
Introduction

The most important objectives of opium poppy

breeding are: (1) to increase seed and alkaloid

yield, and (2) to identify and select high-yielding

disease-resistant lines. Special attention is given to

collar rot, caused by Rhizoctonia solani Kühn,

which has been reported recently and occurs at

the 10-12-leaf stage of the plants, leading to exten-

sive loss of seed and alkaloid yield (Sattar et al.

1999). The opium alkaloids, extracted from

the dried latex, are being used as analgesic,

antitussive and antispasmodic in modern medi-

cines. Seeds contain 45–56% oil, 25–30% protein,

vitamins E, F and pantothenic acid, and are used in

traditional Indian and Chinese food. The seed oil,

rich in unsaturated fatty acid, contains 50–60%

linoleic acid, 30% oleic acid and 6–9% palmitic

acid (Nergiz and Oetles 1994). Dried capsule

straw contain up to 0.8% morphine. The main

cause of low seed and alkaloid productivity is

plant losses due to collar rot disease at an early

stage, as well as poor capsule setting because cap-

sules are the site of seed formation and alkaloid ac-

cumulation. Productivity is also affected by

weather conditions, particularly temperature

and rainfall at the time of germination, flowering

and capsule drying (Gupta 1984). The plant is vul-

nerable to several fungal, bacterial and viral patho-

gens. One of the most dreaded fungal diseases is

collar rot of opium poppy, caused by Rhizoctonia

solani. Severely infected plants topple down

and dry prematurely due to fast rotting at the collar

region. Up to 50% mortality was recorded in sus-
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ceptible genotypes, which causes great loss to seed

and latex yield. All local varieties of opium poppy

growing in Lucknow and adjoining regions of

U.P. India have been adversely affected by this

disease (Sattar et al. 1999). Moreover, inheritance

studies on this disease showed a monogenic pat-

tern of segregation at the ratio of 3:1 at F2, 1:2:1

at F3, and 1:1 at the backcross. Such genetic ratios

clearly indicated the genetic control of this disease

(Trivedi et al. 2005). With this background infor-

mation we attempted to study the correlation of

disease severity index (DSI) for collar rot with

other economically important yield traits and

yield-contributing morphological and physiologi-

cal traits, together with genetic parameters:

heritability and genetic advance. These parame-

ters determine the effectiveness of selection for

yield and its related traits. Correlation study at

genotypic and phenotypic level generates infor-

mation which can be exploited for biochemical

marker development for early screening of sus-

ceptible plants from the population, as peroxidase

has been used as a biochemical marker of disease

in several other crops (Reuveni et al. 1991, 1992;

Reuveni 1998). This is the first comprehensive re-

port that analyses correlations among DSI, bio-

chemical, physiological and yield traits,

and investigates the genetic parameters at

the same time.

Material and methods

Plant material

Thirty-five accessions were selected from varied

germplasm of opium poppy collected and main-

tained in the National Gene Bank of Medicinal

and Aromatic Plants at Central Institute of Medici-

nal and Aromatic Plants, Lucknow, India. These

accessions included morphologically distinct in-

bred lines, 9 selections, 8 commercial varieties,

2 mutants, and 4 introductions from Rajasthan

(India) and 1 from Thailand. They were primarily

selected on the basis of DSI for collar rot, seed

yield per plant and morphine content of capsule

straw (Tables 1 and 2).

Experimental design

Selfed seeds of the above selected 35 accessions

were sown in the field in a randomized block de-

sign, in 2 × 2 m plots, in 3 replications with rows

50 cm apart and were also sown in pots (15 cm in

diameter) containing approximately 3 kg of

autoclaved soil each. The pots were kept at the

platform of the greenhouse of the Microbiology

and Plant Pathology Division, CIMAP, Lucknow.

The experiment was carried out in 4 replications,

keeping 1 replication as the control. Each replica-

tion consisted of 15 plants. Mass inoculum of

Rhizoctonia solani (OP-Rh1) was prepared by tak-

ing pure culture and multiplying it on the corn-

meal-sand medium under glasshouse conditions

(Trivedi et al. 2001). Data on various agronomic,

physiological, biochemical and chemical traits

(listed below) were recorded. While data on DSI

for collar rot were taken both under glasshouse

and field conditions, data on all other traits were

recorded only for the plants in the field.

On the basis of DSI values, genotypes were

classified to 4 reaction types: 0–1.0 as resistant,

1.1–2.0 as tolerant, 2.1–3.0 as susceptible, and

3.1–4.0 as highly susceptible (Trivedi et al. 2001).

The variability of the selected 35 accessions

was assessed and critical differences were calcu-

lated for P = 0.05 (*) and P = 0.01 (**). The selec-

tion parameters, like heritability and genetic

advance, were also calculated as per standard pro-

cedure.

Heritability in the broad sense was calculated

as the ratio of genotypic variance to total

phenotypic variance:

hb

g

p

2

2

2
100� �

�

�

% ,

where hb
2 = heritability in the broad sense; �g

2 =

genotypic variance; �p
2 = phenotypic vari-

ance.
Genetic advance was calculated with the met-

hod suggested by Allard (1960) and next ex-

pressed as % of the mean:

GA = (k) × h 2 × �
2A ,

where GA = genetic advance; k = selection differ-

ential at 5% selection intensity ( k = 2.06);

�
2 = phenotypic standard deviation; h 2 = estimate

of heritability.

GA as % of mean =
GA

X
� 100% ,

where X = mean value of the character concerned;

GA = expectation of genetic advance under selec-

tion.

Correlations among different agronomic, yield,

biochemical and physiological traits were

calculated with the method given by Miller et al.

(1958). The analyzed agronomic traits included:
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Table 1. Mean values of agronomic traits of 35 selected genotypes of opium poppy

Genotype

Plant
height
(cm)

Days to
50%

flower-
ing

Days to
maturity

No. of
leaves per

plant

Leaf area
(cm2)

Pedun-
cle

length
(cm)

No. of
capsules
per plant

No. of
stigmatic
rays on
main

capsule

Seed
yield per

plant
(g)

Straw
yield per

plant
(g)

AP-6 111.20 97.20 130.17 18.27 102.17 24.67 3.33 13.27 3.96 2.46

AP-7 106.93 96.50 135.73 18.17 111.01 26.13 2.33 11.30 5.08 3.64

AP-8 109.73 96.20 133.60 18.30 108.78 27.27 3.35 13.70 3.77 2.83

AP-9 102.47 95.27 129.97 15.47 104.17 28.30 4.00 13.10 3.58 3.03

G-52 110.77 96.97 132.00 13.40 119.37 24.23 3.00 11.53 4.74 2.67

H-9 98.40 99.87 140.60 13.85 121.17 20.10 2.30 12.27 5.63 3.98

I-14 100.47 97.68 133.35 17.00 53.37 22.10 2.67 10.70 5.76 3.50

Ib-29 116.23 96.03 131.07 17.37 108.81 25.30 3.00 12.07 4.51 3.21

Ib-38 110.13 91.43 135.73 16.20 126.23 23.93 2.00 12.67 5.88 4.09

Ib-43 113.77 94.33 125.27 15.07 110.26 24.93 2.70 13.10 4.58 3.39

Ib-54 117.43 97.40 128.67 17.30 106.29 24.57 3.33 11.57 4.37 3.05

Ib-57 111.30 93.35 137.57 15.70 97.54 23.73 2.33 13.75 5.68 2.53

Ib-59 121.07 96.30 130.47 17.30 106.10 27.60 3.67 13.20 4.42 3.33

IS-18 107.03 97.33 131.30 15.25 99.41 19.27 2.33 10.67 4.42 2.15

IS-22 110.53 92.20 134.60 17.23 113.42 23.37 3.00 13.65 4.47 2.17

M-488 41.50 79.40 98.70 16.45 109.26 18.90 2.00 10.70 2.60 1.76

N-3 101.33 98.10 136.30 14.85 83.31 24.03 2.00 11.75 5.25 3.87

P-144 110.80 97.93 133.00 17.20 117.80 20.27 2.65 13.13 5.45 2.68

P-165 111.83 98.20 131.53 15.90 116.76 24.20 3.33 16.33 4.39 2.25

SPS-20 108.30 96.67 126.83 16.00 71.55 23.27 2.65 12.43 5.75 2.51

SPS-23 101.33 96.10 133.95 15.10 123.73 21.47 3.30 12.73 4.03 2.02

SPS-49 99.40 96.37 132.80 12.83 139.56 25.97 2.67 13.15 5.89 2.73

Thailand 116.47 97.90 133.35 15.57 134.62 22.70 2.33 12.40 5.02 3.22

T-20-16 106.27 93.30 129.93 17.55 127.30 22.80 2.33 16.43 9.76 7.14

T-210-5 100.97 93.40 132.00 16.10 145.21 27.50 3.00 15.70 9.49 6.85

T-850 109.26 97.26 130.85 18.95 145.56 24.57 3.65 12.63 9.04 6.91

T-851 107.07 97.16 124.60 17.40 131.79 24.60 3.33 12.50 5.05 5.89

Jawahar-16 109.07 95.33 125.40 16.10 129.43 23.03 3.65 16.25 5.04 2.98

Rakshit 109.27 91.30 132.50 17.70 108.69 24.33 3.00 18.23 10.52 7.45

Sanchita 109.30 102.47 128.50 13.43 133.00 25.13 3.67 15.80 8.49 5.13

Shakti 111.67 97.23 127.60 16.55 123.63 25.27 2.60 12.80 6.92 5.14

Shubhra 97.33 98.47 125.45 18.25 129.25 23.80 2.33 19.50 10.15 6.26

Shweta
Broad

109.26 98.25 128.27 13.15 121.11 23.30 2.65 14.25 4.59 2.53

Shyama 109.47 96.23 129.30 16.45 123.51 22.80 2.30 17.45 7.79 5.76

Vivek 109.86 97.63 127.23 12.30 121.75 24.63 3.00 12.33 6.92 4.17

CD0.05 2.00 1.79 1.48 1.4 3.94 1.83 0.9 1.28 0.87 0.98

CD0.01 2.66 2.37 1.97 1.9 5.24 2.44 1.1 1.70 1.16 1.31

CD0.05 and CD0.01 are critical differences at P = 0.05 and P = 0.01, respectively



Table 2. Mean values of physiological, chemical and biochemical traits and disease severity index (DSI) for collar

rot in 35 selected genotypes of opium poppy

Genotype
Oil content

of seeds
(%)

Chlorophyll
content of

leaves (mg g–1

fresh wt)

Protein content
of seeds

(%)

Morphine con-
tent of straw

(%)

Peroxidase activity
(A460 min–1 g–1

fresh wt)

DSI for collar
rot

AP-6 43.60 1.67 19.07 0.35 0.23 3.57

AP-7 46.00 1.64 16.73 0.35 0.27 3.93

AP-8 43.33 1.74 18.40 0.37 0.32 4.00

AP-9 46.50 1.79 17.80 0.37 0.30 3.50

G-25 35.90 1.66 15.47 0.35 0.43 2.80

H-9 32.30 0.95 15.87 0.48 0.34 2.80

I-14 36.63 1.76 27.13 0.42 0.56 1.57

Ib-29 32.33 1.70 20.57 0.33 0.25 3.93

Ib-38 49.77 1.85 28.60 0.61 0.80 0.97

Ib-43 37.00 1.53 20.93 0.38 0.33 3.50

Ib-54 27.07 1.62 25.27 0.37 0.25 3.67

Ib-57 40.20 1.66 24.20 0.63 0.69 1.07

Ib-59 36.93 1.44 22.07 0.40 0.23 3.30

IS-18 31.23 1.40 18.17 0.35 0.33 2.90

IS-22 46.93 1.63 27.73 0.65 0.92 0.93

M-488 33.27 1.96 17.47 0.59 0.45 1.97

N-3 45.30 1.71 20.17 0.50 0.36 2.87

P-144 31.63 1.59 14.23 0.40 0.36 2.93

P-165 34.27 1.38 13.77 0.36 0.38 3.00

SPS-20 34.30 1.89 17.63 0.53 0.44 3.03

SPS-23 42.67 1.36 18.33 0.51 0.43 3.93

SPS-49 43.27 1.88 18.07 0.49 0.53 2.93

Thailand 38.65 1.30 19.27 0.43 0.33 2.53

T-20-16 48.40 2.42 34.47 0.75 0.53 1.90

T-210-5 48.77 2.28 34.83 0.72 0.46 1.80

T-850 43.23 1.79 26.10 0.75 0.52 2.67

T-851 43.00 1.73 20.70 0.67 0.41 3.30

Jawahar-16 45.00 1.72 17.90 0.59 0.53 1.93

Rakshit 50.57 1.83 36.37 0.79 0.61 1.57

Sanchita 48.33 1.92 36.37 0.65 0.31 3.80

Shakti 43.36 1.86 31.77 0.69 0.37 2.85

Shubhra 48.53 2.22 35.93 0.76 0.30 4.00

Shweta Broad 42.65 1.45 32.60 0.64 0.36 2.60

Shyama 48.40 2.07 35.37 0.75 0.34 3.97

Vivek 47.27 1.94 32.37 0.69 0.34 3.57

CD0.05 2.69 0.17 0.16 0.03 0.08 0.27

CD0.01 3.58 0.23 0.20 0.04 0.12 0.36

CD0.05 and CD0.01 are critical differences at P = 0.05 and P = 0.01, respectively



plant height (cm), days to 50% flowering, days to

maturity, number of leaves per plant, estimation of

leaf area per plant (cm2), peduncle length per plant

(cm), number of capsules per plant, number of

stigmatic rays on the main capsule, capsule straw

yield per plant (g) and seed yield per plant (g). One

physiological trait chlorophyll content of leaf was

estimated in leaves according to the method of

Arnon (1949). Peroxidase activity in leaf tissues

was estimated by the method described by

Shannon et al. (1966). Total seed protein content

was determined according to the method of

Jackson (1973) and oil content of seeds was

estimated by the Soxhlet method. The weight of

oil was used to determine the oil content of seeds

as follows: Oil content (%) = (Weight of

oil/Weight of seed sample) × 100

The morphine content of capsule straw was es-

timated by thin-layer chromatography (Gupta

and Verma 1996).

Results

The 35 accessions selected on the basis of disease
reaction, seed yield per plant and morphine
content of capsule straw were sown in replicated
trials both in the field as well as in the greenhouse.
While data for 15 agronomic, physiological,

biochemical and chemical traits were recorded in
the field, the data on DSI were recorded both under
field and greenhouse conditions. Mean values of
the 15 traits and DSI for each accession are
presented in Tables 1 and 2. The analysis of
variance was carried out for all the 16 characters,
which showed highly significant values (P < 0.01).
The F values for replications were found to be
nonsignificant for all the traits, signifying the
authenticity of the experiment. Accessions Ib-38
and IS-22 were found resistant both under
greenhouse and field conditions.

Heritability estimates

Heritability was estimated in the broad sense (h2
b)

for all the 16 traits. The maximum broadsense
heritability (> 95%) was found for plant height,
protein content, DSI, morphine content of straw,
leaf area and days to maturity. The heritability was
within the range of 85–95% for oil content of
seeds, days to 50% flowering, seed and straw yield
per plant, number of stigmatic rays on the main
capsule, chlorophyll content and peroxidase
activity. However, heritability was below 80% for
number of leaves per plant, peduncle length
and number of capsules per plant. The heritability
for number of capsules per plant was the lowest
(35.2%) (Table 3).
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Table 3. General mean, range of means, heritability and genetic advance (GA) of agronomic,

physiological, biochemical and chemical traits and disease severity index (DSI) for collar rot in 35

genotypes of opium poppy

Characters General mean Range of means Heritability
(hb

2, %)
GA as %
of means

Plant height (cm) 106.68 41.53–121.07 98.0 24.21

Days to 50% flowering 95.89 79.40–102.47 91.0 7.40

Days to maturity 130.20 98.73–140.60 97.9 10.27

No. of leaves per plant 16.11 12.30–18.95 74.3 17.38

Leaf area (cm2) 113.80 53.37–145.21 98.6 32.67

Peduncle length (cm) 24.02 18.90–28.42 76.7 16.15

No. of capsules per plant 2.79 2.00–4.00 35.2 16.48

No. of stigmatic rays on main capsule 13.53 10.67–19.50 88.8 30.23

Seed yield per plant (g) 5.67 2.60–10.52 92.4 66.84

Straw yield per plant (g) 3.68 1.76–7.45 89.8 83.69

Oil content of seeds (%) 41.03 27.07–50.60 93.4 26.49

Chlorophyll content of leaves (mg g–1

fresh wt)
1.73 0.95–2.28 87.6 31.21

Protein content of seeds (%) 23.76 13.77–36.37 98.0 62.21

Morphine content of straw (%) 0.52 0.33–0.79 97.9 61.54

Peroxidase activity in leaf tissues (A 460

min–1 g–1 fresh wt)
0.40 0.23–0.92 86.2 87.18

DSI for collar rot 2.87 0.93–4.00 98.2 65.63

* P < 0.05, ** P < 0.01



Genetic advance

Genetic advance was expressed as % of means and

ranged from 7.40% (for days to 50% flowering) to

87.18% (for peroxidase activity). The genetic ad-

vance for DSI was quite high (65.63%). Also

peroxidase activity, seed and straw yield per plant,

morphine and protein content had high genetic ad-

vance as % of means (> 60%).

In this study, seed and straw yield per plant,

peroxidase activity, protein content, morphine

content and DSI showed both high heritability

and high genetic advance as % of means. Most of

the other traits showed high heritability estimates

but low genetic advance estimates (Table 3). DSI,

which is of prime importance in the present study,

was characterized by fairly high values of

heritability (98.2%) and genetic advance

(65.63%). Peroxidase activity also showed high

heritability (86.2%) and high genetic advance

(87.18%).

Correlations among agronomic, physiological,

biochemical and chemical traits and DSI

for collar rot

Coefficients of genotypic correlation (GC)

and phenotypic correlation (PC) were computed to

estimate the degree of linear association among

various characters, with emphasis on the effect of

DSI on these traits (Table 4). Most of the correla-

tions were nonsignificant (ns). DSI values showed

significant negative correlations with peroxidase

activity (GC = –0.87**; PC = –0.86**), seed yield

per plant (GC ns; PC = –0.73**) and morphine

content (GC ns; PC = –0.68*). Characters like

plant height, days to 50% flowering, leaf area,

number of capsules per plant and peduncle length

showed positive but nonsignificant correlations

with DSI. The other characters number of leaves

per plant, number of stigmatic rays on main cap-

sule, straw yield per plant, oil content and days to

maturity showed negative though nonsignificant

correlations with DSI.

The number of capsules per plant showed neg-

ative but nonsignificant correlations with seed

and straw yield per plant. The number of stigmatic

rays per plant showed high correlations with seed

yield per plant (GC = 0.69*; PC = 0.68*) and mor-

phine content of straw (GC ns; PC = 0.70*). Seed

yield per plant showed positive and significant corre-

lations with straw yield per plant (GC = 0.93**;

PC = 0.91**) and protein content of seeds

(GC = 0.69*; PC = 0.68*), but a negative correlation

with DSI (GC ns; PC = –0.73**). Straw yield

showed positive but nonsignificant correlations

with oil and protein content of seeds, chlorophyll

content of leaves, and morphine content of straw.

Plant height showed significant positive correla-

tions with days to 50% flowering (GC = 0.69*;

PC = 0.68*) and days to maturity (GC = 0.69*;

PC = 0.68*). Days to 50% flowering showed a

positive and significant correlation with days to

maturity (GC ns; PC = 0.68*). The number of

leaves per plant showed positive but nonsignificant

correlations with characters like seed and straw yield

per plant, and chlorophyll content of leaves. It also

showed positive nonsignificant correlations with

peroxidase activity in leaves. Oil content showed

negative nonsignificant correlations with DSI, but

it was positively although mostly nonsignificantly

correlated with other characters, like chlorophyll

content, morphine content (GC = 0.70*; PC ns),

protein content (GC = 0.67*; PC ns) and

peroxidase activity. Protein content of seeds

showed high positive correlations with morphine

content (GC = 0.81**; PC = 0.78**). However, it

showed negative though nonsignificant correla-

tions with DSI.

Discussion

Analysis of variance for all the 16 characters

showed highly significant values, indicating

the presence of a large range of variability among

the selected 35 accessions for all the traits, includ-

ing DSI for collar rot. However, several independ-

ent studies on the evaluation of the genetic

variation in the cultivated germplasm of

P. somniferum reached the conclusion that only

a limited variation prevails in Indian (Singh

and Khanna 1991; Sharma et al. 1992) and Euro-

pean genetic stocks (Dubedout 1993) for most

of the agronomic and chemical traits, and this

might be related to a narrow genetic base of geno-

types with common ancestry. In our study, selec-

tion parameters like heritability in the broad sense

and genetic advance were estimated for all the 16

characters and heritability was found to be very

high for characters like plant height, days to 50%

flowering, days to maturity, leaf area per plant,

straw and seed yield per plant, oil and protein con-

tent of seeds, morphine content of straw and DSI

for collar rot. Moderate heritability was found for

characters like seed and straw yield per plant,

number of leaves per plant, peduncle length, days

to 50% flowering, number of stigmatic rays on
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otypic (GC) and phenotypic (PC) correlation coefficients between agronomic, physiological, biochemical, chemical traits and disease severity index (D

poppy

ters

Days to
50%

flower-
ing

Days to
matu-
rity

No. of
leaves

per plant

Leaf
area

(cm2)

Peduncle
length
(cm)

No. of
capsules
per plant

No. of
stigmatic
rays on
main

capsule

Seed yield
per plant

(g)

Straw
yield per

plant
(g)

Oil con-
tent of
seeds
(%)

Chlorophyll
content of

leaves
(mg g–1

fresh wt)

Protein
content
of seeds

(%)

Morphine
content of

straw
(%)

Peroxidas
activity

(A460 min
g–1)

cm) GC
PC

0.69 *
0.68 *

0.69 *
0.68 *

0.08
0.06

0.01
0.02

0.46
0.39

0.40
0.23

0.14
0.14

0.12
0.11

0.10
0.10

0.04
0.04

–0.22
–0.21

0.10
0.09

–0.19
–0.19

0.05
0.05

flowering GC
PC

0.61
0.68 *

–0.28
–0.20

0.02
0.02

0.23
0.18

0.43
0.20

0.10
0.06

0.05
0.04

–0.02
–0.02

–0.05
–0.07

–0.29
–0.28

0.01
0.01

–0.23
–0.22

–0.33
–0.31

rity GC
PC

–0.06
–0.03

–0.05
–0.05

0.21
0.18

–0.03
–0.01

0.02
0.02

0.14
0.13

0.07
0.06

0.16
0.14

–0.36
–0.33

–0.05
–0.04

–0.13
–0.13

0.30
0.28

per plant GC
PC

–0.21
–0.18

0.15
0.12

0.06
0.04

0.20
0.17

0.26
0.24

0.39
0.32

–0.01
–0.03

0.26
0.19

0.04
0.03

–0.10
–0.08

0.07
0.07

2) GC
PC

0.16
0.14

0.13
0.09

0.50
0.47

0.31
0.30

0.27
0.26

0.38
0.32

0.21
0.20

0.28
0.27

0.39
0.38

–0.02
–0.02

gth(cm) GC
PC

0.62
0.30

0.19
0.14

0.10
0.12

0.23
0.23

0.4
10.23

0.30
0.23

0.16
0.15

–0.13
–0.11

–0.13
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0.01
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–0.44
–0.23

tic rays
ule

GC
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0.69 *
0.68 *
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0.50

0.60
0.49

0.45
0.42

0.58
0.54

0.64
0.70 *

0.17
0.17

r plant GC
PC

0.93 **
0.91 **

0.51
0.43

0.62
0.53

0.69 *
0.68 *

0.63
0.60

0.26
0.25

er plant GC
PC

0.48
0.40

0.59
0.49

0.64
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0.48
0.46

0.15
0.14

f seeds GC
PC

0.57
0.48

0.67 *
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0.70 *
0.57

0.46
0.39

ontent of
)
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0.62
0.57

0.59
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nt of GC
PC

0.81 **
0.78 **

0.33
0.32

ntent of GC
PC

0.48
0.47

tiv-
–1 g–1

GC
PC

P < 0.01



main capsules, oil content of seeds, chlorophyll

content and peroxidase activity in leaves. How-

ever, the lowest heritability was found for number

of capsules per plant. The high values of

heritability suggested that the characters were un-

der genetic control and not influenced much by en-

vironmental factors (Webber and Moorthy 1952;

Johanson et al. 1955). Similar results have been re-

ported earlier, showing high heritability of mor-

phine content and low heritability for number

of capsules (Briza 1983). The heritability of char-

acters like flowering time, maturity time and plant

height has also been reported to be very high (Pant

et al. 1999). Genetic advance is a more reliable in-

dex for understanding the effectiveness of selec-

tion in improving the traits, as its estimate is

derived by involvement of heritability, phenotypic

standard deviation and intensity of selection. Ge-

netic advance represents the improvement in

the mean genetic value in the progeny of selected

plants over the parental population. Genetic ad-

vance as % of means was high for characters like

seed and straw yield per plant, morphine content

of straw, protein content of seeds, peroxidase ac-

tivity in leaves, and DSI for collar rot. However,

for other characters, genetic advance was low.

In an earlier report, low genetic advance was also

reported for days to 50% flowering, which is in

close agreement with our results (Singh et al.

1995). Heritability estimates in conjunction with

genetic advance express the expected gain result-

ing from selection. Heritability in the broad sense

is more reliable, if accompanied by a high genetic

advance. Estimates of heritability and genetic ad-

vance play an important role in exploiting the

available variability in the populations of breeding

materials. High heritability is not enough to make

efficient selection in advanced generations unless

accompanied by a substantial amount of genetic

advance (Ramanujam and Trumalachar 1967).

It is also reported that a character is governed by

nonadditive gene effects if it has high heritability

and low genetic advance, and additive gene effects

when both heritability and genetic advance are

high. In our observations, seed and straw yield per

plant, protein content of seeds, morphine content

of straw, peroxidase activity in leaves and DSI for

collar rot showed high heritability along with high

values of genetic advance as % of means, suggest-

ing thereby that these traits may be easily im-

proved through selection and selection-based

breeding approaches should be followed for these

traits.

Genotypic (GC) and phenotypic (PC) correla-

tion coefficients were estimated among various

characters, with emphasis on the effect of DSI for

collar rot on other traits (Table 4). DSI showed sig-

nificant negative correlations with seed yield per

plant, morphine content and peroxidase activity in

leaves. Seed yield per plant showed positive corre-

lations with straw yield per plant and protein con-

tent of seeds. Morphine content of straw also

showed positive correlations with number of stig-

matic rays on the main capsule , protein content of

seeds, and oil content of seeds. Days to 50% flow-

ering showed positive correlations with plant

height and days to maturity. However, characters

like number of leaves per plant, leaf area per plant,

peduncle length, number of capsules per plant,

and chlorophyll content of leaves did not show any

significant correlations with any of the 16 charac-

teristics studied during this experiment. In previ-

ous reports the relationship within and between

agronomic, physiological, biochemical and chem-

ical traits were studied by several authors in vari-

ous genetic materials. The number of capsules,

number of stigmatic rays and dry plant weight

have been reported to be positively correlated

at the genotypic level with opium, morphine

and seed yields (Khanna and Singh 1975). Shukla

and Khanna (1987) reported a positive correlation

among the number of capsules, their yield and

the seed yield. In a recent report, seed yield

and plant height have been found to be negatively

correlated with the morphine content of peduncle

and capsule straws, the yield of morphine from

capsule and peduncle straws, and total morphine

yield (Bajpai et al. 2000). These results indicated

that seed development interfered with the accumu-

lation of morphine in the peduncle and the capsule

and that the tallness reduced the accumulation

of morphine in the peduncle. Selection for capsule

number from 4 to 6, leads to increased seed yield

per plant, but a negative trend was recorded with

more than 6 capsules (Tiwari et al. 2000). In the

present study, their correlation was negative but

insignificant, thus supporting the above finding.

Our results of correlation analysis, in which seed

yield was positively correlated with number of

stigmatic rays on the main capsule, are supported

by earlier reports of Khanna and Singh (1975).

However, the significant negative correlation of
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seed yield with DSI for collar rot is obvious due to

the fact that seed yield declines if DSI increases.

Markers enhance the effective deployment

of resistance genes to provide more stable resis-

tance. The effects of peroxidase activity on resis-

tance or susceptibility in other host pathogen

interactions have also been studied (Fehrmann

and Dimond 1967; Reuveni et al. 1991, 1992;

Reuveni 1998). Enhanced peroxidase activity is

very often associated with the phenomenon of re-

sistance because peroxidase acts as a generator of

toxic free radicals and lignin production or accu-

mulation of phenolic compounds (Reuveni et al.

1991, 1992; Reuveni 1998). High heritability and

genetic advances for peroxidase activity and DSI

reveal that disease-resistant plants in advanced

generations can be selected on the basis of high

levels of peroxidase activity. This observation is

further supported by the high correlation coeffi-

cients between peroxidase activity and DSI. A de-

crease in DSI, i.e. an increase in resistance to

collar rot, is accompanied by an increase in

peroxidase activity.

It can be concluded that the disease resistance

genes are major components of breeding programs

and genetic mapping. Studies on disease resis-

tance have indicated that large numbers of

monogenic resistance may be effective in plant

populations. Various biochemical and molecular

approaches are greatly increasing our ability to

characterize and manipulate disease resistance

genes in plants. Any relationship of resistance

with some biochemical parameters could also help

in efficient screening of different resistance

sources. The present study indicates that there is

a highly significant negative correlation between

peroxidase activity in leaves and DSI for collar

rot. It is necessary to study the genetic nature and

inheritance of yield and yield-affecting traits. Im-

portant characters, like seed and straw yield per

plant, protein content of seeds, morphine content

of straw, peroxidase activity in leaves and DSI for

collar rot, showed high heritability along with high

values of genetic advance as % of means, suggest-

ing thereby that these traits may be easily im-

proved through selection. The significant negative

correlation between DSI and seed yield clearly

showed that as the disease progresses, seed yield

starts to decline, mostly due to premature death

of infected plants as well as low seed and capsule

setting in the survived population of susceptible

plants. Similarly, a significant negative correla-

tion between peroxidase activity and DSI indi-

cated that marker-assisted selection of dis-

ease-resistant plants based on high peroxidase

activity would be effective and survived suscepti-

ble plants could be removed from the population

to stop further spread.
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