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l.c d'TL4t 1 

1 iT'aiDUCTIGPh 

Poppies rank amongst the most exciting flowers in 

cultivation with an exciting range of colours such as white, 

pink, red, bluish purple and purple . Poppy cultivation for 

opium has been in vague in Italy, 6 reace and Asia Minor since 

antiquity . The spread of its cultivation through Asia 

appears to have been primarily due to Arabs . At present 

opium poppy is cultivated mainly in India, Turkey, ustralia 

and U.t;.S.R. It is also grown in smaller areas in Yugoslavia, 

Bulgaria, Nfganistan, Pakistan and Japan . Iran, which has 

been once a major producer of opium had prohibited its 

cultivation in 1955 . 

Opium poppy is restricted to notified compact tracts 

in three traditionally poppy growing States viz., tIadhya 

Pradesh, Hajaothan and iOttar Pradesh . According to annual 

reports of Narcotics Department the area increased from 

38,485 hactarea in 1972 to 57,108 hectares in 1976 . From 

the year 1976 onwards, because of slump in demand of Indian 

opium in world market, area declined under this crop and at 

present it is grown in about 35,000 hectares . This crop 

provided subsistence to about 250 thousand families in about 

7-8 thousand villages and fetches about Rupees 6011 million 

in foreign exchange . The All India average yield of opium 

(70•c) increased from 30.39 d/ha.in 1974-75 to 33 li/ha. in 

1979.80 . The highest average opium yield obtained at the 
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experimental farm is about 76 k./ha. k70•c) and this shows 

the existence of wide gap between the potential and the 

average yield recorded . Tho average seed production of 

poppy is ai:uut 500-700 6i/ha. 

The :4tato of ;iadhya Pradesh cunatitJa about 50 

percent of the total area in the country, of which about 

80 percent area is in PNandsaur District . The physiologically 

matured capsule when incised yields the white to pinkish juice 

which solidifies and is called raw opium . opium is known to 

possess 26 alkaloids of which morphine, Codeine, Thebaine, 

Papuvarine and narcutife are important and are extracted for 

medical use viz., analgesic, euphoric, relaxing voluntary 

muscles, spinal stimulant, and generally used as pain killer. 

UosidS latex, seed and husk are also of economic importance . 

Poppy seed is a rich source of protein (22.3-24.4%), minerals, 

vitamins and oil (44.50%) • Poppy straw can be utilized for 

fibre boards and straw boards (Chawela, 1978) . 

Poppy breeding has been done mostly in Russia and 

surrounding Last European countries . The methods adopted 

were general3y those prevalent in these areas i.e. Simple 

selections, hybridization and exploitation of heterosis 

However, the information regarding the use of latest 

statistical mating designs is notably absent . The published 

work in these areas are in Slavic languages and journals are 

not easily available in India .~ 



h survey of literature on opium poppy Shows that 

although a good deal of information is available regarding 
i 

growth, yield, climatic condition, ru;quiremnnt of soils and 

fertilizers (i+NF:), in Eastern literature, very little is 

reported about the nature and occurrence of variability, 

induced variability, germplasm evaluation, varietal evaluation, 

exploitation of hotarusis and type of gene aetiuns in available 

literature . Gupta at ,,(1978) feel that it is most desirable 

to have intensive breeding/selection pro'rsmme to identify and 

to evolve specific lines fir higti yields and high morphine - 

codeine ratio . 

Environment plays an important role in poppy 

cultivation . The factors like temperature, ii el.ative Humidity 

and cloudinesa of atmosphere during lancing operation affects 

the latex yield of this crop . Cold windy season, and rainfall 

during crop period affect the crop advert,€l y ihigam 

1980 

To formulate a detailed breading programme for 

evolving better typos of opiu+n poppy, suitable for various 

growing conditions,  it is essential that the inter-rai ation-

ships among various economic characters and their nature of 

inheritance is proporly understood . The combining ability 

analysis furnishes useful information recording the selection 

of suitable parents for effective hybridization and at the 

same time to elucidate the nature and magnitude of different 



am 

type of g nc actions involved . The diallel analysis in 

inter-varietal crosses of opium poppy will reflect the 

parameter we seek to interpret fur different genetical 

consequences and phenomena in which we are interested, 

particularly on combining auility of parents and for 

isolation of specific hybrid combinations having good 

specific combining ability effects . 

In the present investigation, eight parents were 

drawn from different agreclimatic zones of opium growing 

tracts of India . 'Jelection of parents was boeod on 

importnnce of different economic charactora, to generate 

the information on gene action and also to select desirable 

parents for further breeding programme . In the prennnt 

investigations, the results of diallol creases of these 

selected parents are reported . 

• +w 
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ILUiL 	F LITLTt'lt 

This chapter emphasises on the aspects of varietal 

improvammnts and correlation studies, heterueia in intra and 

inter-specific crosses, gene action and combining ability 

analysis and few references to polyplaids and mutation aspect 

of opium poppy crop . Literature on gone action in cumbining 

ability analysis is very scanty in this crop . 

2.1 u&;hlLTtL 1ilIitZldlLdT, 6LLEL'TX,uu 0fio  

-edl 
As early as in 1907, durst 	, ropcirtA riout in 

Paoaver somn  i rrm, culourud petals warn dominant Over white, 

purple flowers over rod and black basal area of the petal 

over white . Leake and rersnad (1920) alto reported the 

inheriteince of petal colour and seed . ueguinot (1926) 

observed that the flower and need coot culuur is dominant 

PIA,/oke andIF1ai (1927 a) studied the flower colour, shape of 

corolla, petal serration, smoothness of Stock, doubleness of 

Ylewdr and stem hairynoss in opium poppy . Prochaska `1928) 

reported that opium poppy capsule appears striated due to 

empty laculee, which is caused by ovules abortions . Peareva 

(1939) found that seed colour is inherited and is not related 

to the oil content and yield of seed is not affected by 

branching and shape of Capsule . 14o correlation bet~aeen shape 

of capsule and oil content of seed was reported by Aohoutova 



`1953) . Kapp and t'.atilla (1955) found in theiroreedinnj 

experiments that morphine content can be increased by 3U;.' 

in Rumania and it is affected by time of sawing, percent 

cross pollination, varieties with blue seed and rain water 

raceiuod during growing uaasons . ttlavackova (1955), found 

that under Czecholauckien condition the Dutch variety •+urdster 

contains the highest anount of morphine, while Bulgarian 

variety had relatively low amount of morphine . Kopp, (1957) 

reported that plants with large, tear shaped capsule and blue 

seed generally yield high morphine content . 5arkany 

11959) reported that blue colour of seed was dominant and 

capsule forms show rnatnr'ial influence . Vcskerusa (1963) 

observed a positive and significant correlation between seed 

and morphine content . :~orasz (1960) performed selection in 

isolated self pollinated plants and observed that morphine 

content of capsule increased from 3.37,a to 6.043' an an average. 

Kopp st 	(1961) held the view that in selection procuoure for 

high morphine, plants with highest as well as lowest contents 

should he discarded, since high amount had degeneration and a 

decrease of morphine will be observed in pruc)eO1®ft . Loschke 

(1962) found that German varieties which were bred for high 

oil and seed production, normally contain 0.2-0.4%o morphine, 

however white varieties had morphine upto 0.6% . knLJreev 

(1963) examined 6 varieties from Central heia and UtJJR and 

observed that polyploid types are higher yielder of latex 

and morphine per unit area . 1~i* rson and Loot (1966) 
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outlincid the breading objective of breeding trials . They 

held that since poppy cultivation for morphine is unprofitable, 

the new aim should be higher geed yield and oil content . 

Naic,vska and Popovska (1967), observed that yield of opium 

and seed have positive and height and number of nodes had no 

correlation . Herisaet (1967) conducted experiments with 

eight veriuties . tie found that early flowering was found 

to be asaociate.J .Ath a high alkaloid level . Von H.ilohm 

(1970) reported breeding programme for several species of 

Paoaver . Morphine and thebaine rich strains were obtained 

and described by him . He paid attention to agrotechnically 

important characters as well as alkaloids . Ved haj ilenriksen 

11970) did experiments with strains of opium poppy during 

1965-1969 . its screened the typed material for high need 

Yielder . He found that crude fat and crude protein varied 

a little in his experimental material . +a high heritability 

in plait height and a low one in seed weight was reported in 

two varieties by HlavaCkova (1972) . Khanna and Putty (1973) 

and Legg (1969) held view that production of alkaloid was both 

under genetical anti environmental control . 

Clew proml3ing varieties were evolved by several 

scientists . Poppy vt aL (1975) did complex breeding trials. 

He same up with now prom L ing poppy varieties with high 

morphine contents of dry ospsule (over 11.7%) . Uew varieties 

so developed were stable type four winter seasons . Nigam 

(1980) evolved two cultivers viz., PLiP 78/3 and M4)P 78/16 



in 1adhya Pradesh, India, anti cepurtei. t0at thaasa twu nuu 

variuties recordud 9.3 and 11.8,. nor@ latex, 2.68 and 0.89;> 

more morphine yield/ha. respectively than the local chock . 

Sloth types according to him, recorded slightly better send 

and husk yield . UJiyam:pt Al (1979) reported result of 1740 

samples of 87 villages in Madhya Pradesh area cif India and 

found that range of latex yield was 50 to 115 kg/ha. and that 

of seed was 478-1412 j/ha. The morphine porcentage varied 

from 4.09;. to 16.46,; . In another report t,igam 	j.~19d2) 

described the germplaem of Padhym Pradesh . 

2.2 HLTLH I:z IN Ib4THA-4PLOFIC  

lie early as in 1923, kirosi crossed several lines 

with distinct characters of size and form of capsule, maturatio 

etc and reported that hybrid vigour in hybrids was significant 

Cavara and Chiatari (1926) found that hybrids between blue and 

white needed varieties of poppy have higher and better quality 

of morphine and yield . hohuutova 1953) attempted crosses 

between seven varieties and reported hyurid vigour for oil 

content in 60 percent of the hybrids he had studied . 

Hlavackove (1959) initiated crossing programme aimed at 

getting high morphine content of dry poppy seed and found that 

heterusis occurred in F1 for ee d weight and plant height, but 

the morphine content was intermediate between the parents 

:iarkeny et ,awl. `1959) obeerv?d in his studies that hybrids yrsw 

4.10 cm taller, f_!awerpd 2-4 days earlier and were higher in 

capsule and seed weight by 1().76 percent . ketohods and 

"icxulsks(1962) attempted hybridization of four varieties and 
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found that riPFuct of hotarusis was most conspicuous tutiov the 

parent differed slightly in respect of given features . 

v:eskova ci963) reported that hybrid vigour was noted for yield 

of seed, pods and oil . rasa- Uowrdenil „eat A.¼ 1963) reported 

that when two varieties viz., Oarsellii (white flowered contain 

two talucosides) and Flora 111 (Petal with red base and 1 

!alucoside) were crossed, F1  had generally violet colour in the 

,iu tYil • The 12 showed regressions and intermediate types 

rlraz (1964) described the method to find out the proportion 

attributable to an improvement in the state of health of a 

hybrid as a result of heterosis . s)anos (1965) reports that 

hybrids differed in morphological characters and alkaloid 

spectrum . lie observed heterosis in morphine content and 

secondary alkaloids . He -_also reported in 1966. that FI 
hybrids have greater morphine content and grater capsule 

weight ttidn the parents but the secondary alkaloids wens 

intermediate . In the 12  generation, less coloured plants had 

more morphine and less secondary alkaloids than the dark 

coloured planto . Popov and )imitrov (1966) found that 

heterosis effects are more pronounced in hybrid combination 

in which parents are ecologically distinct and higher yield 

of crude opium, seed and capsule was there, with resistance 

to low temperature and bacteriosis . Anderson and Loot 

(1966) studied the progenies of hybrids and found that 5 

crosses had high morphine contents then their parents . 

Piieaulska (196?) reported that if parents were blue seeded 



popsy (dlulyarian origin) increased seed yield in Fi was 

ouservad . Morphine content was either intermediate or 

exceeded both the parents . t)orice and louarn (1971), 

reported that despite variation caused by climatic factors, 

selection of lines for high morphine content can be made . 

This chsrector shows no heterosia, F 1 being intermediate . 

i>upov n ,awl• .,1971) used crosses within tur  cicu l sub-species 

and found that morphine content of dry capsule showed 

intermediate heredity and lines with high morphine can be 

isolated . Popov „a-t a~l~(1974) reported hybrid vigour for 

morphine content in dry capsule . Popov eta_1 (1975) 

reported that very promising offspring and hybrids (i- 1) were 

obtained by hybridization ioetween varieties of poppy . Popov 

et !1•(1976) reported hyorid vigour for number of capsule 

(2-3 capsule per plant) . The total and mean capsule weight 

proved higher in all hybrids • The morphine content was also 

higher . 

2.3 HLTERU515 IN IWTLR-5FLCIFIC 	iT515 

Fhlerinyhea (1925) crossed a. aomntfaEMra v„.E• niurum 

with wild poppy P. aetianrum UC, and found that hybrid had all 

the parental characters dwarfened . The plants were knotty, 

number of stamens were much reduced, pollens aborted and 

number of stigmatic rays ranged from 3-6 • Ursa (1927) reported 

that P. naaEiafl is the hybrid of P. ubiu* x E.stYiooeu war. 

lanLo rw,hlLM and not that of P. dubiu x P. rh s var. 

ealvelium .I Piroveno (1927) reporting the result of cross 

between Facian. fa uw x P. bractnatum and expressed that 

diversity of progenies may be infuenced by maturity of ovary 



t ti:ao of ptiiiin:eiun 	aeva 11929) uurkinq %jith eaca 

cross found 73-93 percent success # when P.bracteatum was 

used as male and no seed is obtained if it was used as female 

The 1. was not uniform . The 12 plants were purerMkial t,u_t not 

cold resistanP . in reported the same results in 1930 also 

in the sane cross Yasui (1937) reported that F1  spared 

intermediate and there was irregular chromosomal behaviour in 

maiosis . Kawate'ni h rnshina (1959) working with cross of 

p.aomniferum andP.ori  - ©ntals, found that hybrid was pureal, 

resembling the female parents in atem, flowers, bud and leaves 

Hlkaliode common to both parents were present . In the same 

cross Tetonyi „eat ,a_],•(1961) found that in f'1  generation the main 

alkaloid in 75 percent of the plants was morphine, in 15 percent 

codeine, in 7 percent thebaine and in 3 percent papavarine . 

Morphine was always present but occau ionally ono or the other 

alkaloid was absent . Lorinx and lelenyi (1963, 1966) working 

with the same cross reported that F1  showed both intermediate 

and new morphological type • tietorosis effect was noticed in 

1 2  rather than F 1  . Von H. Bohm (1965) reported that when 

p.brac tetum lind (which contains large amount of thebeine) 

was crossed with j.samnm L., the F1  hybrids contained 

the alkaloids of both parents and morphine was the main 

alkaloid present . The hybrids seemed to have produced large 

amount of theuaine . Mackin (1972) working with .eomnfe  

(rn.11) x P.Ailoeum aipth et smith (n.14), showed that morphine, 

codeine, papaverine and narcotine content of hybrid was 

similar to that of P.uilgti*  . 
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2.4 I (JCLU VArU; TIuutj 

Colchicine treatment of P.aomniferum was used by 

workers to outain tutraploids (Furusatu,1940, Volovov.1941 

and ;-Iichalski, 1959) 	Hiriahi (1960) concluded that 

setigerum is one of the allotetraploid of F.aoriniferum 

outations induced by X—ray (ilemussi, 1959)v  by chemicals 

(Ivan0va)1972) and by Gamma radiation t, igam and 0humale, 

1902) are reported in literature . 	pontaneous,Yuccurring 

male sterility was reportud by 0l©rint1hem (1932) and !iingh 

and Khanna (1970) in opium poppy . 

2.5 CUlt VIG i.dILITY hi4J t Lt L ACIIUN 

N very little review is available on gene action 

and combining ability parameters of opium poppy . Only 

recently this aspect of gene action has been explored and 

some reports are being received . 

Certain correlation between yield and components 

of yield in N.eomniferura was reported by Khanna and :.ingh 

(1975) . :aingh and Khanna (1975) studied the degree of 

heterusia and nature of combining ability in opium poppy in 

5x5 diallel cross . They reported that huterosie was marked 

for capsule number and opium yield . Poor haterosis for 

morphine content was observed . Goa and see variances were 

found to be significant#  indicating additive and non additive 

gene action both of which are important in opium poppy . 



;rodumin.,nce of additive component for capsule weight indicated 

that this character can be improved . 

Popov and Uimitrove (1966) studied fifty cross 

(Hybrids) combinations between varieties of tiadov, US H and 

Hungary . These hybrids were evaluated for crude opium, seed 

yield and morphine percentage . Hybrid vigour for crude opium 

and seod was strongly manifested in hybrids with distinct 

parents . Heterosis effect in poppy is also mnnifeeted with 

regard to greater rusistance to low temperature . They 

suggested that distinct parental Crosses should bb attocipted 

for getting better latex yield . 

aaini and Kaicker (1982) reported combining ability 

analysis for opium yield in opium poppy . They used line x 

tester analysis technique . Ten lines of diverse origin and 

five testers were used . They reported highly significant mean 

sum of square far parent Vs hybrid for opium yield, indicating 

a subetantis1 amount of hybrid vigour present in those crosses 

Hybrids differed among themselves significantly indicating 

phenotypic diversity among themselves generated by the inherent 

variability present in lines and testers . Females were more 

genetically diverse than males . In combining ability 

analysis, it was indicated that (i) additive gene effect was 

predominant, (ii) gca was of greater magnitude than acs, 

indicating that the nature of gene action was predominantly 
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additive and (iii) puront MG ;uas found to be generally 

bast combiner . 

:;aini and ►~aickur fr:1t !'rora their ogysscrvatiana 

that chair studiea Showrd mostly additive type of gene action 

in contrast to mostly non additive gone action r©portod by 

:,ingh and 'hanna (1975) which may be due to the parental 

material used . :mini and Keickor'e material had 
F0.o r1 

genetic diversity 6 uasia; , 11ongary, Iran, Yogoslova, 

witzerland) while 	 inch and Khanna used limited 

genetic variability czoatud by breeders . 

000 
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I;'cl 	.'I!.T..cr,~)ci 

3.1 tCiiutt+~F' i 	tL. Llt e; T tL 

landaeur (24h)3'N, 75°08'L) is situated on the 

Males plateau at an average elevation of about 435.2 meters 

above sea level . Experimental area was located at JNKUU., 

Regional Roaearch :tation. 8ahadari, Mandsaur, 3 kilometers 

away from Mandaaur city on Mandsaur 3itnmau road . 

3.2 L L ULtUL Y 

The soil was black clay loam and the rock underlying 

is deccan trap composed of basalt . Average depth of soil 

being 3' to 4' . The experimental soil was analyend to 263, 

7.2, 588 ji/ha. available NICK respectively . Thu soil was high 

in organic carbon (.7Z) with pH 0.2 . 

3.3 CLIMAX 

The climate of fandeaur is monsoonic with 

characteristic three season* viz., Rainy (Duna-;eptember), 

:linter (Uctober-;January) and Summer (February to May) . 

The average rainfall of the tract is 960 mm, mean maximum 

and minimum temperature being 35.140c and 19.541c respectively. 

!)uring 1979-00 and 1980-81 the total rainfall was 456 am and 

662 am, while the number of rainy days were 37 days and 
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.3 Jays respectively . 

3.4 AtiA LA TUUAt. t;i L lit11UU i 

The experimental field was brought to fine tilth 

by ploughing and :9akhariny . :iowing wan done in the second 

week of ttovember ¼ nurmal sowing) and late sowing was done 

30 days later • ';ee»is were treated with fungicide, Dithans 

M-45 L* 3 g "r seed • .6 owing was dune in lines 30 cm apart . 

-e11 rotten FYM was added uniformly ti 10 t./ha. and 

thoroughly (nixed in soil . 100,50,30 NPi aj/ha. was applied . 

1/3 t3 and full P and K was applied before sawing . Remaining 

~+ was top dres&ed in two equal splits at 30 and 6U days age 

of the crjjp . Irrigation was done immediately after sowing, 

and repeated 7 days after to help germination . subaequent 

irrigation was given to bring the soil at field capacity . 

i.aro was taken that irrigation was not missed at russet, bud, 

flowering and prelancing stage of crop growth . Thinning and 

weeding were done thrice in crop season, to maintain plant to 

plant distance of 10 cm to obtain optimum plant population of 

3-3.5 lokhs/ha. Time to time uniform spraying of fungicide 

and insecticides were done to protect the crop from diseases 

and pests . 

Capsules ware lanced when they attained physiological 

maturity . The lancing was done with the help of a three 

bladed lancer during the hottest part of the day in the 
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afttdrnuon . Incisions were made cortically Drum bottom to 

top of capsule (Fiy.1) taking care that the incision should 

not croso the mesocarp thickness . The viscous latex was 

collected early next morning with the help of iron scoop 

(Fig.2) end the process was repeatod evury 72 hours till 

the capsule stopped oozing out latex . 

3.5 	E xt t.;rh i. iTeL i 	Ti. Riot. 

3.5.1 	°i rk.t~ Ta 

un the basis of diverse morphological characters 

and adaptation, oi•;ht parents were selected for the present 

study . The urt, and aelfed seed maintained at t'undeaur by 

Shri R.C.Mishra, Jr.Jcientiet, Plant tlresding was taken for 

further work . The parents were s- 

P1 (Nanzatak) Petals pink and big, non serrated margin 

Peduncle nun hairy . 	Plants of average 

height (80 cm). 	Capsules came to lancing 

in 120 days . 	aolection belongs to Madhya 

Pradesh . 

P2 (UCG) Petals whits and medium size, non serrated 

margin . 	Peduncle non hairy . 	Plants 

having little smaller height (75 cm) 	. 

Capsules come to lancing in 105 days . 

~ielection bslungs t.. Rajasthan . 

P3 (Tali* 1) Petals pink and medium size, non serrated 

margin . 	Peduncle nun hairy . 	Plants of 

average height (80 cm) . 	Capsules have 



1. 

' 	

\ 	

•.1 din . 	 '~ 	...'.~..~. 
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typical groan shin my characteristic 
giving uilish look . 	Gapsu3ea come to 

lancing in 120 days . 	eloction belongs 

to Madhya Pradesh . 

P4 (Irrianien) Petals white and big, nun serrated margin 

FPoduncle hairy . 	Plants of nedium height 

X75-80 cm) 	. 	Capsules come to lancing in 

125 days . 	selection from exotic oi.iterial 
P5 (LL3) Petals pink and medium size, non serrated 

margin . 	Peduncle non hairy . 	Plants 

little teller (82 cm) 	. 	Capsules come to 

iancing in 135 days . 	ed originally 

received from Iklil, New Delhi 

P6 (UP :yhite) Petals white and big, non serrated margin 

IPoduncle non hairy . 	Plant height 80 cm 

Capsules come to lancing in 115 days 

Selection belongs to Uttar Pradesh . 

137 (HaPemea) Petals pink and medium size, nun ,turreted 

margin . 	Peduncle non hairy . 	plants 

little taller (84 cm) 	. 	Capsules oume to 

lancing in 120 days . 	Seed originally 

received from IfttI New Delhi 	. 
PS (Lolania) Petals red and big, serrated margin 

Plant height normal (80 cm) . 	Capsules 

come to lancing in 120 days . 	..election 

belongs to Rajasthan . 

3.5.2 H 'IRIUS 

During rab season of 1978-79, selfed pure seed 

of 8 genotypes were grown in an isolated plot and F1  hybrids 

in all possible combination excluding reciprocals were 
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prepared i.e. P(P-1)/2 a 28 . These hybrids are identified 

in text as 1x2 = sianzatak x UCG, 1x3 - +~anzatak x Telia 1 

and so on . sufficient sands of F1 hyorids were made during 

that year and half of thu seed was utilized for 1979-80 and 

next half was utilized in 1980-81 trials , 

3.5:3 t.~~ it t 1LaTa 

Four separate envir.:nnenta were formed by data of 

sowing and year of planting . mince contrast environments 

(tc4ie prepared for accurate ovaluation of exoerimants, 

data of sowing separated by one month, creates! the contrast 

environments . The four environments were 

LI (Lnvirenment one) 

E2 (Lnvironment two) 

L3 (Environment three) 

L4 (Environment four) 

uormel sowing during 1979-U(7k12-11-1978) 

Lets sowing during 1979-80 i.e. on,:, 
month late from t:1 date (12-12-1979) . 

rdormal sowing during 198t3-81(15-11-1980) 

Late sowing during 19b0-81(15-12-198t)jd 

3.5.4 LAYOUT tf4u UL1Ut 

3.5.4.1 TRLUTML lTS 
tight parents and twenty might hybrids (in all 36 

entries) were tasted 

3.5.4.2 UI.:,1UN 
HanduPised block design was used . 



3.5.4.3 t~LJT iLLl 

.jingle row of 1.5 meter length, 30 cm apart for 

Bach entries was taken (1.5 x 0.3 m2) . 

3.5.4.4 i3t.bLIG,TItNS 

Three replications for each environment . Two guard 

rows were kept on each side of replication . 

3.6 5Rt1PL1Nt 

Five randomly selected plants per plot were tagged 

and following obsetvationa Were recorded on thyae plants . 

ffaan of terse five randomly selected plants were worked out 

and reported as mean par plot . 

.3.7 1.u•~f.r?VMTtLiti 4L CUNUED 

Gb!r©rvation were recorded an the following 

characters . 

3.7.1 t~L IUHHT OF pLo04T 
Height of plant was recorded in cm, from the first 

leef node to apex of terminal bud on the main atom . 

3.7.2 LLMMF M~iLN 
Ubeervatiuns were recorded on the Ninth loaf from 

bottom (decision of group meeting of opium research workers 

at Lucknow 1978) . Maximum length of leaf and maximum leaf 

width in um were recorded . Loaf area was calculated by 

multiplying Lxii of leaf (cm2) . 
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3.7.3 s k. 	I.;Lrt.N 
:item diameter was recorded by vernier callipers . 

Diameter of stem was reecordod near about 9th leaf 

3.7.4 NUr1JLii Uf Crc1jiULL5/PLC wT 

Total number of capsules were recorded an plants 

unly those capsules which had contributated to yield parameter 

were counted . 

3.7.5 UxPSULC SIZE 
Length and breadth of capsule on main branch were 

recorded in cm aged cc,nvartnd to capeul:i aizw by multiplying 

Lx8 (cm2) 

3.7.6 1U4 LI  

Number of stigmatic ri yv in rapsuio nn mein branch 

was recorded . 

3.7.7 i1HIUM YIt.L~) MM F'L ►3T 

Opium yield per plant Iran recorded in gcc and 

converted to 70• consistency 

3.7.8 ,it.LU YILLi) LR PLANT 

Seed yield per plant was recorded in gm 

3.7.9 1W.iY; YIELD PLH PL/if4T 

Husk is the left out of capsule after seed has been 

taken out . Its yield per plant was recorded in gm 

3.7.10 ti±^d& H of tfFLOTIUt_ Ld1UCI+NG 1'L2 E:i1i';iULL 

Lffactivs lancing is defined as lancing which has 

given latex yield . This can be easily verified oy inspecting 

the lanced Capsule and finding whether that lancing has given 
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latex or not . Moan number of effective lancing per capsule 

was recorded . 

3.7.11 tti;t2t-flIM PLdCLOTAUL 

Since opium collected from each plant or by 5 

plants per plot was very small in quantity, and as there 

exaisted no facilities at Ft,iaaarch Station to carry out 

morphine analysis. samples fur morphine analysis were sent 

to opium and Alkaloid works, Neemuch . The factory 

requires 15 gme minimum sample to run the morphine test 

Therefore, eomposit samples of full row of treatment over 

replications were made, the latex was thoroughly mixed and 

sample drawn and sent for analysis . 

3.8 :lTnTISTICAL Fi+ALYSIS 

3.8.1 TESTING THL SIGNIFICM+bCL (ii tiLNt;TY}SIC i)IFFLHLNCE:i IN 

LNCt LNUYitINMLNT 

The data for each character were analysed in a 

conventional way as recommended for randomised block design 

(panes and Sukhatms 1957) . The sum of squares for 36 

genotypes were partitioned into three components viz., 

parental lines (p-i), F1's (H-1) and parents Ua F1's (1 d?). 

Appropriste ANUVA is given below s 
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F., , L.J 	 1 . LAL;I Li:JI t.:idr:i NTz 

Source of variation df 

Replications (r-1) 

Genotype (g-1) -35 

(a) []events 1p-1) = 7 

(b) Hybrids (h-1) -27 

(c) (P Ue H) = 1 

krror (r-1) 	(9-1) -70 

Total -IU3 

3-8.2 TL:;TInG Tk4L :jiGi4irIGANCE OF LLHuTYPIC UIFFLi UUCLS 

(UtEH CriUL UUrlLUTS) 

3.8.2.1 'IE.PLIC+f,U G)i;TM 
.hen analysis was significant in each of the 

environments, pooled analysis was done following Panae and 

aukhatme (1954) . For pooled analysis only those environments 

were considered for a character in which mean squares were 

significant . Mn appropriate N~3UVA is presented below a 
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ANUVN (LUt.k L+3t! I,?i1'•?I u.. TS ) 

:source or variation Jr 
Lao £.2 

i.nvirontnr:nte (e-1) 3 4- 

9uplication cav43r C. poolnd 8 4 

Genotypes (g-1) 35 35 

(a) Parents (p-1) 7 7 

(b) Hybrids (h-1) 27 27 

(C) 	(P Vs H) I I 

Genotype x I. (g-1) 	(a-1) 105 35 

(a) i,xE (p-1) 	(e-1) 21 7 

(b) H A (h-1) 	(e-1) 61 27 

(c) (p Vs hi) 	x L (e-1) 3 1 

Lrror 
pooled 280 140 

Total 
431 215 

3.8.2.2 NUN RLPLIC. TLU ioAATA (MUHptilUUt ) 

Taking environments as locations 36 genotypes 

were analysisad in tIUU . lipproprints fornat for JtNUVfh is 

presented below : 

MNtjVA (h1U+tPF11 +L UUMLY315) 

t;ource or variation 	 df 

Lnvironmanta 	 (s-i) 	° 3' 

Genotype 	 (g-1) 	=35 

(a) Parent 	 (p-1) 	• 7 

(b) Hybrid 	 (H-1) 	-27 

(c) pVsH) 	 •1.  

error 	 o-1) (y-1) 	X105 

Total 	
•143 
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3•3•3 i ',i'i L.al i i iojjLIT'Y 1haiALY-)YJ 

iyriffing's model 1 mnethud 11 waa follokuud 

3.8.3.1 CiiiIiL iTit - ILITY k~YRLY:Jl«i 1U CALH LUVIRLIUMt.UT 

Pisan values of each charactor over replications 

worn used for analysis as suggested by t,riffing (1956). 

3.8.3.1.1 F.._:T1 . TIi J uF aUFI 'IF  

1/(i-+2) IL•- xii)2- 4/P X.•2] 

SSa .0 ~2 - I/P+2t(xi~+1ii)2J +{2/(fP+1)(EP+2)k X•.2 

t4' 	Pisan squaros uUtained in RUD is further divided by 3 

(number of replications). 

3.8.3.1.2 itNUVA FEna €t JINiHU ASILITY (GAI'rFIiit, 1956 rloUEL I 

III TNut) II)  

bource 	sif 	t s 	Exp.ms 

f:CR 	(W 1) 	5 g 	Mg 	¢24P+2)/(P-1)} :3i 

1)/ W P-  
SCA 	( 2 s5s 111  c 

Error 	 ii e 
62 

3.8.3.1.3 L,,TIt*+4TIL i;F ti CA t:FEL.L:T- I 
The general cumbining ability effects is estimated ~ 

es follows : 

gi . 1/(W+2) 	(x + X)2(  !/P) X•.j 

Accordingly# g1, g2, •••g8 rffects warm calculated .i 
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3.8.3.1.4 k;iTl{TI' o t;F :iC[ [:ti'LCT3 

The specific combining ability effects were 

calculated by using following formula 

x -1/(P+2) Vxi.+xii + X. j+xii~ + L2/+tP+1) (P+2)~ X.. 

i%ccordingly, 512' 513 .... 570(in all 28 effects) 

were calculated . 

3.8.3.1.5 aTi 	LIfl..) L 

In order to evaluate the accurac-ra of combining 

ability eatimatee• standarod error for different comparisions 

were calculated as under t 

6L (9 - / 	
_ Y2/(P+2)}x 62 ],1 

5E(51J) ~ 	• R(P2+P+2)/(P+1) (P+2)} x 62 I 

SE(tii,j-5Sk)- [~2(P+1)/(P+2)} x 6 1 

n n  
(51J•:lk) 	

P/(P+22 
8I' 	L 

Using appropriate standered error the significance 

of combining ability effects were tested . 

3.8.3.2 CUft31NIN6 dbiLITY ANPLYJli (UJi.N LNVI4RUiWL T:i) 

Mean values for each character were obtained for 

genotypes over environments, which were uss4 for pooled 

combining ability analysis (Usijit Singh 1973) . 
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3.0.3.2.1 E:i rI t.; t1 ;ii t.F jUN i;f a;,lliA1IL5 

Ssg . 	Z (Xi...• X11.)2/ (P+2)E - 4/P(P+2)E 	X...2 

559 a 	'Z x 	-2/E 	( Xi... + x11.)2/(P+2)E 

+ 2/(P+1)(P+2)E 	x...2 

Ss 	k G(Xi.k + xiik)2 - 4 
 

+ x11.)2/ (P+2)a + 4  

55 axe  
x2i jk - - (xi.k + xiik)2/ (I'+2) 

ti e; j 
+ 2 ::X2..k / (P+1)(P+2)-4

J x71j / E 

+ (Xi.. + x11)2/ (P+2)E - C2/(P+1)(P+2)E) x.?. 

P1' 	.e Mean equates obtained in ROf) (Pooled) is further 
• divided by 4 or 2 (number of environments). 

3.8.3.2.2 giuvh F;,;;i PQULLD W ALYSIS 

Source 	 df 	55 	MS 

Environments 	(•-1) SSa 	Ma 

ti CA 	 (P"1) 	S5' 	M9 
q 

SCR 	 P(p-1)/2 SSs 	Ma 

GCA x E 	(P-1)(5-1)SSgx0 	Mg• 

SCA x E 	P(P"1)(0-1)/2 55sx• 
	Mas 

M' 
Error 	 a 

3.8.3.2.3 LUTIMATIUN OF 6LA EFFECT (tnicu L~.VItI'JMr1t:uT5) 

As in  
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3.8.3.2.4 L~;Tlil;.Tiifl iX SCM LFFLCT (tl%s_Ft LNVIQUr1 .L 4T) 

its in 3.8.3.1.4 

3.8.3.2.5 :iTI W;Ld—J t.[5 

StanderTh error for combining ability effects 

were estimated following Dal,jit Singh (1973) . 

1 
S

g
~~/(P+2)F} x 62 	 i J 

~gi- j) s 

A(si,~) 	
• C{(P2* P+2)/(P*1)(P+2) } x 62 	a 	f j 

5E(.iiJ-Sik)* ~~2(p+ j)/P*2)Ej x 62 J 	i s< J. k; 

J—Slk)
[t2p/(P*2)F-  f 	()2 	1 	7~ Jrkrin; 

S~'(a  J k t; 
k ia. 

Using appropriate stander A error the significance 

of combining ability effects were tested . 

3.8.4 CALCULF; TT iiti OF Mk Tl: 	1 

The expression of hybrid vigour in different 

hybrids for each character, were calculated by obtaining 

thu difference between means of hybrids and means of 

better parent and between means of hybrid and means of 

midparentai values . These ware tested for significance 

by obtaining tho stander-d errors an follows t 
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SEH(E3P) 	
(2 M'e/E)

1/2  

_ 	(3 M'e/2 E)1/2 

The hybrid vigour was expressed as percentage in text. 

3.9 NONST1 NDARD ABBREVIATION UZ;"D IN PRE3EI1T THESIS 

P1 	1st parent in Ranzatak. 

P2 	Second parent i.e. )CG. 

P3 	Third parent i.e. Telia 1. 

P4 	Fourth parent i.e. irrianian. 

P5 	Fifth parent i.e. LL3. 

P6 	sixth parent i.e. UP Fthite. 

P7 	seventh parent i.e. Hafemea. 

P8 	Eighth parent i.e. Galania 

1x2 	
Cross Ranzatak x DCG• and so on. 

10). 
El 	Environment one (normal sowing919

979

-9

-8  

E2 	Environment two (late sowing 
	

-800_81). 
E3 	Environment three (normal sowing 

E4 	
Environment four (late sowing 1980-81). 

3.10 ASSUMPTION OF DIALLEL ANALYSIS 

The theory of diallel cross analysis is based on the 

following assumptions s-  

1.  Homozygosity of the parents. 

2. Diploid segregation. 

3. No maternal effects. 

4. No multiple allslis'• 	non-allelic gene. 

5. Independent distribution of 

6. Linkage is absent. 
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LXNLf2IF1L1 T L FINDINGS 

In the present investigation eleven characters 

of opium poppy have been studied . Ten characters have 

been analysed for camoining ability following (riffing 

(1956) . Since replication wise data were not available 

for morphine percentage, combining ability analysis was 

not undertaken . However, treating environments as 

replication, data was subjected to RHO analysis . 

4.1 /U Wit+ 1180 

Significant differences wore found to exsiat 

among thirtyeix 
genotypes +'or all the characters in all 

the environments except for stem diameter, number of 

capsules per plant and number of stigmatic rays per 

capsule, where significant differences were only observed 

in E:4, E2, L 
and £2, L4, respectively (Table 1) . In 

pooled analysis, genotypes were found to have significant 

differences for all the Characters except for 
 stem 

diameter, whore pooled analysis was not Performed (Table 2). 

dean aquarss for parents were observed to be 

significant for al_l characters in 
all the environments 

except for stem 
diameter in 

L1• L3 and L4, number of 

capsules per 
plant in L1 and L4, number of stigmatic 



FNUU~ F`v`i Ul;l:r 	tlii'ii+i TARS IiatY~iLS) ; (rl1M;~  

Characters 	Height of plant(am diameter (cm) 

Source of df E1 E2 E2 E3 E4 

variation 

Replications 2 37.69 4.90"" 0.0154 0.0031 0.0304 

Genotypes 35 77.540a109.76a" 0.0087 0.0102 0.0117"a 

Parents 7 76.24" 99.76" 0.0041 0.0043 0.0077' 

Hybrids 27 73.25"• 50.61" 0.0085 0.0101 0.0111" 

P Vs H 1 a• 262.52 1776.68 •" 0.0474+ 0.0429• 0.0582" 

Error 70 23.27 3.40 0.0073 0.0116 0.0003 

Total 107 

Table Continue 

Dumber of capsulib@r of stigmatic rays/capsule 
1 L2 

3.0768"• 0.0218" 
wa 

oo.10?5 0.4619 0.0184" 

0.6820 0.7512" 1.4062 aw 
0.4952 0.8044" 

0.3543 0.2981•" 1.2073 a" 
0.3521 0.65696 It 

0.7622 0.8938"• 1.3000 0.5259 0.8699a• 

0.8100 0.0726" 5.6674 0.6689 0.06610• 

0.4135 0.0058 	i 0.0178 0.6299 0.0103 

Table Continue 

Latex yfieldlant 	Number of effective lancing 
E/p 	E1 	E2 	E3 	E4 

t.r  
0.00005 0•000267 2.0,0109 O.oaw9 0.2145 0.0165 

0.022.60 0
.203890 0.0,90620 1.4816 6.1581 0.6475 

a" 	"" 	"a 	a" 
aw 

0.09010 0.008991
91 0.0,26480 1.2343 2.3168 0.3936 

0.02530 0.022087 0.0,47630 1.221* 7.374 	07016  
r• 0.03720 0.053763 0.0'00400 10.2450 0.2001 0.9640 

0.00003 0.000081 0.0,o1120 0.010 
	0.0196 0.0394 

w Significant at 

, mac'  
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rays par capsule in k1 and E3 and for send yield in L2 

(Table I) . In pooled analysis, parental lines had highly 

significant mean squares for all the characters (Table 2) 

Hybrids differed significantly in each environments 

for all characters except in E1, E2 and E3 for stem diameter, 

EI and E4 for number of capsules per plant and L1 and £3 for 

number of stigmatic rays per capsule . 4igniricant 

differences wore also oueervad 
in all the characters in 

pooled analysis for different hyorids (Table 1,2) . 

The interaction (P Us N), was also found to be 

significant for all characters in all the environments except 

fo
r stem diameter in E1, number of Capsule pet plant in El 

and E4, fur number of stigmatic rays per capsule in E1 and 

E3 and for capsule size, goad yield and husk yield in E4 

Highly significant mean squares were observed for all 

characters for this component in pooled analysis . The 

highly significant values for (P Us H) component in all 

characters indicated the presence 
or heteroeis for these 

characters in present studies . 
The interaction (GxL) 

and its components viz., PAE. HxE 
and (P Vs H)xL were found 

to be highly sipnifica  
nt for all the characters (Table 1,2). 

;significant Jifferancoo 
were observed for genotypes, 

parents and hybrids for morphine percentage . However, 
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(P vs H) component was found to be nonsignificant 

(Table 3) . 

4.2 AVONA COMBINING ABILITY ANALYSIS 

The component of variation due to gca was found 

to be significant for all the characters in all the 

environments (Table 4), and in pooled analysis (Table 5). 

Mean squares for sca were observed to be 

significant in all the environments for all the characters 

except for capsule size in 13• All the attributes had 

significant mean squares for sca in pooled analysis 

4.3 PLANT HEIGHT 

4.3.1 Per se FoRFORM"CE 

in pooled data for parental 
per se performanc

e   

lines and hybrid* is pre tented 
in Table 6. P7 had highest 
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(81.69 cm) height as compared to 76.32 as. the lowest 

for P2. Cross 3 x 7 recorded highest height of 88.64 as 

against lowest in 4 x 8 (81.94 cm). 

4.3.2 I-IETEROSIS 

All crosses except 3x5. 4x5. 4x7, 4x8 and 5x7 

recorded significant positive heterosis over better parent. 

Highest and lowest significant positive heterosis were 

recorded by 2x4 and 1x3 respectively (Table 7). 

4.3.3 GCA EFFECTS 

Only P7 had significantly large and positive gca 

effect in El (Table 8). in 22, except P3 and P5 all parents 

had significant gca effects (Two having negative effects). 

P2 was found to be significantly superior to P4 for negative 
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Table 7 

.ie teroeia for plant height in pooled data 

lietetosia `~ 

Crosses Wj vkj r batter parent 	'jver mid parent value 

6.57, 7.98, 
1x2 3.L41,g 4.06,, 
1x3 9.92,, 12.17,, 
1x4 4.133,* 6.04,, 
1 x 5 10.10,. 10.26,,, 
1x6 4.96,• 6.94.x, 
1x7 4.413 5.40,, 
1x8 • 6.32„ 4, 8.13 ,„ 
2x3 13.3 :3.. 16.13 x.,, 
2x4 
2x5 4.134,, .5 6.. 7 

7.57,„ 
2x6 6.63., 

8.48,, 12.11„ 
2x7 4.57,, 7.10,, 

9.04,• 2x11 
3x4 4.67 4.29,,, 
35 3.35,, 6.93.• 7 .00,,, 

17.41.. 3 x6 
3x7 8.63„ 8.57, 
3x8 7.50 3.75., 
4x5 1.96" 

9.64 
10.48„ 
, 4x6 

4x7 
1.78 

4.
3.
30
30, 

4x8 
2.30„ 
6.45 

7.50. 
3.62,, 5x6 2.87.. 4.62„ 5x0 4.41. 6.04,. 

5x8 4.25. 5.03,,,, 
6x7 4.20„. 6.47 
6x8 5.49 
7x8 

• 3i0nificant at 5%~ level 
.n ;;ignificent at Zia level 



4
 

1
 

M
 

•
 • 

• 
• 

• u. c. o 
-
 

W 
C

 
O

 
A

 
M

 
N

 
.
 •
 

•
 
.
 

x
 

E
 

Q
 

c~i 
r
 
.
 

 
1 

et 
f, 

J
 

L
n

 

a
 

-
4
 

L
 

¢
 

r
 

r
 

N
 

p
 

m
 

I
 

C
 

L
 

Q
 

1
 t
 

j
 

W
 

0
.
 

0.
 

14 
o
 

p, a
 

• .
 

,,ti 
N

 
Q

 
d
 

• 
r
i 

•
 

snM
 

 
a' 

a' 
N

 
1 

uNi 
—

. 
0. -1 

1 
m

 
tn  

C
 

Q
 

_
 

1r 
r- 

+1 
N
 
a
 

N
 

;1
 

'., 
C 

a
' • 
•
 

4 
n
 

<.Y 
•
 

^7 
.Z

 
Cs 

* 
r 

j
 

a+ 
<

 01 
^
 

M
 

W
 

"I 
<
'.4 

.-01 1 	
O

 

c
J
 

H
 

d
 

44.1 
N

 
~

f 

M
 

"
 

ti 
r
 

A
  

M
 t0 

1- 
1 

•
 

A v 
W
 
r
 

•̀
 

9
 

C
 

• 
roj 

+0 
N
 
J
 

M
 
A
 

I'. 
a
' 

4 
'
 

M
 

a
 

G 
t.E 

, . 
01 

4' 
M

 
C 

a
 

CD 
C

 
< .4

 

C 
A
 

W
 

~
 
a
 

... 
c 

* 1 
'- 

U
I 

o 
a

 
w 

d
 

• 
J) 

d, 

U
. 

•
 

-1̂ 
a' 

O 
G. 



--42-- 

cjca affect . Though P1 and P8 did not differ significantly 

for positive gca effacts,th®Ge wore found to Ue infrorior to 

P7 and P6 . However. P3 and P5 had nonsignific.int ijca affect 

for this character (Table 9) . In L3, negative gca mrract 

Was only recorded by PO and positive effect by 132 (Table 1U). 

in E4, highly negative gee effects were obaarved for P1, P2 

and I'4 and that of positive effect by P6 . :.o significant 

differences exaiated between P1, P2 and P4 (Table 11) . In 

pooled analysis only 117 recorded positive qca effects 

`Table 12) . 

4.3.4 `rCf Lilt CT 

In L1, only two crosses viz., 1x3 and 4x8 had 

negative sea effects, where as, 2x7, 2x8, 4x6 and 6x8 had 

significant positive effects (Table d) . In E2, highest 

and significant negative sea affect was observed for 1x2 

but it did not differ significantly from 1x8 . Nine 

hybrids recorded significant positive effects (Table 9) 

in i3, no cross recorded significant negative effects :jut 

only 3x6 and ?x8 had significant positive ace effects 

(Tobin 10) . In E:4, in all eighteen crosses  recorded 

signi/1cant sea effect (Table 11) . Five crosses viz., 

15, 2x6, 2x8, 4x? and 6x8 had significant sea affect@ 

and there exeistad 
no significant difference among them . 
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Thu lowest significant and pot itive sea effect was rticorr1ed 

by 2x5 rind it Iuss found to be rat par with 1x2 and 3x5 . 

In pooled analysis no cross recorded significant 

negative sca effort but five hybrids viz., 2x4, 2x7, 3x7, 

4x6 and 1x6 had significant and Positive sca effects (Table 12), 

fl o significant differences Hx*i tnd between these crosses . 

4.4 LLAF io?Lk 

Leaf is the site of photosynthesis and in opium 

poppy is the important sits of latex end alkaloids synthesis. 

More leaf area is desirable) in this crop . 

4.4.1 p.r, ,eS Nti2FUt 14,11E - 

The performance of genotypes in pooled data for 

this rherrsct 	
revealed the fact that the range for parents 

2 	to 13~U.4a cm2 
(P7) • The highest leaf 

was 170.41 cm (p5 ) 

area of 197.72 cm2 
was recorded by 2x6 as against lowest of 

1x8 (136.80 cat
) • The performance is presented in Table 13. 

4.4.2 Hi TL 

Only seven croes05 recorded significant and 

positive hetesaaie and eight crosses recorded significant 
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or 	na~~r tivu hf?*F1rosi.`3 aver b tt~3r pant . Highew:t, 

significant and positive hetaroyi•s was observed for2x6, 

while 3x5 recorded highest, significant and negative 

heterosia (Table 14) . 

4.4.3 	[;CA E.i'F [:T 

In E1, all parental lines except P5 had highly 

significant gca affects (Table 15) . P2 (29.14; ivas round 

to bs significantly superior to P3 (8.23), P7 (6.98) and 

P4 (y.56) for positive gca affects, but no significant 

dimirdnces were #jresent between P3, f'7 and P4 . P1 was 

found to be significantly superior to P6 and P8 fur negative 

gca effects . In Eli P5 
and P2 had positive gee affects but 

u,ar~e found to oe at Par 
(Table 16) . Three parents viz.,P4, 

P6 and P7 
recorded negetivo and significant ycs effect and 

were at par . In E3, all Parents recorded significant gca 

affects t 
Table 1'/).rtut of five parents which recorded 

positive effoct 	
(10.49) +vae found to be significantly 

superior to P2, P5 and N7• but was at per with P6 • Though 

there exeisted no siQcant difference between P3 and P8 

effect# both of these were found to be 

for t,a9sliyQ god 	 In E4, four parents viz., 
significantly inferior to 
	• ~'1 

P1, 	
p6 and pg had significant gcs effects . ijut of 

these anlY twu viz W5 and PP6 had positive affect ith no 

aignifiobnt diff.renas 

between th"m . H1 (-4.55) was 

signlficantlY infrrl°r ttl P8 (Table 18) 
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Table 14 

Heterogia for leaf area in pooled date 

Hoterosie `u 

G roe see vn r nrettor parent 	over mid parsint value 

- 0.45,, 2.09.. 
1x2 -13.48 -9.21 
1x3 1.53 -2.30.. 
1x4 0.48 7.06 
1x5  3.86, -1.41,. 
1*6 -12.64,* -©.63 1x7 - 8.4T 1x8 - 3.71, -1.41., 
20 7.42,, 8.85,.,, 
2x4  13.54.. 18.09«w 

r 
1 

22.02 
4.62..,r 2x6 

2x7 2.5353 	•w 
11.08  21.43 

2x8 
12 

- 1.94w -0.08 
-4.42 

3x5 - 	.86 ' -111.06 
,

R -11.38 
3x6 

6.p2+ 
2.39,. 

18.51 3x7 6.12 
3x8 

 

- 1.38 
4x5 - 3.94 

1.03,.. 2.64.. 
4x6 13.65 14.44 

- 3.88,, 4x7 - 13 .12.E - 9*07 
4x8 

-1. 3.48.. 5x6 148 
1.48•. 28.76•, 5x7 13.66.0 -13.56.. 5x8 14.72 10.22.. 

6x7 - 1.78 15.73 
6x8 3.95 
7x8 

• 5ignificant at SY` level 

w• Significant at 1ry~ level 
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In poled analysis four pyrunts had significant 

gca effect aria out of these P5 and 312 had positive effect 

with no significant difference between then . Iio significant 

difference was observed between P1 & P8, tha tug, parents 

inc-  negative gca effecto (Table 19) . 

4.4.4 	.rt:L(;Tb 

In E1, twenty one crosoes had significant sca 

effects (Tub1e 15) . Eleven crosses recorded significant 

positive sc,3 effects . Cross 2x6 (72.85) was found to be 

significantly superior to the remaining crane . There 

existed no significant differences among 2x8, 3x8, 4x5, 

1x5, 16, 4x7 and 5x7 for positive ace affects . 1,ut ref 

ten crosses having significant negative ace affects, 3x6 

recordOJ lowest affect; but was found tu be at par with 

1x8, 2x4, 
1x3 & 4x8 . in E2, seventeen crosses had 

significant cite effects with only six crosses showing 

positive efi'cects (Table 16) . Highest, significant and 

positive sca effect was 
observed for 5x8 (78.49) and it 

was 
found to oe highly significantly superior tu the 

remaining crosses • No significant differences exaisted 

among 1x3. 5x6, 4x6,  3x4 
and 2x6 at 1% level of significance. 

Highest• significant and negative 
sca effect was recorded 

by  4x5 and it w,,, 
found to be at par with 1x8 and 6x8 . 

There, howbvar* sxeisted no significant differences Baring 
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uthar cruases having negative r;ca affects . in e3, twenty 

four crosses had significant aca effects with twelve having 

positive efructa (Table 17) . Cross 3x7 (77.57) recorded 

highest, significant and positive sea affect and was found 

to be superior to the rernaininp croerea . Next in artier of 

significance were 2x6 (49.97j, 2x5 (36.93) and 3x8 (22.48). 

Lowest negative and significant sea effoct was observrud for 

2x8 (-8.90) but it did not differ significantly from 7x8, 

4x5, 1x2 and 36 . In L4, out of seventeen significant 

crosses for ace sffeeta, seven crosses viz., 6x8, 3x7, 2x7, 

1x13, 3x5, 3x8 and 1x5 recorded significant positive effects, 

and there assisted no significant difference between these 

seven crosses (Table 18) . Uut of six crosses having 

negative soa effects, 5x8 wag significantly superior to 

remaining crosses, whioh were also at pir . 

In pooled analysis, out of eleven significant 

crosses only five viz., 2x6, 5x8, 47, 3x8 and 2x5 had 

positive sea effects (Table 19) . ito significant difference& 

were present among these five crosses . Lowest and 

significant negative sea effect was recorded by 1x8 and it 

was found to be at par with other crosses . 

4.5 :+Tl:i, 
i)IAMLTLH 

Latex, ones manufactured at leaf site is 



translocatod through stet t:, peduncle and capsule inhere it 

is stored and at a later date lanced and taken out (Fairbrain 

et 	1974) . Thick stem import antilodging character in 

opium poppy, which is a common feature at the time of lancing 

and collection operations . Therefore, gca and ace effects 

in positive diructiun are desirable . 

4.5.1 E.e,,,r ,pie p'E HF u,it h,,;,LL 

p2 (0.65 cm) was the thickest stem parent while 

P4 had the lowest eten diameter (0.52) . The range in 

crosses being 0.77 c+n for 21(8 to 0.55 for 5x8 (Table 2U). 

4.5.2 HL TL MI A 

Twenty four crosses r.~corded significant heterosie 

over better parent• out of which seventean showed positive 

heteroais (Table 21) . High®at, significant and positive 

heterosis over butter parent was recorded by 4x6 . 

4,5.3 t Ct L:fi't.GT 

In L4 five parents recorded significant gce 

effect and out of thee® three viz., p7, P2 and PB recorded 

positive efFeCte (Table 22) . There exeisted no significant 

differeneea between these three parents . The parents '< 

having negative gCe 
effect were also at par 
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Table 21 

i4etaroaia for stem diameter in C4 

itatarosia% 

Crosses QVat better parent uvor mid parent value 

13.85"" -12.50"* 
1x2 
1x4 

,. 6.34*" 
-11.11"" 

0  - 2.61* 
1x4 4.76 12.82** 
15 - 7.94«* - 0.87 
1x6 6.35" 8.06" 
1x7 - 1.58 0.81 
1x3+ -13.85"* - 6.67* 

5.98** 2x3 
2x4 ..3.08' 3.08" 12.60** 
2x5 -1u 77 

- 0.05 
14.29" 2x6 10. 77"*

"  
23.20"* 2x7 

** 18.41 34.58•* 2x8 30.91 ** 11.93"" 3x4 10.91*` 8.41** 3x5 5.45•* 16.52•* 3x6 9.84*" 32.17"" 3x9 26.67'•  28.30** 
3x6 25.93**  28.05 * 
45 28.85**  18.58** 
4x6 9.84"*  
4X7 1.67 9.43*O  
40 7.41'x*  2.61* 
5x6 - 3.28*  - 3.51•  
5x7 - p.33**  7.96** 
5x8 0 10.71** 
6x7 3.33* 5.79** 
6x8 4.92"*  
7x8 

• Significant at 5 level 

•• 5ignincunt at 1% level 
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4.5.4 :;Lh Lt!LUiJ 

Uf the fourteen significant cruaaes for ace effect 

in L4, nine had positive effects (Table 22) . ;+u significant 

difrerencus wore observed among these crosses . Crua~oa 

hewing negative effects, wore also at par . 

4.6 lAJf'41.'A ul CoiPSULLS NLH PLAtiT 

dumber of capsules per plant contribute to yield 

components in major crops . 
This character can increase seed 

yield in opium poppy (3ablonski}1967) . In opium poppy it 

is the terminal and main capsula which contributes to the 

lion share of latex yield (Gupta .t ali 1978), and therefore, 

in the present investigation also, this character was 

studied and positive gca and ace effect have been summarised 

!)Blow . 

4.6.1 	1UiFL'~i tii;.LL 

The means for parents and hybrids have been 

presented in table 23 • p3 (2.15) had highest number of 

capsules, per plant 'unite P1 (1.67) had lowest value . The 

range of numbe~c of capsules per plant in hybrids was from 

2.47 k4s6) to 1.70 (1x7) 
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4.6.2  

four teen crosses had significant heterosia over 

better parent and out of these eight had positive effect 

Table 24) . The crone 4x6 recorded highest positive 

heterosis while lowest negative effect was observed for 

2*0 . 

4.6.3 I+CA Lf LCTS 

in L2, all parents recorded significant gca 

affects and out of these five parents had positive effects 

(Table 25) . P4 (0.22) was found to be significantly 

superior to the remaining parents for 908 effects except 

P5 (0.19) from which it did not differ significantly . 

P2 having negative effect was 
found to be significantly 

superior to P2 and (1
3 . In 13, only P2 (0.12) had 

significant and Positive gca effect (Table 26) 

In pooled analysis only four parents had 

significant gca effects (Table 27) . Only P4 and PS had 

positive effect but 
there sxsisted no significant difference 

betwean tha;a . The other two parents having negative effect 

were found tai on at paf • 
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+seterosis 

'fable 24 

fur number of capsules per plant (pooled data) 

+isterosisb 

Crosses saver uuttur parent 	Over mid parent value 

-6 1x2 13.19• 14.790 
 

1x3 - 8.11 3.34  
1*4 - 4.40 6.75 

7.59 
1x5 2.52 

15.38'" 20.00"" 
1x6 -19.25" - 8.76 
1x7 0  6.80 
1x8 .19.46" - 8.31 
2x3  0.55 -12.42«a 
2x4 25.79»s 33.78" 
2x5 3.21 8.78 
2x6 -15.51•" - 3.36 
2x7 -11.52' - 4.26 
2x 1 
3x4

4 -21.62'«  
-, 	5.41 1.74 

3x5 0  - 8.50 
3x6 - 6.42  - 5.91 
3x7 1.0d 6.85 
3X8 30.22" 39.00"* 
4x5 43.96,." 55.03''' 
4x6 -12.83*' -11.65" 
4x? 4.95 10.09 
4x8 6.92 7.94 
5x6 9.63. 18.50*" 

35.80 "+ 5x? 33.33'" 
5X8 10.16• 20.12"'" 

- 0.31 6x? 
6x8 

 3.03  
- 3.21  2.84 

7x6 

* Significant at 5`ro level 

•. Sigfificent at 
11+ level 
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4.6.4 EGA IFFEC15 

In E2, twenty three crows. (5aven with positive 

effect) had significant scd efforts (Table 25) . Thu cross 

4x6 (1.22) recorded the highest and significantly positive 

sea offect as eoapared ti remaining crosses . lioxt in order 

of merit was 5x8 (0.71) • Crags 3x4 (-.70) was significantly 

superior to all other hybrids . In E3, only fuur hybrids, 

all havinc, 	
t,ve sca affect, were significant tTable 26). 

Cross 2x5 (0.72
) was found to !sR significantly superior to 

the rernainin'3 crJo°0e (1x8, 4x5, 2x4), which in turn were 

at par . 

In po°led analysis. onAy six crosses recorded 

significant eca effects (Table 27) • Uut of four crosses 

having positive effect. 
though 4x6 recorded highest and 

eigniticant soa effect' Was found to be at par with 4x5 

and 5x8 •6ti~y 829 
nifica^t difference ex=isted bettyen 

3x4 and 4x7, the cros'3° having negative ace effects . 

4.7 C .'jUL. JUL 

in India cspeUis is generally lanced vertically 

mtjC

S to 6 lensing on a single capsule 

are aPP~C ted 
downw~+rd 	

,+ 	
s required to scsosQaste 

, th

h

us
dO 

	
re •rsa i 

greeter nur'ber of 1snotn9s • 

positive gas and see effects, 
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therefore are desirable in opium poppy for this character . 

4.7.1 'or aB PL 4-.F+;~ti .tNLL 

P7 (15.27 cm2) recorded the highest capsule size 

as againat the lowest of P8 (13.04 cm2) . Among crosses, 

4x7 had the highest mean (16.18 cm2
) as compared to the 

lowest of 2x5 (Table 28) . 

4.7.2 HLT(HUSIS 

out of sixte®n crosses which had significant 

heterosis 
over better parent, only one (7x8) 	cordod 

neyotive hsterasis (Table 29) . Nighost, significant and 

positive hoterosis over butter parent eaa recorded by 1x6 . 

4.7.3 GCA L1iLCT5 

Cxcept t'2. all Parents had significant qce effects 

in El and positive effects were recorded by P7, P6 and P3 

P7 (0.84) was signifioently superior to P6 and P5, but P6 

yea
s found to be superior to PS (Table 30) . Lowest and 

sig 	
ve nificantly negati 	

9cs effect Was obaurved for N1 . 

i 

n2, five parents had significant 9os effects (Table 31). 

P7 (1.49) was found to be significantly superior to only 

other signit'ic°nt +s~'d positive effect parent P3 (0.64) 
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Table 29 

fiadrrs.is for capsule size (pooled data) 

tatorasie` 	 _ 

Crosses 	Over bettor parent IJvear mid parent value 

1x2 7.08" 7.97** 
1x3 -1.48 0.47 
1x4 2.24 2.99 
1x5 4.63 4.74 
1x6 12.11*" 14.21** 
1x7 - 4.19 1.26 
1x8 6.17* 8.48*+ 
2x3 4.45 5.64* 
2x4 7.15** 7.26"* 
2x5 -0.14 1.09 
2x6 8.45"• 11.38"* 
2x? 0.20 5.08• 

1.66 4.72* 2x8 5.H6" 7.18"s 3x4 6.56•" 8.79"* 3x5 5.15* 9.20** 3x6 4.52* 8.42*" 3x7 -0.07 4.23 3x8 2.24  3.10 4x5 2.46 5.12* 4x6 55.96"* 11.24" 
4x7 7.45'x* 10.57"* 
4x8 8.H8"* 10.89"* 
5x6 0.39  6.24" 
5x7 8.61"" 10.85** 
5x8 5.14* 13.00*" 
6x7 5.49"  
6x8 -8.41** -1.73 
7x8 

+ iugnifiaant at 5$ level 

•+ significant at 1i+ level 
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There o Tisted no significant differences a,^anq ;)aronts having 

negative and significant effects . in L3, al. parents except 

P5 roue significant gca ofFacts, uith only threo parents viz., 

P3, p9 and P1 having positive effbcts (lablo 32) . P3 (0.31) 

was found to us significantly superior to fib (0.19) and r-1 

10.14), however, Pd and P1 were at par . No significant 

differences were present among cro3ses having negative oca 

affect* . In L4, only four parents (two each with positive 

and negative efrecta) had significant gca effects (Table 33). 

too significant difference were udsurvad either uutween 

parents having positive effvcte or parents having negative 

of`'octe . 

in pooled analysis only P7 (having positive effect) 

and P8 (having negative effects) wore significant for pica 

ef`acts (Tublo 34) . 

4.7.4  

In E1, out of twenty crosses having significant 

gca ef"ecto, as many as twelve recorded 
e-,gnificant and 

positive son effects (Table 30) . Cross 1x8 (3.00 was 

significantly Superior to the rseaaining 
crosses . Cross 

4x6 was next in merit and was found to be superior to ether 

crosses . Hybrid 4x5, though recorded lowest negative soa 

affect, +gas found 
to Us at par with 3x4, 1x2 and 3x5 . 
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In G2, eleven crosses (five with positive effects) recorded 

significant sca effects (Table 31) . Comparison aoong 

crosses having positive effects revealed that cross 1x8, 

though did not differ significantly from 4x7, was found to 

be significantly superior to the remaining crosses . no 
significant differences exaiatad between these remaining 

crosaos . Cross 7x8 recorded highest, aignificont and 

negative eca effect as compared to all ether crosses . 

The remaining negative effect crosses were found to be at 

par . in L3, nineteen crosses (fourteen with positive 

effects) had significant sca effects (Table 32) . cross 

1x6 (2.22) was significanficantly superior to the remaining 

crosses which had positive sca effects . It was followed 

by 6x8 (1.77) and 1x2 (1.69) which did not differ significantly 

among themselves . iUll the five crosses having negative acs 

effects were at par . In C4, only eight crosses recorded 

significant sca offocta (Table 33) . Four crosses via., 

5x8, 3x6, 3x5 and 5x6 recorded significant and positive sca 

of octe and there exeieted no significant differences among 

themselves . i+o significant differences were observed among 

crosses having negative sca effects . 

In pooled analysis, only six crosses recorded 

significant ace effects (Table 34) . but of these five 

crosses via.# 1x6, W e  5x8, 6x7 and 4x8, recorded significant 

and positive and only 1x8 recorded significant and 
negative 
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sce effect . No significant differences were observed among 

these crosses . 

4.8 PJUf9JEH OF STIGMATIC RAYS 

4.8.1 Per se PERFORf1Mi CE 

Among the parents highest and lowest mean values 

were recorded by P7 (13.70) and P6 (12.65) respectively . 

Highest and lowest values among the crosses were observed 

for 5X7 X14.32) and 1x3 (12.88) 
respectively (Table 35).• 

4.8.2 HLTLHU:,I5 

Out of twenty four gi,nificant crosaws for 

heterosis over better parent, only nine had positive heterosis 

values . Highest positive heterosis over better parent was 

observed for 5x7 (Table 36) . 

4.8.3 GCA EFFECTS 

In E2, six parents recorded significant gca 

affect and out of these three had positive effects (Table 37). 

p4 (0.27) was significantly superior to P2 and P7, and no 

significant difference was observed between P2 and P7 . 

Significantly lowest negative gca effect was recorded by P5. 

In E4, all 
parents had significant gca affects with only 

three parents viz., P8, P7 and P6 having positive effects 
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Table 36 

Haterosis for number of stigmatic rays per capsule 

(pooled data) 

Heterasis:~ 

Crosses 	 Uver bcJtter parent i;v"r aid parent value 

1x2 -U.37  
1x3 -4.10** -3.81

*• 
1x4 -1.470* -0.52 ** 
1x5 -2.25** -1.58 

1.27"* 4.00*• 1x6 ..3.65** -2.40** 1x7 -3.88** -3.66** 
1x8 -1.25** -0.63* 
2x3 -1.47** -1.29** 
2x4 -2.72'* -1.23** 
2x5 0.37 3.93*s 
2x6 -0.80* -0.04 
2x7 1.47** 2.11** 
2x8 -3.45•* -2.73** 
3x4 -1.56'* -U.60 
3x5 U.750 3.76*• 
3x6 -3.64** -2.69** 
3x7 0.52 0.60 
3x6 0 y5* 0.75* 
4x5 -0.07 3.65** 
4x6 -0.88* -0.62• 
4x7 0.95** 1.78** 
4x8 1.06** 3.10** 
5x6 4.53** 6.59+* 
5x7 2;83** 3.?6** 
5x8 -p.95•• 3.00** 
6x7 1.78** 4.76** 
6x8 -1.61** -0.55 
7x8 

Significant at 5% level 

+• Significant at 1% level 



-
-
8
3
-
-
 

-
'
 

*
 

s 
s
 

r
 

..-4 
N

 
I
A

 
r•n

 
d
o
 
n
 

O
N

 
o

 
-et 

-4 
c
 

0
 
U1 

O
 
to 
O
 

r
-
 
N
 

03 
a
 

G
 a0

 
1
 

O
 

V
 

0
0
 

03 
v 

K 
•
 

t 
t 

t 
t 

#
1

 +
1

 

03 
U

 
V

1 
d
 

:Y
 

M
 
N

 
N

 
V1 

Y
 

m
 

'O
 

N
 

N
 

N
 
0
 

6fl 

p
 

r- m
 

O
 

O
 

O
 

Q
 

.,~
 

-4 
C

 4
 

1
 

1
 

.~ <+• 
u
 

m 
~r 	

n 
L
 

w
 
W
 

P
 

_
 

01 	
to

 

.0
 

 

O
 

'c
°
 

0
 
0

 
0

 
0
 
0
 
0

 

O
 
O
 
O
 

C
 

•
 

it 
Y 

•
 

0
0
0
 

14 
 

`
 

—
 

0
 
0

 
0

 
0
 
0
 

_
 

-
 

«
 .i 

03 

0
1

 
d
 

D
 
N

 
A

 
P

 
•
 

-
 

C
 

P
 P

 c
!7

 
.
,
 	
i
 	
i
 

1-• 
'0

 
O

 
O

 
O

 
O

 
fy 	

tn
 

a
.

4
 

03%.. 
M
 

1 

n
 
O
 

o
 

•
 

w
 

r
 

N
 

4.1 
U
 

n
 o
 

w 
a•. 

LJ 
1603 

o
 
0

 
0

 

•
 

.14 

n 
a. 

•
 

•
 a
 

rn 
o
 

0
 

S
 
N
 

t 
4
 

•
 

C
O

. 
• 

OI
 

• 
o
 

•
 

A
 

f4
 o

 
0

3
0

3
 

V
a

 

O 
0, 

.0
 N

 
03 

C
 

.0
 

N
 

• 
A

 

"4 
r N 

• 
O
 

C
 C
 

1 
m

 
g
 •

 
t1 

»
 
..1

 
Y

 

0
-
4
 

•
 

c
c
 

.101454 
• K 

C 
rt 

03 
1.i 

Q
 

a
 s

 
r
•
 

W 
e 

03 
a
 a

 a
 ~ 

a 
,.~ 

a
 



a
 

•
 

♦
 

t
 

Y
 

s
 
t
 

-4 
C
 
O
 
M~ 
N
 
~0 

0~ 
r
 

N
 

l0 
O

 
N

 
tf1 

N
 

N
 

N
 

r
 
r
 

N
 

a
 

m
 .-I 

a
 s

 
O

 
p

 
O

 
O

 
O

 
O

 
O

 
Q

 
O

 O
 

V
 

*
,1

 +
 

p
• 

s
 
•
 

a
 

'̂
 

0
 

t
 

Q
 

t
 

O
 

O
 

ttA
 

N
 

M
1 

.-
~

 ^
 

Q
 

N
 

B1 
a
 

tla 
O
  

._
 

N
 

N
 

Y
 Y

 

o
 

O
 

N
 

0
 
0

 
0

 
0

 
0
 
0
 
0
 

ci  

9
~

•
 

N
 

a
 

L
 

=
 .
 

t7 	
t7 

v
 
.
i
 

•
 

M 
• t 

t t 
1

 7
 

p
 

t 
4

 
# 

•.t 
O

 
M

 
N

 
O

 

o
 

p
 
O
 
O
 
O
 
O
 
O
 

G
 

M
 

S_ 
o
 
8
 

N
 
t
o
 

t
 
•
 

C
 

t
 
:
 
s
 

• 
$ 

* 
•
 

o
 

o
 fl 

ao
 

• 
.
 

• 
•
 

F
 

_
 
0
 0
 0
 0
 0
 

—
 

C
J
 

1 
1 

t 
-. 

.i 
-~ 

<
7
 

C
 

C
 

s 
t 

•
 

f
f
•
 
^
 

0
 

-
 j 

N
 

O
1 

p
 

~
rl ~

..• 	
.
i
 

O
 

Pd 
N

 
O

 
O

 
0
 

, 	
.»~ 

q 
 C 

of • 
• 

• 
• 

.14 

o
 
p~ 

N
 

0
 

s 
a 0
 a p 

0 
N
 

a
o
 

-4 
 

0
 0

 

s
 

.14 

O
 

n
. 

•
 

s
 

a 
a
 

• 
• 

c • 
a

 
N

r9 
O

 
S 

m a o
 

a
 

1
 

0
 0

 

O
 

,
 
t
 

0 
a
 

.m+
 

0
0
 

N
 

e
 
o

 

0
.
4
 

m
 

r
 
N
 
•
 

O
 

M +r 
__a 

aC
 

1 
C

C
 

4̂ 
a
 
a
 

0
 	
o
 

0
4
 

0
0
 

c
c
 

a. 
•

.
a
 
~
A
 

w
 
a
 

fl 	
fl 

u
 
t
 

 
a 
M

 
aN

 
a
 
s
 

t&1. 
a
 

t 
a
•
 

a
 
++ 

y
 



--85-- 

(Table 38) • 6j0 (U.29) was significantly superior to other 

two parents while P7 was superior to P6 . Lamparesion of 

creases with negative ofects showed that P5 (—.04)recorded 

lowest gca affect but was found to be at per with P4 and P2. 

In pooled analysis, all parents (four with 

positive effects) had significant gca effects (Table 39). 

Though P7 (0.19) did nut differ significantly from P8(0.17), 

it was found to be significantly superior to P2 and V4, 

which were at par • Lowest significant and negattvau gca 

effect was recorded by P5 but it was found to be at par 

with P6 and P3 

4.8.4 5G Lt f t.CT 

in L2, twenty four crosses (sixteen with positive 

effects) were found to possess significant ace effects 

(Table 37) 
• Cross 4x8, though did not differ eiinificently 

free Sx7, 
was found to be significantly superior to the 

remaining croeseas . Lowest, significant and negative ace 

effect was recorded by 2x4. 
but it was found to be at per 

with 4x7, 3x6 and 23 • in E4, 
twenty crosses (nine with 

positive 
effects) had significant ace effects (Taole 38) 

Grose 5x7 
was found to be significantly 

superior to 

remaining crosses having positive effects, but was found 

to be at per 
with 2x8 . Lowest significant and negative 
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sea affect was recorded by 1x7 but it was found to be at par 

with 5x6, 7x8 and 2x4 . 

In pooled analysis, except 3x6, all crosses 

(fifteen with positive effects) had significant sca effects 

(T~ble 39) • cross 5x? (1.07) was found to be significantly 

superior to remaining crosses . The next crose in order of 

merit was 4x8 (0.74) . Though, 4x7 recorded lowest, 

significant and nt443ative sea effect, it was found to be at 

p 	
with eight other crosses . 

4,9 L/'IU YILLu 

4.9.1 	ors M ifr_lif i,t3fiitit'.E 
The highest and lowest mean values were recorded 

by pare
nts P4 (0.274 gm) and 91 (0.190 g0) respectively 

(Table 40) • Among crosses highest and lowest mean values 

Were observed for 4x0 (0.446 g*) and 1x? (0.201 gm) 

respectively • 

4.9.2 HLTL U.'15 

All crosses exoapt 4x7 recorded significant 

heterosie with only three having negative h.teiosi$ over 

bettor parent (Table 41) • Highest positive heterosis was 

r~3corded by 4x8 followed by 2xS • 
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Table 41 

Heterosia for opium yield par plant (Pooled data) 

tistarcisis;i  

Crosses 	Uver butter parent 	Gvur mid parent value 

1x2 43.89•• 54.74 
23.81 ** 1x3 - 5.15•* 

1x4 8.39*• 28.02** 

1x5 14.41** ** 23.30 
** ** 22.93 

/ 	
1*6 
1x7 -14.10*°  - 5.19*- 

5.39 - 9.49'* 1x8 4.78** 15.62" 
2x3 17.15** 29.70*• 
2x4 62.16'* 62.53** 
2x5 45.86** 48.90** 
2x6 18.80" 22.20*• 
2x7 5.53** 12.66** 
2x5 50.00** 52.50** 
3x4 32.35** 45.75** 
3x5 3u.88** 45.99** 
3x6 5.88:* 13.83** 
3x7 24.26"'• 28.76*• 
3x8 36.86*• 51.21** 
4x5 8.03** 16.77** 
4x6 2.19  10.24*" 
4x7 62.77** 69.26** 
4x8 15.88** 18.68*• 
5x6 17.52"* 20.61** 
5x7 15.81** 23.37** 
5x8 20.09** 20.34** 
6x7 11.46** 16.05•' 
6x8 13.44** 17.86** 
9x8 

* Significant at 54  level 

*. 5igni?icxnt at 1;t+ leval 



4.9.3 u::n LF J;T.; 

In L1, all parents had significant qcu effects 

(Table 42) . Five parents viz., P4, P3, u6, P5 and P2, 

recorded positive gca effects . P4 was significantly 

superior to the remaining crosses . The order of 

significance in other parents was P3, P8, pp5 and P2 

Lowest significant and noUative gas effect use recorded by 

P6 , In E2, all parents (four with positive effecte)had 

significant qca effects (Table 43) . P4 was found to be 

significantly superior to remaining crosses . Though tie 

did not differ significantly from P5 for negative gca effect, 

it had lowest negative affect . In 13, six ,parents (four 

with positive effects) recorded significant gca effects 

(Table 44) . P4 was significantly superior to remaining 

crosaoe, having positive effects . P1 recorded lowest, 

significant and neg~.+tiva gce effect . In 14, six crosses 

(three having positive effects) had significant gca effect 

(Table 45) . P4 was significantly superior to other crosses 

peuaessing positive effects, but it did not differ 

significantly frum P3 . Lowest negative effect was recorded 

by P5 . 

In pooled analrsi$, ou: of six significant parents 

for gca affect three parents vie., 1'4• p3 and PI tied positive 
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effects (Table 46) . P4 (.0366) was significantly superior 

to P3 (.0260) and P8 (.0040) . P3 was significantly 

superior to PB . :xignifieantly lower nagative gca effoct 

was recorded by P6 (-.0059) . 

4.9.4 jCA L fLCTa 

All crosses recorded significant ace effects in 

E1 (Table 42) . Thirteen crosses were observed to have 

significant anti pusitivu ace effect . t:ut of these, 4x6 

was found to uf: significantly superior tc; remaining crosses 

except cross 2x6, with which it was at par . Though 5x6 

did not differ from 5x7, it had recorded lowest negative 

ace affect . In L2, all crosses had significant sea 

effects (Table 43) . Thirteen crosees had positive effects. 

Crass 1x3 recorded highest and positive ace effect and was 

found to be significantly superior to remaining crosses . 

It was followed by 4x8, 3x7 and 2x6 in order of significance 

Though 7x0 was found to be at par with 2x0, it recorded 

lowest, significant and negative af'ects . In E3, twenty 

crosses (eixtoen with positive effects) had significant see 

effects (Table 44) . Cross 2x5 was observed to be 

significantly superior to remaining crosses having positive 

effects . Cross 3x6, though did not differ from 1x2, Was 

significantly superior to remaining thirteen crosses, with 

positive •ffuets . Lowest, significant and negative sea 

Le '7L.."E- w ..-0~ -'~~ ~!S -5~- .' 	~A R I ,~•L'.Mk b.7t"rrif i ' 
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err t ,,:; oi:)&Fjrvod for 1x8, though it did not •.1ir fur from 

5x6 and 2x8 . In E4, twenty three crosses had significant 

ace effects (Table 45) . Put of sixteen crosses possessing 

significant end positive affects, cross 2x5 was significantly 

superior to remaing croases except 3x6 and 3x7, with whome, 

it ,vas found to be at par . The lowest negative effect was 

recorded by 6x7 but it uoa found to be at par with five 

of er crona'.lts . 

In pooled analysis, twenty three crosses had 

significant ace effects (Table 46) . Put of sixte,?n creases 

having positive and significant effect, 2x5 t.U68U) Was 

significantly superior to remain 
g creases, but was found 

to be at per with 1x2 (.0666) and 3x4 (.0588) . Lowest, 

significant and negative aca affect was recorded by 5x6 

(-.0160), but it was found to be at per with five other 

Crosses . 

4.10 d.CI: YIL.LD 

4.10.1 Pg~ ,sue PL Af GNG ~iNCE 
P5 (7.28 gm) had highest mean value for seed 

yield pur plant followed by, P7 (7.18 gin), P2 (7.18 g4) and 

the lowest value of 3.22 gm was observed for P1 (Table 47). 

Highest and lowest mean values of seed yield in crosses 

were recorded by 4x6 (10.54 ge) and 2x0 (5.
50 Qa) 

respectively • 
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4.10.2 uL TF_ 

unly thirteen crosses recorded significant 

hateroaie uvor batter Natant anJ out of thuds eight crosses 

had positive heteroais (Table 4~#) • Crown 4x6 recorded 

highest significant and p'sitivo h~itorusis uvor better 

r1aront . 

4.10.3 GCI t.FFLCTS 

In LI only P2 (Positive effect) and PB (negative 

affect) had significant 9ca effects (Table 49) . In 12, five 

parents recorded significant rgca 
effect$ (T~rb1e 50) . Three 

parents viz., P4, P5 and P6 had significant and positivk yea 

affects but all warn found to be at Par . Thorn wan no 

significant difference present between two Parents h.+ving 

significant and negative gca effncty • in 63, five parents 

(three with positive effrects) had aiyaificeat qca offset, 

(Table 51) . There exiistHd no significant differences 

among thre(a p+srents vii., P6, p2 and P1 having pusitive 

yea effect . PB woe significantiY infsrinr to P7 for 

ntativa *1c4 5ffsaf-3 • in t4, only P6 (with positive effect) 

Hn+9 - 2 ♦
With nnfJ$tive emict) had significant yea effects 

(Table 52) 

in pooled analysis. rive pdronts had significant 
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Table 48 

Ha terosis for seed yiaid per plant in poulad data 

Hetnrusis'r~ 

Crosses Jvor b ``=-,j parunt aver mid 	urunt value 

1x2 5.15 12.69" 
1x3 -6.03 - fl.76 

-5.67 - 0.30 
1x4 .11.13• - 4.15 
1x5 30.70** 36.51 
1x6 -12.81• - 6.57 
1x7 - 1.59 - 3.68 1x8 -12.12" -10.75' 
2x3 5.15 6.04 
2x4 11.54' 12.31 
2x5 0.14 2.93 
2x6 ..0.56 - 0.56 
2x? -23.40** -22.92"" 
2x© - 5.38 - 4.71 
3x4 1.65 3.93 
3x5 23.124* 24.65"* 
3x6 7.94 9.62' 
3x7 2.12 3.06 3x8 27.75"' 29.71*' 
+4x5 49.29'* 52.20** 
4x6 - 1.81 - 0.98 
4x7 - 0.42 - 0.64 
4x6 . - 2.63 
5x6 54` 111.54 12.31• 
5x? 14.97•" 16.49'• 
5x0 

12.67' 
15.82" 

6x7 
-12.41• 

-10.52• 
- 6.34 6x8 

- 8.91 7x8 

+ 31gnificant at 5% level 

•• yiynific*nt at 1;ti 1aval 
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yca ufi'ecte (Table 53) . Three parents viz., 1P6 (9.464), 

P5 (0.392) and P4 (0.338) had positive and significant 

effects out all were at per . P4o significant diffarsnce 

exeistod between the two parents having negative gas effects. 

4.10.4 :iCM L1ft.CT8 

In Li, twenty one crosses had significant sca 

effects (Table 49) . Twolve crosses had positive and 

significant afltjats . Cross 1x6, though did not differ 

significantly from 4x5 and 1x2, was observed to be 

significantly suporior ti r,gmsining crosses having positive 

effects . tjo significant differences ware found tc oxuist 

among cro33eo hsvinq negative acs effects . Ili E2, 3nly 

ten crosses had significant sew effects (Ta,:ia 5U) . t•my 

three crosses viz., 4x6, 6x7 and 3x7 had significantly and 

positive !ca effects . Cross 4x6 was significantly superior 

tu other Crosses . Ui crosses having negative and 

significant sca effects were at par . In £3, nut of twelve 

significant sea affect crosses, night had positive effect 

(Table 51) . Cross 2x5 was found to be significantly 

superior to other crosses possessing positive efructs 

All crosses having negative and significant scu effects 

were at poC • In E4, out of seventeen significant see 

aff~3ct cruessss only ®ix had pusitiva effect (Table 52) -

Cross 4x6 was significantly superior tu other crosses 
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pos:>cassin positive eficucts . Lowest, cignifint an!i 

negfttive sce affect cows observed for 2x5, but it was 

found to be at par with nine other crosses . 

In pooled analysis, nine craesne had significant 

ace effects (Tsbie 53) . Six crosses viz., 4x6, 1x6, 4x5, 

5x6, 1x2 and 3x6 had positive and significant ace effect 

Crone 4x6 though did not differ significantly frura 1x6 

and 4x5, was found to be significantly superior to remaining 

crosses • There ex istad no significant differences among 

crosses 
havin, significant and negative ace eflerta . 

4.11 t+USN. YILLO 

4.11 .1 per ss PLH► 4. 	it4CE 

p7 (6.30 ga) recorded the highest mean husk yield 

and wne followed by P4 (5.43 gm), P2 (5.40 gm) and i'5(5.34gm). 

The lowest ,mean value was observed for p1 (4.32 gm). o;+aung 

crosses highest and lowest moan values were 
observed for 

4x6 (8.06 ye) and 1x7 (.4.44 gm) 
respectively (Table 54) 

4.11.2  

f'ourtoo n trees., had 
significant heterosie over 

bettor parent 
and out of these unly 

five recorded positive 
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lveterusia (Table 55) . Highest puaitivu heteraais over 

better parent was observed fur 4x6 followed by 5xa, 4x5, 

1x6 and 3x6 . 

4.11 .3 i;t 	L.1 L L I.$ 

in LI except fur P3 all other parent had significant 

gaa effects and out Of thttsa :4O1y three viz., p2, P6 and P7 

had positive effects (Tab10 56) . P2, thuugh did nut differ 

significantly from P6, was 
obaorvyd to be significantly 

auporiur to 1'7 . Lowest, significantand negative gca effect 

was recorded by P4, though it was found to be at par with 

P8 and P5 . in 12, six parents had significant gca effect 

(Table 57) • Four parents viz., P5, µ4
, t'7 and t'6, had 

positive affect and were found to be 
at per . For negative 

gea effect 
p8 was sirinificantly inferior to P1 . In E3, 

only four parents had s
ignificant gca uffects Noble 58) 

P4 and P2 had positive effect and wets found to be at Per 

P7 and P8 had negative nffuct and no significant difference 

exeiated between the•' . In 14, except P8 all parents had 

significant gca effect (Tuble 59) • 
Four parents (P5, P7, 

P4 and 
P6) recorded positive AftaCt 

and were found to be 

at put . Lowest, nignificant and negative gca 
wffuct was 

recorded by P3  

In pooled analysis, six parents four with 

;,oeitivp) 
had significant gca erects (Taabis 60) • N4, 
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Table 55 

to terosie Pur husk yield pLr plaint (Pooled data) 

_ 	i1eteroaio` 

Crosses 	uvur wetter parent t,ver mid parent value 

1x2 - 1.67 9.26' 
1x3 0.00 7.86 
1x4 - 8.84' 1.54 
1x5 -18.91" -10.35' 
16 21.90" 28.82" 
1x7 -29.52" -16.36'* 
1x8 -11.61' - 4.47 
2x3 -15.74*' -12.25" 
24 (3 0.28 
2x5 - 1.85 - 1.30 
2x6 - 1.30 - 4.10 
2x7 -18.57" -12.30*• 
28 -28.70*" -26.53 •̀  
3x4 - 8.47 - 4.42 
3x5 6.37 10.10` 
36 18.91" 20.49* 
3x7 - 5.56 5.59 
3x8 8.66 9.65̀  
4x5 32.60" 33.70*' 
4x6 48.43•• 56.96" 
4x7 -15.71'* - 9.46' 
4x8 6.81 10.37-* 
5x6 0.94 5.89 
5x? 

 
4,44 13.068' 

5x8 38.f)1** 41.46x* 
6X? 1.11 14.36-' 
6x8 - 1.57 0.81 
?x8 -11.78*' - 8.96 • 

• Significant at 5% level 

«" Significant at 1) level 
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P5, P6 and P7 1 u et,ead  pOsitiva ©ff'act and were found to 

be  at par . For parents having !Iuq tivEi s.;ca Of uct 2 was 

in1Hrior to P1 . 

4.11.4  

in E1, nineteen crosses had (eleven with punitive 

effects) significant 
ace affects (Table y6,' . Cruse 5x8 

was significantly superior to tier: re"asininy 
tan crosses 

possessing positive afract . Loun$t, sirjnificent and 

negative sea efisct was r"acc dod by 2x3 . Yn [2, sixteen 

cruesas had significant sea effect& (Tibia 57) . 	
avon 

arosaas had positive and significant sca affact and among 

tnsrn cross+ 4x6 was significantly superior to 
remaining 

crosses . Cross 1x8 rricarded significantly lowest negative 

sea ef,>ect out was found to 
be at per with seven ether 

crosses . in t-3, 
ninn crosses recorded positive and four 

recorded n r;ut.iva significant sea effects (T.%ble 58) . 

Though there were 
no significant differences uetwean 2x5, 

2x4 and 1x6, the cross 2x5 was found to ba 
significantly 

superior to toruining crosses, posasaoing 
 positive sea 

affect . All 
crosses having nagativ" e

ffects were at tier 

Ili  £4, out of sixteen 
crosses significant 

fur ace Glyricty 

only nixihad positive 
effects (Table 59) • Aeon crosses 

having .;pDsit1vr w
ftect, cross 4x6 was found 

to be 

sijn1fic+qotlY Cupsrior to the rsrnsining Cross"* . Lowsrt, 
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significant and negative aca value was observed for 1x5 but 

it was found to be at par Leith eight uther cruwaos . 

In pool d Analysis, out of thirteen crosses having 

significant ~SCd effer.^t, only six had positive effect 

(Table 6l)) . The craws 4x6 (1.998) though did not differ 

sic nifioantly Pre 5x6, was observed to be significantly 

superior to the remaininri crosses having positive ef't~cts 

its significant differences were ;Jruaulit ai,Unj 3oven 

crosses having negative sca effects 

4.12 iart:ilt:R i,F ErrLCT h- LkhhG1HG., 

({umber of 
effective 1ancing is a ngu character 

Introduced in the present investigation in opium poppy . 

More number of 'Pectve Lafcings is daeirabls character 

in epiwa poppy 

4.12.1 F 	s F,; i2i i-, i E 

lllghust and lowest t»Uan values in pacunta were 

observed for P7 
`4.46) and for P6 (4.01) raapactivsiy 

(Taupe 61) . Among crosses highest end lowest mean values 

Name UUsarvad for 2x5 (6.66) and fur 1x3 (4.26) respectively. 
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4.12.2 tiLTLI L- L 

ill the crosses except 5x6, 5x7 and 7x8 had 

recorded significant huterosiy over better parent and out 

of these eightean cronies had shown positive betarusia 

(Table 62) . :righest p-3sitiue hfteruais was observed for 

2x5 . 

4.12.3 GCA LFt LC T5 

Zr' E1, out of five significant cronies for gca 

effect, only P2 had positive effect and there were no 

significant difParencee present aeon q crosses having 

negative effects  (Table 63) • In L2 except P5 all other 

parents had significant gce affects (Table 64) . Only P7, 

P2 and P1 had significant and positive effect . P7 was 

observed to be significantly superior to P2 and i"1 . 

Lowest, significant and negative goo affect was recorded 

by  P8 • In E3, all parents had significant gee effect 

(Table 65) . Four parents viz., p5, P4, 
P2 and P6 

possessed positive effects • PS though did not 
differ 

significantly 
from Nor toss found to be superior to P2 and 

pb • for negative ef,
'eet, t'3 recorded signifiedntly lower 

gca effect as compared to others . In L4
►  only four 

parents recorded significant gca 
effoCta tT•ibls 66) 

pe Was significantly superior to 
P7, uoth having positive 
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Table 62 

H tyrnaia fur number oP affective lancing per capsule 

(Fooled data) 

- 	 - 	d9atorcyis'; 

i roaacas 	ovor uet~er parent 	uvor mid parent value 

1x2 16.15** 16.67** 
1x3 - 6.99** - 6.37** 
1x4 - 7.98** - 5.60** 
1x5 5.97** 8.13** 
1x6 30.31** 36.34** 

1x7 - 6.45*"' - 2.11* 
1x8 12.61*w 19.34*'* 

2x3 - 60* 
r 

2*4 
9.6 12.99** 

2x5 26.34 ** 
49.66 ** 

2*6 26.34** 31.62 ** 
11.02*~ 

2x7 17 	r** 
2xe 11.38"* 15.42** 
3x4 13.24"'* 9.42** 
3x5 6.55** 15.40** 
3x6 9.61•* - 4.40'* 
3x7 - 8.06*" _ 1.28 
3x8 - 5.U2** 11.21** 4x5 6.317•* 11.71• 
4x6 4.20** 12.96** 
4x7 10.48*4 15.65*• 
4x8 6..72** 2.13 
5x6 - 0.46 7.730• 
5x7 1.01 47.31** 
5x8 41.71** _ 2.20* 
6x7 -10.48** 10.32** 
6x8 17.23** .82.a 
7x8 - 0.90 

* Significant at S;- level 

•• yIgnificant at 1. level 
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efrL3eta . Two other significant pront having negative 

'tea affouts were at par . 

In pooled analysis, seven parents racurded 

significant gee effects (Toibls 67) . unly three parents 

viz., P2, P5 and P4 poases!ied positive gca affect . P2 

(.219) was found to be significantly superior tj other 

two which in turn ware at par . Though PB (-.U73) had 

lowest significant gca eftuct,it was round to bu at par 

with F.6 and F'3 . 

4.12.4 C' L11LLT:i 

In E1 twenty five (fourteen with positive erfects) 

Crosses had significant ace effects (Tebls 63) . Among 

erossue pi)esoeainq positive effect, cross 2x5 was founts to 

be significantly superior to r►+waing crussus . Lowest 

significant and negative ve1uu was recorded by 5x6 but it 

was found to us at par with 3 other crosses . in E2, 

twenty crosses were found to possess significant ,+ea effect 

out of which thirteen had positive effects (Table 64) 

hues 4x7 was observed to be significantly superior to 

remaining crosses having positive wffects . It was followed 

by 4x6 . :iignificently lowest negative sea •fruet was 

recorded by 5x6 
. In E3, twenty six crosses had significant 

ace effects (Table 65) 
. out of nine significant and 
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(positive .,fct pos :miinlj crusnne, 5x@ ties significintiy 

superior uvur rest of the crosses . It uaa fc,l1owe in order 

of significance by 1x6, 3x4, and 2x5 . Cross 4x5 and 5x7 

were at par out r 	rded significantly loom neyetive ace 

effNct thun fiftu'•in other crosses . In E4, sevunteon 

cruasua recorded significant ace affect and out of these 

ei+alit had punitive effect (Table 66) . Crosa 6x8 was 

significantly superior to the remaininq crosses having 

positive effect . Ho significant duPorancuff :were observed 

among crosuae nnaviny negative effects . 

In pooled analysis, eighteen creases had 

significant ace affect and out of these nine had positive 

effects (Table 67) . Cross 2x5 (1.345) though did nut 

diffn.,r air1nifccccntly from so (1.187), was found tope 

aiynificantly superior to rameiniflq creases . 5x8 wee at 

par with 1x6 . Lowest, significant and negative ace effect 

was recorded by 3x7, out it d.J.d not differ significantly 

from 1x5, 1x7 and 3x8 . 

4.13 IHd1Nf1+;L h~RCLYUIHGL 

4.13.1 pray U pf+NF1JR[1Afata. 

Though 1'2 (10.68%) did nut differ significantly 

from P3 (1U
.56~°). it was found to be superior to remaining 
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parents (Table 68) . Among crousoa 2x4 (10.47) r.:carded 

highuat morphin© purcontagn but it was found tube at ;gar 

with sixteen other crosses . 

It was observed that for this character, normal 

suwing unvironments during bath year of testing (E1 and E3) 

Were significantly  aui)urior to late auwirvc; onoir4nr.,unte 

(E:2 and L4) . 

4.1J.2 Hk Tf.1ii :,IS 

i.nly twelve crosses recorded significant heterosia 

over batter foarent, but only two out of these viz., 4x8 

(18.5;x) nrtd 6x8 (10.x1;7) rcnraed significant positive 

heturosis . 
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Table 69 

llatarDt3is for morphine percentage 

Uitwra4a% 

Crosaea 
1ivor natter parent 	uvar mid parent value 

1x2 - 5.80 2.81 
1x3 -20.64*• -13.83*0  
1x4 6.75 7.84 
1x5 - 1.24 0.57 
1x6 - 0.79 - 0.23 
1x7 -11.57** - 8.23* 
1x8 1.91 2.60 
2x3 -13.76** -13.28•" 
2x4 - 1.9? 7.99* 
2x5 - 8.33" 1.71 
2x6 -12.17*• - 6.48 
2x7 - 4.87 0.25 
2x8 - 2.81 6.74 
3x4 -23.39*•  -16.04'* 
3x5 -20.08*" -11.76" 
3x6 -15.15** - 7.39* 
3x7 - 3.79 0.84 
3x8 - 8.52 - 0.05 
4x5 7.58 8.45*  

4x6 4.66 5.14 

47 - 8.59
11 18.59* 

- 2.40 
10.99** 

4x8 5.57 6.91 
5x6 

2.09 7.82 
5x7 

- 3.31 - 2.19 
5x8 

5.171 9.58" 
6x? 

19.31 10.14 • 
6x8 -9.38 ' - 5.34 
7x8 

* bignif icant at 5;+ level 

+• significant at 1ih level 



CHAP Tt: i1 5 

oIscussioN 

Crop improvement work in opium puppy is, in goneral, 

a two dime9fasional approach i.e. improvement iti latex yield 

and breeding for high morphine tyt,sa . Rocontly with 

increasing cost of ppium acid (posta-dune), the third 

dimension of sod yield is also added to the breeding 

programmes . Lvolution of new varieties, generally progressed 

with collection Of ysrraplasre and exploiting it either for 

direct release of the typeu or by utilising in breading 

programme (Ved Kaj Hen YiK,sen~1970 tiigam 	a 1,1979, 1982). 

Performance of i)utch, Cteehelovekien, bulgarian, t;ermen, 

ksien origin and USSR types have been reported in literature 

(Hlavackova,1955P Lochke,1962, .indrnwst 1963) . In India 

opium poppy research work started with agronomical trials 

Q, 
Recently, Nigam (19801) reported ®volution of two new opium 

varieties fur M.P. region of India . 

The utilisation of aoni1aLIe variability in 

cultivator's field is in prugresr;, but for future breeding 

programr„s either new variability 
is to be creatud or 

available variabilities are to be utilised for better 

yiwlde. pr possibilities of now hybrids in opium poppy 

ne
ed to Us pxPlored . Having these objectives in mind, 
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a 8x0 dial.Lai cross use undertaken at i"andeaur . 

Latex yield, is one of the most important 

character, which is directly and positively correlated 

with leaf area (Prasad, 1980), stun diameter and number 

of stigmatic rays per capsule (.Prasad 1980, Ploroestiz 1930,' 

Khanna and Singh 1975) . Seed yield is directly and 
positively correlated with number of capsules per plant 

(Prased 1900, tloruwtiz 1930, Khanna and Singh 1975), 

capsule size t►:hanna and Singh 1975, Prasad 1980), number 

of stigmatic rays par capsule (Prasad 190, 'r hanna and 

Singh 1975) and leaf area (Prasad 1981)) . ilorphina 

percentage is positively correlated with loaf area, number 

of stigmatic rays per capsules  seas yield and plant height 

(Prased 1980), but is not correlated with number of capsules 

per plant Prsead 1980) . 

Lnvirunmental a9enciae play an important role in 

opium poppy . Mean square+ fer anvirtnmcflte in pooled 

analysis was highly significant indicating that artificially 

created onuironmentd were e91'eazi"F as different environments. 

The highest mean squeroM was observed for environments, 

followed by its 
interactions and then oy genotypic components, 

for all characters . This indicates that characters studied 

had difpsrentia1 expression in different erwioUsmantP, and 

that in Opium Poppy, all these character" were greatly 
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influenced by environmental mjencies . 

Pooled analysis indicated significant differences 

among genotypes for all the characters . In the present 

discussion only results from pooled data have been considered, 

except for stem diameter, for which the differences in only 

E4 were significant . 

Highly significant differences among parental 

linos rlaarly e
stablished that those lines Caere genetically 

diverse 
for all the attributes . :iignificant differences 

were also noticed among the hybrids for all the characters 

The eonrperison of parents Vs hybrid as a group is indicative 

of over all expression of heterosis and also confirmed the 

presence of genotypic diversity among parental lines, since 

the differences were observed to be significant for all 

characters except morphine percentage . 

In present investigation, positive and significant 

heternsis was observed in most of the crosses for plant 

height . The findings are in agreement with those of 

Hlavackova (1959) and Sarkany 	
(1959) . 	The plant 

height in opium poppy was reported to be a highly heritable 

character (Hlevuckova 1912) . Combining ability analysis 

revealed that plant height in de
termined predominantly by 

additive gene action . However non additive genetic variance 
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was also playing an important role in its expression . 

NaPemea (P7) had positive and significant gca effects for 

this character . None of the croaases had significant sea 

effucta in negative direction . 

Leaf area is the single moat important factor 

for agricultural crop yields ( atson 1956) . Combining 

ability analysis indicated that this character is governed 

both by 
additive and non additive gone action . in the 

present 
study, heter!Jais for this character was also 

observed . 	
inee 3.arger leaf area is desirable in opium 

poppy, parental lines Showing tics effects in positive 

direction were desirable . parents f'2 
(iicc) and P5 (1.1.3) 

recorded significant and positive gad effects fur this 

attribute, and therefore, tore desirable combiners . Among 

hybrids, five (2x5, 2x6, 3x8, 4x7 and 5x8) combinations 

poassssad significant and positive sea 
effects 

Significant differences were observed among 

thirty Dix genotypes for 
stem diameter onay in environment 

14 
• Combining ability analysis sug'7astod that since gca 

and eta variance were equal in proportion, both additive 

and non Additive gene action word important for this 

attributs • ►
istetotne was also r8+corded for this Character 

in but$$ direction • parental lines with thicker stem 

diameter would be desirable . ,',.+rants 1'1 
(flanzatak), 
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P3 (Tulin 1) and P4 (Irrianian) were desirable combiner 

since they had significant gca affect in positive direction 

Among crosses, nine combinations were found to possess 

significant and positive ace effects . 

in the present investigation, it was found that, 

genotypes differed significantly for numbor of capsule near 

Plant in L2 and L3 environments only . Combining ability 

analysis (pooled) revealed the fact that gca and era 

variances were highly significant, 
with greater magnitude 

of gce variance, augjsating that though, both additive and 

non additive type of gone action are important, the 

predominant role is played by additives variance for number 

of capsules per plant . Haterosis was noticed for this 

character, which is in confirmation with findings of Popov 

Yt alp,  (1976) and iingh n Khanna (1976) . 

parent P4 (Irrianian) and P5 (L3) had gca ofF'act 

in favourable direction and these parents can be used to 

improve this character in future oreeding programme . Among 

crosses, three Combinations viz., 4x6, 4x5 and 5x8 can be 

identified as having favourable direction of sca effects 

All components of variation were found to be 

significant in pooled analysis for capsule size . I+sterosis 

for this atttibuta was observed in the preswnt study, as 
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also reported by Hirosi (1923), _jarkany (1959), Nrax (1964) 

hence (1963) and i:initrov (1963) . iarkefly (1959) reports 

10.67 percent positive hybrid vigour for this character in 

thic material, where as in the present study a maximum of 

12.11 percent positives heternsis over better parent was 

obaurvnd (cross 1x6) . 

Combining ooility analysis revealed the significance 

of both additive and non additive type of gene action for 

capsule size . additive comporl8nt was 
 more important as 

reflected by Treater moon squares Of gca . Parental lines 

with 
greater capsule Sixa would be desirable and tharof-re, 

gca effects in dositive direction could be taken to imply 

deeirabia combiners . Raeults of present studies suggnsted 

that P7 (Hafamea) was observed to be boat combiner . Among 

orocaaa, 1x+6, 47, 5xa, 6x7 
and 4x8 ware good specific 

combinations for this character . 

3lue3er 
of stigmatic says par capsule is an 

important character in opium PUPPY becau a it has positive 

correlation with latex and seed yield (Khanna & Singh 1975 

tioSuwtiz 
1930 and Praaad. 1980), and with that of morphine 

percentage (Prased 1980) . All the parental lines and 
crosses 

di? fat significantly in P 
Doled analysis indicating genetic 

divartitY in the 0atosial . 
t 'e 	

study indicated presence 

of hHt.ru;i3 for this attribute 
. HO other spurt was 
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available fur heterosis for this character . 

Combining ability analysis revealed the significance 

of both additive and non additive ty,:n of gf,ne actions for 

this character . fho gca variance was of higher magnitude . 

5inee more number of stigmatic rays per capsule is a 

desirable character, the lines with positive gca effects 

would be desirable . in the present investigation, P7 

(~lafemsa) and P8 (Goiania) were found to be the beat 

combiners . Hmanq crosses, 5x7 was beat specific eumbinstion 

for this character, though as many as eighteen other crosses 

also had positive and significant ace effects . 

Economically, latex yield in opium poppy is meet 

important character . This character was reported to possess 

positivn correlation with leaf area (Presad 1980) and , 

that of number of stigmatic rays lHorowtiz 1930; Khanna and 

ingh 1975, IJraead 1980) 

Genetic diversity for this character in parental 

lines was indicated by analysis of variance ' positive and 

significant heterocis was observed for this character in 

present investigation, and was also reported by several 

workers (Keicveveka and popevske 1967, d)imitrov 1966, -iingh 

and Khanna 1975. Saini and kaickar 1980) . 



Predominance of additive genetic variance in its 

expression was indicated by the highly significant tjaneral 

combining., ability variance . lion additive genetic variance 

also played an important rule . However, its magnitude was 

ions than that of additive genetic component . The 

predominance of additive genetic variance in th© expression 

of latex yield was also reported by !;eini and Kaicker (1980), 

(;n the other hand, k!Ianne (1975) ohsnrved the predominance 

of non additive genetic component . 

Obviously. parents having positive gce of recta 

are the best combiners for latex yield . P4 (Irrianian) 

was found to be significantly superior combiner . P3 

(Talia 1) and 118 (tialania) were also desirable combiners . 

As many as sixteen crosses had significant positive acs 

effects . However, 2x5, 1x2 and 3x4 rears superior and 

therefore can be treataad as most desirable specific 

combinations . 

Lenetic diversity was noticed in present 

investigation for seed yield . with increasing cult of 

grain, this character is likely to a*Huwe greater importance 

in future breading programmes . As early as in 1966, Anderson 

and Loot, reported that greater attention should be paid for 

seed 
yield instead of morphine percentage because in time 



to come this will be unprofitable enternrise . 

In the present studies, positive heterosia over 

better parent were observed in many crosses . Heterosia 

in positive direction for seed yield was reported by 

several workers (Hlavackova 1959; :,arkany _t al 1959, 

Keskova 1963, e,imitrov 1965, itiezulska 1967) . The results 

of Present studies were confirmatory with these earlier 

findings . 

Combining ability analysis results indicate the 

predominance of additive geneaction for this character, 

though non additive gone action was also important . 

Khanna (1975) observed predominance of additive genes for 

capsulo weight . The results of present investigation are 

in agreement with findings of Khanna (1975) . 

t3ssirsble parents for seed weight were identified 

by positive gca effects . Three parents viz., P6 (UP whits), 

P5 (LL3) and P4 (Irrianian) were found to be superior 

combiners for this character . Amun9 cros:les s  4x6, 16 and 

4x5 were superior combinations for send yield in cDmporiSsicH 

t„ remaining cros:as . 

Genetic diversity was found to exsist for 

1 
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husk yinld in Lhe natorial under study . tieterosis was 

observed for thin character in the proo©nt investigation 

The result of combining ability analysis revealed that 

both types of gene actions viz., additive and non additive, 

govern the inheritance of this character, though predominant 

role Was played by additive genetic variance . 

Desirable parent for husk yield worn identified 

s' ('4 (Irrianian). P5 (LL3) and Pd (UP i-hite), which had 

recorded aignificsnt and positive 9ra effects . Among 

cronses 4x6 and 5x13 were significantly superior combinations. 

t,enetic variability was observed for number of 

effective lancing per capsule in peont study . No reports 

%yarn available for this character . tinterosis in positive 

direction in most of erossea were observed . 

Both acs and sca variances were significant, 

however, the later was about three times larger in magnitude, 

indicating the predominance of nun additive gone action 

P2 (OGG) was superior parent having significantly higher 

e
agnituds of gca effects, than all other parents . However, 

p4 (Irrianian) and PS (LL3) with significant gca effects 

were a•teo desirable parents . i
►r~ony crosses, 2x5, and 9xd 

were be
st combinations having positive and significant sea 

offsets 
. Cross 2X5 alsu had significantly higher viLua 
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a? sca of ects fur latex yield . Thus, number of affective 

lancing par capsule could be considered as an effective 

criterion in the ealaetion for latex yield . 

parents and hybrid differed significantly and 

(P Us ii) interaction was found to be non significant, for 

morphine analysis in FjUO analysis . significant hetorusis 

in positive 'direction was observed only in two craasas viz., 

4x8 and 6x8 . Singh and Khanna (1975) also reported poor 

heterosia for morphine content • Intermediate morphine 

types were reported by Hlavackove (1959) and Popov .e
at  ate]  

(1971) . However, Positive hstaCL)5ia for this character 

Dann 
(1965), Anderson and Loot (1966) 

was observed by 	
for high marphina. 

and Kopp and Katilla 
(1955) . Ureeding 

content can be achieved indirectly since seed yield is 

poeitivaly correlated uith it (voakerrusa 1960, Schrader 

1966) and according to KoP 3 
 (1957) large bear snaps capsule 

contains more morphine • 

The eroesis 
having good morphine percentage were, 

2x4 (10.47), 4x8 X10.40). 2x8 (10.38), 2*7 and 3x7 k10.16). 

gn the basis of the results obtained and discussed 

so far, 
the choice of best combiner parents an well 

superior 

cross Combinationa for the different characters can now be 

identified . 



--142-- 

The Opium crop is valued for its latex . It is 

therefore, imperative that farmers got not only good seed 

yield but also latex yield . Combining ability analysis 

identified three parental lines as most desirable for this 

trait viz., P4 
(Irrianian), p3 (Telia 1) and P8 (Lelania) 

(Table 70) . Parent P4 had significant gca effect for, 

latex yield, numoer of effective lancing, number of stigmatic 

rays, seed and husk 
yield; P3 had significant gca effects 

for latex and number of efructive lancing and P8 had 

significant rgce 
effect for latex, stem diameter and number 

or stigmatic rays . 

Seed yield is annther important character and for 

which, P5, P6 and P8 mate identified as desirable Parent 

based on combining ability analysis . P5 (LL3) had 

significant gca effect for seed yield, husk yield, leaf 

area, and number of stigeatic rays (Table 90)= P6 (UP White) 

had significant gca affect for need and husk yield and PS 

(Galania) nad significant Jca effects for seed yield, number 

of atigmartie rays and stem 
dialuter . 

Thus for latex 
 yield best combiner identified is 

p4 (Irrianian). for seed yield it is P6 (UP White) and for 

latax and seed both, it 
i3 P4 (Irrianian) . 
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Table 70 Denirdnle gca orfHcte of parents and sci eff
7acts 

in crossas for different characters 

Genotypes 	 Significant ufrecto fur characters 

Pi CH6 CH10 
P2 CH2 CH3 CH7 CH10 
P3  CH6 CH7 CH8 CH9 CH10 

CH8 CH9 CH10 
P S CH2 CH8 CH9 
P6 
p6 P7 GH3 CN5 CH6 CH9 

1-10 CH3 
LH6 
CH6 

CM7 
CH7 CH8 CH9 CH10 

12 CH7 
1x3 CH7 
1x4 
1X5 CN3  CH5 CH6 CH7 CH8 CH9 CH10 

16 
1x7 CR3  CH6 

CH10 

1x8 
2x3 
2x4 CH7 CH10 

2x5 CN2 CH3  CH7 CH10 

2x6 Ct12 CH7 
2*7 
2x8 CN3 CH6 CH7 CH10 

7x4 
Cti3  CH7

CH7 CH8 CH10 
3x5 
3x6 CH6 
3x7 
3x8 CH2 CH3 

 CH6
CH6 CH7 CH8 CH9 

4xS CH3  CH6 CH8 C119 

4x6 L113 CH5 
CH10 

4x7 L112  CH5 CH6 CH7 CH10 

4x8 CH6 
5x6  Cu6 CH7 
5x7 CH3 LH2  CH5 CH6 CHB CH9 CHIC) 

5X8 CH5 CH6 CU? 

6x C116 
6x88  
7x8 

Leaf area$ CH3 a motes diameter; 

CHI • Hei9ht= 
CH2 u 

N1 ant 
CH5 • Capsule size 

CH4  . Humber of capsule' per 
/capeulef CN-7 . Latex Y field{ 

Number of stigWatie 
rays 

CN10 a  aueber 
of effective 

CH6 • 
CH9 s Hulk 

:+egd yield 
yields 

CH8 • 

lancing./capsule • 
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~)riairable ace effects for more than one character 

for iiiffernnt crosses are presented in table 79 . t+ 

comparision of different significant crosses for latex and 

need yield, in terms of latex yield, fined yield and morphine 

percentage is also presented in Table 71 

t;asad on the specific combining ability affects, 

crosses 2x5, 1x2 and 3x4 were found to be desireale 

combinations for latex yield . (3n the other hand crosses 

4x8 and 45 wore the top 
most combinations for latex yield, 

on the basis of W,re.F..a
.—e. performance of hyurids . There is 

thus no agreement between toe Par as performance of tlrs cross 

And their sca effects . ]atasra and Parade (1979) also 

reported that there is no agreement between crosses chosen 

on the basis ofPer ,are, performance and ace effects . Unlike 

seed yield the best crass on the basis of ace effect did not 

involve bath persnLs having high 9ca effects . The cross 

4x8 selected afl t'  8,r ew
e. o,• on the other nand, had both 

parents having high gos efEocGs in desirable directions 

iince the farrier is interested in latex yield, it will 

us fruitful to grow F1 
of P4 and P8 (cross 4x8) as coemerciel 

hybrid . The segregating progenies of this cross involving 

high rlr:a x high gca lines may throw ssgragants which may be 

at par with F~ in their pertormancs and therefore, it will 

be worth while to pursue the segreg0tirty material 
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J,7, ed yield is an important character for which 

desirable combination need to be identified as in future, 

hybrid for high sued yield will be required . Hybrid 4x6, 

having both parents of significant gas affect for seed 

yield performed on top in 	as wall as for ace affect, 

and therefure  is the beat chaise for seed yield . 

Among the five crosses identitind for latex yield 

i.e. 2x5, 1x2, 3x4 on ace performarce, 4x8 and 4x5 on 'or as 

performance, and one cross identifihd for seed yield, one or 

two Crosses for further exploitation need to be identified 

for seed yield cruas 4x6 
was most desirable . bn the other 

hand for latex (for which a farmer mainly reisea his crop) 

the cross eombinJticf 45 was found to be the brat . it 

®oa,ssa best Per rie p,rfor15nce. significant 6 positive 
sea 

effects for 
latex, non significant acs effect far seed yield, 

the morphine content of the cross being much `sighar then 

other crosses in consideration and above all showing puaitive, 

significant, hatsrosis (10.59'.) for morphine content over 

better parent • 	 Y 

The aroma 4x6 has negative sea effect for latex 

yield and thsmir0furo, this coeainjtiun may nut be coneidered 

for 
future commercial hybrid • Hawsve.r, since the parent

■ 

of this aroma 
(P4 and P6) &re deeir•ble cu*binars for seed 

yield, air well es latex, 
it can be expected 

that in 
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segregating progenies selections may be obtained, which 

are natter not only for l.itrjx yield but also ►`or sup d 

yield . 

Thus, it can be aafly concluded that fur future 

commercial hybrid the best chuiae will be 4xF3 . 

The genetic variances for all characters excapt 

numbur of afractive Lancing per capsule were found to be 

aredamin~antly e►dditive, as wail as non additive genetic 

variances wets also important . for nuaber of effective 

lancing non additive varia"ce was predominant with important 

ruin+ of au.itive variance . 

The additive variance may be exploited by conventions 

breeding methods like mass selection, modified bulk selection 

method, pedigree method or Mass pedigree rasthod . In 

segregating progenies of crane involving lines P4. P3, and 

Pb (for latex yield)and P4 and P6 (for seed yield), 

sogreganta having nigh gee x high gca could be isolated 

The non additive variance can be utilized by 

using nun cunvontiunai methods of breading viz., biparuntal 

a►atinys, 
recurrent selection or any other cyclical bresing 

method, or this curnpunant of variance could be exploited by 

ralaasing F1 hybrids as coa
►nsrciel hybrid . 
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The present study therefore, concludes that out 

of eight parents tested Irrianian (P4) is thu best combiner 

For latex and send yield and UP ..hits (P6) for seed yield 

only . `!nung croe3es the cross 4x8 is the best and can be 

cunsideceed For future commercial F1  hybrid . 

sr• 
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y.1 sUr%t1 Y 

N 88 diallel in opium poppy was executed with 

two parents of iiadhya Pradesh (Ranzatak and Tells 1), two 

parents frnia Rajasthan (t)LL and (ialania), one from Uttar 

Pradesh (UP White), two from I14R1 New Delhi (LL3 and 

tlafanes) and one drawn from exotic material (Irrianion) 

Normal sowing and one month late sawing coupled with two 

years of testing created four different and contrast 

onVironml+nts . Thirty six genotypes (eight parents and 

twenty eight hybrids) were tested in dk) with three 

replication in each environment. . 

Mean squares for all conponant of variations in 

HUU for all characters (plant height, leaf area, stem diameter, 

number of capsules per plant, capsule size, latex, seed and 

husk yield, number of effective laneinga per capsule and 

morphine percent ) 
were found to be significant . 

Combining ability analysis was performed by 

following Griffing modal I method II for all characters 

axcept morphine percentage , Components of variation in 

combining ability analysis were found to us significant 

for all characters • Heterosis was observed for all 
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charactare . Hafemea was the most undesirable parent for 

height . irrisnian wars oust cumbinur for latex yield, seed 

yield and their components . 	Tulin 1 and Galante were 

better combiners for latex yield also . LL3,UP White and 

Irrianian tuare best combiners for seed yield . Irrianian x 

Galania (4x8) having highest pusitive heteroais fur morphine 

percentage, was found to be overall bast combination for 

latex yield while Irrianian x UP White (4x6) was beat 

combinutiun for send and husk yield, though it possessed 

negative ace effect for latex yield . 

Additive genetic variance was predominant for 

all character except for number of effective lancings per 

capsule, where nun additive genetic variance in its expression 

uas predominant . iiowevar, role of additive genaaction for 

number of effective lancings and of *ion additive gone action 

for teat of inscaett3ra. also were important . 

5.2 CUNCLUJIUN 

Irrianian, Telie 1 and Goiania were best combiner 

pa
rents for latex yield . L13, UP White and Irrianian wars 

found to be best 
c
ombiner parents for good yield . Irrianian 

Galante (4x9) was best combination for latex yield . 

Irrienian s 
UP White (4x6) was best combination for send and 

husk yield • Both type of geneaction i.e. additive and non 
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additive were important Pur thnae charactorS. dumber of 

effective lancinga per capsule had predominant role of non 

additive 4enstic variance, while for other characters, 

additive yanetic variance had predominant rule in its 

expression . 

5.3 SUGGl.. Tlt.i+ i'uW FUri1HL'? c.f2K 

The following ruQevunt sugrestions have been made 

to highliciht the further 
work of the present investigation . 

(a) The poeeibilitiyss 
of sxploitiny hybrid vigour 

in opium poppy can us explored by tooting 

Irrienian x Gslania, 11 combination, for 

commercial use . 

(b) The set recIante of ttu crosrms 
via.. I rrianien 

x Goiania and Irrisnian x UP Whits, should be 

pursued, to isolate desirable segreganta 

having high gca x high gca cumponent . It is 

possible to get eegrsyants with high 
seed as 

t 
well as latex yield in sag ativtpopuletion 

of these crosses . 

(c) For selection, concentration 
should be focused 

un more 
number of stigmatic 

rays, sore number 

or effective lancing per capsule and capeuls 

size, 
for improving latex and seed yield 
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(d) In opium poppy, conventional brooding f"Itnnd8 

are sui;,estad to exploit additive s onntic 

variance for most oP characters . 

(e) fun conventional breeding notho+ia are 

augyeated to utilize non additive genetic 

variance, particularly fur improvurn"nt in 

nuaoer aP elfuctivs lancing . 

•a• 
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