations, including 21 F2, three F3 plant proge-

nies and three backcross combinations, could be

developed. Allelic tests of parents were carried out

by involving resistant × resistant and susceptible

× susceptible matings in a diallel fashion, i.e. all

the possible single crosses including reciprocals.

The progeny performance in terms of collar rot re-

actions invariably revealed no segregation for re-

sistant and susceptible types in any of the F1’s

and reciprocal F1’s belonging to resistant × resis-

tant and susceptible × susceptible cross combina-

tions. No differences could be observed between

the corresponding reciprocal cross combinations,

suggesting the absence of any cytoplasmic effects

and the possibility of only nuclear genes govern-

ing collar rot resistance, specifically on the basis

of reciprocal F1 cross combinations.

Their corresponding F2 and reciprocal F2

progenies duly corroborated the results as well, as

no segregants could be found in these generations.

It follows that resistant reactions to collar rot are

controlled by the same genetic mechanism in both

resistant parents as the susceptible reaction in all
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Table 2. Frequency distribution of disease reactions to

collar rot caused by R. solani (isolate OP-Rh1) in

resistant and susceptible parents and their F1 hybrids in

opium poppy

S.
No.

Parents / Crosses Disease
reactions /
cross com-
binations

Number of plants
observed

Resis-
tant

Suscep-
tible

Parents

1 H-9 S 3 44

2 Ib-38 R 42 0

3 IS-22 R 38 0

4 SPS-49 S 2 37

5 SPS-23 S 2 35

6 Shubhra S 0 44

7 Thailand S 1 32

F1 Crosses

1 Ib-38 × IS-22 R × R 34 0

2 IS-22 × Ib-38 R × R 28 0

3 Ib-38 × Thailand R × S 5 46

4 Ib-38 × H-9 R × S 2 38

5 Ib-38 × SPS-23 R × S 1 32

6 Ib-38 × Shubhra R × S 3 40

7 IS-22 × Thailand R × S 3 44

8 IS-22 × SPS-49 R × S 4 51

9 IS-22 × H-9 R × S 3 36

10 IS-22 × SPS-23 R × S 3 44

11 IS-22 × Shubhra R × S 2 45

12 Thailand × IS-22 S × R 1 39

13 Thailand × SPS-49 S × S 0 32

14 Thailand × H-9 S × S 0 24

15 H-9 × Ib-38 S × R 1 32

16 H-9 × IS-22 S × R 2 45

17 SPS-23 × Ib-38 S × R 1 30

18 SPS-23 × IS-22 S × R 2 39

19 SPS-49 × Ib-38 S × R 3 46

20 SPS-49 × IS-22 S × R 3 50

21 SPS-49 × Thailand S × S 0 20

22 SPS-49 × SPS-23 S × S 0 29

23 Shubhra × Ib-38 S × R 3 46

24 Shubhra × IS-22 S × R 3 47

25 Shubhra × SPS-23 S × S 0 33

R= Resistant, S = Susceptible



the susceptible parents. Therefore, there was no

allelic difference in the collar rot reaction among

the resistant and susceptible parents/genotypes.

In the F2 generations of all the susceptible

× susceptible cross combinations completely

susceptible reactions were observed, indicating

there the absence of any background effects.

Resistance in the host and virulence in

the pathogen are under genetic control and on

the basis of this, Flor (1942) proposed a theory,

known as the “gene for gene” hypothesis, linking

the genetical system of the host with that of

the pathogen. He suggested that virulence was

always recessive, but subsequent work on other

systems has shown that it may sometimes be

dominant and indeed that a given gene may be

dominant in relation to one host and recessive in

relation to another (Flor 1956).

All the F2 generations of the reciprocal cross

combinations between resistant × susceptible par-

ents showed 3 (susceptible) : 1 (resistant) segrega-

tion and no differential reaction could be

observed. These patterns of segregation ratios sug-

gest the monogenic recessive nature of the gene

governing collar rot resistance in opium poppy.

In the backcross combinations where a resistant

parent was used as the donor parent (B1) the segre-

gation ratio of 1 : 1 was observed in all the combi-
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Table 3. Segregation ratios of disease reactions to collar rot caused by R. solani (isolate OP-Rh1) in F2 generations

of crosses involving resistant and susceptible parents in opium poppy under glasshouse conditions

S.
No.

Crosses Cross
combinations

Number of plants observed Expected
ratio

�
2 value
at 1 df

Probability

Resistant Susceptible

1 Ib-38 × IS-22 R × R 32 0 1 : 0 – –

2 IS–22 × Ib–38 R × R 39 0 1 : 0 – –

3 Ib–38 × H–9 R × S 12 32 1 : 3 0.12 0.70–0.80

4 IS–22 × H–9 R × S 14 46 1 : 3 0.08 0.70–0.80

5 Ib–38 × Shubhra R × S 10 37 1 : 3 0.35 0.60–0.70

6 Ib–38 × Thailand R × S 9 40 1 : 3 1.15 0.25–0.30

7 IS–22 × SPS–49 R × S 15 40 1 : 3 0.15 0.60–0.70

8 IS–22 × SPS–23 R × S 12 30 1 : 3 0.28 0.60–0.70

9 IS–22 × Shubhra R × S 11 47 1 : 3 1.10 0.25–0.30

10 IS–22 × Thailand R × S 11 40 1 : 3 0.32 0.50–0.70

11 Thailand × H–9 S × S 0 24 0 : 1 – –

12 Thailand × IS–22 S × R 12 48 1 : 3 0.80 0.30–0.50

13 Thailand × SPS–49 S × S 0 32 0 : 1 – –

14 H–9 × Ib–38 S × R 15 48 1 : 3 0.04 0.80–0.90

15 H–9 × IS–22 S × R 20 50 1 : 3 0.48 0.50–0.60

16 SPS–23 × Ib–38 S × R 13 48 1 : 3 0.43 0.50–0.60

17 SPS–23 × IS–22 S × R 13 34 1 : 3 0.18 0.60–0.70

18 SPS–49 × Ib–38 S × R 13 33 1 : 3 0.26 0.60–0.70

19 Shubhra × Ib–38 S × R 12 39 1 : 3 0.06 0.75–0.80

20 Shubhra × IS–22 S × R 16 36 1 : 3 0.90 0.30–0.50

21 Shubhra × SPS–23 S × S 0 33 0 : 1 – –

R = Resistant, S = Susceptible

Table 4. Segregation ratios of disease reactions to collar rot caused by R. solani (isolate OP-Rh1) in backcross

generations of crosses involving resistant and susceptible parents in opium poppy under glasshouse conditions

S. No. Backcrosses Cross combi-
nations

Number of plants
observed

Expected
ratio

�
2 value at

1 df
Probability

Resistant Susceptible

1 (Ib-38 × H-9) × Ib-38 B1 27 22 1 : 1 0.51 0.30–0.50

2 (Ib-38 × H-9) × H-9 B2 2 41 0 : 1 – –

3 (IS-22 × Thailand) × IS-22 B1 29 21 1 : 1 1.28 0.20–0.30

4 (IS-22 × Thailand) × Thailand B2 2 47 0 : 1 – –

5 (IS-22 × H-9) × IS-22 B1 26 20 1 : 1 0.78 0.30–-0.50

6 (IS-22 × H-9) × H-9 B2 3 50 0 : 1 – –



nations, as was otherwise expected, thereby

authenticating the monogenic recessive nature of

the gene governing collar rot resistance in opium

poppy. In the backcross combinations where sus-

ceptible parents were used as donors (B2), suscep-

tible reactions were observed in all the combi-

nations. These observations also support

the monogenic recessive nature of the gene gov-

erning collar rot resistance. The disease reactions

in collar rot resistance in F3 plant progenies of

three cross combinations involving resistant and

susceptible plants could be studied and frequency

distributions again suggested monogenic reces-

sive control for this disease, as the ratio of 1 (resis-

tant) : 2 (segregating) : 1 (susceptible) adequately

fitted in all the three cross combinations, thereby

further supporting the hypothesis of monogenic

control of collar rot resistance in opium poppy.

Conclusions

Collar rot of opium poppy is one of the most im-
portant, recently reported diseases. This is the first
report of a genetic study on this disease. Two ac-
cessions Ib-38 and IS-22 were found resistant to
collar rot caused by R. solani and the gene control-
ling resistance to this disease is recessive in na-
ture. The crosses between resistant and susceptible
parents showed a monogenic segregation ratio.

Based on the results for all the generations,
a single recessive gene designated herein as rs-1
has been found responsible for resistance to collar
rot caused by R. solani in both resistant parents,
i.e. Ib-38 and IS-22. Studies on the identification
of the resistance gene at the molecular level are
underway.

The study has more relevance for poppy grow-
ers in developing countries, such as India, where
opium poppy is one of the major sources of in-
come for farmers. The present study not only helps
in formulating a future breeding strategy to in-
crease the survivability of poppy plants at
the young stage in the field and hence increase
opium and seed yields, but also directly affect
the socio-economic status of the rural population.

Acknowledgements. The authors are grateful to

the Director (Ex) Dr Sushil Kumar of CIMAP,

Lucknow, India, for sustaining encouragement

and to the Department of Biotechnology for funding

the Gene Bank project. The authors are indebted to

Dr. Mansoor Alam, Head of the Division of Mycol-

ogy and Plant Pathology, CIMAP, Lucknow, India

for providing laboratory facilities.

REFERENCES

Bansal VK, Kharbanda PD, Stringam GR,
Thiagarajah MR, Tewari JP, 1994. A comparison
of greenhouse and field screening methods for
blackleg resistance in doubled haploid line of Bras-
sica napus. Plant Dis 78: 276–281.

Engelkes CA, Windels CE, 1996. Susceptibility
of sugar beet and beans to Rhizoctonia solani
AG-2-2 IIB and AG-2-2IV. Plant Dis 80:
1413–1417.

Flor HH, 1942. Inheritance of pathogenecity in
Melampsora lini. Phytopathology 32: 653–659.

Flor HH, 1956. The complementary gene systems in
flax and flax rust. Adv Gen 8: 29-54.

Hussain A, Sharma JR, 1983. The opium poppy,
CIMAP, Lucnkow, India.

Keinath AP, 1995. Relationship between inoculum
density of Rhizoctonia solani, wirestem incidence
and severity, and growth of cabbage.
Phytopathology 85: 1487–1492.

Keinath AP, Farnham MW, 1997. Differential cultivars
and criteria for evaluating resistance to Rhizoctonia
solani in seedling Brassica oleracea. Plant Dis 81:
946–952.

Neligan AR, 1927. The Opium Question. Bale
and Curnow, London.

Ramanathan VS, Ramachandran C, 1977. Opium
poppy: cultivation, collection of opium, improve-
ment and utilization for medicinal purposes. In:
Atal CK, Kapoor BM, eds. Cultivation and Utiliza-
tion of Medicinal and Aromatic Plants: 68–74.

Sattar A, Alam M, Samad A, Dhawan OP, Bajpai S,
Zaim M, 1997. Screening of opium poppy (Papaver
somniferum) germplasm against stem rot, capsule
rot and poppy mottle diseases. J Med Arom Plant
Sci 19: 11–13.

Sattar A, Dhawan OP, Saini S, Trivedi M,
Shahabuddin S, Alam M, 1999. Collar rot a new dis-
ease of opium poppy caused by Rhizoctonia solani.
Indian J Plant Pathol 17: 99–101.

Sattar A, Samad A, Alam M, Zaim M, Dhawan OP,
Singh SP, et al. 1995. Screening of opium poppy
(Papaver somniferum) germplasm for disease resis-
tance. Curr Res Med Arom Plant 17:315–320.

Trivedi M, Shahabuddun S, Sattar A, Alam A,
Dhawan OP, 2001. Screening of opium poppy
germplasm for disease resistance against collar rot
caused by Rhizoctonia solani. Indian J Plant Pathol
19: 94–96.

Veselovskaya MA, 1976. The Poppy. American Pub-
lishing Co., New Delhi, India and New York, USA
(Translated from Russian).

284 M. Trivedi et al.


