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ABSTRACf 

ComIJiDID& ability IUIIIIysis of husk yield rn- 58 F I crosses of..pooled data revealed that 
nooadditive geaetic ~ was more iaapGrtaat Ihaa tbe correspepding .addillve genetic 
variaDc:e ia all ....yses. Yar effects were pnIIICMIIlCed ia pooled uBlysis and ,rllCa x year 
illteractiua was 1lOIISigDiftcaa1, while alsea X year lilteraction was significant. Varieties t;e 
11547, EC 11549, EC '11571, KaU Dudi. Kanda PInk and DhoIa Chona Golia were good 
combiaers as wei as good husk prodaeers. Crosses EC 11548 X KaU Dudl. EC IISS6 X 

KaU Daadi. and EC 1IS51 X KauIia PInk were the best spedfk combinations wilh hlah sea 
effed5, heterosis, and .... perfonnance in the F I and F2 generations. Single plant seledioo 
after later lie III8liDg ia segreptin& generalloa would he the best'way to improve this trail. 
as -.addItive geaetic variaDc:e was iaapGrtaat ia the a1Jsses. Pedip-ee method would be a 
better altenative approach ill some crosses, e.g. EC 11540 X DhoIa Chotta Golia. EC 11540 
X KaU Dudi, and EC 11547 X Kanda Pink, where additive geoetk variance was more important. 

Key words: Line x tester, combining ability, opium poppy. Papal'...r somlli/l.'mm L. 

The combining ability analysis helps in identifying the best combiners to exploit 
heterosis or . link up fixable favourable genes that may lead to the development of 
superior genotypes. Of course, suc:;h genotyp~s often perform better than the existing 
varieties but information on this aspect is entirely lacking for capsule husk yield in 
opium poppy. Capsule husk contains 0.15-0.20% of total alkaloids~ in lanced capsule. 
and concentrated alkaloids extra~t such as optopon (morphine 2-20%) and other 
alkaloi~ (16-18%) can be used directly' as pharmaceutical.. In addition. it contains 
carbohydrates. glucose. fructose, sucrose and a complex polysaccharide. 

Keeping this in view, the present study has been undertaken with J() exotic 
and 5 indigenous parents in a line x tester mating design. The parents were .sckt.·ted 
earlier from 75 -cultivars through D:?r analysis II]. 

MATERIALS AND METHODS 

The exotic female parents. nahlely. EC 11538. EC 1154(), EC tlS44. EC 11547 
EC 11548. EC 11551, EC 11552, EC 11556, EC 11569. and EC 11571. were crossed 
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with five indigenous male parents: Dhola Chotta Gotia, Katalla Dandi, Kantia Pink, 
Hariana and Kali Dandi. resulting in 50 FI crosses and were sown along with 15 
parents in randomized complete block design with three replications. In the second 
year, the same set of 50 F I crosses from the left over seed of previous year and 
50 F2 populations from the selfed PI plants were raised along with 15 parents in 
randomized complete block layout with three replications. In both years plant-ta-plant 
and row-ta-row spacings were 15 and 30 cm. respectively. Each parent and FI was' 
grown in four-row and each F2 in eight-row plots of 3.6 m length. The capsule husk 
yield (g) was recorded on each plant. and average husk yield/plot was used for 
statistical analysis. Combining ability analysis was carried out separately for two sets 
of FI and one set of F2 populations as per Kempthome {2l. and for pooled FI data 
as suggested by Daljit Singh (personal communicatiOn). Heterosis over better .parent 

,.... I. ANOVA lor die desip et experi.... 

Source d.f. Mean sum of squares PooledFI 
19n-78 1978-79 

Blocks 2 2.93 17.26 

Treatments 24.72 29.37 
(64) (iM) 

Parents 14 27.92** 24.05" 

FI hybrids 49 37.42** 34.58" 
F2hybrids 49 25.20** 

Pv.FI 6.22 55.38** 

Pv. F2 3.75 

Error 1.41 1.04 
(128) (228) 

FI FI F: 
Unes(L) 9 37.54** 37.96** 67.97** (2) 73.63*·, 
Testers(T) 4 110.26*· 99.94*· 3,5.43** (3)206.86** 
Une x Tester 36 29.30** 26.47** 16.40** (6) -53.50** 
Years(Y) 1 (I) 78.03** 
YxL 9 (4) 1.87 
YxT 4 (5) 3.35* 
YxTxL 36 (7) 2.27* 
Error t.54 0.68 0.13 1.11 

(98) (98) (98) (196) 

1.98** 1.88· 1.,56* 1.02* 

9.25** 8.59*· 5.42** 8.54*· 

0.01 . 

0.38·* 

Degrees of freedom given in parentheses. 
*, "Signific:aDt at P=O.<IS andO.Of, ~ively. 
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(BP) in and inbreeding depression from to F2 were determined using the Ft Ft 
standard procedures for 50 cross combinations. 

RESULTS AND DISCUSSION 

This study suggested that there was enough genetic diversity among the 
parents, F t and F2 generations, as the respective mean squares were highly significant 
(Table 1). However, large differences exist between the lower and upper limits of 
character means in parents. (Table 2). This suggests that genetic diversity is relatC?d 
with geographic diversity as the exotics belong to different parts of the world .. Such 
genetic differences have probably arisen due to geographical isolation accompanied 
by a combination of genetic drift and natural Selection in different environments 
[3]. Thus, the degree of geographical isolation and ancestral relationship can be 
used as an index of genetic diversity. In the present study, 52.8% increase in F. 
over the better parent possibly reflects the genetic diversity present in the parents 
as 10 out of 15 parents involved in the crosses were of exotic origin (Table 2). 

T8bIe :z. GeaenI _ ...... aWIty eIredII (aa) aad ....... ~ (-.) III 

1'" 1'1 .............. ....,. fer .... ~ (&) 


Parent FI I977-78 FI 1978-79, F~ 1978-79 Pooled 
m p m p m gca m sea 

FIIIIIItIe: 

EClIS44 8.S -** 9.4 +** 9.4 _NS 8.9 _00 

EClIS40 

ECIlS38 

10.1 

13.8 

+NS _.. 10.0" 

IS.3 

+ 
•• 

10.0 

IS.3 

+** 
_lIS 

·10.1 

14.S 

+HS 
_u 

ECllS47 9.0 + •• 8.9·· + •• 8.9 + •• 9.0 .... 
ECllS48 

EC llSSI 

10.0 

9.4 

.... IIS _.. 10.4 

10.3 

+NS 

•• 
10.4 

10.3 

... 
_.. 10.2 

9.8 

_HS 

•• 
EC 11SS2 

ECIlSS6 

12.0 

12.9 •• 
11.6 

12.4 

....:NS .. U.6 

12.4 

_NS 

_0. 
11.8 

12.7 

• 
_.. 

EClIS71 12.8 +HS 11.4 + •• 11.4 1-•• 12.1 + •• 

EClIS69...: 

10.9 + .. 1l.3 + .. 1L3 + .. 11.1 +0 • 

DCG 

KID 

12.S 

18.1 

+•• 

•• 
13.9 

16.1 

'+ •• 
-_.. 13.9 

16.1 

+ •• 
_.. 13.2 

17.1 

+** 

-** 
KP 

tfariana 

16.4 

IS.9 

+ •• _.. 16.9 

IS.S 

+ .. 

•• 
16.9 

IS.S 

+ •• _.. 16.6 

15.7 

+ •• 

- ..~ 
KD 16.8 +0. 17.4 +0. 17.4 +.. 17.1 +u 

., ··Significant at P = O.&S and 0.01, respeetivcly. 
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COMBINING ABILITY 

This study indicated that both additive and nonadditive genetic variance played 
a prominent role in the F, and F2 populations in both years as well as in pooled 
F, data analyses, as the respective mean squares for gca and sea were highly 
significant (Table 1). However, large magnitude of alsea than the corresponding 
algca suggested predominance of nonadditive gene action, while its lower estimates 
in F2 indicated that much of nonadditive genetic variance was lost in the Fa generations 
[4]. Larger estimates of such variance are considered to be due to negative correlation 
between genes [5]. Such genetic variances in the initial and advanced generations 
are caused due to linkage or changed environment in F, [6], or due to the presence 
of repulsion linkage disequilibrium [7], much of which is reduced in advanced c\ 

generations [8]. Since this part of genetic variance (nonadditive) is frequently available 
alopg with additive genetic variance in the populations of self-pollinated crops, it is 
best to conserve it for rapid improvement by inter se mating at Fa level [9). Inter 
se mating generates further variability in the material and breaks the tight linkage 
between characters. Using this technique, a substantial progress has been made in 
the elite population in comparison to F3 progenies in pearl millet [10]. 

GENOTYPE x ENVIRONMENT INTERAcnON 

The knowledge about the nature of various G ~ E interactions is important 
for deciding the breeding methods and testing procedures Ul]. The pooled analysis 
revealed that year effects were very pronounced. Pedormance of male parents and 
F I hybrids was affected by seasons, as the respective mean squares were highly 
significant. However, the pedormance of female parent over two years and its 
nonsigpificant mean squares, Le. year x line in pooled analysis, indicated that exotics 
were of stable nature. It is significant that the exotics gave good pedormance for 
capsule husk in Indian conditions, as earlier studies with 11 indigenous cultivars for 
morphine strength [12] and opium yield and capsule size [13] showed varying 
pedormance over five environments. Stable pedormance of exotics is important for 
cultivating this crop in late sown conditions without much loss in husk yield. As a 
matter of fact, similar assessment of some hybrids in both years indicated much 
lower stability in their pedormance. In this connection it is emphasized that hybrids 
should be first selected for mean yield ove~ environments and then the relative 
stability of high yielding hybrids should be determined [14]. Besides, the magnitude 
of nonadditive genetic variance was much more affected over environments than the 
magnitude of corresponding additive genetic variance. Similar observations were also 
reported for opium [15] and seed yield [16]. Sprague and Federer [17] found that 
the dominance component was more, equally or less sensitive than the additive 
compone~t 

GCA EFFECI'S 

An acceptable level of productivity along with good 
; 

gca effect of a parent is 
desirable to isolate superior segregants [18], and a close apprOximation between 
them confirms that the breeding value of a line may be determined by its per se 
pedormance. Such relationship has been established in the present study for the 
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parents EC 11547. EC 11569, EC 11571, Dhola Chotta Gotia, Kantia Pink, and 
Kali Dandi in both years by pooled analysis with a few exceptions. Crossing the 
varieties like Kali Dandi, EC 11571, EC 11569 and Kantia Pink inter se and 
simulating random mating in only two segre.atittg generations would permit .reater 
recombination and breaking of unfavourable linkllgesand create a wide genetic base 
simultaneously. Also, improvement in this trait WOUld 'Ultimately lead' to a sifJnifitant 
increase in opium yield of the cultivarslhybrids ~ these two characters are positively 
correlated [19]. 

seA EFFECTS. HETEROSIS AND INBREEDING DEPfUisSION 

Tp.ese estimates revealed that varying number of crosses ihowed sijnificant 
values for sea effects in different sets of analySis. i,e. 17, 20, 21 and 19 Ci'OlSCS 
with pOsitive effects in FI and F2 analyses (table 3). Si8nificant positive heterosis 
was noted for 7. 10 and 9 crosses in Fl' For ;iADtNding depression, crqss Ee llSS(i 
x Kali Dandi was important as it Jave the mamum silnificant value. HowtvClr, 
EC 11548 x Kali Dandi was the only cross, with maximum po5itive \t8Iuo for$<:. 
and mean perfQrmance in all sets of a&\a1ysis~ '1lo m,cm heterotic crosses were" Be 
11569 x Dhola Chotta Gotia and EC 11S4t} X DbOIa: Chotta Golia. A critical 
examination of Table 3 shows that in moSt "~ 'the estimated sea eff~tl,and 
heterosis in FI aeneration of a cross in one y"':' ',. l'fom thc Ft aenetatic)rt. in 
the next year both in msgnitu. aiId dire•. " ,.' is pre5umedto be, duc to 
genotype x enviroi'nnent interaction [20]. This. "''' 'also true for a~ effect ofa. line 
and its per se performance which indicated tIU¥t..~ 1:n'eeding vBlue of a linefcross 
can be determined on the basis of its per se~ce. However, a feiV CI'OISes 
were observed with negative sea effects, thoullit was of no practical sipifidmce 
because of nonsubstantive additive gene effedi... Sueb ind:dencesare frequent wlren 
the genotypes are tested' in different eirvironments{21 J ahd it is due to the presence 
of unfavourable gene combinatiohS in the pan.bli{22]:Earlier teportsin sor.,wn 
[23] suggested that negative heterosis in so~ ~ may involve comple~ffl4ry 

action of allelic as well as nonallelic aenes, .4~al bybrid Vigour may be 

due to favourable dominantJCnes, overdomm~ ,Oi' epistatic gene actiOftj241.A 

very few cases were observedwherelQl,eff. ~e ~paratively very ~.than 

of the correspondina f. data but p effects M'Jlie '~, involWd werepoot or 

low and it is attributed to the change ~n the d~Wti ot Itftes in,tht P2 pdp~ 

or may be due to coupling phase of Iinka,. [%I). Sum type of crosseS '~,' be 

processed further with simple pedigree method Of breeding to exploit the atWItive 

genetic variance present in the crosses. ArunactlaJam [26] suuestod tbat such ~ 

must be utilized further in developiol multiple ~., 


. In view of the substantial nonadditive ~ vari8nce,\lrhich is tr....y , 
available in the population as well as in some~.dte Cf0lleS like ECllS48 x .... 
Dandi, EC 11556 x J¢.aIiDandi, "Dd Ee l'~lJ(;.;i~ Pi~, tAt~'c '_ 

cmaking further im~ement in the. eros.''''. bt,' dtroulh bipateOtt ," 
in F2; On the other band, there is scope for further nnprovcment in, d.- ~I 
with predominant additive genetic variance (c.,..Ee 11540 x DhoIa Chota ~, 
EC 11540 x Kantia Pink, and Be 11547 xKaU Dudi). The pedilfCe .1104 

. would be the best way to improve capsule hUlk yield. ' 
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Table 3. SeIeded .CftISIIIlS _ the basis of spedI'ie 001II..... aIJiIIty eft'edIi (sea). IIetenIsis 
pen:eDtage 0ftI" IIeUer pareat (H), iobreedia& depI'essioa (IBD) aod mean perfGr'lll8nc::e 10 

grams (m) 10 two years of .....ysis 

Cross 1977-78 ~Fll 1978-79~Fll Pooled~Fll 1978-79 ~F~ 
m sea H m sea H m sea H m sea lBD r\ 

EC 11540 x DCG 16.80 +** +.* 18,40 	 +** +** 17.60 +** +** 18.20 +** +NS 
_NSEC 11560 x DCO 19.10 +** +"'* 18.30 	 +** 18.70 +NS +** 16.40 +** +** 

+NSEC 11540 x KP 17.30 +** +NS .18.40 +** 18.12 +** +NS 17.00 - ** +NS 

EC 11551 x KP 17.13 +** +NS 15.90 +NS +** 17.02 +*. +NS 15.40 + •• +NS 

EC 11552 xHariana 14.20 +"'* - *. 16.20 + •• +NS 15.20 +.* +NS ~12.90 - NS +** 
_NSEC 11571 x Hariana 15.53 +** 17.40 +"'* +** 16.47 +** + J.S.90 +** +** 

EC 11547 x KD 19.63 +** +** 19.90 +** +** 19.77 +** +** 18.40 +** +NS 

EC 11548 x KD 21.83 +** +** 20.60 +** +** 21.22 +** 19.40+ .. +.* +NS 

+NS +NSEC11556 xKD 14.83 +** -** 18.30 	 +** 16.42 +** 11.70 +NS +** 

*, ·*Significant at P=O.05 and 0.01, respectively. 
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