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ABSTRACT: Opium poppy is a valuable multipurpose crop, with long standing legacy of medicinal and
pharmaceutical utilities and have also been emerged as a model crop by virtue of it’s versatility and
uniqueness. Keeping in mind, the requirements of genetic enhancement and better breeding advancements
of the poppy, a line x tester analysis was carried out to assess the heterosis, heterobeltiosis and economic
heterosis of fifty four Fi1 hybrids developed by crossing 18 lines/females and 3 testers/males of diverse
parents along with two suitable checks for thirteen viable economical traits in Papaver somniferum L. The
hybrids were evaluated in a randomized block design during Rabi 2022-2023 at RCA, MPUAT Udaipur.
The analysis of variance concluded the presence of variability among parents and crosses for the
characters studied. Significant parents v/s hybrids contrast were observed for all characters, except for
days to maturity, indicating the presence of considerable amount of genetic diversity in the experimental
material. The cross UOP-78 x UOP-20 exhibited positive significant economic heterosis over the best check
Chetak Aphim for seed yield per plant and also maximum relative heterosis and heterobeltiosis for seed
yield per plant and harvest index for seed yield. The cross UOP-150 x UOP-80 showed maximum
significant positive relative heterosis for capsule husk yield, length of main capsule and capsule size,
maximum significant positive heterobeltiosis for capsule husk yield and capsule size and maximum
positive economic heterosis for length of main capsule and capsule size. UOP-107 x UOP-80 showed all
three heterotic parameters for number of stigmatic rays per capsule and maximum significant relative
heterosis and heterobeltiosis for diameter of main capsule was shown by UOP-45 x UOP-80 . UOP-79 x
UOP-20 showed maximum positive significant values of relative and economic heterosis for number of
effective capsules per plant. Therefore, these promising crosses can be recommended for exploitation of
heterosis to obtain appropriate segregants for crop improvement program in opium poppy.
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INTRODUCTION

Opium poppy (Papaver somniferum L.) is an ancient

(Bazilevskays, 1976; Mortan, 1977). The legal growing
of opium for medicinal usage currently takes place in
India, Iran, Europe and Turkey and is strictly

medicinal herb harbouring valuable pharmaceutical
potential. Opium poppy (Papaver somniferum L.,
2n=22) belongs to family Papaveraceae, with it’s Latin
botanical name meaning “sleep- bringing poppy”,
referring to the sedative properties of the alkaloids
present in the species. The poppy is known to have
been domesticated first in the western Mediterranean
region of Europe, where it’s putative wild ancestor is
indigenous. It spread from there through the Balkan
Peninsula to Asia Minor from the tertiary period itself
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supervised. Opium poppy is generally self pollinated
but also exhibits often cross pollinated behaviour aiding
to the existing climatic factors and insect population of
the location of cropping (Kumar and Patra 2010). The
out crossing is due to insect activity, predominantly
bees.

Opium poppy is a multipurpose crop owning high food
value as well as excellent medicinal properties, from
which over 100 different kinds of benzylisoquinoline
alkaloids (BIAs) are extracted (Weid et al., 2004) that
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are employed in several pharmaceutical as well as
nutraceutical industries for remedial purpose. BIAs are
a diverse group of about 2500 specialised plant
metabolites, many of which have pharmacological
properties. Opium poppy produces several BIAs,
including the narcotic analgesics morphine and codeine,
antimicrobial agent sanguinarine, the muscle relaxant
papaverine, and the cough-suppressant and potential
anticancer drug noscapine. India is one of the largest
producers of opium alkaloids globally, maintained
under the control and legislation of the Narcotics
Department, Government of India which issues
renewable licenses to the farmers annually. The limited
research work done in the poppy necessitates further
genetic improvement and the development of high
yielding varieties of this crop.

A successful breeding programme entails efficient
breeding strategies devised with the help of genetic
information acquired of the crop for the development of
high yielding hybrid varieties. Heterosis is the measure
of the heterozygosity manifested in the hybrid progeny
relative to either the better parent (heterobeltiosis) or to
the mid parent (relative or average heterosis) or to the
performance of a standard variety (standard or
economic heterosis). In practical crop breeding,
standard heterosis is more important than the other
heterotic parameters with immense economic value and
breeding potential in agriculture. The judicious
selection of desirable hybrid recombinants for further
advancement in the breeding programme are facilitated
by the estimation of the heterosis which also gives
information on the extent of genetic variation and
diversity of their parents. Therefore, the goal of this
study is to discern the appropriate crossbreeds of
Papaver somniferum L. by analysing the hybrid
progenies in terms of their relative heterosis,
heterobeltiosis and economic heterosis

MATERIALS AND METHODS

The experimental material employed in the present
investigation comprised of 18 lines/females and 3
testers/males viz., UOP-20, UOP-30 and UOP-80.
Further 54 F1 hybrids or cross combinations were
developed using line x tester mating design by crossing
18 lines and 3 testers and were sown in randomized
block design (RBD) with three replications along with
two check varieties; Chetak Aphim and JOP-540 during
the Rabi season 2022-23 at the Instructional farm of
Rajasthan College of Agriculture, MPUAT, Udaipur,
Rajasthan, India, located at 24.35° N latitude and
73.42° E longitude and 582.17 m above mean sea level.
The plot size for parent and hybrid comprised of one
row each. Each row was of 1.5 m length with spacing
of 30 cm between rows and 10 cm between plants being
adopted. The plants received normal intercultural
operations, irrigation, and fertilizer applications (120 kg
N, 80 kg P,Os, and 60 kg K20.hal). The insect pest was
controlled with proper insecticide. Morpho-metric data
were recorded on five competitive randomly selected
plants of each line for the following thirteen traits- days
to 50 percent flowering, days to maturity, peduncle
length (cm), plant height (cm), number of leaves per
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plant, diameter of main capsule (mm), seed yield per
plant (g), capsule husk yield per plant (g), harvest index
for seed yield (%), number of stigmatic rays per
capsule, length of the main capsule (cm), capsule size
(cm?) and the number of effective capsules per plant.
The analysis of variance was carried out for each
character in accordance with the guidelines provided by
Panse and Sukhatme (1985) for the randomized block
design (RBD). The recorded mean values for the all the
thirteen characters were put for the analysis of heterosis
by using the method suggested by Shull (1908),
heterobeltiosis/better parent and economic heterosis
was estimated as per the procedures given by Fonesca
& Patterson (1968); Briggle (1963), respectively.

RESULTS AND DISCUSSION

The analysis of variance revealed the presence of
variability among parents and crosses for all the
characters studied. On partition of genotypic variance
into parents, crosses, parents v/s crosses showed the
presence of significant difference between parents and
parents v/s crosses. Non significant variation among
parents was observed only for the character days to
maturity while none of the characters exhibited non
significance among the crosses subjected to analysis.
The characters viz., days to 50 per cent flowering, days
to maturity, capsule husk yield per plant, number of
stigmatic rays per capsule were found to show non
significant variation amongst parents v/s crosses. This
ensured the existence of considerable variation in
experimental material for the characters under study as
given in Table 1. The estimates of heterosis of the
characters investigated are demonstrated in Tables 2.

A. Days to 50 per cent flowering

The estimates revealed that two crosses exhibited
significant negative behaviour for all three parameters
of relative heterosis, heterobeltiosis and economic
heterosis. Cross UOP-88 x UOP-30 showed significant
negative relative heterosis (-2.82), heterobeltiosis (-
2.27) and economic heterosis (-2.27) and cross UOP-88
x UOP-80 exhibited significant negative heterosis (-
3.23), heterobeltiosis (-3.04) and economic heterosis (-
3.41). Four crosses displayed significance for both
negative relative heterosis and negative heterobeltiosis
viz., UOP-69 x UOP-30 (-2.62 and -2.62 respectively),
UOP-94 x UOP-30 (-2.25 and -2.25 respectively),
UOP-121 x UOP-30 (-2.81 and -2.63 respectively),
UOP-125 x UOP-30 (-3.33 and -2.25 respectively).
Thirteen crosses exhibited significant negative relative
heterosis ranging from -1.89 (UOP-150 x UOP-80) to -
3.33 (UOP-125 x UOP-30). Three crosses, UOP-79 x
UOP-20 (-2.27), UOP-116 x UOP-20 (-2.27) and UOP-
95 x UOP-20 (-3.03) exhibited significant negative
economic heterosis over the best check Chetak Aphim.

B. Days to maturity

Crosses UOP-95 x UOP-30 (-1.66) and UOP-95 x
UOP-20 (-1.94) exhibited significant negative relative
heterosis for days to maturity. None of the examined
crosses showed significant negative heterobeltiosis for
this character. The table shows that fifteen crosses
exhibited significant negative economic heterosis
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ranging from -1.91 (UOP-94 x UOP-30, UOP-116 x
UOP-30, UOP-125 x UOP-30, UOP-45 x UOP-80,
UOP-88 x UOP-80, UOP-125 x UOP-80, UOP-150 x
UOP-80) to -3.55 (UOP-95 x UOP-30) over the best
check Chetak Aphim.

C. Peduncle length

The positive significant relative heterosis for the trait
was exhibited by ten crosses which ranged from 5.27
(UOP-94 x UOP-80) to 9.96 (UOP-95 x UOP-20).
While none of the crosses analysed showed positive
significant heterobeltiosis for this character, the
economic heterosis over best check JOP-540 was
noticed in seventeen crosses and it ranged from 6.35
(UOP-94 x UOP-20) to 18.10 (UOP-154 x UOP-80).

D. Plant height

Out of fifty four crosses, thirty two crosses manifested
significant negative relative heterosis for plant height
which ranged from -2.33 (UOP-78 x UOP-80) to -14.97
(UOP-107 x UOP-20). The significant negative
heterobeltiosis was observed in twenty two crosses
which ranged from -2.66 (UOP-94 x UOP-30) to -13.50
(UOP-107 x UOP-20). Five crosses exhibited
significant negative economic heterosis ranging from

UOP-94 x UOP-30 (-2-25) to UOP-107 x UOP-20 (-
6.60) over best check Chetak Aphim.

E. Number of leaves per plant

The estimates of relative heterosis for the character
indicated that seventeen crosses exhibited positive
significant relative heterosis which ranged from 6.75
(UOP-16 x UOP-30) to 20.89 (UOP-137 x UOP-30).
The positive significant heterobeltosis was observed in
eight crosses and it ranged from 8.15 (UOP-47 x UOP-
20 and UOP-150 x UOP-80) to 18.08 (UOP-79 x UOP-
30). Forty eight crosses expressed significant positive
economic heterosis over best check Chetak Aphim,
ranging from 10.59 (UOP-146 x UOP-80) to 32.35
(UOP-150 x UOP-80).

F. Diameter of main capsule

A total of eighteen crosses exhibited positive significant
relative heterosis for diameter of main capsule ranging
from, 3.35 (UOP-146 x UOP-30) to 16.33 (UOP-45 x
UOP-80). Significant heterobeltiosis in desirable
direction was observed in fifteen crosses ranging from
3.83 (UOP-116 x UOP-80) to 15.95 (UOP-45 x UOP-
80). None of the crosses manifested positive significant
economic heterosis over best check JOP-540.

Table 1: Analysis of variance of thirteen characters in Opium poppy.

Sr. No. Characters Rep Genotype Parents Crosses PVsC Error

[2] [76] [20] [53] [1] [152]

L Days to 50% flowering 3.16 7.44%% 8.52%* 6.94% 0.80 122

2. Days to maturity 411 2.67% 171 2.81% 237 165

3. Peduncle length (cm) 237 | 10.71%* 9.41%* 9.86** | 9L1L1* 0.85

4. Plant height (cm) 0.36 | 76477 | 4954** | 82.28* | 32L45** 1.09

5. N”mber;’l‘;:]'“:a"es per 1.06 3.00%* 2.89%* 2.41% 8.83%* 0.39

6. Diameter ((’:nrr”n‘;"“ capsule 132 | 2516%* 8.49%* |  3157* 3.91% 0.72

Seed yield per plant (gm) 1.43 3.62** 3.85** 3.45** 1.95* 0.48

8. Capsule husk yield per 0.04 2.95%* 3.90%* 2.75%* 0.05 0.03
plant (gm)

9. Harvest ';g?g for seed 59.04 | 146.72** | 111.89%* | 15552%* | 284.20%* | 31.92

10. Number of stigmatic rays 0.33 1.48%* 1.10%* 1.66%* 0.16 0.27
per capsule

11. Length Of(g‘n?)'” capsule 0.02 0.65%* 0.37% 0.62%* 9.25%% | 005

12. Capsule size (cm2) 077 | 1527 5.60%* |  16.82** | 142.25%* 0.79

13, Number of effective 0.11 2.37%* 1.03%* 2.42%% | 64.24% 0.04

capsules per plant

*, ** Significant at 5% and 1% respectively. [] Degrees of freedom.

G. Seed yield per plant

The estimates of relative heterosis for seed yield per
plant revealed that out of thirty nine crosses, six crosses
exhibited positive significant relative heterosis which
ranged from 26.34 (UOP-146 x UOP-80) to 51.57
(UOP-78 x UOP-20). Six crosses showed positive
significant heterobeltiosis and the magnitude varied
from 22.56 (UOP-154 x UOP-30) to 46.59 (UOP-78 x
UOP-20). The cross UOP-78 x UOP-20 (10.80)
exhibited positive significant economic heterosis over
the best check Chetak Aphim.
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H. Capsule husk yield per plant

The estimates of relative heterosis for the character
indicated that twenty six crosses exhibited positive
significant relative heterosis which ranged from 6.49
(UOP-78 x UOP-30) to 45.95 (UOP-150 x UOP-80).
Thirteen crosses exhibited positive significant
heterobeltosis for husk yield per plant ranging from
8.88 (UOP-45 x UOP-30) to 34.26 (UOP-150 x UOP-
80). Sixteen crosses expressed positive significant
economic heterosis over the best check Chetak Aphim
ranging from 7.36 (UOP-94 x UOP-20) to 40.04 (UOP-
154 x UOP-20).
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I. Harvest index for seed yield

The estimates of relative heterosis for the character
indicated that six crosses exhibited positive significant
relative heterosis which ranged from 16.21 (UOP-146 x
UOP-80) to 44.25 (UOP-78 x UOP-20). Out of thirty
nine crosses, three crosses manifested positive
significant heterobeltiosis viz., UOP-150 x UOP-80
(16.67), UOP-154 x UOP-20 (34.82), UOP-78 x UOP-
20 (40.94). None of the crosses exhibited positive
significant economic heterosis over the best check
Chetak Aphim.

J. Number of stigmatic rays per capsule

The positive significant relative heterosis was observed
in eleven crosses which ranged from 5.98 (UOP-116 x
UOP-30) to 13.19 (UOP-107 xUOP-80). Of fifty four
crosses, five crosses exhibited positive significant
heterobeltiosis for the character and ranged from 6.84
(UOP-137 x UOP-20) to 10.67 (UOP-107 x UOP-80).
A total of seventeen crosses exhibited positive
significant economic heterosis ranging from 6.95
(UOP-94 x UOP-30 and UOP-79 x UOP-80) to 13.51
(UOP-107 x UOP-80) over the best check Chetak
Aphim.

K. Length of main capsule

Three crosses exhibited positive significant relative
heterosis viz.,, UOP-45 x UOP-30 (15.11), UOP-78 x
UOP-20 (18.16), UOP-150 x UOP-80 (21.67). While
none of the crosses exhibited positive significant
heterobeltiosis for the character, three crosses
manifested positive significant economic heterosis
which are, UOP-45 x UOP-30 (18.02), UOP-78 x

UOP-20 (27.21), UOP-150 x UOP-80 (29.01) over the
best check Chetak Aphim.

L. Capsule size

The positive significant relative heterosis for capsule
size was observed in three crosses viz., UOP-45 x UOP-
30 (29.26), UOP-78 x UOP-20 (34.28), UOP-150 x
UOP-80 (37.67). The same three crosses exhibited
positive significant heterobeltiosis i.e. UOP-45 x UOP-
30 (16.47), UOP-78 x UOP-20 (21.58) and UOP-150 x
UOP-80 (25.07). The positive significant economic
heterosis over the best check Chetak Aphim was
expressed by four crosses ranging from 10.16 (UOP-
154 x UOP-20) to 35.37 (UOP-150 x UOP-80).

M. Number of effective capsules per plant

The estimates of relative heterosis for the character
indicated that forty five crosses exhibited positive
significant relative heterosis which ranged from 10.47
(UOP-45 x UOP-80) to 100.96 (UOP-79 x UOP-20).
The positive significant heterobeltiosis was observed in
thirty eight crosses and it ranged from 8.39 (UOP-116 x
UOP-30) to 31.52 (UOP-76 x UOP-20). Thirteen
crosses expressed significant positive economic
heterosis overbest check Chetak Aphim, ranging from
8.39 (UOP-116 x UOP-30) to 31.89 (UOP-79 x UOP-
20).

Similar results on economic heterosis, heterobeltiosis
and relative heterosis in opium poppy for seed yield and
yield contributing traits were reported by Patidar
(1994); Yadav et al. (2007); Dubey et al. (2007);
Kumar et al. (2008); Singh and Pandey (2011); Nesara
etal. (2020).

Table 2: Extent of heterosis for Days to 50% flowering, Days to maturity and Peduncle length.

Crosses Days to 50% flowering Days to maturity Peduncle length (cm)
Het Hb EH Het Hb EH Het Hb EH
UOP-45 x UOP-20 5.61** - - 0.70 - -1.37 -1.95 - 0.49
UOP-47 x UOP-20 0.76 - - 0.28 - -1.91* 7.23** 0.31 7.12*
UOP-69 x UOP-20 -1.70 -0.76 -1.52 2.10** - -0.27 8.16** 5.50 3.21
UOP-76 x UOP-20 3.28** - - 0.14 - -1.64 6.43* - 10.29**
UOP-78 x UOP-20 -1.15 -1.15 -1.89 0.84 - -1.64 -14.06** - -
UOP-79 x UOP-20 -1.34 -1.15 -2.27* 2.80** - - -2.25 - 4.16
UOP-88 x UOP-20 0.00 - -0.38 0.84 - -1.37 7.28* 5.34 1.66
UOP-94 x UOP-20 -0.57 - -0.38 0.14 - -1.37 291 - 6.35*
UOP-95 x UOP-20 -1.73 -1.16 | -3.03** -1.94* -1.12 | -3.55** 9.96** - 14.12**
UOP-107 x UOP-20 0.19 - -1.89 0.42 - -1.91* 1.32 - -
UOP-16 x UOP-20 0.19 - - -0.70 -0.28 | -2.73** 0.41 - 2.09
UOP-116 x UOP-20 -1.34 -1.15 -2.27* 0.28 - -1.64 8.26** 3.45 5.61
UOP-121 x UOP-20 0.00 - 0.00 1.67* - 0.00 -3.62 - -
UOP-125 x UOP-20 -2.43** -0.38 -1.14 0.56 - -1.09 -3.98 - 0.84
UOP-137 x UOP-20 2.89** - - 111 - -0.82 5.79* - 7.78*
UOP-146 x UOP-20 0.00 0.00 0.69 - -0.82 8.40** 3.20 6.17
UOP-150 x UOP-20 0.19 - 0.00 -0.42 0.00 | -2.46** -4.58 - -
UOP-154 x UOP-20 -3.18** -1.15 -1.89 1.96* - -0.27 -8.48** - -
UOP-45 x UOP-30 -0.38 - -1.52 0.42 - -1.09 -14.39** - -
UOP-47 x UOP-30 -2.45** -1.89 -1.89 1.39 - -0.27 3.64 1.27 13.32**
UOP-69 x UOP-30 -2.62** -2.62* -1.52 0.14 - -1.64 -10.90** - -
UOP-76 x UOP-30 5.34** - - 0.97 - -0.27 -10.82** - 0.84
UOP-78 x UOP-30 0.57 - - 1.39 - -0.55 -8.22%* - 5.17
UOP-79 x UOP-30 -1.14 0.00 -1.14 1.11 - -0.82 -11.15** - 3.07
UOP-88 x UOP-30 -2.82** -2.27* -2.27* -0.83 -0.56 -2.46** -12.68** - -
UOP-94 x UOP-30 -2.25* -2.25* -1.14 -0.97 -0.55 -1.91* | -19.83** - -
UOP-95 x UOP-30 -1.52 0.00 -1.89 -1.66* -1.39 | -2.73** | -20.29** - -
UOP-107 x UOP-30 0.77 - -0.38 0.70 - -1.09 -2.40 - 4.89
UOP-16 x UOP-30 -0.37 -0.37 - 0.42 - -1.09 -3.78 - 6.91*
UOP-116 x UOP-30 -0.76 - -0.76 -0.55 -0.55 -1.91* -6.80** - -
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UOP-121 x UOP-30 280> | 263~ | 189 0.28 - 2082 284 : B.74%*
UOP-125 x UOP-30 3337 | 205+ | 114 2083 055 | -1.91% 2.65 041 | 17.49%*
UOP-137 x UOP-30 4.20%* B B 0.55 n 2082 2.4 188 | 14.01%*
UOP-146 x UOP-30 206% | 188 | -114 0.41 n 2055 | -7.08% - -
UOP-150 x UOP-30 188% | 151 | -114 1.53* - 000 | -12.44% : :
UOP-154 x UOP-30 250 | 150 | -0.38 0.56 - 100 | -16.45%* . .
UOP-45 x UOP-80 1.16 - 20.76 2042 028 | -1.91% | -10.24%* : :
UOP-47 x UOP-80 2.09% - n 2083 2056 | -2.46%* 0.50 0.24 7.00%
UOP-69 x UOP-80 2038 - 0.00 0.70 » 100 | -13.62%* - -
UOP-76 x UOP-80 0.00 - 152 0.14 n 100 | -11.36%* - -
UOP-78 x UOP-80 3.00%* - - 0.00 - 101 | -6.42% . 457
UOP-79 x UOP-80 2076 038 | 152 0.56 - 137 | -13.68%* : -
UOP-88 x UOP-80 3203 | 304~ | 341%* 2028 000 | -191* | -003 : 133
UOP-94 x UOP-80 0.75 - - 2041 000 | -137 5.27 182 | 15.74%*
UOP-95 x UOP-80 0.38 - 2076 2028 000 | -137 1.40 - 11.03%*
UOP-107 x UOP-80 5.41%* - - 2042 000 | -2.19* 0.99 . 5.67
UOP-16 x UOP-80 113 - - 0.69 - 2082 252 . 5.54
UOP-116 x UOP-80 0.38 - 2038 0.00 000 | 137 | -11.10%* : -
UOP-121 x UOP-80 208% | 152 | -1.89 2028 000 | 137 | -9.72%* - -
UOP-125 x UOP-80 1.49 n 0.00 2083 055 | -1.91% | -1.18 - 10.29%*
UOP-137 x UOP-80 3.08%* - - 111 111 | 246+ 0.7 5 9.30%%
UOP-146 x UOP-80 132 076 | 114 0.69 - 2027 2.36 0.75 7.01%
UOP-150 x UOP-80 189% | 152 | -1.89 2042 028 | -1.91% | 893 - -
UOP-154 x UOP-80 2607 | 076 | -114 0.56 - 109 8.20%* 536 | 18.10%*

*** Significant at 5% and 1% respectively

Table 3: Extent of heterosis for Plant height, Number of leaves per plant and Diameter of main capsule.

Crosses Plant height (cm) Number of leaves per plant Diameter of main capsule
Het Hb EH Het Hb EH Het Hb EH
UOP-45 x UOP-20 | 9.20% - - 2289 - 11765 | 8.13** - -
UOP-47 x UOP-20 | 14.60%* - - 8.64* 815* | 2297 | 431 | 3.95* -
UOP-69 x UOP-20 | _-358** | -0.36 : 484 416 | 1844 | 296 - -
UOP-76 x UOP-20 | -0.98 - - 9.86%* 347 | 17.65 | 337 5 5
UOP-78 x UOP-20 | -12.18** | 942** | -1.87 | 13.80°* | 1358** | 20.15%* | 1360 | 1358** | _ 2.05
UOP-79 x UOP-20 | -5.92%* | -302%* | _-0.49 6.83 140 | 15207 | -2.37 - -
UOP-88 x UOP-20 0.14 - - 2.34 199 | 15977 | -10.72%* - -
UOP-94 x UOP-20 | -0.75 - : 2.86 - 2235+ | 284 - -
UOP-05 x UOP-20 | -11.20%* | 9.47%* | -225% | -15.41%* - - 3.52% 5 5
uop-10270x UOP- 1 1497+ | -1350% | -6.60%* 150 . 18.24% | 11.98% | 10.83** .
UOP-16 x UOP-20 | -253** - : 537 049 | 2501%* 0.7 : :
UOP'HZGO" UoP- 3.27%* - . -0.68 - 2215%% | 4.74% 1.66 .
uop-12210x UOP- 2.18%* - . 5.67 276 | 2365% | -8.00%* . .
UOP'12250’< UoP- -026 ; . 10.11%* 647 | 21.06% |  6.16%* 2.53 ;
uop-13270x UOP- -0.53 -0.07 - | 13.04% 502 | 1041% | 369 1.86 .
UOP'“ZGO" UOP- | pgpwx | -276% . 128 ; 13.18%% | 8.31%* | g.14% ;
UOP'15ZOOX UOP- 1 pggex | -2.80% - 6.26 6.03 | 21.00%* | -10.69%* . .
UOP'15240’< UOP- | 3419+ | -1250%% | -552%+ 2.68 ; 2074%* | 1531%% | 1467% |  3.00
UOP-45 x UOP-30 | -12.99%* | 866 | -1.63 | 1754 | 12.05** | 3050 | 1327 | 851%* |  2.59
UOP-47 x UOP-30 | 7.10%* . - 5.48 217 | 1512% | -0.42% 5 -
UOP-69 x UOP-30 | -5.88* | -4.56%* - 6.40 325 | 1588% | -0.84% : :
UOP-76 x UOP-30 | _-4.13** | -1.35 ~ | 1533 | 1253 | 1882%* | -6.70%* : :
UOP-78 x UOP-30 | -534%* | -4.15%* - 351 - 13267 | -1.45 - -
UOP-79 x UOP-30 0.01 B ~ | 2003* | 1808 | 24.68% | -8.54% 5 5
UOP-88 x UOP-30 | -8.34** | -4.48** - 6.78 331 | 16.68%* 175 - -
UOP-04 x UOP-30 | -5.04%* | -2.06* : 5.47 - 21.18%% | 20.69** : :
UOP-05 x UOP-30 | -13.74%* | -11.35** | 053 | _ -2.86 - 785 | -8.42%* - -
UOP—10370>< UOP- | g71%% | -7.00%* . 7.57 141 | 20.94% 0.96 . .
UOP-16 x UOP-30 | _-8.38** | 7.57%* - 6.75% n 23.20%% | 2367 - -
VOP-LIS X UOP- | 513w | 061 . 3.99 - | 2368%* | -2227% . .
UOP-121 x UOP- | _-8.26%* | -440%* : 2.75 - 16.06" 0.06 : :

Aparna etal., Biological Forum — An International Journal  15(8a): 94-103(2023) 98




30

UOP-125 x UOP-

” 554%* | -143 - | -15.28%* ) ) 1,69 0.71 )
UOP'”JOX UOP- | 583+ | -080 . 20.89%* | 16.30%* | 22.79%* | -10.05%* . .
uop-143§0>< UOP- | 5730 | -1.00 - 6.81 219 | 1812%* |  3.35* 0.61 ;
UOP-lS??Ox UOP- | _395% ; - 13.10%% | 8.83*% | 2420%% | -11.05%* . .
Uop'l‘rfox UOP- | 14.04%% | _11.70%* | 275%% | 14.43%* 6.95 | 2001% | 1167* | 820 | 238
UOP-45 x UOP-80 | 9.89%* - - 6.29 - 1101~ | 1633~ | 1505 | 107
UOP-47 x UOP-80 | 7.28%* - - 2.00 - 1518~ | -046 3 -
UOP-69 x UOP-80 173" - - 322 - 13537 | 639 | 6.10%* -
UOP-76 x UOP-80 0.64 - T 1274 264 | 25607 157 - :
UOP-78 x UOP-80 | -2.33** - - 2.90 - 21207 | 038 - -
UOP-79 x UOP-80 | 5.70%* - - 8.99* - 2235 | 698 | 658°* :
UOP-88 x UOP-80 111 - - 104 - 15.38%* 0.37 - -
UOP-94 x UOP-80 | 929 | -8.09%* | 021 | -14.12%* - 5.88 876 | 6.07 -
UOP-95 x UOP-80 1.74% - - 144 - 17717 | -1.00 - -
uop-10870>< UOP- | 57gex | a.40% - 1.66 036 | 2282%% | 1165% | 11.14%* .
UOP-16 x UOP-80 | -3.30%* - T 1474 - 550 | -10.84%* - -
UOP'“BGOX UoP- 0.83 - . 222 - 2450%% | g55%% |  3.83* .
UOP-12810>< UOP- | 762%x | 7.3a% - | 12510 . 618 | -6.49%* ; ;
Uop'lzgox UoP- 0.59 - . 5.52 - 2059% | -4.09* . .
uop-lsgox UoP- 0.27 ; - 13.53% 202 | 2485%* 3.09 2.79 ;
Uop'l"fox UOP- | 7a5mx | 7.03% . -7.06* - 10.59* 2,65 1.29 .
UOP'15§’OX UOP- | 1345%% | _13.00%* | -6.41%* | 11.88%* | 815% | 3235+ | 1243% | 761** | 260
UOP'15;0’< UOP- | o | 152 - 5.32 493 | 2841% | 1377 | 12710+ | o1

*** Significant at 5% and 1% respectively

Table 4: Extent of heterosis for Seed yield per plant, Capsule husk yield per plant and Harvest index for seed
yield.

Capsule husk yield per plant

Crosses Seed yield per plant (gm) Harvest index for seed yield

(gm)
Het Hb EH Het Hb EH Het Hb EH
UUO(;)F-:}zso)< -1.65 - - -46.64%* - - 8.56 ; )
UOP-47 x

UoP-20 -6.33 ; - 2.92 0.67 - -11.42 ) )
UOP-69 x ] ] ] P _ : : _ :

UOP-20 9.52 25.71 6.45
UOP-76 x ] ] _ ” — " _

UOP-20 3.81 30.45 19.48 13.11 1.67 1.57
UOP-78 x 5157+ | 4659%% | 10.80%* | 30.71%* | 10.48** | 13.11** | 44.25%* | 40.94** | 12.70

UOP-20
Ul?gl;?zgox ~24.26™ - - -8.62%* - - | 2128 - -
UOP-88 x ”

UOP-20 -1.19 - - 8.16 - - -2.08 ) ;
Ul?gl;?gox -28.29** - - -12.46%** - 736% | -14.90 ) )
UOP-95 x ] ] ] o _ : : _ :

UOP-20 11.12 8.21 614
UOP-107 x ”

UOP-20 -0.79 - - 12.48 - - -2.98 ) ]
UOP-16 x ”

UOP-20 -2.04 - - 0.47 - 13.04 -4.76 . .
UOP-116 x ”

UoP-20 -9.00 ; - 14.73 - - -9.14 ) )
UOP-121 x 7.02 ; ; 11.95%* ; ; 9.78 ; ;
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UOP-20

UOP-125 x

UOP-20 -19.15% - - | -11.00%* - - | apex . ]
US?)F:’LZ)X -23.25* - - 0.75 - - 1474 . i
US(F;'Pl_‘;%X -7.48 - - 36.56%% | 21.33%* | 1487** |  -2.48 } )
Uggbl-sz%x -1.21 - - 7.64* - - 384 - ]
USg'Pl_Sz‘éx 49.87** | 37.58%* 399 | 21.36% 289 | 4004** | 38.74% | 3482% | 7.82
Ulj)gF'f_‘gox 34.10%% | 23.75%* 8.46 | 18.63** | 8.88%* | 2300%* | 36.70%* | 1126 | 12.86
“L?cf,;‘_‘;; -0.49 ; - 21.81%% | 19.32%% | 12.62%* |  -4.00 - -
Uuogl;(-as?ox -11.12 - - -5.73* - - -13.48 - -
Ulj)gigox -30.26** - - 12.03** 2.75 - -27.84%* - -
Ut?g:gox 1.33 - - 6.49* - - -2.37 - -
UUO(I;I;???OX -24.68** - - 9.57%* - - | -27.68% - -
USOPF',E_;SOX -0.28 ; - 35.64%* | 2511%* | 18.00%* | -15.41* - -
Ul?gggox -36.00"* - - | -23.70% - - | 2724 ; }
USgF-’s_ang 19.49* | 11.33 - | 1223 - ] 174 . ]
USS&%EX -10.68 - - 12.84** - - -21.61** - .
Ut?gﬁ%gox -11.24 - - | -1576* - - -17.02* ; ]
US(F;'Pl_lB,%X -25.19%* - - 19.53*+ 2.30 - | 23810 - .
Ut?gbl-zsi)x -18.48" - - -2.29 - - | -19.00%* ; ]
ULCJ)(F;-Pl-Za%x -18.74* - - | -12.02%* - - | 3102% - ]
US(F;&%Z)X -25.98** - - | -53.08%* - - | 2007 - ]
US(F;'F}_‘;%X 6.19 0.45 - A5.72%% | 29.64%% | 22.37** 211 - ]
USS&%%X -9.69 - - 14307 | 0.97 - 13.32 ] ]
US(F;'PI_%%X 42.44%% | 22.56% 7.42 6.85%* - 2314%* | 2684** | 1060 | 12.19
UlJO(;)F_fSSO)< -7.44 - - 12.46** - 11.99** 0.42 . .
UlJO(IDDI;-gOX -13.18 - - | -15.40% - - 1178 ] )
0P80 939 - - | -54.40%* - - -11.36 : .
Ul?g;gox 8.69 ; - 21.00%% | 15.79%* ; -0.04 ; -
Uuogigox -20.04* - - | -37.88** - - | 20940 - )
Ut?opljgox -13.97 - - | -28.81% - - -18.10* - -
Ul?gisgox -20.05% - - -7.35¢ - - | 2671 . ]
oo | 378 - - | 15310 : 028 | -25.67** : i
Ulj)opl;s-aér)o>< -14.52 - - -6.36* - - 1281 - ]
Ugg;,l_%x -5.56 - - 25.46%* | 14.08** - 13.10 ] ]
UOP-16 x -6.89 - - 4.34 - 1297~ | -8.04 - -
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UOP-80
US(F;&%%X -17.58* - - 30.04** | 15.70%* - -18.42* - -
Ugg_lol-%%)x -26.01 - - 2121%% | 1219%% | 13.60%* | -27.76% - -
UOP-125 x ] ] _ P : — _ :

UOP-80 9.28 30.81 20.99
UOP-137 x

UOP-80 -6.31 - - 1.13 ; -13.50 ) )
USg'Pl_‘;%x 26.34%* | 23.37** 117 | 40.12** | 29.86%* | 11.92%* | 16.21* 6.58 0.17
US(F;;Dl-Ss%X 42.49%* | 30.35%* 6.90 | 4595 | 34.26* | 1571** | 26.30** | 16.67* 9.64
USE-P].-584O. X 10.93 - - -8.52** 1.68 -6.55 _ )

*,** Significant at 5% and 1% respectively

Table 5: Extent of heterosis for Seed yield per plant, Capsule husk yield per plant and Harvest index for seed

yield.
Crosses Number OfsggsTFe tic rays per Length of main capsule (cm) Capsule size (cm?)

Het Hb EH Het Hb EH Het Hb EH
UOP-45 x UOP-20 2.04 - 2.57 -11.53** - - -18.86** - -
UOP-47 x UOP-20 -1.70 - 2.57 -13.86** - - -10.17* - -
UOP-69 x UOP-20 -2.46 - 2.84 -24.09%* - - -26.45%* - -
UOP-76 x UOP-20 -10.24** - - -6.29 - 0.72 -9.04* - -
UOP-78 x UOP-20 6.49* 6.35 10.83** 18.16** 6.97 27.21** 34.28** 21.58** 32.77**
UOP-79 x UOP-20 1.78 - 9.68** | -12.02** - - -14.21** - -
UOP-88 x UOP-20 7.43* 6.58 10.78** | -19.67** - - -28.19** - -
UOP-94 x UOP-20 5.25 4.97 9.68** | -21.18** - - -23.45** - -
UOP-95 x UOP-20 5.47 - 2.84 -23.24%* - - -25.70** - -
UOP-107 x UOP-20 0.77 - 1.75 -20.89** - - -11.42%* - -
UOP-16 x UOP-20 -0.56 - 2.13 -24.60** - - -24.02** - -
UOP-116 x UOP-20 -9.11** - - -33.64** - - -30.23** - -
UOP-121 x UOP-20 5.61 4.65 10.78** | -14.56** - - -21.48** - -
UOP-125 x UOP-20 6.04* 3.95 8.04* -36.46%* - - -32.34** - -
UOP-137 x UOP-20 11.14** 6.84* 11.05*%* | -14.85** - - -11.80** - -
UOP-146 x UOP-20 -13.81** - - -7.66 - - -0.07 - -
UOP-150 x UOP-20 -0.66 - 2.57 -26.74** - - -34.28** - -
UOP-154 x UOP-20 6.65* 5.53 9.68** -9.90** - 4.59 3.87 0.87 10.16*
UOP-45 x UOP-30 12.29** 9.77** 11.60** 15.11%* 7.38 18.02** 29.96** 16.47** 23.81**
UOP-47 x UOP-30 -4.60 - - -26.26%* - - -33.18** - -
UOP-69 x UOP-30 3.05 0.51 7.49* -21.34%* - - -29.05** - -
UOP-76 x UOP-30 -19.10** - - -9.19* - - -15.18** - -
UOP-78 x UOP-30 1.69 0.45 4.68 -30.31** - - -31.36** - -
UOP-79 x UOP-30 -2.27 - 4.21 -9.49* - - -17.27%* - -
UOP-88 x UOP-30 1.92 1.60 3.94 -10.94** - - -9.38* - -
UOP-94 x UOP-30 3.75 2.36 6.95* -17.19%* - - -34.44** - -
UOP-95 x UOP-30 -6.34* - - -11.37%* - - -18.75** - -
UOP-107 x UOP-30 4.38 2.50 4.21 -9.58* - - -8.78* - -
UOP-16 x UOP-30 0.98 0.89 2.57 -15.78** - - -35.69** - -
UOP-116 x UOP-30 5.98* 3.16 10.78** -9.71* - - -29.88** - -
UOP-121 x UOP-30 1.49 - 5.31 -9.15* - - -9.20* - -
UOP-125 x UOP-30 6.91* 5.95 7.71* -35.12** - - -34.03** - -
UOP-137 x UOP-30 -5.41 - - -24.01** - - -31.70** - -
UOP-146 x UOP-30 -9.35** - - -7.56 - - -4.70 - -
UOP-150 x UOP-30 2.05 1.60 4.21 -0.45 - - -11.46** - -
UOP-154 x UOP-30 10.58** 10.54** 12.47** -8.28* - 2.34 2.45 0.81 7.17
UOP-45 x UOP-80 3.97 1.20 3.80 -18.30** - - -4.98 - -
UOP-47 x UOP-80 -1.85 - 1.75 -19.26** - - -19.41** - -
UOP-69 x UOP-80 -9.66** - - -9.87* - - -4.20 - -
UOP-76 x UOP-80 -6.11* - 0.93 -21.13** - - -19.46** - -
UOP-78 x UOP-80 2.12 1.31 5.58 -7.78* - 0.45 -7.84 - -
UOP-79 x UOP-80 -0.13 - 6.95* -4.18 - 4.23 2.53 - -
UOP-88 x UOP-80 2.80 2.67 531 -35.94** - - -35.49** - -
UOP-94 x UOP-80 -0.40 - 3.12 -18.19** - - -10.66* - -
UOP-95 x UOP-80 3.11 - - -21.23%* - - -21.65** - -
UOP-107 x UOP-80 13.19** 10.67** 13.51** | -11.48** - 0.00 -1.12 - -
UOP-16 x UOP-80 3.22 2.67 5.31 -20.28** - - -28.97** - -
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UOP-116 x UOP-80 1.62 - 6.67 -17.19** - - -9.59* - -
UOP-121 x UOP-80 0.52 - 4.76 -33.36** - - -37.56** - -
UOP-125 x UOP-80 -1.08 - 0.11 -21.14%* - - -23.96** - -
UOP-137 x UOP-80 -2.15 - - -13.19%* - - -10.52* - -
UOP-146 x UOP-80 -9.33** - - -24.69%* - - -22.69** - -
UOP-150 x UOP-80 8.29** 8.29* 11.08** 21.67** 6.23 29.01** 37.67%* 25.07** 35.37**
UOP-154 x UOP-80 -1.74 - 0.38 -33.51** - - -24.44%* - -
*,** Significant at 5% and 1% respectively
Table 6: Extent of heterosis for Number of effective capsules per plant.
Crosses Number of effective capsules per plant
Het Hb EH
UOP-45 x UOP-20 17.68** 1.84 -
UOP-47 x UOP-20 50.25** 32.40** -
UOP-69 x UOP-20 72.93** 68.35** -
UOP-76 x UOP-20 93.75** 87.52** 3.99
UOP-78 x UOP-20 83.03** 60.90** 17.69**
UOP-79 x UOP-20 100.96** 73.99** 31.89**
UOP-88 x UOP-20 45.83** 15.22** 10.14**
UOP-94 x UOP-20 85.48** 59.96** 22.38**
UOP-95 x UOP-20 13.66** 1.90 -
UOP-107 x UOP-20 35.18** 34.92** -
UOP-16 x UOP-20 -2.19 - -
UOP-116 x UOP-20 52.09** 35.00** -
UOP-121 x UOP-20 54.50** 33.76** 1.40
UOP-125 x UOP-20 37.89** 37.45** -
UOP-137 x UOP-20 44.24** 25.47** -
UOP-146 x UOP-20 48.95** 30.19** -
UOP-150 x UOP-20 41.95** 19.91** -
UOP-154 x UOP-20 70.42** 46.64** 12.80**
UOP-45 x UOP-30 51.46** 50.14** 13.92**
UOP-47 x UOP-30 28.68** 27.11** -
UOP-69 x UOP-30 55.20** 32.27*%* -
UOP-76 x UOP-30 41.04** 19.61** -
UOP-78 x UOP-30 11.55%* 10.51* -
UOP-79 x UOP-30 36.74** 35.61** 2.80
UOP-88 x UOP-30 33.17** 18.51** 13.29**
UOP-94 x UOP-30 32.87** 31.17*+* 0.35
UOP-95 x UOP-30 31.85** 21.77** -
UOP-107 x UOP-30 48.23** 29.46** -
UOP-16 x UOP-30 15.63** 1.31 -
UOP-116 x UOP-30 48.40** 45.40** 8.39*
UOP-121 x UOP-30 24.19** 23.15** -
UOP-125 x UOP-30 39.91*+* 21.67** -
UOP-137 x UOP-30 4.12 3.82 -
UOP-146 x UOP-30 30.13** 38.74** 3.43
UOP-150 x UOP-30 -3.61 - -
UOP-154 x UOP-30 55.77** 53.36** 17.97**
UOP-45 x UOP-80 10.47** 0.23 -
UOP-47 x UOP-80 13.83** 1.35 -
UOP-69 x UOP-80 30.96** 2.40 -
UOP-76 x UOP-80 39.44** 8.56* 1.12
UOP-78 x UOP-80 20.61** 7.66* 0.28
UOP-79 x UOP-80 47.35** 33.63** 24.48**
UOP-88 x UOP-80 1.37 0.07 -
UOP-94 x UOP-80 -4.86 - -
UOP-95 x UOP-80 17.24** 2.63 -
UOP-107 x UOP-80 54.51** 23.42*%* 14.97**
UOP-16 x UOP-80 27.27%* 1.95 -
UOP-116 x UOP-80 -0.64 - -
UOP-121 x UOP-80 -12.17** - -
UOP-125 x UOP-80 21.70*%* - -
UOP-137 x UOP-80 38.10*%* 24.62** 16.08**
UOP-146 x UOP-80 3.18 - -
UOP-150 x UOP-80 36.10** 26.80** 18.11**
UOP-154 x UOP-80 -30.10** - -
*,** Significant at 5% and 1% respectively
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CONCLUSIONS

Based on the findings, it was found that the cross UOP-
78 x UOP-20 exhibited positive significant economic
heterosis over the best check Chetak Aphim for seed
yield per plant and also maximum relative heterosis and
heterobeltiosis for seed yield per plant and harvest
index for seed yield. The cross UOP-150 x UOP-80
showed maximum significant positive relative
heterosis for capsule husk yield, length of main capsule
and capsule size, maximum significant  positive
heterobeltiosis for capsule husk yield and capsule size
and maximum positive economic heterosis for length
of main capsule and capsule size. This cross also
showed negative heterosis for days to 50 per cent
flowering.UOP-107 x UOP-80 showed all three
heterotic parameters for number of stigmatic rays per
capsule and maximum significant relative heterosis and
heterobeltiosis for diameter of main capsule was shown
by UOP-45 x UOP-80. UOP-79 x UOP-20 showed
maximum positive significant values of relative and
economic heterosis for number of effective capsules per
plant.

Thus, in the present study, cross UOP-78 x UOP-20 is
found most promising with respect to it’s economic
heterotic parameters and hence can be handled
according to appropriate breeding methods for varietal
development in opium poppy.

FUTURE SCOPE

The identified crossbreeds could be further advanced
for hybridization and genetic improvement strategies to
develop high vyielding varieties in opium poppy for
enhanced seed yield.
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