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1. INTRODUCTION 

Among the various leading cut-flower crops of the world, anthuriums rank 

eleventh and its popularity is gaining importance rapidly. Anthuriurns are tropical 

plants of grand beauty and are grown for their brilliantly coloured showy flowers 

and their unusually striking handsome foliage. The flowers of anthuriurns are 

popular with the flower arrangers, because of their bold effect and lasting qualities 

(Bhatt and Desai, 1 989 and Singh, 1 995). 

Anthuriums belong to the monocot family Araceae (Bailey, 1942). The 

neotropical genus Anthurium is the largest and most complex genus of Aroid 

group. The origin and relationships of wild species of the cultivated forms of 

anthuriums are some what obscure. The cultivated forms are probably derived 

from the inter specific hybrids which are supposed to have arisen spontaneously in 

the early anthuriurn collections (Birdsey, 195 I ) .  

The genus is abundant in many wet and cloudy forests of central and 

South America. There are about 600-800 species belonging to this genus 

exhibiting considerable morphological plasticity. Among the different species, 

three have gained commercial status viz., A. andreanurn Linden grown chiefly for 

its cut-flowers, A.  Scherzerianum Schott, grown as a flowering potted plant and 

A.  crystallinurn Linden grown as a foliage plant. 

A, andreu~um was introduced into cultivation and inevitably it spread 

rapidly with off-sets traded or sold at high prices, until it became a fairly common 

green house subject throughout the world. Together with some of its many 

hybrids, A, andreanurn today forms the basis of a substantial cut-flower industry 

chiefly in Hawaii where much research has been done in its hybridization and 

culture (Kamemoto, 1981). The major international production centres of 

A, andreanum are Hawaii, Netherlands and Mauritius, 

Anthuriums were introduccd in India via England by coffee and tea 

planters who wanted showy exotic plants for their bunglows. The anthurium cut- 



flower production in India is still in its infancy due to lack of elite planting 

materials and standard cultural practices. It is only very recently that anthurium 

flowers are seen in the Indian florists shops. A few growers in Yercaud, Salem 

district of Tami t Nadu, Cochin and Thiruvananthapuram of Kerala, Bangalore and 

Coorg region of Karnataka and in Kalympang of West Bengal have started 

growing anthuriums on a large scale for cut-flower production (Singh, 1995). 

In anthuriums, the Iong peduncle along with the brightly coloured spathe 

upon which the spadix is borne, is regarded as the cut-flower of commercial trade. 

The spadix is a compact cylii~drical spike bearing numerous flowers and the 

spathe is actually a modified bract (Geier, 1990). 

Conventionally anthuriums are propagated by seeds which loose their 

viability quickly and hence should be sown immediately. It takes near!y 30-36 

months for the seeding to flower and hence the crop improvement can progress at 

a slower pace. 

Anthurium improvement by interspecific and intraspecific hybridization 

has led to the development of valued colour forms of spathe. There is an 

abundance of genetic variability in some species of Anthurium as revealed by the 

Karyotype analysis and meiotic studies by Lalitha~nbika (1978) and Satyadas 

(1985). These facts point out the possibility of achieving crop improvement in 

Anihurium through hybridization and selection. 

Hybridization followed by selection is the accepted method used for 

improving anthuriums (Kamemoto and Nakasone, 1955). Hybridization between 

selected varieties with good combining ability can be used for creating valuable 

Anthurium hybrids with dcsirable plant characters such as compact plant type, 

medium sized leaves, heart shaped spathe with symmetrical lobes, wrinkled 

spathe texture, straight long inflorescence axis and a reclining spadix to facilitate 

packing (Mayadevi, 200 1). 



With the above background taken with due consideration the present study 

is undertaken with the aim of assessing the genetic variability and compatibiIity of 

14 genotypes of Anthurium and, to improve specific commercial characters such as 

erect, long inflorescence axis, deep blisters of spathe and short downward curving 

candles of some promising FI  hybrids. The hybrids obtained from the compatible 

crosses will come to bloom within a time span of three to four years and the 

desirable types can be selected from the lot. 



Literature 



2. REVIEW OF LITERATURE 

Anthurium is currently being promoted as an export oriented cut 

flower suitable for commercial cultivation i n  Kerala. The only species of 

commercial value in tropics is A .  andreanum which is a native of Columbia. 

The warm humid tropical climate of Kerala can be easily adapted for its 

widespread cultivation. 

Hybridization followed by selection is  the best method to  achieve 

crop improvement in anthurium. The crop i s  highly heterazygaus with great 

genetic potential which is yet to be exploited. So the present study was 

initiated to improve same specific commercial characters of some promising 

F1 hybrids in anthurium. Reported studies in this direction, involving 

A ,  andreanurn are very few. A review of the works relevant to the study is 

attempted here. 

2.1 MORPHOLOGICAL AND FLORAL CHARACTERS 

2.1.1 Cultivation Aspects 

Anthuriums require a warm green house with 75 per cent shading 

from direct sunlight and atmospheric humidity 70-80 per cent. The 

temperature range is between 25 and 28°C during the day and 18 and 22°C 

during the night with optimum being 22" to 25OC. The relative humidity is 

also very important for growth and development of anthurium, the optimum 

being around 75 per cent. The morphological characters, flower production 

and quality of flowers are affected by the intensity of light. The optimum 

shade requirement is 75 per cent (Mercy and Dale, 1994). 

Anthurium needs a light, well drained medium rich in organic matter 

and with good aeration and water holding capacity. They are usually grown 

in a medium consisting of sand, cowdung, brick pieces, charcoal and 



coconut husk in Kerala which provide 100 per cent drainage (Mercy and 

Dale, 1994). 

2.1.2 Nutrition 

Colour break down of spathe tissue of anthurium i s  a typical 

symptom of Ca deficiency. Calcium application significantly reduced this 

disorder (Higaki et al., 1 980). 

A .  andreanum cv. 'Lady Jane' was grown with a weekly application 

of 20:20:20 NPK fertilizer at 200, 400, 600 and 800 mg I-', and the study 

showed that plant growth was best at the lower two fertilizer levels. Higher 

levels were found to be detrimental (Henny and Fooshee, 1988). 

Studies i n  the Kerala Agricultural University (Salvi, 1997) revealed 

that application of NPK fertilizer complex of 17:17: 17 @ 1 per cent at 

weekly intervals produced the maximum height and increased other 

biometrical characters i n  A. andreanum cv.  'Hawaiian Red ' .  

2.1.3 Plant Height 

Tisdale el at. (1985) reported that plant height can be used as an 

index of plant growth. Higaki and Imamura (1988) found that the height of 

plants gradually decreased with increasing pH upto eight. 

Bindu and Mercy ( 1  994), observed that the five varieties of the 

genus of Anthuriun~ studied by them showed significant variation in plant 

height ranging from 45 cm in the var. 'Lady Jane' to 85 cm in the var. 

'Pink'. Sindhu (1995) recorded the height o f  six varieties of A ,  andreanum 

which ranged f rom 43 cm. to 70 cm. In another study with 'Hawaiian Red' 

Abdussammed (1999) concluded that nutrients significantly influenced plant 

height both in ground a s  well as in pot planting. 

R e n u  (2000) recorded significant variation i n  plant height ranging 

from 29.7 cm in var. 'Midori Green' to 70 .9  cm in 'Pompon Red'. The var. 



'Liver Red' and 'Mauritius Orange' also were tall, with heights almost on 

par with that of the uar. 'Pompon Red'. 

Mayadevi (2001) recorded the height of 20 varieties of A.  andreanurn 

which ranged from 45.5 erg in var. 'Midori Green' to 96,67 cm in var. 

'White'. The height of the genotypes varied from 22.17 cm to 64.80 cm in 

the study conducted by Asish (2002). Premna (2003) observed a plant 

height of 21.25 cm ('Carre') to 44.00 cm ( 'PR x DT'). 

2.1.4 Internode Length 

Singh ( 1987) reported that a desirable anthurium should produce 

short internodes inorder to l imit the height o f  the plant. 

Mercy and Dale ( 1  994) were of the opinion that a commercial variety 

should have simple leaves borne singly on long stalks with sheathing bases 

in a spiral rosette with very short internodes so that the plant has a compact 

bushy appearance. 

Mayadevi (2001) recorded the internode length of five parents and 

ten Fl hybrids. Mean internode length ranged from 1 -00 cm ( 'Pink')  to 1.52 

cm ('Liver Red') among the parents and i n  the hybrids i t  ranged from 1.02 

cm ( 'P x CR')  to 1.34 cm ( ' H R  x P'). 

Asish (2002) recorded that internode length ranged from 0.97 cm in 

'MW x PR' to 2.57 cm in 'MW x FR ( I ) ' .  Prernna (2003) observed a 

maximum value of 1.48 cm ('PR x DT' and 'Acropolis White') and a 

minimum of 1.20 cm ('Carre'), 

2.1.5 Number of Suckers per Plant 

Suckering i s  a natural   net hod of vegetative propagation in anthuriurn 

and the ability to produce suckers i s  a very desirable attribute for 

commercial varieties. 



Higaki and Rasmussen ( 1  979) observed that some cultivars produced 

basal suckers readily while others had to be stimulated to produce suckers 

by foliar application of N-6 Benzyl adenine at 1000 mg I". 

Mercy and Dale ( 1  994) reported that propagation of anthurium using 

suckers was a very slow and undependable process because most of the 

good commercial and hybrid varieties were very shy suckering or did not 

sucker at all. 'Pink' is a profusely suckering variety but is not commercially 

valuable. Foliar spraying with Gibberellic acid (GA3) or Benzyl adenine 

(BA) (500-1000 ppm) was found to increase sucker production. Sindhu 

( 1  995) observed maximum number of suckers in the variety 'Pink' and the 

least i n  the variety 'Kalympong Red'. 

Salvi (1997) inferred that a treatment combination of 80 per cent 

shade and 750 ppm BA was the best for maximising sucker production. 

Abdussammed (1999) reported that nutricnts fail to make any significant 

influence on the number of suckers produced per plant, but application of 

growth regulators increased the sucker production in A .  andreanunz 

significantly. 

Among the ten varieties of anthurium studied by Renu (2000) i t  was 

seen that sucker producing abitity is an important trait considered i n  the 

selection of superior types. I t  was very high for varieties 'Liver Red', 

'Lady Jane' and 'Ceylon Red' ('Fla Red'), medium for 'Midori Green', 

'Mauritius Orange' and 'Nitta Orange', low for 'Merengue White' and 

'Dragon's Tongue Red' and very low for 'Pompon Red' and 'Tropical Red'. 

Mayadcvi (2001) while studying 20 varieties of Anthuriutn observed 

maximum number of sucker production for varieties 'Pink' and 'Lady Jane' 

(4) followed by 'Liver Red', 'Honeymoon Red' and 'Kalympong Orange' 

(3.67, 3.67, 3.33).  Very low suckers were produced by varieties 'Nitta 

Orange', 'Merengue White' and 'Tropical Red'. 



Asish (2002) with 50 genotypes observed a range of 1.00 in ' M W  x 

DT', . M W  x FR (2)' and 'DT x KR' to 3.00 in 'LR x FR', 'HR x L W '  and 

'LJ x MW' .  Among I4 genotypes studied by Premna (2003) the sucker 

production was highest for the genotype '00 x KR' (2.25) and lowest for 

'Acropolis White' (0.25). 

2.1.6 Leaf SizeILeaf area 

Medium sized leaves is considered best for an ideal commercial 

anthurium plant type as plants with medium leaves are more compact and 

occupy less green house space than those with large spready leaves. 

Sheffer and Kamemoto (1978) made crosses between 

A.  scherzerianum and A, wendlingerii and produced a hybrid and observed 

the leaf size of parents and hybrids for comparison and found that the length 

and position of leaf blade were intermediate between the highly contrasting 

characters of the parental species. Among the five varieties of 

A.  andreanurn studied by Bindu (1992) the length of leaves ranged from 

13.5 to 26 cm. Leaf size was maximum for 'Pink' and minimum for 'Lady 

Jane' and 'Chilli Red'. 

Mercy and Dale (1994) were of the opinion that the leaves of 

commercially valuable floral anthuriurn should be small to medium sized, 

narrow and elongated. Large and exuberantly growing leaves indicated 

premitiveness and were undesirable. Sindhu (1995) observed that the var. 

'Pink' produced bigger sized leaves whereas 'White' and 'Chilli Red' 

produced smaller sized leaves which are commercially more valuable than 

'Pink'.  

Salvi (1997) with the variety 'Hawaiian Red' reported that leaf 

length and breadth were significantly influenced by shade and growth 

regulators. The treatment combination 60 per cent shade + HoagIand 

solution -t 750 ppm BA produced the longest leaves (10.50 cm) while 60 per 

cent shade + fertilizer complex + 750 ppm BA produced the broadest leaves 



(8.00 cm). Abdussammed (1999) reported that the leaf Length, breadth and 

leaf area were not influenced significantly by the nutrients either in ground 

or in pot planting. 

Mayadevi (2001) inferred that the var. 'Chilli Red' had the least leaf 

area (66 .26  cm2) followed by var. 'KaIympong Red' (66.92 crn2). 'Honey 

moon Red' had the largest leaf area of 88.89 cm2 which is not ideal. 

Leaf area ranging from 41.32 to 323.77 cm2 was reported by Asish 

(2002) in his study with 50 genotypes. Premna (2003) recorded a minimum 

leaf area for the genotype 'Carre' ( 1  13.62cm2) and a maximum for 

'Acropolis White' (301.10 cm2). 

2.1.7 Number of Leavcs or Spadiceslplant/year 

Morphological studies conducted by Christensen (1971) showed that 

A. andreununl had a long juvenile phase o f  vegetative growth foltowed by a 

generative phase in which flower buds were produced. 

Higaki and Poole (1978) while studying on var. 'Ozaki' found that 

the flower production increases with age of the plant. Higaki and 

Rasmussen (1979) found that anthuriums are slow growing, producing only 

6-8 new leaves and vegetative buds on a stem axis per year. 

Singh (1987) reported that the most commonly cultivated varieties 

produced flowers all round the year at the rate of one flower from each leaf 

axil. The sequence of leaf, flower and new leaf was maintained through out 

the life of the plant. 

Mercy and Dale (1994) observed that anthuriums are slow growing 

and produced only five to eight new leaves on a stem axis per year and 

generally with each new leaf. a root also emerged. Sindhu (1995) has 

recorded that the number  of spadices produced annually by an anthurium 

plant varied from 4 to 8. Renu (2000) showed that one spadix each was 

produced from the axil of each leaves so that the number of leaves and 



number of spadices produced annuaIly per plant was the same. The annuat 

production of leaves or spadices was the highest in 'Lady Jane' (7.6) 

followed by 'Liver Red' and 'Pompon Red'. 

Mayadevi (2001) reported that among the varieties studied 

'Honeymoon Red' has the highest number of spadices (7.6). She aiso stated 

that the  average production ranged from 4.67 to 8.00. Asish (2002) 

observed that, among 50 genotypes the maximum number was observed in 

KO x DT (7)  while the minimum in 'PR x DT' and 'TR x MW(3)' 

Premna (2003) observed the maximum number of spadices in the 

genotypes 'Acropatis White', '00 x PR', 'PR x DT' and 'Tropical Red' (6) 

and minimum number in the variety 'Carre' (4.25). 

2.1.8 Days from Emergence to Maturity of Leaves 

Mayadevi (2001) reported that the number of days required for the 

leaves from emergence to maturity ranged from 41.40 days in the variety 

'Honeymoon Red' to 44.40 days in the variety 'Pink'. 

Asish (2002) with 50 genotypes observed the average days for the 

emergence of leaves to i ts maturity as 27.56 with the range 15.33 days in 

'OG x LR'  to 41.00 days in 'DT x FR'. Premna (2003) noticed the least 

number of days for maturity by 'Carre' (26.25) and a maximum number of 

days for the genotype 'PR x DT' (40.25). 

2.1.9 Days from Emergence to Maturity of Inflorescence 

Mayadevi (2001) observed that the days from emergence to maturity 

of inflorescence ranged from 44.60 days in 'Chilli Red' to 50.60 days i n  

'Honeymoon Red' in the parents while the range of this character in hybrids 

was from 41 days in 'HR x P' to 54 days in 'HR x KR'. Asish (2002) in his 

study observed that this character ranged from 16.67 days in 'NO x LR (1 ) '  

to 37.67 days in 'MO s K R  ( I ) ' .  Premna (2003) recorded the lowest mean 

value for the variety 'Carre' (29.00 days). 



2.1.10 Candle Length 

The candle (spadix) is the inflorescence proper, bearing small 

bisexual flowers embedded in slanting rows in an acropetal succession. The 

larger the candle, the more the number of flowers. Commercially, sIender 

and short candles are preferred over thick candles. 

Bindu (1992) reported, the candle length o f  five varieties of 

A. andreanurn which ranged from 4 cm to 9.5 cm. In ordinary varieties of 

'Red', Pink' and 'White' the candle was long and fleshy but in highly bred 

hybrids and exotics, the candle was shorter and more slender according to 

Mercy and Dale ( I  994). The candle length of six varieties studied by Sindhu 

( 1  995) ranged from 6.6 crn to 12.1 cm. 

Renu (2000) reported that the commercial varieties like 'Tropical 

Red', 'Nitta Orange', 'Mauritius Orange', 'Lady Jane Red', 'Pompon Red' 

and 'Midori Green' produced smaller candles. Mayadevi (2001) studied the 

candle length of 5 parents and 10 F1 hybrids.  Longest candle was recorded 

by 'Pink'  (12.72 cm) and shortest in 'Liver Red' (7.18 cm.) among the 

parents. In the hybrids it ranged from 5.9 cm ('P x LR') to 10.38 cm ('HR x 

LR'). 

Asish (2002) reported that among the 50 genotypes studied by him 

'FR x M W  (2)' had the minimum candle length of 3.13 crn while 'FR x M W  

( I ) '  had the maximum candle length of 9.19 cm. Premna (2003) in her study 

with 14 genotypes observed the lowest value for candle length for the 

genotype 'FR x KR' (4.63 cm) which was on par with 'Carre' (4.88 em) and 

'LR x FK' (4.75 crn). 

2.1.11 Inclination of Candle with the Spathe 

Inclination of candle is an important factor as cut flower anthurium 

is considered. A downward curving candle is an extremely desirable 

character for comtnercial anthrlrium variety as this helps in packing a large 

number of inflorescence in a Dnx during transportation. 



Mercy and Dale (1994) reported that flower bearing candle in a good 

commercial variety was attached to the base of the spathe held at an angle 

slanting or curving at 25 to 40 '. According to them ideal anthurium spadix 

with a high market value must have shorter candle curving towards the tip 

of the spathe at an angle less than 45".  

I n  an investigation by Sindhu (1995) the maximum angle of 75 O 

between the base of the candle to the plane of the spathe was observed in 

the var. 'Honeymoon Red', which is not desirabte. The ideal Anthurium 

spadix with an angle less than 45' were found in  varieties 'Chilli Red', 

'Kalympong Orange', 'Kalympong Red'. ,Renu (2000) while studying 

anthurium varieties observed an ideal position of candles for 'Pompon Red', 

'Chilli Red', 'Tropical Red', 'Mauritius Orange', 'Nitta Orange', 

'Merengue White' and 'Midori Green', 

Mayadevi (2001) in her study with 5 parents and 10 F1 hybrids 

observed that the inclination of the candle ranged from 21 O in 'Kalympong 

Red' to 78.2 ' in 'Honeymoon Red' among the parents. The hybrids also 

showed significant difference for the character ranging from 20.8 O ( 'HR x 

CRY) to 89.6 ( 'HR x P'). Asish (2002) observed that inclination of thc 

candle ranged from 10.67 O in  'PR x MO' to 89.33 O in 'MO x K R  ( I ) ' .  

Premna (2003) reported the lowest angle for the genotype 'KR x L R '  (21') 

which was on par with .PR x FRY (22.5 '1. 

2.1.12 Number of Flowers/candle 

The larger the candlc the more number of flowers per candle. 

Though varieties like 'Honeytnoon Red' and 'Pink' have large candles with 

flowers upto 400 or more. They are not preferred as these varieties are non- 

commercial. Ideal commercial varieties have smaller candles with less 

number of flowers. 

Watson and Shirakawa (3967) observed that Anthuriurn 'flower' 

consisted of a modified leaf, the spathe and a flower, bear spadix with over 
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300 spirally attached minute flowers. Croat and Bunting ( I  978) reported 

that the flowers of anthurium were bisexual and was closely congested on a 

cylindrical spike and arranged in a series of spirals on the spadix. 

Singh (1987) noticed that the anthurium flower is a combination of 

colourful modified leaf (spathe) and hundreds of small flowers on the 

pencil-like protrusion (spadix), the flowers are arranged in a series of 

spirals, both spadix and spathes arc borne on a leafless stalk or peduncle. 

Bindu and Mercy (1994) were of the opinion that anthurium flower had a 

candle bearing about 50 -150 sessile flowers. Mercy and Dale in the same 

year reported that anthurium 'flower' was actually an inflorescence termed 

'spadix' which is a racemose with a slender floral axis (candle) bearing 150- 

350 bisexual sessile flowers in acropetal succession. 

Sindhu ( 1  995) observed that the average number of flowers produced 

were maximum in 'Pink' and 'ftoneymoon Red' varieties (325 flowers) and 

lowest in the variety 'Chilli Red' (175 flowers). Renu (2000) in her study 

found that number of flowers per candle varied from variety to variety, 

which ranged from 254 in 'Tropical Red' to 450 in 'Lady Jane Red'. 

Mayadevi (2001) rccorded that the number of flowers per candle 

ranged from 372 in 'Chilli Red' to 600 in 'Pink' among the parents. In the 

hybrids 'P  x LR '  had the min imum number of flowers per candle of about 

400 while ' H R  x DT' and 'P  x K R '  had the maximum number of flowers 

per candle of 600. 

2.1 . I 3  Life of Spadix 

Paull (1982) observed the visible changes accompanying the 

senescence of anthurium Rowers as spathe-gloss loss, necrosis of spadix and 

greening of spathe and spadix. These changes were non reversible 

processes leading to the death of spadix. 

Mercy and Dale (1994) reported that the life of unfertilized spadix 

was about 2 months while that of a fertilized inflorescence was about 4-7 



months. Senescence was marked by yellowing of peduncle followed by 

withering of spathe and candle. Sindhu (1995) observed the life of 

t~nfertilized spadix which ranged from one and a half months in 

'Kalympong Orange' ro three and a half months  in 'Honeymoon Red ' .  For 

fertilized spadices tllc period ranged from fbur and a half to eight monrhs.  

Valsatakumari el a/ .  (1998) reported that A. undreanum cv. 

'Agnihotri' the longivity of spadix was maximum with 1000 ppm GA3 

which was on par with I500 ppm GA3, Abdussammed (1999) noticed that 

combined application of BA + GA3 -250 ppm recorded the highest longevity 

of spadix. 

Renu (2000) observed that among the 10 varieties studied, var. 'Nitta 

Orange' had a life span from the emergence o f  spathe to its senescence was 

2.5 months while the variety 'Ceylon Red' had 3.7 months i n  case of 

unfertilized spadices. For fertilized spadices the life span was found to be 

higher ranging from about 3.8 to 7.5 months. 

Mayadevi (2001) recorded the time span from emergence of a spadix 

to its senescence varied from 98 days in variety 'Chilli Red' to 120.40 days 

in 'Honeymoon Red' i n  case of unfertilized spadices. 

Asish (2002) observed that the average days taken for opening of 

inflorescence to its death was 77.08. Premna (2003) noted the lowest mean 

for the life of the spadix in the variety 'Carre' (59.50 days) and the highest 

for I'R x DT (1 0 1.50 days). 

2 . I . f4  Days to Initiation of Fcmalc Phase 

Croat ( 1  980) stated that i n  Anthurium species maturation o r  f owcrs 

was initiated generally !\-om the basal portion of the spadix (candle) and 

development proceeds acropetally towards the apex. 

Mercy and Dale (1994) reported that the flower o f  A .  an~;lreanurti are 

protogynous and the female reproductive structure or gynoecium reached 



receptivity about 4-7 days after the opening of the spathe. I n  1995 Sindhu 

studied that the days to initiation of female phase occurred within a period 

up to 10 days, after opening of spathe, with the variety 'Honeymoon Red' 

showing the longest period for fetnalc phase initiation. 

Renu (2000) in her study with I0 varieties reported that the mean 

number of days t o  initiation of' female phase ranged from 3.60 days in 'Lady 

Jane Red '  to 6.80 days in ,Mauritius Orangc'. According to Mayadevi 

(2001) the number of  days from the day the candle bccome visible to 

initiation of female phase vary from 4.40 days i n  'Kalympong Red'  to 6.80 

days in 'Honeymoon Rcd' and 'Liver Ked'. Among the hybrids studied it 

ranged from 3.40 to 6.20 days. She also reported the protogynous nature of 

species. Asish (2002) inferred that the average number of days required for 

the initiation of fernale phase was 6.1. Premna (2003) observed the mean 

number of days to initiation of fe~naie phase ranging from 2.75 in '00 x KR' to 

8.00 in 'PR x LR', 'PK x DT' and 'Tropical Red'. 

2.1.15 Duration of Fctnale Phasc 

Croat ( 1  980) reported that the duration of pistillate phasc was quite 

variable which ranged from only a few hours in Anihurium ravenii to 2 1-28 

days in A. lurerymii and A .  caperultrm. The female phase for the spccies 

A .  arzcireuntrttz varied froni 3-12 days (Bindu, 1992). 

Mercy and Dale (1994) observed the receptive female phase as a 

viscous colourless exudate secreted by receptive stigma which is sticky to 

touch. The receptive female phase lasted for three to seven days in 

differcnt varieties. 

Sindhu (1995) reported [hat female phase ranged from 5 to 25 days. 

According to Renu (2000) the duration of female phase varied from 6.4 

days in 'Lady Ja~ic licd' to t 6 . 4  days in 'Mauritius Orange'. She also 

observed individual flower in which the duration lasted upto 21 days i n  

'Mauritius Orange'. 



Mayadevi (200 I )  from h e r  study observed that the duration of female 

phase ranged fro111 7.4 days in 'P ink '  to 13.6 days in 'Kulympong Red' and 

in hybrids i t  ranged from 9.6 to 12.8 days. 

Duration of female phase on an average lasted for about 6.1 days 

with a range 3.67 days i n  'OG x K R '  to 11.33 days in 'MW x FR (1) '  in a 

study by Asish (2002). Premna (2003) reported that duration of female 

phase ranged from 5.50 to 9 days in 14 genotypes studied. 

2.1.16 Days of In terphasc 

The period between female and male phase was scveral days in most 

Anthuriztm species, where as in a few of thetn the t ime lag was so short that 

i t  was not certain whether the species involved were homogarnous or 

protogynous (Croat, 1980). 

Bindu and Mercy (1  994) observed that the stigmatic droplets dry up 

before any stamens emerge out. The interphase of five varieties studied by 

them ranged from four to  seven days. They also found that during rainy 

seasons, the interphase is prolonged. 

Mercy and Dale (1994) reported that the interphase was about one 

week. I n  a study by Sindhu ( 1  995) the interphase in A. andreanum ranged 

from four to ten days. Prolonged interphase with the si~ppression of male 

phase was obsurved from March to August in  several varieties. 

Renu (2000) observed that the interphase was marked by the drying 

up of stigmatic droplets . Observation from seven varieties showed that the 

interphase ranged from 4.8 to 10.2 days. The longest interphase was shown 

by 'Liver Rcd' and the shortest by ' ~ e r e n ~ u e  White'. 

Mayadevi (2001) frorn her study concluded that the interphase 

ranged from 7.80 days in 'Chilli Red' to 11.20 days in 'Pink'. Among the 

hybrids studied, 'HR x CR' and 'P x CR' recorded an interphase period of 

9.39 and 12,60 days respectively. Asish (2002) observed that interphase 

ranged from 2.00 ( ' P f i  .\r KR')  to 1 1  -67 days {'MO x KR (2)').  According 



to  Premna (2003) in  a study with fourteen genotypes, the interphase ranged 

from 4.50 days ('Carre') to 9.25 days ( 'PR x DT'). 

2.1.17 Duration of Male Phasc 

Croat (1980) observed that the initiation of stamen emergence 

appeared to be equal from all parts of the spadix or initial maturation and 

stamina1 exertion appeared for many flowers in the basal fourth, basal third 

or basal half of the candle and further ,development proceeded in a 

systematic manner. Bindhu and Mcrcy (1994) recorded that the anther 

exertion started from the base and proceeded regularly towards the apex and 

the duration o f  male phase ranged from 3 to 7 days in the five 

A. undreanunt varieties studied by them. 

Mercy and Dale (1994) reported that all the anthers on a candle 

emerged in about 4-8 days. According to Sindhu (1995) the male phase 

may range from 3-8 days depending on the variety. She also noticed 

irregular appearance of stamens on the candle. 

Among the ten varictics studied by Renu (2000) she noticed that the 

avcrage number  of days of ~nale  phase ranged from 5.4 days in 'Mauritius 

Orange' to 10.4 days in 'Tropical Red'. 

According to Mayadevi (2001) the days of anther emergence ranged 

from 5 days in the variety 'Chilli Red'  to 7.20 days in variety 'Honeymoon 

Red'. Among crosses, a maximum of 9.60 days ( 'P  x KR') to a r n i n i ~ ~ ~ u m  

of 5.60 days ( 'HR x CR') was recorded. Asish (2002) observed a maximum 

duration of 12.67 days ( ' M W  x PR' )  to a minimum of 4 days ( 'MW ?r DT'). 

Premna (2003) recorded maximum duration of 12 days for the variety 

'Honduras' and lowest for 'Carre' (6.50 days). 

2.1.18 Pollen Fertility 

Appearance of the pollen alone at collection time i s  not always a 

good index of viability (Stanley and Linsken, 1974). So pollen fertility i s  

tested either by using specific stains or by in vilro growth studies. 



Lalitharnbika ( 1978) noticed in a study that the pollen sterility of 

different specics of Anthuriurn varied from 63.0 per cent (A. cordarum) to 

96.5 per cent (A .  veirchii) .  She noticed a pollen sterility of 70-75 per cent 

for A. andreantm. Satyadas (1985) also reported that the pollen sterility 

varied from 67 per cent (A,  rvarocqueunum) to 80 per cent (A.  ornaium). 

Bindu  and Mercy (1 994) noticed that the pollen fertility ranged from 

20.4 per cent in 'Honeymoon Red' to 28.8 per cent in 'Pink' .  They inferred 

that high pollen sterility may be d u e  to high degree o f  meiotic abnormalities 

1 i ke clumping, l a g g i n g  of chromosomes a l  anaphase, unequal segregalion, 

chromosome elimination through m icronuclei ctc. found in A.  andrecmutri. 

Rcnu  (2000) estimated the pollen fertility of ten varieties of 

anthurium and reveared that the var ie~y 'Liver Red' had the highest pol len  

fertility of  42 per cent followcd by 'Tropical Red' (29 per cent). 'Mauritius 

Orange' and 'Lady Jane Red' recorded the lowesl fertility value of 14.0 and 

13.7 per cent. 

Mayadevi (200 1 )  from her study inferred that high pollen fertility 

was observed for the variety 'Liver Ked' (45.90 per ccnt) followed by 

' P ink '  {28.40 per cent). Atnong the 50 genotypes studied by Asish (2002), 

pollen fertility was found to be 24.24 per ccnt on an average. 

Premna (2003) observed liighcst pollen fertility of 35.70 per ccnt for 

the variety 'Carre' followed by 'Ijonduras' 35.1 3 per cent. 

2.1.19 Pollen Morphology - Size and Shape 

Bindu (1992) while studying pollen grains of five varieties observed 

that the size of pollen grains varied from 87.2 x 86.4 p (Lady Jane) to 81.8 

x 68.0 p (Pink) .  All the varieties had more or less round pollen with a germ 

pore. 



2.1.20 Colour of Young Lcaf and Petiole 

The colour of' young tender leaves of A.  andreanurn varied from light 

green to deep reddish brown (Mercy and Dale, 1994). Sindhu (1995) 

observed that thc petioles are slender and long and there are variations in 

the colour o f  both petiole and yot~ng leaves in at1 the  varieties studied by 

her. The young tender leaves showed light green, green, greenish brown, light 

brown and brown colour. Coluur of petiole and young leaf ranged from green to 

brownish green and brown as observcd by Asish (2002). Prcmna (2003) noticed 

a range from brown to reddish brown to greenish brown to green. The colour of 

the  petiole also varied from brown to reddish brown to greenish brown to grecn. 

2.1.21 Spathe  Colour 

Spathe colour is an i~npclrtant character which gives a sense of 

pleasurc lo human beings. Spathe colour varies from pitre white to deep 

maroon arnong the popular cornrnercial varieties o f  an thur ium.  Pasta1 

shades such as white, Iight pink, coral, light orange etc. are preferred in 

countries like China, Japan and Korca, while darker shades are preferred i n  

middle east, USA, Singapore and Malaysia. The presence o f  3-cyanidin 

glycosidc iind I-pelergonidin glycoside in the spathes of A. andreanurn was 

identified by Forsyth and Sirnmonds ( 1  954), while the major spathe colours 

reported by the~n were red, orange, pink, green and white. 

Hirdsey (1956) described the  spathe of native A.  undreanum from 

Columbia as orange scarlel or verrnilon where as the commercial varieties 

showed a complete colour range from white to dark red. According to 

Lowry (1972), spathes of all the cultivars of anthurium contained both 

pelargonidin and  cyanidin 3-rutinoside pigments. 

Bailey (1976) identified A. andreonurn Lind "as one of the parents of 

a group of hybrids with large showy puckered spathes from black red to red, 

salmon pink and white". 



Iwata ri a/. (1979) identified the pigments ru be cyanidin 3- 

rhamnosyl glucosidc and pelargonidin 3-rhamnosyl glucoside. Genetics of 

spathe colour revealed the presence of both the pigments in the red cultivars 

'Ozaki', 'Kaumana','Kozahara','Kansako No. 1 ' and 'Nakazqwa' and in the 

pink cultivar 'Marian seefirrth'. The orange and coral coloured spathes 

contained only pelargonidin 3-rhat~inosylglucoside. In white varieties borh 

the pigments were absent. 

Maurer (1979) while describing the techniques of'cross pottination in 

A. scherzeriirnum discussed the prcsence of recessive characters i.e., A = 

with anthocyanin and a = without anthocyanin, B = whole spathe coloured 

and b = spotted spathe. When the parents were Aa/Bb, the descendants 

were 9 red (AB), 2 red spots in white (Abb-) and 4 white (aaB- and aabb). 

Iwata rf dl.  (1985) stated that the spathe colour in anthurium was 

determined by the relative concentrations of anthocyanins, a predominance 

of cyanidin-3-rha~nnosyl glucosidc resulted i n  p ink to red colour where as a 

predominance of pelargonidin-3-rhamnosypl glucoside resulted in coral to 

orange. Another pigment flavone which is present in large and variable 

amounts was characterised; but not demonstrated to have a modifying effect 

on cyanic shades. 

f j e n n y  L'I uI. (1988) inferrcd that the hybrid 'Southern Blush' 

produced through interspeci fic hybridization, had a medium pink spathe and 

with a slight lavender tint. 

Kamemoto ef al. ( 1  988) after detailed analysis on the genetics of 

spathe colour in anthuriutns concluded that two major genes, M and 0 were 

responsible for the fivc major colours: red, orange, pink, coral and white. 

The dosages of M and 0 genes affect the colours. The gene M was found to 

control the production of cyanidin-3-rutinoside while the gene 0 controlled 

pelargonidin-3-ruthside. lied and pink resulted when both M and 0 genes 

were present with pink being the double heterozygote and orange and coral 



resulted when only 0 gene was present. White colour was produced in 

double recessive condition (mrnoo). The recessive oo is epistatic to M and 

therefore whitc resulted when both were recessive (mmoo) or M was i n  

combination with recessive oo (Mrnoo, Mmoo). Orange and White found to 

be true breeding. The incremental effects of M was grcater than that of O 

and therefore the intensity of colours decreased from MMOO, MMOo, 

MmOO to MmOo. Orange i s  1nmO0 and coral is mmOo. Critey (1989) 

grouped the colours of the important cultivars and new introduction in 

Hawaii according to tlie Royal I lorticultural Society Colour Chart. 

Wannakrairoj and Kamemoto (1990) while studying inheritance of 

purple spathe in anthurium, proposed a scheme for the genetic control of 

purplc spathe colour. A recessive allele 'p'  modified the colour of 

anthocyanins controlled by  M and  0 loci i.e., recessive epistasis. They 

observed that a spathe was pilrple when tlie genotype was M-0- pp. I f  the 

'P' locus was dorr~inrtnt, M-0-PP  was red, while mmO0-pp was orange and 

mmO-PP was coral. The ' P '  aIlcle has no effect on the white genotypes 

whether it is dominant or recessive. 

Mercy and Dale (1994) were of the opinion that colour of spathe 

fades gradually as flowers gets older. After fertilization of candle, the 

spathe becomes gradually green and photosynthetic. Thcy also reported that 

spathe colours varied from whitc to pink  to coral to orange to brown to red 

to crilnson to deep maroon (I,iver Red) and some varictics had spat l~es of' 

two or three colours (obaki). 

Si ndhu ( 1 995) observed that the dark,  and brightly coloured flowers, 

which arc commercially important, were produced by the varieties 'Chilli 

Red' and 'Kalympong Red ' .  

Abdussarn~ned ( I  999) found that the anthocyanin content o f  

Anthurium cv.  'Hawaiian Red' was significantly altered under different 

levels of growth regulators and nu t r i en t  treatments. The highest value for 



anthocyanin content in ground and pot for nutrient were 85.07 mgg-' and 

93.9 mggm' respectively. While for growth regulators, the corresponding 

values were 67.88 mggm' and 84.18 mgg-' respectively. Henny (1999) 

described that tlie ncw a~ithurii~rn hybrid 'Red Hot' had spathes that were 

medium red at anthesis, ivhicli later changed to a lighter red prior to 

senescence. 

Nirmala er 111. (1999) reported that the relative concentrations of 

cyanidin and pelargonidin affects the spathe colour. They concluded that it 

is very difficult to relate tlie visible colour with anthocyanin in the spathe. 

Indian Institute of Horticultural Research grouped the genotypes into 4 

groups (red, orange, coral and white) based on the presence of cyanidin and 

pelargonidin along with an unknown pigment. Renu (2000) grouped the 

spathe colour of I0 varieties into deep maroon to dark red, red, light orange, 

light orange to dark orange, light green and white. 

Mayadevi (2001) inferred that anthocyanins contribuie various 

colours to spathe from decp maroon to light pink, Red coloured varieties 

showed variation from dark red ('Chilli Red') to red (b l  loneymoon Red'). 

The mean total anthocyanin content ranged from I21 -38 mgg-' i n  Pink to 

386.56 mgg-' in 'Liver Red' in the parents while the range of this character 

was from 146.03 mgg" ('HR x LR')  to 330.95 mgg" ('KR x CR') in the 

hybrids. Based on the  anthocyanin contents, the probuble spathe colour 

genotypes uf five parents and their F1  hybrids have been worked out for the 

first tirne i n  anthurium by correlating the total average anthocyanin content 

o f  the spathe of each varicty to thc incremental eKkct  of the two 

anthocyanin producing genes, M and 0. 

Asish (2002) in his study o n  50 genotypes found that the spathe 

colour range was deep maroon, maroon, dark red, red, light red, dark 

orange, pink and white. The genotype 'OG x DT' had double colour spathe 

of red and green. The spathe colour ranged from deep maroon to white in 

the 14 genotypes abscrved by Premna (2003). 



2.1.22 Spathe Texture  

BIistered spathe texture is commercially preferred over a smooth 

spathe as the former is m u c h    no re visually attractive. 

According to Birdsey (1956)' Linden described the spathe of 

A ,  andreanurn and its varying degrees of smoothness to blistering. Arndt 

( 1  991) reported that the spathr: of A .  scherzerianum variety 'Arabella' was 

broad with fjcc lobes and a shallow sinus.Mercy and Dalc ( 1  994) suggcsted 

that the spathe in floral anthuriurns may be smooth, thick and glossy without 

prominent veins or it rnay be thinner  deeply veined and blistered. 

Sindhu (1995) observed that the variety 'Honcymoon Red' had 

smooth, thick and glossy spathe without prominent veins while 'Pink' and 

'White '  had smooth, thin and lightly veined spathes. l ntermediate spathe 

tcxture and dccp lo shallow blisters were observed in varieties 'Kalympong 

Red', 'Kalympong Orange' and 'Chilli Red'. 

Rcnu (2000) describcd the spathe texture in ten varieties of 

anthuriurn as thick smooth glossy, thin smooth glossy, t h i n  shallowly 

blistered glossy, mcdiurn thick shallowly blistered glossy, thick medium 

blistered glossy and thick deeply blistered glossy. 

Mayadevi (2001) while studying 5 parents and 10 F I ,  hybrids in 

anthurium noticed thick, smooth and glossy spathe texture for 'Liver Red' 

and 'Honeymoon Red', medium thick smooth spathes for 'Pink' and thick 

deeply blistered glossy spathes for ' ~ a l ~ m ~ o n ~  Red' and 'Chilli Red' 

among the parents. Thick smooth and glossy spathes were observed for 'HR 

x P', 'HR x LR', 'HR x KR' ,  ' P  x CR', and 'KR x CR'.  Medium thick 

blistered and glossy spathes for 'HR x CR' and 'P  x LII'. 'P x KR' and 

'LR x CR' showed thick medium blistered glossy spathes. 

Asish (2002) noticed that  spathe texture varied from thick blistered 

glossy, rnediurn thick deeply blistered glossy, thick s ~ ~ ~ o o t h  glossy and 

medium thick smooth. Prern~ia (2003) observed that spathe texture varied 



from thick blistered glossy to mediurn thick deeply blistered glossy and thin 

smooth glossy. 

2.1.23 Candle Colour 

In non-commercial and semi-commercial varieties like 'Haneymoon 

Red', 'Pink',  'White' etc., carldles of single solid colaurs are usually seen. 

However most of the new hybrid varieties have double coloured candles. 

Gajek and Schwarz (1980) identified the anthurium variety 'Iga 

Gold' with s h i n y  rcd spathe and a white candle with yellow tip and variety 

'Ellarina' with light salmon spathe and sulphur yellow spadix to be the best 

suited far green house cultivation. 

Arndt (1991) A. .scherzeriunum var. 'Arabella' had red spathe and 

candle. Mercy and Dale (1994) in thei r  observations revealed that the 

candle had a si~iglc colour of red, p ink or green in ordinary anthur ium 

varieties and hybrids had candles with yellow, white, pink or red colour in 

two or more bands. 

Sindhu ( 1  995) reported that the six varieties studied had candles with 

either a single colour or two bands of colours. Henny ( I  999) reported that 

the new anthurium hybrid 'Red Hot' had candle, which is orange-red 

apically, blending to red basally. R e n u  (2000) in her study on ten varieties 

of A. andreanurn observed that the candle had a single colour of pink, light 

p ink,  yellow, light yellow, grccn and lighl green. Mayadevi (2001) while 

studying the divergence of hundred genotypes observed candle colours of 

red, light red, pink, light pink, yellow, yellowish white, white and cream. 

The candle colour varied from red to light red, reddish pink, pink, 

light pink, pinkish yellow, pinkish white, yellow, yellowish white and 

cream in fifty gcnatypes studied by Asish (2002). Prcrnna (2003) in  her 

study observed that candle colour varied from pink to cream, creamish 

yellow and yellowish white, 



2.1.24 Type  of Inflorescence Axis 

The nature of inflorescence axis is one of  the most important factors 

[hat determines the appearance and hence the value of anthurium flowers, 

when marketed as cut flowcrs. 

Mercy and  Dale ( 1994) suggcstcd that good anthurium hybrids 

should have short and straight inflorescence axis. Mayadevi (200 1 )  

reported that among the five parents and 10 Fl's studied, the axis nature 

varied from long, straight and very strong in all the parents and hybrids 

except for the parent variety 'Katyrnpong Red' in which it is  long, thin and 

slightly curving. 

Asish (2002) reported that long straight and strong inflorescence axis 

which is most desirable was exhibited by the genotypes 'NO x TR', 'MW x 

PIX', 'TR x MW', 'PR x MW' and 'PR x LR ( 3 ) ' .  Premna (2003) observed 

long, straight and strong inflorescence axis in 'Acropolis White' and 

'Tropical Red'. Among female parents inflorescence axis was long t h i n  and 

curving for '00 x K R '  and 'PR x MW'. 

2.1.25 Pollen Emergence Pattern 

In  A. crndreunum anlhesis occurs on sunny days between 8 to 10 a.m. 

and on cloudy and rainy days anther dehiscence i s  dclayed (Mercy and 

Dale, 1994). Sindhu ( 1  995) obscrvcd that the interphase was prolonged with 

the suppression of male phase from March to August. 

Renu (2000) revealed that anther dehiscence occurred in the early 

morning hours between 8 and 1 0 a.m. Pollen emergence pattern during the 

period of one year from August 1998 to July 1999 were analysed using 

Cochrans Q test for equality of proportions. The value of  Q was found to 

be significant which showed that there was significant difference among the 

varieties wi th  respect to pollcn emergence. No pollen emergence was 

recorded for thc varieties 'Pompon Red', 'Nitta Orange' and 'Midori Green' 

d u r i n g  that yurlr. Also lllr elnurgcrlce of pollen was Sound to follow a 



regular pattern in all the varieties except 'Merengue White'. I n  all the 

varieties, the pollen emergence was low in the months from March to June, 

during which the average maximum and minimum temperature were higher 

than the rest of the months. Pollen emergence was highest during October- 

November- December months. 

2.1.26 Stage of Harvest 

The 'flowers' are harvested after the unfolding of the spathe i s  

complete. The appearance of fernale phase on the spadix is also used as a 

criterion for harvesting the inflorcscence. 

According to Kamemoto (1962) 'flowers' are cut at the leaf axil 

when one third to three quarters o f  the bisexual flowers embedded in the 

fleshy spadix are open. Anloine (1994) opined that the 'flowers' are 

harvested in the morning with their long stalks and most blooms are 

harvested at about three quarters maturity because at this time i t  is betieved 

that they have the longest she l f  life as cut flower. 

The spadix are cut for sale along with their long stalks when the 

spathes arc fillly opened a ~ i d  the candles show about one third to two third, 

female phase matur i ty ,  inostly around 7-10 days aficr spathe opening 

(Mercy and Dale. 1994). 

Prasad t.t al. ( I  996) rcported that anthurium 'flowcrs' are harvested 

whcn the spathe cot~ipletely unl'urls and the spadix is well dcvelped. When 

one-third of lhe true flowers on the spadix mature, a change of colour can 

be observed that moves from base to tip of the spadix and at that stage, the 

flowers are harvested. 

Salv i  (1 997) observed that in inflorescence having 113 rd flowers 

opencd on spadix, the spathe blueing and gloss were late (20.0 and 22.3 

days, respectively) and it  also had the longest vase life (23.33 days). Singh 

(1998) had specified that anthur ium flowers are harvcsted when three 
quarters of the stigmas along thc spadix have become receptive. 



2.2 COMPATIRI  LITY STUD1 ES 

According to Karnemoto and Nakasone ( 1  955)' hybridization and 

selection were the most common methods for improving anthuriums. 

Productivity, flower colour ,  shape and texture, short internodes and 

suckering ability are different characters to be considered in selection. 

Controlled hybridisation indicated that neither white nor red flower colour 

was dominant and pink was an intermediate heterozygous condition. 

A general mode of spathe colour inheritance in Anthuriun~ 

andreanurn was suggested by several investigators (Kamemoto and 

Nakasone, 1955, 1963, Kamemoto er al., 1969; Sheffer and Kamemoto, 

1 977) based on intraspecific and interspecific hybridization. 

Selection has been widely used as a method to develop suitable 

cultivars in the major anthurium producing countries. Of 1 1 3  clones 

evaluated by Kamemoto and Nakasone (1963), 13 werc recommended for 

commercial cut tlower production. Two cultivars i.r., 'Uniwai' (an 

exceptionally high yielding 'White') and 'Marian SecStrrth' with a rose 

coloured spathe were cvolvcd by clonal seleclion. They iilso postutatcd that 

the inheritance of spathe colour was under the control of multiple allctcs 

and modifying genes. -1'he presence of both the orange and tnagerita 

pigments in the Pink cultivar, 'Marian Seefurth', which arose from nine 

crosses between a white clone and a pink clone, substantiates the hypothesis 

that separate genes designated as M and 0 are responsible for the 

production of rnagenla and orange pigments respectively. 

Kamemoto er crl. (1969) described two sccdling selections 

'Anuenue' and 'Chameleon' for cut flower production and a compact 

clone 'Red E l f  suitable Tor growing as a pot plant. Sheffer and 

Kamemoto ( 1  977) noliced good cross compatibility among A .  andreanunl, 

A. nynrphoefolium and A. piwohinchae. Using this they developed some 

cultivars, all o f  which succussfully followed. 



Sheffer and Kamemoto (1978) evaluated the interspecific cross 

corn pati bilities among 56 species of Anthurium and they concluded that 

interspecific hybrids with A .  nndreanum and A. scherzerianum were not 

readily obtainable. But they got hybrids of A. andreanurn with six other 

closely related species. 

Kaneko and Kamernoto (1978) revealed that the chromosome 

numbers 2n=30 for A .  undrecrnum Linden .  'Kaumana' and 2n=30+2B for 

'Uniwai'. Meiotic configurations in pollen mother cells were similar for 

both, with the exception of 2B chro~nosomes i n  the lattcr. They concluded 

that meiotic irregularities suggested a hybrid origin for cultivated 

anthuriums. 

A new species hybrid, with a greyish-orange spathe was developed 

from the cross A.  scherzeriunum x A ,  wendlifigerii by Sheffer and 

Kamemoto ( I  978), characteristics such as the length and coil of the spadix 

and the length and position o f  the leaf blade were intermediate between 

the highly contrasting characteristics of the parental spccies. Fertility i n  

the hybrid was good indicating the relatively close taxonomic relationship 

of the rwo species. 

Kaneko and Kamernoto (1979) analysed the chro~nosornc number o f  

Anthurium sp. as 2n=30+3B. They informed that the appearance of 

offspring with 2,3 and 4 0  chromosome, on self pollination indicated the 

transmission o f  I3 chromosomes through both pollen and egg. Maurer 

(1979) described the techniques of cross pollinating A. scherzerianunr and 

discussed the presence of recessive characters like lack of anthocyanin, 

spotted spathe etc. 

Leeuwen (1984) in an evaluation trial identilied the an thur ium 
cultlvarsr 'Avo-nettc', 'Avo-tineko', 'Favoriet', 'Qarmu', 'Avo-claudla', 

'Avo-ingrid', 'Nova-Aurora', 'Avo-Jose', Jamaica', ' I loenette' ,  'Sarinu' 
and 'Avo-Anueke'  to be t he  best. 



Zirnrner (1986) while reviewing the problems in the development of 

anthurium cultivars observed that in A.  scherzerianzim first inflorescence 

appeared 12-1 5 ~nonths  after sowing but began flowering regularly only 

after 18-24 months. The spadix seldom had full fruit set. Tissue culture 

from selected genotypes took, 4-5 months to become plantlets. He added 

that the selection of a promising genotype to'ok 10-12 years. 

Heony e t  ni. (1988) obtained 'Southern Blush', a hybrid for foliage 

producers through interspecific hybridization of a large pink-flowered 

A,  andreanrrm and A.  nnlnicola (a dwarf species collected from Costa 

Rica, which is very floriferous but bears small laverlder spathes, nearly 

more than  2 cln long) 'Southern Blush' was intermediate in size between 

its parents, spathes were about 7.0 cm long and 5.0 cm wide and werc 

medium pink with a slight lavender t i n t .  

Marutani er a/. (1993) conducted detailed cytological analysis of 

A ,  andreonurn, i t s  related taxa and their hybrids. They concluded that 

regular bivalent formation at promciaphase I of meiosis in pollen mother 

cells of species hybrids suggested close genomic relationships among 

parental taxa. On the other hand, reduction in pollen rcrtility estimated by 

the pollen stainability in those hybrids suggested genetic divergence of the 

spccies. 

Morcy and Dale (1994) opined that hybridization between selected 

varieties with good combining ability could produce nvvei and valuable 

anthurium hybrids, They also added that a commercial variety should 

have small to mediurn sized leaves, extensive root systern, short 

internodes, strong and straight inflorescence and short, lh in  and downward 

curving candles. 

Sindhu (1995)  recorded that a large number of combinations were 

incompatible. The rnaxirnurn percentage of fruits (52.3 per cent) was 

harvested from the cross 'P x HR' .  Among the 24 combinations obtained 



'HR x P' and 'P x HR' were found to show the highest compatibility. The 

duration of fruit maturity ranged from 4.5 to 8.0 months. 

rlntliura (1997) submitted ror registration, anthurium variety 

'Champion', derived from A. anu'reunurn hybrids. This variety had small 

leaves and flowers cupped white spathe held above thc canopy and red 

spadix. Henny (1999) found that the new interspecific anthuriurn hybrid 

Red Hot is highly suitable for pot planting because of its compact growth, 

freely branching growth habit and production of numerous showy red 

spathes. 

Cross compatibility studies were done by Renu (2000) in 10 

varieties based on the percentage of candles bearing fruits, fruit set and 

seed germination. The percentages of fruit bearing candles were highest 

for 'Nitta Orange' ( 5  1.43) and lowest for 'Mauritius Orange' (9.51). The 

percentage o f  fruit set was below 50 for all the crosses except for 'Pompon 

Red' and 'Liver Red'. The cross involving variety 'Pompon Red' as 

female had the highest percentage of fruit set. Seed germination was 

highest (87.5 per cent) Sor the cross 'Dragons Tongue' x 'Merengue 

White'. Scoring of the compatibility reactions based on fruiting candles, 

f r u i t  set and seed gcrminarion, on a scale ranging from 0 to 9, showed the 

highest compatibility scorc for PR x LR and CR x M W  crosses. 'I'hc best 

female parents were found to be varieties 'Nitta Orange', 'Liver Red' and 

'Pompon Red'. Varieties 'Ceylon Red',  'Merengue White'  and 'Liver 

Red' perfor~ned well as pollen parents. The varieties 'Ceylon Red' and 

'l.,iver Red' performed well  both as female and male parents. 

Premna (2003) after scoring the different genotypes and crosses 

obtained scale from zero to nine. The cross with the highest compatibility 

score of n ine  was '(00 x KR) '  x C and the best female parents observed 

were '00 x PI?' and 'PR x 1,R'. 



2.2.1 Percentage of Candles Bearing Fruits 

Sheffer and Kamemoto in 1976a did 1592 pollinations which 

include 20 selfs, 19 intraspecific cross combinations, 315 intra group 

interspecific cross combinations (including reciprocals) and 29 different 

intra group cross combinations (including reciprocals). The species were 

divided into six distinct morphological groups on the basis of important 

Englerian characters of the number of ovules per locule, colour and shape 

of the berry, shape o f  inflorescence? shape and texture of the leaf. ?'he 

species werc group divided into six distinct morphological groups. Group 

1 and I 1  were separated on the basis of the number of ovules per locule. 

Group I 1 1  and I V  were Engler's sections Pachynerium and Schizoplacium 

respectively. The remaining species were included under groups V and V1 

and were organized into two groups on the basis of leaf tcxture,  berry 

shape and colour. Intra and inter group pollinations were done, fruits 

harvested and germinating sccds obtained. 

Self-poll ination resulted in 8 1 per cent fruiting spadices. 

Intraspecific and interspecific cross combination resulted in 65.4 per cent 

and 28.1 per cent fruit ing spadices respectively. Group I ,  I 1 1  and V gave 

higher percentage of fruiting spadices and flowering hybrids than group I ,  

IV and V1. l'hc presunce of U-chromosomes atso effected the viability 

(Bhattaglia. 1964; Sheffer a n d  Kamemoto, 1976a). 

All t he  six varieties of A,  r~ndreunum studied by Sindhu (1995) viz . ,  

'Honeymoon Recl', 'Chilli Red',  'Kalympong Orange', 'Kalympong Red', 

'Pink', and 'White' ,  showed good percentage of candle bearing fruits. It  

was maximum (93 per cent) for the variety 'White' and lowest (50 per 

cent) for the variety 'Kalympong Red'. On the results of intervarietal 

hybridization using ten varieties of A .  andreanurn, Rcnu (2000) observed 

that the percentage of fruit bearing candles was highest (51.93) for 'Nitta 

Orange' and lowcst (9 .5  1 )  for 'Mauritius Orange'. Tlic only two selfings 

that, produccd fruiling candles tvcrt. for varieties 'Liver  Red' and 



'Dragon's Tongue'. Among the cross combinations attempted the 

percentage of fruiting candles was 100 per cent for nine crosses i n  a study 

on 14 genotypes by Premna (2003). 

2.2.2 Number of Fruitslcandle 

Zirntner ( 1  986) identified the absence of full fruit set in a spadix as 

a major problem in the development of anthurium cultivars. He added that 

the period o r  5-12 months taken for f r u i t  ripening also was an impediment. 

Mercy and Dale (1994) observed that in a well-fertilized candle 

about 100 to 200 or Inore berries had developed. A candle with 

developing fruits should be visually identified from the second month of 

fertilization as it become swollen and fleshy with developing fruits 

embedded i n  i t .  111 about eight weeks. tip of the berries started projecting 

out like small pin heads. 

Among the six varieties studied by S i n d h u  (1995) the maximum 

average number of fruits was produced in the 'Pink'  variety followed by 

'Honeymoon Red' .  The maximum number of fruits were harvested from 

the cross ' P i n k '  x ' H o n c y ~ i ~ o o n  Red' (170) and the lowest number from 

'Kalympong Red' x 'Kalympong Red (2)'. 

Among the ten varieties studied by Renu (2000) number of fruits 

per candle ranged from 5 to 1 8 3  .The variety 'Po~npon  Red' had the 

highest averagu niimbcr ot' fruits per candle and it was lowest for 'Lady 

Jane'. 

Premna (2003) observed highest fruit set in the cross ('00 x KR') 

x C (120) and no berries were obtained for 'PR x F R ' ,  'DR x M W ' ,  'PR x 

DT' and ' L R  A F R ' .  

2.2.3 Percen tagc of Fruitsetlcandlc 

Based on cross compatibility studies using six varieties, Sindhu 

(1995) rccordcd that thc maximum percentage fruit set for the cross 'P .u 



HR'  (52.3 per cent) followed by 'HR x P' (44.3 per cent). The lowest 

percentage fruit set was observed i n  the cross ' K R  x KR' (0.4 per cent). 

R e n u  (2000) reported that thc percentage of fruit set was below 50 

per cent for all the crusscs involving two varieties of A ,  undreanurn except 

'Pompon Red' x ' Idiver tied'. The cross involving 'Pompon Red' as 

female parent had the highest percentage of fruit set. 

Premna (2003) observed highest fruit set for the cross ('00 x KR') 

x C (34.29 per cent). Among the ten female parents, the highest average 

percentage fruit set was observed far '00 x K R ?  (29.03 per cent). 

2.2.4 Number of Scudstberry 

Zimmer  ( 1  986) while evaluating the development  of anthurium 

cultivars observed that the berrics contained two to three seeds and fur 

ripening it took 5- 12 months. 

Geier ( t989)  reportcd that the time required for sccd maturity was 

about 6-7 months for A ,  antlrecrnum and 10-12 months for 

A. scherzeriunum. 

According to Mercy and Dale ( 1  994) in the commercial varieties of 

A.  andrennum, each berry contained one . o r  two secds and the seeds 

matured in about 4-7.5 months. Seeds rcmain enclosed within the thin fruit 

wall in a gelatinous pulp and if not harvested, remaill attached to the 

candle for a few days rnore before they dried up and fell off the candle. 

In the compatibility s tudy  using six varieties by Sindhu (1995), the 

percentage of single seeds produced were more than the double seeds 

except i n  the cross 'Kalympong Red' x 'Honeymoon Red', where the 

percentage of double sccds was 63 per cent. The percentage of single 

seeds ranged from 37  per cent to I00 per cent. 



Renu (2000) in study on ten varieties observed that the percentage 

of single seeded bcrries ranged from 34.30 to 100 percent and that of 

double seeded from O to 62.50. 

Premna (2003) observed that the percentage of single seeds were 

lnorc than the double seeds in most of the crosses. 

2.2.5 Seed Size 

S i n d h u  (1995) recorded that the berries werc usually single seeded 

and sometimes double seedcd. When two seeds werc seen in a berry 

usually one of thcm was smaller. ' P i n k '  and 'Honeymoon Red' varieties 

produced larger sizcd seeds and the Kalympong varieties produced 

comparatively smal ter sized seeds. 

Renu (2000) reported that largest seeds in double  seeded berries 

was for the crosses ' PR x LR', 'PR x DT' and 'MW x LR'  and among the 

single seeded crosses, 'TR x M W '  had the largest size. 

Prernna (2003) observed the rnaximum average length and width in 

single seeded berries for thc cross 'PR x LR'  x. Tropica l  (5mm s 4mm) 

and for double seeded i t  was (3.25mm x2.50mrn) for the crosses 'CR .u 

L R '  s 'Honduras' and ' W  x I,J x 'Acropolis White ' .  

Z i ~ n m e r  and  Bahncrnann (1982) found that secds of 

/I, suherzerianunr fro111 different sources varied in their ability to 

germinate at low, suboptimal temperatures. Optimum germination 

temperature was recorded to be 20 - 2j0c, but some seeds germinated 

well at 10 or 15 OC . 

Szendel er al, (1992) germinated the seeds of A. andreanum 

harvested at three maturity stages and those of A.  scherzecianum at one 

maturity stage (light orange) on three substrates, at pH ranging from 4 to 8 

in light or darkness at 18, 24 or 28°C. In A.  andreanum thc best 



germination was obtained on a high peat substrate, at pl-t 4-5 in light at 

28" C using secds hnrvcsred ar an  corly maturity stage. 

<'ri luq.  ( IOXrl)  rcportcd that. in  antliurium the pitlp was rcniovcd 

from ripe berries in water and the sceds were sown i~nmediatelq an  the 

surface of' a. damp  medium and placed undcr  80 per cent shade in 

conditions of'high humidity. 'I'he germination proceeded within 14 days. 

Mercy and Dale (1994) reported that, the hybrid seeds from crosses 

between ordinary hardy varieties of A. andremnum had above 90 per cent 

germination and  Ihei r  seedlings showcd high survival fitness and vigour. 

Sindhu (19o j )  observed that the rnaximuni average seed 

ger~ilir~ation was obscrvcd i n  cornbinations with the variety 'White'  as the 

female  parclit (63.4 per cent) and thc lowest germination in the variety 

'Kalympong Orange' Highest germination percentage among the crosses 

was recardcd fbr the crohs 'ilolieyrnoon Rcd'  ..c 'Chilli Red' (78.0 per 

cenl). 

Renu (2000) recordcd that the seed germination was highest (87.5 

per cent) in 'Dragon's 'I'ongue Red' x 'Merengue White'. Seed 

germination percentage varied from 69 per cent in 'Tropical Red' to 2.3 

per cent in bMidori Green' arnong the varieties. 

Prernria (2003) rccvrded highcst average germination percentage for 

the cross ' W x L,J' s 'Honduras' (88.90 per cent) and lowest for PR x LR x 

'Acropolis Whirc' (4? per ccnt). 
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3. MATERIALS AND METHODS 

The present study was undertaken to improve specific commercial 

characters such as erect, long inflorescence axis, deep blisters of spathe and  

short downward curving candles of F I hybrids i n  Anfhzrrium undreunum 

Linden by crossing 10 F 1  hybrids with four commercially accepted varieties. 

The investigation was carried out in the Department of Plant Breeding and 

Genetics, College of Agriculture, Vellayani during the period 2003-2004. 

3.1 MATERIALS 

The following ten F1 hybrids of anthurium showing variations i n  

spathe colour, shape, size and other commercially valuable morphological 

characters generated through hybridization in the Department of Plant 

Breeding and Genetics, College of Agriculture, Vellayani under NARP (SR) 

project were used as female parents. 

1 .  'Liver  Ked' x 'Dragon's 'I'onguc Red' [LK x DTI 

2 .  'Fla Red' x 'Merengue White' (2) [FR x M W  (2)l 

3. 'Mauritius Orange' x 'Kalympong Red' ( 1 )  [MO x KR ( I ) ]  

4. 'KaIympong Orange' x 'Chilli Red' [KO x CR] 

5. 'Pompon Red' x 'Fla Red' (1) [PR x FR ( I ) ]  

6. 'Nitta Orange' x 'Dragon's Tongue Red' [NO x D'r] 

7. 'Pompon Red' x 'Kalympong Red' [PR x KR] 

8 .  '1-iver Iied' x 'I'ompon Red' [LR x PR] 

9.  'Pompon Red' x 'Mauri t ius Orange' [PR x MO] 

10. 'Orange Glory' x 'Dragon's Tongue Red' (2) [OG x DT (2)J 

Four varieties with commercially acceptable qualities were used as 
male parents. 



1 .  Acropolis White (A W)  

2. Tropical Red (TR) 

3. Orange Glory (OG) 

4. Liver Red (LR) 

3.2 METHODS 

The selected parents and hybrids were raised in pot culture experiment 

under completely randomized dcsign with three replications and observations 

were recorded from single plants (single plant per replication). The bottom 

one third of each pot was filled with broken bricks and the middle one third 

portion was filled with a mixture of coarse sand, broken bricks, dried coconut 

husk pieces and charcoal mixed in 7: 1 : 1 : 1 ratio respectively. The plants with 

well developed roots were placed over this and the plants were anchored with 

more potting mixture. Coarse sand was used in the potting medium and the 

method of planting ensured 100 per cent drainage. 

Artificial shade of 75 per cent was provided with black polypropylene 

agro shade netting. Mist irrigation was provided two to thrcc times each J a y  

depending on temperature conditions. Regular application of fertilizers were 

given at weekly intervals. NPK mixture 17: 17:  1 7  was applied at a strength of 

5g I - '  aqueous solution once in a month,  Additional nutrients like diluted 

cowdung water and fermented and diluted groundnut - ncem cake mixture 

were given once in a month. For preparing thc latter 2 kg of neem cake were 

fermented in 5 1 of water for two days. The mixture was then dilutcd by 

adding 245 1 by very dilute cowdung water. About 200 ml of the sieved 

fertilizer solution was then applied to each pot. 

Plant Protection 

1. For the control of blight or anthracnose by Colletofrickum gloeosporioides 
regular application of following chemicals were used. 



a .  Bavistin 50 per cent WP @ 2g 1 '-' or 

b. Indofil M-45 2 g 1- '  

2. Dipping the roots of plants in IndoliI M-45 at the time 01' planting helped 

to avoid soil hornc diseases. 

3. Pseudomonas fluorescens @ 2 per cent was applied as prophylactic 

measure against bacterial blight caused by Xanthomonus axonopodis pv. 

dieflinbachiae at weekly intervals. 

4. Need based application of mctacid (2g I- ' )  or Nuvacron (2g I - ' )  were used 

to control leaf feeding caterpillars and grass hoppers. Mites were 

controlled using Kelthane (2ml I - ' ) .  

5 .  S~laiIs and slugs werc controlled by picking by hand and also by the  

application 01' furadan 3 g I@ 2-3 g per pot. 

Morphological Studies 

The plant materials with stabilized vegetative and floral characters 

were used for taking all the observations. Observations on the following 22 

characters (vegetative, floral and qualitative characters) of male (four 

genotypes) and female parents (Ten hybrids) were recorded and their mean 

values were taken. 

3.2.1 Quantitative Characters 

3.2.1.1 Vegetative Ch rrruclers 

3.2.1.1.1 Plant Height 

Plant height in centimeters were recorded from the base of the plant to 

the top of the top most leaf. 

3,2.1.1.2 Internode Length 

Thc dislancc between two nodes was measured from the base of the 

p l ~ n t  snd recarded in centirnetern, 



3.2.1.1.3 Sukering Ability 

The ability of the plant to produce new suckers from the base of the 

mother plant was observed and lhc number 01' suckers were recorded. 

3.2.1.1.4 Leaf size or leaf area 

'l'hc maximum lenglh and breadth of the third leaf were used for the 

estimation of leaf area. The third leaf was chosen as this would be the leaf, 

which will be fu l ly  unfurled and has achievcd its ful l  growth and spread of' 

 he leaf bladc. 

'She Icaf area o r  t l lc 14 parents were i~~easu red  by applying lincar 

regression. 

Il'hcrc y is thc leaf area and x = m a x i n ~ u m  leaf length x maximum leaf 

brcadth (Mayadevi, 200 1 ). 

3.2.1.1.5 Numbcr of Lcavcs per Plant 

The number of leaves pcr plant was noted and recorded. 

3.2.1.1.6 Days from Emergence t o  Maturity of Leaves 

Days from the emergence of the leaf to the maturity of leaves were 

recorded. 

3.2.1.2 FivrnI Ch rrractcrs 

3.2.1.2.1 Days from Emergence to Maturity of Inflorescence 

The time taken from the emergence of inflorescence to its full 

maturity were recnrded. 

3.2.1.2.2 Numbcr of Spudicrrv per Plunt per Year 

The number of spadices produced during the one year period was 

noted and recorded. 



Candle length was measured in centimeters from the base of the 

candle to its tip. 

3.2.1.2.4 Inclination of Candle 

The angle between the base of the candle to the plane of thc 

subtending spathe was taken with the help of a protractor. 

3.2.1.2.5 Lifc of Spadix or  Longevity of Spadix 

The period betwcen thc first day of emergence o f  inflorescence upto 

the time of its yellowing, witliering of spathe and shrivelling of candlc was 

recorded as the life of spadix or the longevity of spadix. 

3.2.1.2.6 Days to Initiation of Female Phase 

The number of days  from the emergence of the spathe to the  first 

emergence of mature stigmas of the basal flowers, identified by the presence 

of honey dew or stigmatic droplets was recorded as the days to initiation of 

female phase. 

3.2.1.2.7 Duration of Female Phase 

The number of days of stigmatic receptivity o f  the spadix, which is 

the period between the emergence of the stigmas in the basal flowers to the 

top most flowers was recorded. 

3.2.1.2.8 Days of In tcrphasc 

l'he duration between the end of female phase and the emergence of 

anthers from the basal flowers, indicating the start of male phase, was 

recorded as the days of interphase, 

3.2.1.2.9 Duration of Malc Phasc 

The period in days for thc emergence of the first anthers in the spadix 

to the emergence of its last anthers were recorded. 



Pollen fertility was assessed using acetocarm~ne s t a~n ing  method. 

Pollen grains were callected dul-ing the male phase from all the germtypes 

and stained with I :1 glycerine-acctocarniine stain (2 per cent). Five slide3 

were made for each genotype and from each slide, tell microscopic fields 

were scored and thu data recorded. Unstained, partially stained and 

shrivelled po!len grains were scored as sterile, while the uniformly stained. 

properly iilled pollcn as fe r t~ lc .  Fertility of each gcnotypc wai- estinlatcd as 

percentage of the number ut't'ertile pollen grains to the total nrinlber oj'pollun 

grains scored. 

3.2.1.2.1 1 Pollen Morphology (size and shape) 

Pollen grui 11s werc I I I C ; I S L I ~ - ~ ~  using oculal micromc tcr. al'tcr 

calibcration. Caliberation was donc with the help of stage micromclcr to 

obtain the measuraement of' ocular ~~ i i c rome te r  division at~cl  converlcd it to 11. 

Thc dir-lmctel- 01' [he pc>llen grains (100 pollen grains) wcrc 11xn me:isurccI. 

Rased on this mean. standard deviation ( 0 )  and s ~ a n d a r d  error [ '  ~ L , : C  

calcuIated to find out the average diamcter a[ the pollen grain. 

rlveragc dinmctes - Mean + Stu~ldard  ctror 

3.2.1.2.2 Qualitative Characters 

3.2.1,2.2.1 Colour of Petiole and Young Leaf 

The culour at' pcliole allci yo~lllg leaf of each ycnr)!ype was recorded 

by visual observa~iotl when the leavcs were not opened f ~ i l l y .  



3.2.1.2.2.2 Spathe Colour 

The spathe colour of each genotype was recorded by visual 

observation. 

3.2.1.2.2.3 Spathe Texturc 

The degree of blistering, thickness of spathe, presence of veins and 

the glossiness of spathe were recorded to differentiate the spathe texture of 

each genotype. 

3.2.1.2.2.4 Candle Colour 

Visual observation was used to record the candle colour, 

3.2.1.2.2.5 Type o f  I nflorcscr.nce Axis 

Length, nature and strcngth of inflorescence axis in each genotype 

were observed and recorded. 

3.2.1.3 Stutisticnl Anrrlysis 

3.2.1.3.1 Biometrical Technique Applied 

The data collected were subjected to statistical analysis using variance 

- covariance analysis. I-lcritability coefficient, genetic advance and 

phenotypic, gcnotypic and environmental correlation coefficients were 

estimated. 

3.2.1.3.1.1 Analysis of VariancelCovariance 

With two characters X and Y measured in g genotypes raised in 

complctely randomized design with r replications, the variance, covariance 

analysis (ANACOVA) is as follows: 
I 

Source 

I3etween gcnotypcs 

Error 

d f 
-. "-- -  

(2-1) 

(r- 1 (g- 1 1 

Mean square 
X Y 

G v  

El), 

x 

GW 

J+hX 

Y 

(% Y 

EYY 



The estimatcs of cotnponents of variance and coviiriance are given 

below: 

... . 
I Variance1 I Genotypic 

3.2,1.3.1.2 Coefficient of Variation 

Phenotypic and genotypic coefficients of va r i a t io~~  (PCV and G C V )  

for a trait X were estirna~cd as 

XY 
. 

ogx 
GCV = - x loo 

X 

Where, 

r 

Gx, - Exy 
- 

0 gxg - 

- J 

0 ~ 1  = genotypic standard deviation 

a,, = phenotypic standard deviation 

- 
x = mean of the character under study 

ex): = ExY 0 pxy = (J gxy $ 0 r x y  

- - - - - - -1 -. - - 



3.2,1.3.1.3 Heritability 

2 
0 gx 

Heritability coefficient, F12 = - x 100 
(in broad sense) 0 DX 2 

Allard (1 960) classification 
< 30 percent - Low 
30-60 percent - Medium 
>60 percent - High 

Robinson (1  965) classification 
5- 1 0 percent - Low 
10-30 percent - Medium 
330 percent - High 

k H h a , ,  
Genetic advance as percentage of mean (GA) = - x 100 

X 

Where k is the selection differential whose value is 2.06 if five per 

cent selection is to be practiced (Miller el. al., 1958). 

3.2.1.3.1.4 Correlation Analysis 

The correlatiot~ coefficients (phenotypic, genotypic and 

cnvironmental) were worked oul as 

- = g,Y 
Gcnotype correlation (r,,,.) - 

o g , \  x o g y  

- 
0 P X Y  

Phenotypic correlation (r,,,) - 

a pa X 0 py 

0 exy 
Environmental correlation (r,,,) = 

0 c x  x 0 ey 

3,2,2 Compatibility Studies 

Crossing was proposed betwcen the ten selected genotypes, which 

were used as the female parcnts and the four commt.rcially important 

varieties as malc parents. Compatibility was studied using the percentages of 

fruit  set, secd set and seed germination. The forty possible cross 

combinations are shown in Table 1. 



Table 1 Forty possible cross combinations between ten selected female 

parents and four cominercialIy accepted varieties. 

3.2.2.1 Hybridization Technique ill Anth urium 

The inflorescence in anthurium is called spadix, wj t h an infloresccncc 

axis (candle) and an enveloping modified bract ca1led spathc, which is 

brightly coloured and highly ornamental. The frue flowers of anthurium are 

bisexual and are embedded i n  the candle. The flowers show a clear 

protogynous condition and so no cmascuiation was needcd. The spadix of 

the selected female parent was protected using a butter paper cover before the 

starting of the female phase to prevent unwanted pollen. When the female 

phase started as indicated by the viscous exudates from the lower flowers, 

pollen was collected from the male parent and brushed on to the candle of the 

female parent with wet hand. 

A W  

Commercial 

TR 

[LR x DT] u TR 

[ER x MW(l) ]  x r R  

[MO x KR (I ) ]  x TR 

[KOx CR] x TR 

[ P K x F R ( I ) J x T R  

[NO x D'I'] x TR 

[PK x KR] x T R  

[ L R  x P R ]  x TR 

[I'll  x MO] x TR 

[OG .u D'I'] x -1 R 

LR x DT 

FR x MW(1) 

MO x KR(1)  

KO x CR 

PRxFR(1)  

NO x DT 

PR x KR 

LR x PR 

PR x MO 

OG x U'T 

[LR x DT] x A W  

[FR x MW(1)J  x A W  

[MO x K R ( I ) ]  x A W  

[ K O x  CRJ x AW 

[ P R x F R ( l ) ] x A W  

[NO x DT] x A W 

[PR x KRJ x A W  

[LK x PR] x A W  

(PK x MO] x A W  

[OG x UTJ x A W  

varieties 

OG 

[LR x DT] x OG 

[ F R  x MW(I)]  x OG 

[MO x K R ( I ) ]  x OG 

[KO x CR] K OG 
- 

[ P R x F R ( l ) I x O G  

[ N O x  DTJ x OG 

[PR x KK] x OG 

[LR x PR] x OG 

[PR x MOJ x OG 

[OG x DT] x OG 

tR 

[ L R x D I ' l x L R  ' 

[FIX x M W I I ) ]  x LR 

[MO x KR ( I ) ]  x 1,R 

[KO x CR] x LR 

[ P R x F R ( 1 ) ] u I , K  
-- 

[ N O x D T ] u L . R  I -, 

[PR x KR] x LR 

[LR X PR] X 1.R 
-.- 

I 
[I'R x MO] x 1.K 

--* 

[OG x DT] .i L R  I 
- - -- 



The pollination was done between 8 and 9 am as the anthesis occurred 

during this time. Repcated pollinations were done over a period of five to 

seven days and the spadix was kept bagged with butter paper cover for one 

more month. Each pollinated spadix was clearly labelled showing the cross 

and date of crossing. 

3.2.2.1. f Percen tngc of Candles Bearing Fruits 

Successfully fertilized inflorescence that remained healthy with strong 

and green peduncles were noted and their percentage was calculated as 

'l'he number oP candles bearing fruits 
- .. - .- x 100 

Number of candles pollinated 

3.2.2.1.2 Number of Fruits per CandIe 

The number of' fruits in each successfully fertilized cancllc was 

counted and recorded. 

3.2.2.1.3 Percentage of Fruit set per Candle 

The percentage of ilowers showing fruit set to the total number of 

flowers pollinated in  a candle was calculated and recorded as the percentage 

of fruit set. Hundred per cent of the flowers were assumed to be pollinated 

in a candle pollinated four times, 90 per cent in candlcs pollinaled three 

times, 60 per cent for two and 30 per cent for one pollination. The nulnber of 

pollinations done varied depending upon thc availability of receptive stigma 

and fresh pollcn. 

3.2.2.1.4 Number of Seeds per Rcrry 

The number of seeds in each ripe berry was recorded. 



3.2.2.1.5 Seed Size 

The length and breadth of seeds were measured in millimeters and 

recorded. Separate measurements were taken for the seeds of single seeded 

and double seeded berries. 

3.2.2.1.6 Percentage of Germination of Seed 

The mucilage around the seeds was removed before sowing and the 

seeds were kept in moist cotton in petridishes to induce germination. The 

number of seeds that germinated within four to nine days was noted and 

percentage of germination calculated as percentage of number of seeds 

germinated to number of seeds kept for germination. 



Results 



4. RESULTS 

The experimental data were collected on various morphological characters 

of 14 selected parents (10 females, 4 males) of Anthurium andreanurn for the 

prcscnt study. 'The data werc statistically analysed and the results obtained are 

presented here. 

4.1 EVALUATION OF GENOTYPES FOR THEIR PERFOMANCE 

The mean performance of each of the 14 varieties for the 17 characters 

(vegetative and floral characters under the study is furnished in Table 3,4 and 5).  

Analysis of variance revealed significant differences among the varieties for all 

the characters studied except internode length,number of leaves per plant and 

number of spadices per plant. (Table 2 and plates 1 & 2) 

4.1.1 Morphological Characters 

4.1.1. I Vegetntive C11nract.ler.s 

4.1.1.1.1 Plant Height 

The gcnotypc NO x D?' recorded the lowest mean plant height (30.80 cm) 

which was on par with the genotype KO x CR (34.7 cm) and I,R x DT (32.17 cm). 

The highest mean plant height was recorded by the variety 1,iver Red (76.17 cm) 

followed by the genotype LR x PR (74.80 cm). 

4.1.1.1.2 Internode Lcngth 

Thc minimum value of 0.93 cm was exhibited by thc genotype MO x KR. 

The maximum value was exhibited by LR x PR 1.63 cm which was on par with 

FR x M W ( 1 ) ( 1.47 cm) and Liver Red ( 1.43 cm). 

4.1.1.1.3 Number of Suckers per plant 

Sucker production was highest for the variety Liver Red (4.00). Lowest 

number of suckers was produced for the genotypes KO x CN and PR x KR (0.33) 



Table 2. Analysis of variance of vegetative ( 1  - 6 )  and floral (7-  18) 

characters in An~hurium andreanurn genotypes 

Mean square 

Plant  hcight. c.111 1 624.02** / 10.26** 

Genotype 
13 

Number of suckers per plant 

Error 
28 

Leaf sizelleaf area,cm2 

Number of' lcavcs per plant 

Days from emergence to maturity of 
leaves, days 

Inclination of candle with thc spathe, 
degrees 

7256.12** 

1.71 

17.61** 

Days from emergence to maturity of 
int lort .scencc. cia!,s 

N u m b e r  of spadices per plant per year 

Candle length, cm 

10.73** 

1.3 1 

4.23* * 

-- 

1 1  

12 

13 

I4 

2.17* 

0.36 

0.35 

15 

16 

- .  

Life of spadix, days 

Days to in i t ia t ionoffemalephase ,days  

Duration of female phaso. days 

D ~ ~ r a t i o n  of interphase, days 

17 

Duration of male phase, days 

Pollen fertility. per cent  

368.64* * 

6.90* * 

8.09** 

5.51** 

*Significant at five per cent lcvcl * * Significant at one per cent level 

I'ollcn size,li 

10.93** 

1.19 

2.67* 

1.19 

49.98** 

71 1.77** 

1.45 

8.19**  

329.34** 2.0 1 



Table 3. Vegetative character differentiation in Anrhrtrivrn undreonrrm genoopes 

S 1. 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 

Mean 
FI;. 28 

SE 
C'D 

* * Significant at one per cent  level 

Genotypes 

LR x DT 
F R x M W ( I )  
M O x K R ( 1 )  
K O x C R  
P R x F R ( 1 )  
N O x D T  
P R x K K  
L R x  PR 
P R x M O  
O G x D T  
Orange Glory 
Liver Red 
Acropolis White 
l'ropical R e d  

Plant height 
(cm) 

32.17 
40.67 
45.37 
34.70 
41.13 
30.80 
40.13 
74.80 
46.97 
52.43 
63.67 
76.17 
48.17 
42.20 
47.81 

60.809** 
1.850 
5.357 

Internode 
length (em) 

1.03 
1.47 
0.93 
1.30 ----- 
1.03 
1.13 
I .23 
1.63 
1.20 
0.97 
1.33 
1.43 
1.27 
1.20 
1.23 

6.845** 
7.663 
0.222 

Number of 
suckers per 

plant 

0.67 
0.00 
1 .OO 
0.33 
1 .OO 
1.00 
0.33 
1.33 
1.33 
1.67 
3.00 
4 .OO 
0.00 
0.00 
1 . 1 2  

14.109** 
0.309 
0.894 

Leaf size / 
Leaf area 

(cm2) 

98.27 
164.43 
117.10 
1 12.43 
91.97 

1 16.49 
122.3 1 
287.76 

98.98 
161.81 
184.7 1 
138.58 
183.87 
150.18 
144.92 
43.379** 

7.819 
22.646 

Number of 
leaves plant" 

7.00 
5.33 
5.67 
6.00 
6.33 
4.67 
6.67 
6.33 
5.33 
7.33 
6.67 
7.03 
6.67 
6.3 3 
6.24 

3.600* * 
0.398 
1.154 

Days from 
emergence to 

maturity of 
leaves 

34.33 
33.03 
3 1-97 
31.67 
29.50 
26.57 
32.17 
3 2.5 0 
30.33 
34.20 
34.17 
29.33 
31.03 
35.67 
3 1.89 
5.778** 
1.008 
2.919 



I Days fro111 cmergencu i o  maturity of  
inflorescence, days 

2 .  Number of spadices pcr plant per year 
3.  Candle length. cm 

4 Inclinalion of candle wi th  ille spathc. 
degrees 

7 Duration of female phase. days 

8. ~ u r a r i o n o f i n t e r p h a s e . d a ~ s  
9 -  D u r a t ~ o n  of male phase. days 

10 Pnllcn fertilit!. per cent  

Life of spad ix .  dabs I 1 .  l'ollcn sizu.11 

6 Days i n  i n ~ r i s t i o ~ l  af remale phase, days 



Table 5 .  Qualitative character differentiation in of Anihurium andreanurn genotypes 

Genotype 

L R  x DT 

FR x M W(1) 

MO x K R ( I )  

KO x CR 

PR x F R ( 1 )  

NO x DT 

P R  x K R  

1.K s PR 

P R  x MO 

C3G x DT 

OG 

LK 

A W  

7'R 

Colour of 
Young Leaf 

Greenish 
brown 

Brown 

Colour of 
Pefiole 

Green 

Greenish 
brawn 

Spathe Colour 

Deep maroon 

Light pink 

Brown 

Brown 

Green 

Greenish 
brown 

Reddish 
bro*n 

Green ish  
brown 

Bmwn 

Reddish 
brown 

Grernish 
brown 

Brown 

Grutnish 
brou n 

Reddi5h 
brown 

Brown 

Brown 

Brown 

Green 

Reddish 
brown 

Brown 

Brown 

Reddish 
brown 

Greenish 
brown 

Brown 

Greenish 
brown 

Reddish 
brown 

Medium long straight thin 

Medium long straight thin 

Medium long thin curving 

Long thin curving 

Long thin curving 

Long thick curving 

Long thin curving 

Short medium thick curving 

Long straight strong 

Long straight strong 

Long straight strong 

Long straight strong 

Type o f  Inflorescence Axis 

Long thick sl ightly curved 

Long thick curving 

- 

Maroon 

Light yellow 

Light yellow 

Yellow 

Pink 

Light  yellow 

Yellow 

Pink 

Yttllo\l 

M a r o o n  

Yello\v 

Yellotx 

Spathe Texture 

Thick smooth glossy 

Medium thick shallowly 
blistered glossy 

Red 

Red 

Red 

Dark orange 

Red 

Dark red 

Pink 

Dark red 

Orange 

Deep rnaroon 

White 

Dark rcd 

Candle 
Colour 

Yellow 

Light yellow 

Thin slightly blistered glossy 

Thick smooth g lossy  

Thin blistered g lossy  

Medium thick deeply blistered 
glossy 

Medium thick blistered glossy 

Medium thick blistered glossy 

Medium thick blistered glossy 

Medium rhick deeply blistered 
glossy 

Medium t h i ck  shallowly 
blistered glossy 

Thick  smooth gloss!, 

Thick smooth shal lowly 
blistered gloss> 

Thick medium blistered glossy 





-- --? - 
Liver Red Orange Glory 

f i ~ r o ~ o l 1 5  ~"v'hrte Tropical Red 

Flab 2. Mok Pararts 



whereas Acropolis White, Tropical Red and FR x MW ( I )  did not produce any 

sucker at at1 during the period of study. 

4.1.1.1.4 Leaf ArealLeaf Size 

The leaf area was minimum for the genotype PR x FR (1)  (9 1 -97 crn2) and 

maximum for the genotype LK x PR (287.76 cm2) which was significantly 

different. 

4.1.1.1.5 Number of Leaves per Plant 

'l'he lowest number of leaves per plant was shown by the genotype N O  x 

Dl' (4.67) and the maximum valuc by the gellotype OG x Dl' (7.33). 

The genotypes FR x MW (1)  (5.331, MO x KR (1) (5.67) and PR x MO 

(5.33) were on par with NO x D'I' (4.67). A11 other genotypes except KO x CR 

was on par with OG x DT (7.33). 

4.1.1.1.6 Days from Emergence to Maturity of leaves 

The least number of days for maturity was taken by NO x DT (26.57) 

which was on par with the variety Liver Red (29.33) and I ' t i  x FR (1)  (29.53). 

The maximum number of days was taken by the genotype Tropical Red (35.67). 

4.1.1.2 Floral Ch rrracters 

4.1.1.2.1 Days from Emergence to Maturity of Inflorescence 

The genotype KO x CR recorded the lowest mean value (3 1.00) for this 

character which was on par with PR x FR (1) (31.70), OCi x DT (32.17) and 

Acropolis White (32.40). The highest mean value was recorded in the genotype 

FR x MW (1) (37.20). 

4,1,1,2,2 N urn bcr of  Spadices/lalantlYear 
The mil~imum number of spadices per plant per year was observed for the 

genotypes FR x MW (1) and NO x D'T (4.67) which were on par with genotype 

PR x MQ (S,00), Tho maxilnum numbor of rpndlcor wrte exhibited In the 



genotype Liver Red (7.00) followed by OG x D'T, Orange Glory and Acropolis 

U'hitc having mean value of 6.33. 

4.1.1.2.3 Candle Length 

The genotype MD x KR ( I )  recorded the lowest value of 3.83 cm which 

was significantly lower from others. The highest mean candle length was 

recorded for the genotype PR x MO (8.00 cm) followed by I.,R x PR (7.83 cm), 

Acropolis White (7.47 cm) and PR >; MW (1) (7.17 cm). 

4.1.1.2.4 Inclination of Candle with the Spathe 

The angle between the candle and the spathe was lowest for the genotype 

PR x MO (26 .10~) .  The maximum angle was observed for !he genotype MO x 

KR (1) (70.07'). 

3.1.1.2.5 Lifc of Spadix 

?'he lowest mean life of the spadix was recorded by PR x FR (1 )  (62.33 

days). 'The highest mean was recorded for the variety Acropolis White (99.00 

days) followed by MO x KR (1) (93.67 days) and Tropical Red (93.33 days). 

4.1.1.2.6 Days to Initiation of Female Phase 

The mean number of days to initiation of femaIe phase ranged from 4.33 

in PR x MO to 9.27 in PR x FR ( I ) .  

4.1.1.2.7 Duration of Female Phase 

The lowest duration of female phase was observed for the genotype OG x 

DT (5.50 days) which was on par with LR x DT (6.00 days), NO x DT (6.33 

days), FR x MW ( 1 )  (7.07 days), PR x FR (1) (7.27 days) and PR x MO (7.50 

days, The highest mean duration wan obtained for the variety Acropolis White 

( 1  1.00 days) (Plate 3). 



4.1.1.2.8 Duration of Interphase 

The days of interphase were minimum for the genotype NO x DT (2 .33  

days) and maximum for the variety Acropolis White (6.83 days). 

No anther production was observed in the genotypes LR x DT, FR x MW 

( I ) ,  KO x CR and PR x MO during the period of the study. So observations on 

days on interphase, duration of malc phasc, pollen fertility and pollen morphology 

could not be recorded for these genotypes. Among the 10 genotypes on which the 

days of interphase were recorded the highest mean number of days of interphase 

was shown by Acropolis White (6.83) which was on par with Tropical Red (6.27). 

The lowest number of days of interphase was shown by NO x DT (2.33) which 

was on par with MU x KR (1) (3.17) and LR x PR (3.33). 

4.1.1.2.9 Duration of Male Phase 

The lowest mean duration of male phase was recorded by PR x FR (1) 

(5.33 days) which was on par with LR x PR (5.67 days). The highest mean 

duration of male phase was obtained for the variety Acropolis White ( 1  0.83 days) 

which was on par with OG x Dl' ( 1  0.00 days) and Tropical Ked (9.83 days)(Plate 

3) 

4.1.1.2.10 Pollen Fertility 

Comparison of pollen fertility estimated using acetocarmine method 

reveals that, PR x FR ( 1 )  had the highest pollen fertility of (41.67 per cent) 

followed by Liver Red (40.67 per cent), LR x PR (34.67 per cent) and MO x KR 

(1) (3 1.33 per cent). The lowest values were recorded for OG x DT (14.67 per 

cent), PR x KR (20.33 per cent) and Acropolis White (27.00 per cent). 

4,1.1.2.11 Polten Size 

The mean size of the pollen ranged from 16.80 p in OG x DT to 24.97 p in 

Liver Red. The genotype MO x KR ( 1 )  (16.87 p) was in pur with 00 x DT. The 
varieties Acropolis White (22.93 p), Tropical Red (24.53 p )  and the genotypes 

NO x DT (24.47 p) and PR x K R  (23.97 p) were on par with Liver Red. 



A. Female phase 

B. Male phase 

PI8te 3. An*urlnm unlru#nsnr flawsr 1. female amd mak p k n  



4.1.1.3 Qualitative Characters 

4.1.1.3.1 CoIour of Young Leaf and Petiole 

The colour of young leaf showed a range from brown to reddish brown to 

greenish brown to brownish green to green. The colour of petiole also varied 

from brown to light brown to reddish brown to greenish brown to green. 

4.1.1.3.2 Spathe Colour 

Liver Red and LR x DT had deep maroon coloured spathe. Red coloured 

varieties showed variation from dark red (LR x PR, OG x IIT, Tropical Red) to 

red (KO x CR, PR x FR ( I ) ,  PR x KK). PR x MO and FR x M W  ( I )  showed pink 

and light pink coloured spathe. OG and NO x DT had orange and dark orange 

coloured spathc. (I'ablc 5 ) 

4.1.1,3.3 Spathe Texture 

Thick smooth and glossy spathes were seen for KO x CR, Liver Red and 

LR x DT. Orange Glory and FR x MW (1) had medium thick shallowly blistered 

glossy spathes while MO x KR (I) had thin slightly blistered glossy spathes. 

Spathes were thin and blistered for PR x FR ( I )  while it was thick and medium 

blistered in 'I'ropical Red, NO x DT and OG x DT had medium thick, deeply 

blistered glossy spathcs. PR x KR, I,R x PR and PR x MO had medium thick 

blistered glossy spathes. (Table 5 )  

4.1.1.3.4 Candle Colour 

Candle colour varied from light yellow in LR x PR, FR x MW(l),  KO x 

CR and PR x FR( ]).It ranged from yellow in Tropical Red, Acropolis White, 

Orange Glory, PR x MO, NO x DT and LR x DT. Liver Red and FR x MW(1) 

showed maroon coloured candle. Candle colour was pink in the genotype PR x 

KR and OG x DT (Table 5).  

4.1.1.3.5 Type of Inflorescence Axis 

The nature of inflorescence axis which is an important commerciaI trait 

varied from long, straight and strong in Liver Red, Orange Glory, Acropolis 



White and Tropical Ked to medium long straight and thin in MD x KR (1) and KO 

x CR. Long thin and curving type of inflorescence axis were noticed in genotypes 

NO x DT, PR x K R  and PR x MO. LR x PR and FR x MW ( I )  showed long thick 

and curving inflorcscencc axis while i t  was medium long thin and curving in 'PR 

x FR (1)  and short, medium thick and curving in OG x DT.(Table 5 )  

4.2 ESTIMATION OF VARIABILITY COMPONENTS 

The genotypic and environmental components of phcnotypic variance are 

presented in Table 6, along with the genotypic coefficient of variation (GCV) and 

phenotypic coefficient of variation (PCV), which is the relative measure of 

variation used for comparison among characters measured in different units. 

Maximum variability .both at phenotypic (1 10.80 per cent) and genotypic 

99.82 per cent) were observed for number of suckers per plant followed by pollen 

fertility (GCV 52.39 per cent and PCV 53.30 per cent) and duration of male phase 

(GCV 50.60 per cent and PCV 52.82 per cent). 

Pollen ~norphology (sizc) and leaf area also registered a high value of 

48.25 per ccnt, 48.69 per cent and 33 -50 per cent, 34.78 per cent at both genotypic 

and phenotypic levels respectively. The minimum variability was recorded by the 

character days Prom emergence to maturity of inflorescence lu 4.96 per cent for 
' 

GCV and 6.58 per cent for PCV. 

Plant height, internode length, number of leaves per plant, number of 

spadices per plant per year, candle length, inclination of the candle with the spathe 

and duration of interphase also differed in their ranks at phenotypic and genotypic 

levels. 

The environmental influence was maximum for the character leaf area 

followed by inclination of candle with the spathe, life of spadix, plant height and 

pollen fertility. While for all other characters under study it was minimum. 

4.3 HERITABILITY AND GENETIC ADVANCE 

Robinson (1 965) classified the heritability estimates in cultivated plants as 

law with 5 - 10 per cent heritabiIity, medium 10 - 30 per cent heritability and 



Table 6. Components of the total variance for different characters in Anfhurium crndreanum 



Table 7. Heritability and genetic advance of seventeen characters in 
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greater than 30 per cent as high. In the present study, all the characters showed 

high heritability as per Robinson's classification. Allard (1960) classified 

heritability as low (less than 30 per cent), medium (30 - 60 per cent) and high 

(above 60 per cent). According to this classif cation all the characters showed 

high heritability except for the characters days from emergence to maturity of 

inflorescence (56.77 per cent), number of spadices per plant per year (47.06 per 

cent), number of leaves per plant (46.07 per cent), duration of female phase (40.40 

per cent) and duration of interphase (37.03 per cent). 

From the Table 7 i t  was found that high heritability was recorded for the 

character pollen size (98.19 per cent) followed by pollen fertility (96.63 per cent), 

plant height (95.22 per cent) and leaf area (92.78 per cent). Duration of 

interphase showed the least value of 37.03 per cent for heritability. 

Genetic advance as percentage of mean is independent of the unit of 

measurement and hence is used for comparison of characters. Maximum genetic 

advance was obtained for number of suckers per plant ( I  85.7 1 per cent) followed 

by pollen fertility (106.09 per cent) and duration of male phase (99.87 per cent). 

Least genetic advance was obtained for the character days from emergence to 

maturity of inflorescence (7.69 per cent). 

4.4 CORRELATION AMONG DIFFERENT CHARAC'I'I IRS 

Thc phenotypic, gcnotypic and environmental correlation among the 

various characters are presented in Table 8 , 9  and 10 respectively. 

'The significance for both phenotypic and environmental correlation was 

tested. However no test is available to detect the significance of genotypic 

correlation coefficient. 

4.4.1 Phenotypic Correlation 

Plant height was found to have significant positive correlation with 

number of suckers- per plant (+0.6542), leaf size (+0.6426), number of spadices 

per plant per year (+0.4425), internode length (+0.4973) and pollen fertility 

(+0.5272). It showed significant negative correlation with days to initiation of 



female phase (-0.3952). Internode length showed highly significant positive 

correlation with leaf area (+0.5871), while it showed negative correlation with 

days from emergence to maturity of leaves, life of spadix, days to initiation of 

female phase, duration of interphase, duration of male phase and pollen size. 

Number of  suckers per plant is not significantly correlated with any of the 

characters other than plant height where it is positively correlated (+0.6542), 

number of spadices per plant per year (+0.45 15) and pollen fertility (+0.3896). 

This character is positively correlated with number of spadices per plant 

(+0.4515), pollen fertility (+0,3896), number of leaves per plant (+0.2781) and 

pollen size (+0.2496). 

All characters are positively correlated with leaf area. I t  showed high 

significant positive correlation with plant height (+0.6426) and internode length 

(+0.587 1) 

Number of leaves per plant showed significant positive correlation with 

number of spadices per plant (+0.7829) at 1 per cent level of significance and 

duration of interphase (+0.499). It also registered negative correlation with days 

to initiation of female phase (-0.2542), days from emergence to maturity of 

inflorescence (-0.1637) and life of spadix (-0.0488). 

Days from emergence to maturity of leaves showed negative correlation 

with internode length, number of suckers per plants, days to initiation of female 

phase, duration of female phase, pollen fertility and pollen size. 

Days fiom emergence to maturity of inflorescence exhibited positive 

correlation with leaf size, inclination of candle with the spathe, life of'spadix and 

duration of interphase while all other characters showed negative correlations. 

Number of spadices per plant was found to have significant positive 

correlation with number of leaves per plant (4-0.78291, plant height (+0.4425), 

number of suckers per plant (+0.45 1 5) and pollen fertility (+0.3859) and showed 



negative correlation with days from emergence to maturity of inflorescence, 

candle length and days to initiation of  female phase. 

Candle length showed high positive correlation with internode length 

(+0.4282), leaf size (+0.3475) and duration of interphase (+0.3 199). Negative 

correlation was exhibited with the characters number of suckers per plant, days 

from emergence to maturity of inflorescence, number of spadices per plant, 

inclination of candle with the spathe, days to initiation of female phase, duration 

of male phase, pollen fertility and pollen size. 

Inclination of candle with the spathe was found to have negative 

correlation with days to initiation of female phase (-0.0500), number of suckers 

pcr plant (-0.13 l G), candle length (-0.1284), life of spadix (-0.0920) and duration 

of interphase (-0.2066). None of the characters exhibited significant positive 

correlation with inclination of candle with the spathe. None characters showed 

significant positive correlation with life of spadix. It was negatively correlated 

with internode length, number of leaves per &ant, inclination of candle with the 

spathe and days to initiation of female phase. 

Days to initiation of female phase showed positive correlation only with 

duration of male phase (+0.2686), pollen fertility (+0.3 102) and pollen size 

(+0.36 14) which was significant from others. Duration of female phase showed 

positive correlation with all characters except for number of suckers per plant, 

days from emergence to maturity of leaves, days from emergence to maturity of 

inflorescence and days to initiation of female phase. 

Duration of interphase showed positive correlation with all characters 

except for internode length, number of suckers per plant, inclination of candle 

with the spathe, days to initiation of female phase and pollen fertility, 

Duration of male phase showed positive significant correlation with pollen 

fertility (+0.6255), pollen size (+0.8656) and life of spadix (+0.4724). High 



Table 8 Phenotypic correlation coefficients among seventeen characters in Anthurium andreanurn 
1 1 T 
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negative correlation was shown with days from emergence to maturity of 

inflorescence (-0.274 1 ), candle length (-0.1 8 10) and internode length (-0.1 773). 

Pollen fertility showed high positive correlation with pollen size (+0.8687) 

and duration of male phase (+0.6255). This character showed negative correlation 

with days Iionl emergence to maturity of leaves, days from emergence to maturity 

of inflorescence candle length and duration of interphase. 

Pollen size was found lo have significant positive correlation with pollen 

fertility (+0.8687), duration of male phase (+0..8656), days to initiation of female 

phase (+0.3748) and duration of female phase (+0.3614). It also showed negative 

correlation with internode length (-0.01951, days from emergence to maturity of 

leaves (-0.1606), days from emergence to maturity of inflorescence (-0.285 1) and 

candle length (-0.2972). 

4.4.2 Genotypic Correlation 

The magnitude of genotypic correlation coefficients were higher than that 

of phcnotypic correlation coefficient. Since the environmental correlations were 

negligible between most of lhe characters, and also experiment being under strict 

environment control, the correlation may be attributed to genotypic effect. 

Plant height showed positive correlation with all characters studied except 

for days from emergence to maturity of inflorescence (-0.1271) and days to 

initiation of female phase (-0.4793). 

Internode length was positively correlated with plant height (+0.6185), 

number of suckers per plant (+0.1777), leaf area (+0.7457), days from emergence 

to maturity of inflorescence (+0.0447), days from emergence to maturity of leaves 

(+0.0484), candle length (+0.5836) inclination of candle (+0.1320), duration of 

female phase (+0.4560), pollen fertility (+0.0744) and pollen size (t0.00 18). For 

all thc othcr characters it  was negatively correlated. 



Numbcr of suckers per plant was found to have negative correlation with 

days from emergence to maturity of leaves (-0.1874), days from emergence to 

maturity of inflorescence (-0.1296), candle length (-0.2483), inclination of candle 

(-0.1562), days to initialion of female phase (-0.1 189) and duration of interphase 

(-0.0603). Leaf area showed positive correIation with all the characters except for 

days from emergence to maturity of inflorescence (-0.0201), days to initiation of 

female phase (-0.4748) and duration of interphase (-0.043 1). 

Number of leaves per plant was negatively correlated with internode 

length (-0.1 2641, days from emergence to maturity of inflorescence (-0.3727), life 

of spadix (-0.0346) and days to initiation of female phase (-0.1798). 

Days from emergence to maturity of leaves exhibited negative correlation 

with number of suckers pcr plant (-0.1874), days to initiation of female phase ( -  

0.24731, pollen fertility (-0.2663) and pollen size (-0.2443). 

Days from emergence to maturity of inflorescence was positively 

correlated with internode length (+0.0447) days from emergence to maturity of 

leaves (+0.3756), candle length (+0.1010), duration of female phase (+0.0276) 

and duration of interphase (+0.0847). 

Number of spadices per plant recorded negative correlation with internode 

length (-0.1 199) followed by days from emergence to maturity of inflorescence (- 

0.5033) and candle length (-0.1 129). 

Candle length reported negative correlation with number of suckers per 

plant (-0.2483), number of spadices per plant (0.1 1291, inclination of candle (- 

0.1680), days to initiation of female phase (0.20521, pollen fertility (-0.4588) and 

pollen size (-0.3280). 

Inclination of candle with the spathe was found to bc negatively correlated 

with number of suckers per plant (-0.1562), days from emergence to maturity of 

inflorescence (-0.0633), candle length (0.1680), life of spadix (-0.0679), days to 



initiation of female phase (-0.0493) and duration of interphase (-0.33 19). Life of 

spadix observed a negative correlation with internode Iength (-0.0346), days from 

emergence to maturity of inflorescence (-0.0464), inclination of candle (-0.0679) 

and days to initiation of female phase (-0.19 16). 

Days to initiation of female phase exhibited negative correlation with all 

the characters except for number of spadices per plant (+0.0048), duration of male 

phase (+0.3 576), pollen fertility (M.4277) and pollen size (+0.4579). 

Duration of female phase was positively correlated all the characters 

except for the character dslys to initiation female phase (-0.1038). 

Duration of inlerphase showed negative correlation with internode length 

(-0.2284), number of suckers per plant (-0.0603), Ieaf area (-0.043 11, inclination 

of candle (-0.33 19) and days to initiation of female phase (-0.4 108). 

Duration of male phase was positively correlated with all the characters 

except for the characters internode length (-0.1838), days from emergence to 

maturity of inflorescence (-0.3568) and candle length (-0.2052). 

Pollen fertility showed negative correlation with days from emergence to 

maturity of leaves (-0.2663), days from emergence to maturity of inflorescence (- 

0.3188) and candle length (-0.4588). PolIen size was found to be negatively 

correlated with days Cram emergence to maturity of leaves (-0.2443), days from 

emergence to maturity of inflorescence (-0.388 1) and candle length (-0.3280). 

4.4.3 Environrnen tal Correlation 

Duration of female phase is the only character which showed positive 

significant correlation with pollen fertility (0.5742) while inclination of candle 

with the spathe (-0.4680) showed negative significant correlation with pollen 

fertiIity. Number of spadices per plant showed negative significant correlation 

with days to initiation of female phase (-0.3 877) and it showed significant positive 

correlation with  umber of leaves per plant (+0.5773). Plant height and number 



of suckers per plant are negatively correlated with each other (-0.3796) and it was 

significant. For all the other characters it was low and insignificant. 

4.5 COMPATIRII,TTY STUDIES 

Crossings involving the ten selected female parents and four male parents 

were planned, depending on the availability of receptive spadices and fresh pollen 

(Table 11). This was done with the aim of finding the compatibility between the 

varieties on the basis o f  

Percentage of candles bearing fruits 

Percentage of fruit set per candle 

Percentage of germination of seed. 

A total of twenty three crossings were attempted of which twelve were 

successful. The results of compatibility analysis carried out are presented below. 

4.5.1 Percentage of Candles Bearing Fruits 

LR x DT- Out of the two possible crosses attempted none were successful. 

FR x M W (1)- Only two crosses could be attempted and both were found 

to be successful. -]'he percentage or candles bearing fruits was highest for the 

cross [FR x MW ( I ) ]  x LR (100 per cent) followed by [FR x MW ( l ) ]  x OG 

(83 .33  per cent). 

MO x KR (1)-  Three crosses were done and all of them were found to be 

unsuccessful. 

KO x CR- No possible crosses could be attempted using KO x CR as 

female parent during course of study. 

PR x FR ( 1 )  - 'I'hree crosses could be attempted out of which two of them 

were successful. The crass [PR x I'R ( I ) ]  x OG showed higher percentage of 

candles bearing fruits (89 pcr cent) followed by [PR x FK (111 x LR (66.67 per 

cent). 



Table 1 1 ,  Matr ix showing the tlutnber of pollinations done  in  each 
combination among the genotypes of A. andreanurn 

Table 12. Matrix showing percentage of candles bearing fruits in each 
combination 

Orange 
Glory 

1.R s Dl' 7 

FK x M W I I )  5 

MO x KR(1)  6 

KO x CR 0 

P R  x FR( 1 ) 8 

NO x Dt 7 

PR x KR 0 

LR x PR 7 

I'R x MO 5 

OG >i D'1' 0 

Liver Red 

0 

6 

4 

0 

10 

8 

9 

4 

6 

4 

1.1vur Red 

PP 

0 

Acropolis 
White 

5 

0 

5 

0 

0 

0 

9 

6 

4 

0 

Table 13 Matrix showing average number of fruits per candle 
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0 

0 
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83.33 
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100.00 

0 

0 

66.67 

0 

100.00 

0 

100.00 

100.00 

0 

0 

0 

0 

0 

0 

0 

0 

0 

91.67 

0 

0 

77.84 

0 

100.00 

86.17 

86.11 

100.00 



NO x DT - Two crosses were attempted and none of them were found to 

be successful. 

PR x K R  - Threc crosses were done and two of them were successful. 

Both the crosses (PR x KR) x LR and (PR x KR) x AW showed 100 percentage of 

candles bearing fruits. 

LR x PR - All the possible four crosses could be attempted and two of 

them were successful namely (LR x PR) x AW (89.00 per cent) and (LR x PR) x 

OG (83.33 per cent). 

PR x MO - Three crosses could be attempted and all of them were 

successful the crosses (PR x MO) x LR and (PR x MO) x AW showed 100 pcr 

cent success followed by (PR x MO) x OG (58.33 per cent). 

OG x DT - In OG x DT, only one cross could be attempted and it was 

found to be successful i .  e. (OG x DT) x LR ( 1  00 per cent). 

Among the 10 female parents, the maximum percentage of candles 

bearing fruits was oblained for PR x KR (100 per cent) with two crosses and OG x 

DT (100 per cent) with one cross followed by FR x MW ( 1 )  (91.67 per cent) with 

two crosses and LR x PR (86.17 per cent) with two crosses and PR x MO (86.1 1 

per cent) with two crosses (Table 1 2). 

4.5.2 Number of Fruits per Candle 

The fruit of anthurium is a berry. The berries when ripe will be pushed 

out of the candle and they can be collected. The extrusion of  berries takes place 

between 9 am and 10 am. Thc number fruits per candlo obtained in various 

crosses are shown in Table 13. The fruit colour varies from yellow to dark red. 

FR x MW (1)- Among the two successful crosses the maximum number of 

berries was obtained for the cross [FR x MW ( I ) ]  x LR (88) followed by [FIX x 

MW ( I ) ]  x OG (301, 
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Table 13 Matrix showing average number of fruits per candle 

Table 14. Matrix sllowing average percentage of fruit set in each 
cvmbinatioll 

9 
LR x DT 

FR x MW(1) 

MO x KR(1)  

KO x CR 

PR x FR(1) 

NO x DT 

PR x KR 

LR x PR 

PR x MO 

OG x DT 

Orange 
Glory 

0 

30 

0 

0 

2 8 

0 

0 

113 

47 

0 

Liver Red 

0 

8 8 

0 

0 

2 5 

0 

64 

0 

5 1 

37 

Liver Red 

0 

17.14 

0 

0 

9.76 

Acropolis 
White 

0 

0 

0 

0 

0 ---- 
0 

27.76 

19.39 

29,29 

0 

\ 9 . 

LR x DT 

FR x MW(1) 

MO x K R ( 1 )  

KO x CR 

PR x FR(1) 

Average 

0 

59 

0 

0 

27 

0 

60 

6 8 

42 

37 

Acropolis 
White 

0 

0 

0 

0 

0 

0 

56 

2 3 

29 

0 

Orange 
Glory 

0 

12.54 

0 

0 

14.85 

'Tropical 
Red 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1'1.opical 
lied 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Average 

- 
0 

14.84 

0 

0 

12.31 

0 

20.02 

28.65 

27,06 

12.65 

PR x KR 

LR x PR 

PR x MO 

OG x DT 

0 

37.91 

2 8 , 5 2  

0 

12.27 

0 

23.36 

12.65 



PR x FR ( I ) -  Out of the two crosses attempted the cross [PR x FR ( I ) ]  x 

OG had higher number of fruits (28) compared to [PR x FR ( 1 )] x LR (25).  

PR x KR- Two crosses of which (PR x KR) x LR (64) had higher number 

of fruits per candle than (PR x KR) x AW (56 ) .  

LR x PR - Out of two successful crosses the cross (LR x PR) x OG 

showed the highest numbcr of fruits per candle (1 13) followed by (LR x PR) x 

AW (23). 

PR x MO- Of the attempted successful crosses (PR x MO) x LR recorded 

the highest number fruits per candle of 5 1  foIlowed by (PR x MO) x OG with 47 

berries and (PR x MO) x AW with 29 berries. 

OG x DT- Only the cross (OG x DT) x LR was successful which had an 

average of 37 fruits per candle. 

4.5.3 Percentage of Fruit Set Per Candle 

The percentage of fruit set pcr candle ibr the successful crosses in female 

parent is givcn below (Table 14 and Plate 4) 

FR x MW ( I ) -  Among the two successful crosses the cross [FR x MW ( I ) ]  

x LR obtained 17.14 per cent fruit sct compared to [FR x MW (l) ]  x OG (12.54 

per cent). 

PR x FR (1) - Comparing the two successful crosses of PR x FR ( I ) ,  the 

cross [PR x FR ( I ) ]  x OG got more percentage of fruit set (14.85 per cent) than 

the cross [PR x FR ( l ) ]  x LR (9.76 per cent). 

PR x KR - Among the two successful crosses the cross (PR x KR) x 

AW had higher fruit set (27.76 per cent) followed by (PR x KR) x LR (12.27 per 

cent). 



LR x PR - Of the two successful crosses obtained for LR x PR, higher 

percentage of fruit set was obtained for the cross (LR x PR) x OG (37.91 per cent) 

and (LR x PR) x AW (19.39 per cent). 

PR x MO - Of the three successful crosses the highest fruit set was 

obtained for (PR x MO) x AW (29.29 per cent) followed (PR x MO) x OG (28.52 

per cent) and (PR x MO) x E,R (23.36 per cent). 

OG x DT- The one successful cross (OG x DT) x I,R showed 12.65 per 

cent fruit set per candle. 

Among the 10 female parents the highest average percentage fruit set was 

observed for LR x PR (28.65 per cent) with two crosses followed by PR x MO 

(27.06 per cent) with three crosses. 

4.5.4 Duration of Fruit Maturity 

The duration of fruit maturity in the 10 female parent is as follows 

(Table 15) 

FR x MW (1)- In FR x MW (I),  the successful cross [FR x MW ( I ) ]  x 

OG took an average of 7 months for the fruits to mature whilc [FR x MW (111 x 

LR took 6 months to mature. 

PR x FR ( I )  - In different crosses with PR x FR ( I )  as female parent, 

with Orange Glory as male parent i t took 7 months for the fruit to mature where as 

with Liver Red i t  took 5 months for fruits to mature. 

PR x KR- Among the crosses of PR x KR, the maximum duration of fruit 

maturity was recorded in the cross (PR x KR) x LR (7 months) followed by (PR x 

KR) x AW ( 5  months). 

LR x PR- In the two crosses obtained for LR x PR, (LR x PR) x OG and 

(LR x PR) x AW took 5 and 6 months for the fruits to mature. 



PR x MO- Among the three successful crosses with PR x MO, (PR x MO) 

x OG recorded the n~aximum duration for fruit maturity of 8 months followed by 

(PR x MO) x LR 6.5 months and (PR x MO) x AW 4 months. 

OG x DT- The only one successful cross (OG x DT) x LR took 5.5 

months for the fruit to mature. 

The time taken for fruit maturity among the 10 female parents ranged from 

4 months in (PR x MO) x A W to 8 months in (PR x MO) x OG. 

4.5.5 Number of Seed Per Berry 

'The fruit of' anthurium i.e., the berry contains one, two or rarely three 

seeds which is covered with a transparent sticky pulp (Table 15). 

FR x MW (1)- In FR x MW ( l ) ,  the percentage of' barriers with single 

seeds was highest for the cross [FR x MW (I)]  x OG (97.03 per cent) while it was 

low for [FR x M W ( 1 j ]  x LR (71 -22 per cent) and percentage of double seeded 

berries was highest in the cross [FR x MW (I) ]  x LR (28.78 per cent). 

PR x FR (1) - Out of the two successful crosses the percentage of single 

seeded berries was 97.40 per cent in [PR x FR ( I ) ]  x OG fbltowed by [PR x FR 

(1) x LR (96.97 per cent) in the case of double seeded berries it was 3.03 

percentage in [PR x FR ( I ) ]  x LR followed by [PR x FR (I)] x OG having 2.60 

percentage. 

PR x KK- In both the successful crosses percentage of single seeded 

berries are more and is highest for (PR x KR) x LR (97.80 per cent) followed by 

(PR x KR) x AW (74.30 per cent). The percentage of double seeded berries 

comparatively more in the case of (PR x KR) x AW (25.70 per cent) while it was 

very low for (PR x KR) x LR (220 per cent), 

LR x PR- The percentage of berries with single seeds was highest far the 

cross (LR x PR) x AW (70.1 0 per cent) followed by (LR x PR) x OG (47.28 per 



cent), in the same cross with double seeds it was maximum (52.72 per cent) 

followed by (LR x PR) x AW (29.90 per cent). 

PR x MO- Among the three successful crosses the highest percentage of 

single seeded berries was for the cross (PR x MO) x AW (94.69 per cent) 

followed by (PR x MO) x OG (85.43 per cent) and (PR x MO) x LR (66.35 per 

cent). The maximum double seeded berries obtained for (PR x MO) x LR (33 -65 

per cent) followed by (PR x MO) x OG (14.57 per cent). 

OG x DT- The only successful cross (OG x DT) x L,R had 83.00 per cent 

single seeded berries and remaining double seeded berries. 

4.5.6 Seed Size 

The size of the seeds of even the same cross combination varies depending 

upon whether they are obtained from single seeded berries or two seeded. The 

data recorded on the seed size are as follows. (Table 15). 

FR x MW ( I ) -  In FR x MW (I ) ,  the largest seeds in single and double 

seeded berries was for the cross [FR x MW ( I ) ]  x LR (3.70 x 3.07 mm) and (2.07 

x 1 3 3  mm) respectively. Smaller seeds were obtained from the cross [FR x MW 

( 1 )I x OG (3.1 7 x 2.3 3 mm) and (2.00 x 1.50 mm) for single and double seeded 

berries respective1 y . 

PR x FR (1) - Among the two successhl crosses size of single seeded 

berries is larger for [PR x FR ( l ) ]  x LR (3.70 x 2.57 mm) and for double seeded 

berries larger seeds obtained from [PR x FR ( I ) ]  x OG (1.93 x 1.33 mm). 

PR x KR- The seed size of single seeded and double seeded berries for the 

cross (PR x KR) x LR was 3.83 x 2.00 mrn and 2.00 x 1.17 mm respectively and 

for the cross (PR x KR) x AW it was 3.33 x 2,27 mm and 2,67 x 2.03 mm 

respectively. 



Table 15 .  Results from the hybridization programme among A. Andreanurn genotypes 

Combination 

[FR r; M W ( I ) ]  x OG 

[ F R  x MW(I)] x LR 

[PK FR(l)] x OG 

[PR x FR(l)] x LR 

[ P R  x KR] x LR 

[PR x K R J  x A W  

[LR x PR] x OG 

[LR x PR] x A W  

[PR x MO] x OG 

[PR x MOj x LR 

[PR x MOj x A W  

[Of2 s DT] x LR 

Duration 
of fruit 

maturity 
(months)  

7 

6 

7 

5 

7 

5 

5 

6 

8 

6.5 

4 

5.5 

Berries Number  of 
days for 

germination 

5-7 

4-8 

5-9 

4-8 

6-8 

6-7 

5-8  

5-8 

5-9 

5-8  

5-7 

6-9 

Single seed 
(per cent) 

97.03 

7 1.22 

97.40 

96.97 . ' 

97.80 1 
74.30 

37.28 

70.10 

85.43 

66.35 

94.69 

83.00 

Berr ies  with single seed Berries with two seeds 

Two seeds 
(per cent) 

2.97 

28.78 

2.60 

3 . 0 3  

2.20 

25.70 

52.72 

29.90 

14.57 

33.65 

5 .3  I 

17.00 

Average 
length (mm) 

3.17 

3.70 

3 -00 

3.70 

3.83 

3 . 3 3  

4 .  I7 

4 . 1 7  

2.8 3 

4.07 

3 . 1 7  

3 . 4 3  

Average 
length (mm) 

2.00 

2.07 

1.93 

0.93 

2.00 

2.67 

3 -50 

3.50 

2.17 

3.27 

1 . a 3  

1.50 

- 
Average 

width (mm) 

2.33 

3.07 

2 . 3 3  

2.57 

2.00 

2.27 

3.63 

?. 90 

3.07 

.?07 

2 17 

2 -60 

Average 
width (mm) 

1.50 

1 .33  

1.33 

0.67 

1.17 

2.03 

2.83 

2.50 

1.47 

2.50 

1.27 

1.07 
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LR x PR- Larger seed size was obtained for single single seeded berries in 

(LR x PR) x AW (4.1 7 x 3.90 mm) among two successful crosses. Larger double 

seeded berries was also for the same cross i .e. 3.50 x 2.83 mm. 

PR x MO - The average size of single seeded and double seeded berries 

was maximum for (PR x MO) x LR (4.07 x 3.07 mrn) and (3.27 x 2.50 mm) 

respectively 

OG x DT- Seed size of the only cross (OG x DT) x IAR was 3.43 x 2.60 

mm for single seeded berries and 1.50 x 1.07 mm for double seeded berries. 

4.5.7 Number of Days for Germination 

'I'he data on days for germination of seeds obtained in various crosses are 

given below (Table 15). In FR x M W ( I ) ,  the days taken for germination ranged 

from 5 to 7 days for the cross [FR x MW (I)] x OG and 4 to 8 days for the cross 

[FR x MW ( I ) ]  x I,R. In PR x FK ( I ) ,  the days taken for germination ranged from 

5-9 days whcn male parent is OG and 4-8 days when male parent is LR. For the 

two crosses of PR x KR viz., (PR x KR) x LR and (PR x KR) x AW it took 6-8 

days and 6-7 days for germination. In LR x PR, the days taken for germination 

rangcd Gom 5-8 days in the various crosses. PR x MO had three succcssful 

crosses, (PR x MO) x OG, (PK x MU) x LR and (PR x MO) x AW and for 

germination each took 5-9 days, 5-8 days and 5-7 days respectively. (OG x DT) x 

LR, the only one successful cross for OG x DT took 6-9 days for germination. 

4.5.8 Percentage Germination of Seed 

Seeds were squeezed out from the harvested berries and kept on moist 

cotton in petridishes after removing the sticky mucilagenous pulp around it. 

Seeds were obtained from 12 crosses (Table 16). 

FR x MW (1) - In this parent the highest seed germination was for the 

cross [FR x MW (l)] x LR (74.93 per cent) followed by the cross [FR x MW (I)]  

x OG (72.30 per ccnt). 



PR x FR (1) - Among the two successful crosses, the cross [PR x FR (111 

x LR showed higher seed germination percentage (85.13 per cent) compared to 

[PR x FR ( l ) ]  x OG (76.58 per cent). 

PR x KR - In the two succe~sful crosses with PR x KR, (PR x KR) x AW 

showed 80.85 per cent germination, while the cross (PR x KR) x LR showed 

56.67 per cent germination. 

LR x PR - In LR x PR, the cross (LR x PR) x OG showed 73.01 per cent 

gemination while the cross (LR x PR) x AW shown 70.17 pet cent germination. 

PR x MO - Among the crosses of PR x MO, the germination percentage 

ranged from 57.55 per cent in (PR x MO) x OG to 79.64 per cent in (PR >r MO) x 

LR. 

OG x DT - The only successful cross of OG x DT, (OG x DT) x LR had 

63.86 per cent germination. 

Among the parents in  which successful crosses were obtained PK x FR ( 1 )  

reported the highest average percentage seed germination (80.86 per cent) 

followed by FR x MW (1) (73.62 per cent) with two crosses. LR x PR and PR x 

KR showed an average percentage of seed germination of 7 1.59 percentage and 

68.76 percentage wilh two crosses each. PR x MO with thrcc crosses showed an 

average percentage of seed germination of 65.24 per cent. 

4.5.9 Survival Perccntagc of Seedlings at Four to Six Months Stage 

The data on survival percentage of seedlings are given below (Table 17). 

Out of 12 combinations that germinated successfulIy in the seedlings 

belonging to the cross [PR x FR ( I ) ]  x OG, (PR x MO) x OG and [PR x FR (111 x 

LR did not survive beyond four months. Seedlings of the crosses (PK x KR) x 

AW showed the highest survival percentage 94.60 per cent followed by [FR x 

M W (1 )] x LR (93.80 per cent). 



I 
(LR x r R )  x AW 

(PR x UQ) x LR 





The highest average seedling survival was recorded for OG x DT (90.00 

per cent) among parents with only a single cross followed by PR x KR (87.39 per 

cent) with two crosses. The cross PR x MO showed a seedling survival of 57.03 

per cent. 
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Table 16. Matrix sllowing average percentage of seed germination 

Table 17. Matrix showing survival percentage of seedlings at f'our to six 
rnot~ths stage 

Orange 
Glory 

Liver 
Red 

0 

74.93 

0 

0 

85.13 

0 

56.67 

0 

79.64 

63.86 

LR x DT 

FR x MW(1)  

MO x KR( I ) 

KO x CR 

PR x FR(L) 

NO x DT 

PR x KR 

LR x PK 

PR x MO 

OG x DT 

0 

72.30 

0 

0 

76.58 

0 

0 

73.01 

5 7 . 5 5  

0 

\ 
P -. 

1- . 
LR x Dl' 

FR x MW( I ) 

MO >c K R ( 1 )  

KO x CR 

PIC x FR(1) 

NO x DT 

PR x KR 

LR x PR 

PR x MO 

OG x DT 

Acropolis 
White 

0 

0 

0 

0 

0 

0 

80.85 

70.17 

5 8 .5  2 

0 

1,iver 
fted 

0 

93.80 

0 

0 

0 

0 

80.17 

0 

86.50 

90.00 

Orange 
Glory 

0 

76.40 

0 

0 

0 

0 

0 

48.4 

0 

0 

Tropical 
Red 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Acropolis 
White 

0 

0 

0 

0 

0 

0 

94.6 0 

75.0 

84.60 

0 

Average 

0 

73.62 

0 

0 

80.86 

0 

68.76 

71 .S9 

65.24 

63.86 

l'ropical 
Red 

0 

U 

0 

0 

0 

0 

0 

0 

0 

0 

Average 

0 

85.10 

0 

O 

0 

0 

87.39 

61.70 

57.03 

90.00 
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5. DISCUSSION 

The cultivatioq of anthurium especially Anlhurium andreunum Linden for 

cut flowers has assumed greater importance in recent times, owing to the premium 

prices it fetches both in domestic and international markets. Mostly unnamed 

types of Anthurium based on spathe colour are cultivated in India. 

Basic information on the breeding behaviour of this crop to improve the 

existing types and varieties are lacking. Anthuriums are commercially propagated 

now by tissue culture. But in hybridization programme the seed progenies are 

raised. In the present study an attempt is made to improve the commercial 

characters through hybridization. Variability is statistically analysed along with 

cross compatibility studies and the results are discussed below. 

5 . 1  MEAN PERFOMANCE 

All the 14 genotypes studied showed wide variations for a11 the qualitative 

and quantitative charnctcrs. They showed significant variation in plant height 

ranging from 30.80 cnl in  NO x D'I to 76.17 cm in Liver Red. The mean plant 

height observed was 47.8 1 cm. The heights of varieties LK x IIT and KO x CR 

were less and on par with PR x KR. 

Abdussammed (1 999) has reported that nutrients significantly influenced 

the plant height, both in ground as well as pot planting. But plant height can be 

considered as a varietal character, as reported by Bindu and Mercy (1994). They 

reported significant variation for plant height in the five varieties studied. The six 

varieties studied by Sindhu (1995) also recorded significant variation in height. 

Renu (2000) recorded significant variation in plant height ranging from 

29.70 crn to 70.90 cm. According to Mayadevi (2001) the plant height ranged 

from 42.50 cm in Midori Green to 96.67 cm in ordinary White. Asish (2002) 

recorded the plant height of fifty genolypes ranged from 22.17 cm to 64.80 cm. 



The mean internode length in the present study was 1.20 cm with a range 

of 0.93 cm in MO x KR ( I )  to 1.63 in LR x PR. Plants with short internodes 

which give the plant a compact appcarance, are preferred (Mercy and Dale, 1994). 

According lo Singh ( 1  987), a desirable anthurium should produce short internodes 

which limit thc height of the plant, Mayadevi (2001) reported that the mean 

internode length anlong the hybrids range from 1.02 to 1.34 cm and in five parents 

it ranged from 1-00 to 1.52 em. Asish (2002) observed an average internode 

length of 1.56 cm and Premna (2003) recorded an internode length of 1.20 to 

1.48 cm. 

Though propagation of anthuriums using suckers is a very slow but good 

process, so suckering i s  an important trait considered in the sclcction of superior 

genotypes. The present invcstigation revealed that suckering was very high for 

Liver Red (4); low for KO x CR and PR x KIi  and nil for FR x MW (11, Acropolis 

White and Tropical Red. Mercy and Dale (1994) opined that most of the good 

conlmercial Anlhurium varieties wure very shy suckering or did not sucker at all. 

They recommended the use of Gibberellic acid (GA) or Benzyl adenine (BA) (500 

- I000 ppm) to increase the rate of sucker production. This indicates influence of 

hormones on suckering. Similar effect of growth regulators on sucker production 

had been reported by IIigaki and Rasmussen (1979), Salvi (1997) and 

Abdussammed (1999). Mayadevi (2001) observed maximum number of sucker 

production (4) for the varieties Pink, Lady Jane and the least number of sucker for 

the varieties Nitta Orange, Mcrenguc While and Tropical Red. In the study by 

Asish (2002) most of the genotypes (64 per cent) had suckers with a range of 1.37 

to 2.46 which comcs under medium suckering types. Premna (2003) noticed 

maximum sucker produc~ion in 00 x KR (2.25) and lowest in Acropolis White 

(0.25). 

Leaf area varied according to the size of the leaf. In the present study leaf 

area ranged from 91.97 cm2 in PR x FR (1) to 287.76 cm2 in LR x PR. Mercy and 

Dale (1994) reported that leaves of commercially valuable floral anthuriums 

should be small to medium sized, narrow and elongated. Large and exuberantly 



growing leaves are undesirable. Salvi ( 1  997) observed that with decline in shade 

intensity, leaf area also decreased significantly. Mayadevi (2001) reported that 

variety Chilli Red had the leaf area of 66.26 crn2 followed by variety Kalympong 

Red 66.92 cm2. Asish (2002) in his study with fifty genotypes observed that most 

of the genotypes had a medium leaf area in between 92.20 to 183.40 cm2. Premna 

(2003) in her study with fourteen genotypes noticed that the Icaf area ranged from 

113.62 to 301.10 cm2. 

In thc prcsenl s ~ u d y  the days fro]-11 emergence to maturily of leaves ranged 

from 26.57 days in NO x DT to 35.67 days in Tropical Red. Mayadevi (2001) 

recorded that the variety I-loneyn~oon Red took 41.40 days and for variety Pink it 

was 44.40 days for maturity of leaves. Asish (2002) with 50 genotypes observed 

the average days for the emergence of leaves to its maturity as 27.56 with a range 

15.33 days in OG x LR to 41.00 days in DT x FR. Prernna (2003) noticed the 

least number of days for maturity of leaves for Carre (26.25) and a maximum 

number for PR x D?' (40.25). The observations in the present study arc in 

confirmation with these reports. 

The present investigation revealed that one spadix each was produced 

from the axil of each leaf so that the number of leaves and number of spadices 

produced annually per plant was the same. The annual production of leaves or 

spadices was highest in Liver Red (7.00) which was on par with Orange Glory, 

Acropolis White and OG x DT (6.33). The lowest number of 4.67 was recorded 

by FR x MW ( I )  and NO x DT . Similar close correlation between the number of 

leaves and the numbcr of. spadices was observed by Gajek and Schwarz (1980). 

Steen and Vijverberg (1973) compared the productivity of 120 individual 

anthurium plants and found that i t  ranged between four to sixteen spadices over 

the two years. According to Mayadevi (200 1 )  generally a single spadix was found 

to be produced from the axil of each leaf so that the number of' leaves and number 

of spadices produced annuaIIy were equal. As i t  takes more than a month to 

produce a new Icaf or a new flower and with a leaf flower leaf pattern. Mercy and 

Dale (1994) recorded the annual production of spadices as five to eight while 



Sindhu ( 1  995) recorded i t  as four to eight. The present study was in confirmation 

with the above reports. 

Short and slender candle is a desirable feature for Anikurium flowers. In 

the present investigation the genotypes MO x KR (1) (3.83 cm) and PR x FR ( I )  

(4.97 cm) had short candles and PR x MO and LR x PR had longer candles (8.00 

cm and 7.83 cm) which is not ideal. Mercy and Dale (1994) reported that the 

candle was long and fleshy in ordinary non commercial varieties, and it was 

shorter and more slender in hybrids. The five varieties studied by Bindu and 

Mercy (1994) showed a candle length range of 4.0 cm to 9.5 cm. The candle 

length of six varieties studied by Sindhu (1995) ranged from 6.6 crn to 12.1 cm. 

According ro Mayadevi (2001) the variety Pink had longest candle (12.72 cm) and 

the variety Liver Red (7.18 cm) had shortest candle. Asish (2002) observed that 

the genotype FR x MW (2) had the minimum candle length of 3.13 cm while FR x 

MW (1) had maximum candle length of 9.17 crn. Premna (2003) observed shorter 

candle in the genotypes FR x KR (4.63 m), LR x FR (4.75 cm) and Carre (4.88 

cm). 

Mercy and Dale (1  944) recornmended that idea1 Anthurium varieties 

should have a short candle, curving towards the tip of the spathe and held at an 

angle less than 45' Such ideal position of' candle was obscrved in PK x MO 

(26.10~) and Orange Glory (34.77"). In a similar study Sindhu (1 995) found that 

the varieties with ideal position of candles were Chilli Red Kalympong Orange, 

Kalympong Red and White. Mayadevi (2001) noticed that the inclination of 

candle ranged from 21' to 78.20' among the parents and from 20.80~ to 89.60' 

among the hybrids. Asish (2002) in his study of 50 genotypes reported that more 

than 50 per cent of the genotypes had an angle less than 45'. 

According to Paul1 (19821, the non reversible visible changes 

accompanying the senescence of Anthurium spadices were, loss of spathe-gloss, 

necrosis of spadix and greening of spathe and spadix. Mercy and Dale (1994) 

also noticed that senescence was marked by yellowing of peduncle and withering 



of spathe and candle, which took nearly 4 to 7 months from the emergence of 

young spadix. In the present study, the time span from the emergence of a spadix 

to its senescence varied from 62.33 days in PR x FR (1 )  to 99 days in Acropolis 

White in the case of unfertilized spadices. For fertilized spadices the life span 

was found to be higher, ranging from 178 to 254 days. Sindhu (1995) reported 

that the life of unfertilized spadix was about I .5 to 3.5 months, while in fertilized 

spadices it varied from 4.5 to 8.0 months. Mayadevi (2001) in her study reported 

that it varied from 98 days in Chilli Red to 120.40 days in Honeymoon Red 

among parents, and in hybrids, it ranged widely from 1 10.80 days in LR x KR to 

126.00 days in HR x KR. Similar results were obtained by Ilremna (2003) also, 

who reported that the life of the unfertilized spadix was about 59.5 to 101 .S days. 

Initiation of female phase was identified by honeydew secretion on the 

projected stigmas. Studies by Mercy and Dale ( 1  994) revealed that, in Anrhuriutn 

species flowcr ntaturation started Ssum the basal portion and proceeded regularly 

towards the apex. He listed many protogynous species of Anlhurium, in which 

A undreanum was inciuded. However, laler studies by Bindu and Mercy (1994), 

Sindhu (1995) and Renu (2000) revealed the protogynous nature of A .  

andreanurn varieties. Observations in the present study also highlighted the clear 

protogynous nature of this species. 'I'he number of days required for visible 

initiation of female phase was observcd to vary from 4.33 days in PR x MO to 

9.27 days in PR x FR (1). Initiation of female phase was identified by the slight 

projection by stigmas and presence of viscous exudate on the candle. Sindhu 

(1995) also rcported that the days to initiation of female phase ranged within a 

period upto ten days, with the variety Honeymoon Red showing the longest period 

among the six varieties studied by her. Renu (2000) observed longest period in 

Mauritius Orange and shortest in Lady Jane Red. Mayadevi (200 1) noticed that 

the initiation of female phase ranged from 4.40 days among the parents to 6.80 

days among the hybrids. Observation by Asish (2002) and Premna (2003) 

revealed the same results. 



The period in female phase was recorded based on the presence of exerted 

stigma, honeydew like secretion and some amount of insect activity. Daumann 

(1921) and Mercy and Dale (1994) have recommended the above criteria to 

identify the female phase. The duration of femaIe phase in the 14 varieties of the 

present study varied from 5.50 days in OG x DT to 1 1  days in Acropolis White. 

Similar observations werc recorded by Asish (2002) and Premna (2003) also 

noticed that the female phase ranged from 5.50 to 9.00 days. In the present study 

there were individual flowers in which the female phase lasted upto 18 days and 

this was observed in Liver Red. Croat (1 980) reported that, although in some 

species like A, armeniense, A. cirrperaturn, A. fafoense etc., the stigmas did not 

form droplets but they were glistening, often exerted and assumed to be receptive. 

He added that the duration of female phase may range from half a day to as long 

as 25 days. Duration was reported as 3 to I2 days by Bindu and Mercy (1994), 

and as 5 to 25 days by Sindhu (1 995). 

The interpl~ase between the female and male phase was marked by the 

drying up of stigmatic droplets. Observation from the fourtcen varieties in the 

present study showed that the interphasc may range from 2.33 to 6.83 days on an 

average. Almost similar observations was recorded by Bindu and Mercy (1994) 

who reported that the interphase lasted for about four to seven days. The variety 

Acropolis White had the longest interphase period and the shortest was in NO x 

DT. (Days of interphase and male phase could not be recorded for the varieties 

LR x DT, FR x MW (1), KO x CR and PR x MO in which no pollen production 

was observed during the period of this study). Croat (1980) observed that the 

duration of interphase was several days in most Anthurium species, whereas in a 

few of them the time lag was so short that it was not certain whether those species 

were homogarnous or protogynous. Sindhu (1995) with six varieties noticed that 

interphase lasted for four to ten days. Asish (2002), Premna (2003) recorded that 

interphase ranged from 2.00 days to 9.20 days. 

Following the interphase, a male phase was observed, marked by anther 

extrusion from the base of the candle and proceeding upwards. In the present 



study the average number of days for which the candles remained in male phase 

ranged from 5.33 days [PR x FR (I)] to 10.83 days (Acropolis White). A very 

similar report was that of Bindu and Mercy (1 994) who reported that the male 

phase lasted for 3 to 7 days. Croat (1980) reported that in some Anthurium species 

the male phase lasted for several weeks and that anther emergence may be 

scattered as in A. caperaturn or sporadic as in A. luteynii. Similar scattered anther 

emergence on the candle was observed in the varieties Liver Red and Orange 

Glory under the present study. In the variety Acropolis White sometimes only a 

portion of the candle showed anther emergence such observations were recorded 

by Sindhu ( 1  995) also in the variety Kalympong Red. Asish (2002) and Premna 

(2003) recorded that the male phase may last for 4 to 12 days. 

The acetocarmine staining method was used to find the pollen fertility of 

the selected varieties. (The pollen fertility of LR x DT, FR x MW ( I ) ,  KO x CR 

and PR x MO cannot be found out as no poHen production occurred in these 

during the period of study). The highest pollen fertility was observed for PR x FR 

( I )  (41.67 per cent) followed by Liver Red (40.67 per cent). OG x DT (14.67 per 

cent) and PR x KR (20.33 per cent) recorded the lowest pollen fertility values. 

Mitu and Acatrinei (1974) reported that the germination of pollen grain was 

proportional to pollen grain stainability as acetocarmine prefcrentially stains thc 

chromosome or nucleus. 'l'ht. observation by Lalithambika (1 978) that the pollen 

fertility of A. anclreanum vary from 25 to 30 per cent, is in confimity with the 

results of present study. Mercy and Dale (1994) reported that the pollen fertility 

in A.  andreunum vary from 20.40 per cent to 28.80 per cent, which again 

substantiates the present finding. As sterility is a condition frequently associated 

with hybridity, we can take the low pollen fertility in this crop as an indication of 

its hybrid nature. Based on the cytological studies of five vurieties Bindu and 

Mercy (1994) concluded that low fertility can also be due to high degree of 

meiotic abnormalities like clumping, lagging of chromosomes at anaphase, 

unequal segregation, prccocivus disjunction of chromosotnes, chromosome 

elimination through micronuclei etc.. found in A. andreanurn. Asish (2002) and 



Premna (2003) recorded a pollen fertility range of 9.26 to 50.80 percentage. 

Pollen size was found to vary from 16.80 p in OG x DT to 24.97~.  Premna 

(2003) also noticed that the size of pollen grain among the varieties did not vary 

significantly. 

A study of five qualitative traits such as colour of young leaf and petiole, 

spathe cofour, spathe texturc, candle colour and type of inflorescence axis 

revealed slight variations. The colour of young leaf showed a range from brown 

to reddish brown to greenish brown to brownish green to green. The colour of 

petiole also varied from brown to light brown to reddish brown to greenish brown 

to green. Mercy and Dale (1994) also observed that the colour of young leaves 

varied from deep reddish brown lo light green. According to Sindhu (1995) i t  

ranged from purplc to green and that of young leaves from light green to brown. 

Premna (2003) in her study with 14 genotypes observed a colour range for the 

young leaves from brow11 to reddish brown to greenish brown to green. The 

colour of petiole also varied from brown to reddish brown to greenish brown to 

green. 

Genetics of spathe colour inheritance was studied in detail by Kamemoto 

el al. (1988). They concluded that two major genes, M and 0 were responsible 

for the five major colours: red, orange, pink, coral and white. The gene M was 

found to control the production of cyanidin-3-rutinoside while 0 controlled that of 

pelargonidin-3-rutinoside. Red and pink resulted when both M and 0 are present. 

So the red and pink spathcd varieties under the present study have both M and 0 

genes. But the variation in red spathe coiour from maroon to dark red to brighl 

red to red and pink was explained by their findings that, the incremental effects of 

M appeared to be greater than that of 0 and therefore the intensity of colour 

decreased from MMOO, MMOo, MmOO to MmOo. They have also concluded 

that orange have a genotype of mmOO and was true breeding while mmOo 

expressed a light orange shade called coral. The recessive oo is epistatic to M and 

white colour resulted when both are recessive (mmoo) or M was in combination 

with oo (MMoo, Mmoa), Wannakrairoj and Kamemoto (1990) studied the 



inheritance of purple spathe in anthurium and proposed a scheme to explain this. 

A recessive allele p, was found to modify the coiour of anthocyanins controlled by 

M and 0 loci. The spathe was purple when the genotype was M-Ogp. The 

dominant P allele had no effect on colour in any combinations. The colour 

genotypes and their phenotypes are as follows. 

MMOO 

MmOO = Reds 

MMOo 

MmOo = Pink 

mmOO = Orange 

mmOo = Coral 

MMoo 

Mmoo = White 

rnmuo 

M-0-pp = Purple 

'I'he 14 genotypes in the present study varied from deep maroon to dark 

red to red to pink to light pink to orange to dark orange is in confirmation with 

above reports. 

Spathe texture showed wide variation among the 14 genotypes studied, 

from thick smooth and glossy to mcdium thick shallowly blistered glossy to thin 

slightly blistcrcd glossy to thin blistered to thick medium blistered to medium 

thick deeply blistered glossy to medium thick blistered glossy spathes, According 

Birdsey (1956) Linden described the spathe A. a~ldreanurn based on varying 

degrees of smoothness and blistering. Mercy and Dale (1994) opined that the 

spathe of floral anthuriums may be smooth, thick and glossy without prominent 

veins or it may be thinner deeply veined and blistered. The six varieties studied 



by Sindhu (1995) also showed variation from thick to thin and deep to shallowly 

blistered spathe. Renu (2000) noticed that the spathe texture showed high 

variation among the 10 varieties from thick and deeply blistered in Mauritius 

Orange to thin and smooth in Lady Jane Red. In the studies by Mayadevi (2001), 

Asish (2002) and Premna (2003) also spathe tcxture varied from blistered glossy 

to medium thick deeply blistered glossy to thick smooth glossy to medium thick 

smooth. 

The candle colour was light yellow [LR x PR, FR x MW ( I ) ,  KO x CK 

and YK x FR (111, yellow (Tropical Kcd, Acropolis White, Orange Glory, PR x 

MO, NO x DT and LK x DT), maroon [Liver Red and FR x M W  ( I ) ]  and pink in 

PR x KR and OG x LIT. According lo Mercy and Dale (1994), the candle had a 

single colour red, pink or green in ordinary anthurium varieties and hybrids had 

yellow, white, pink or red catours in two or more bands. Sindhu (1995) reported 

that the six varieties studied had candles with either a single colour or two or more 

bands of colours. Henny (1999) observed that the anthurium hybrid Red Hot had 

a candle which was orange red apically blending to red basally. The candle 

colour of pink to light pink, yellow to yellowish white to rcd and green was 

observed by Mayadevi (2001). Asish (2002) and Prernna (2003) also observed a 

colour range from red to light red to reddish pink to pink to light pink to pinkish 

yellow to yellowish white to cream. 

The nature of irlflorcscencc axis is one of thc important factors  hat 

determines the appearance and hence the value of anthurium flowers when 

marketed as cut flower. Mercy and Dale (1 994) suggested that good anthurium 

hybrids should have strong and straight inflorescence axis. Among the 14 

genotypes studied straight and strong inflorescence axis which is more desirable 

was seen for Liver Red, Orange Glory, Acropolis White and Tropical Red. 

According to Mayadevi (2001) inflorescence axis varied from long straight and 

very strong in all the parents and hybrids except for the parent variety Kalympong 

Red on which i t  is long thin and slightly curved which is not desirable. 



5.2 VARIABILITY COMPONENTS 

The magnitude of variability present in a crop species is of great 

importance as i t  provides the basis for effective selection. Since, the observed 

variabilily in a population is the sum of variation arising due to genotypes and 

environmental effects, knowledge of genetic variation contributing to gain under 

selection is essential (Allard, 1960). 

Phenotypic and genotypic coefficients of variation wcrc estimated based 

on the coefficients of variation and these parameters were used to compare the 

variability among the 14 genotypes. The GCV provides a valid basis for 

comparing and assessing the range of genetic diversity for quantitative characters 

and PCV mcasures the extent of total variation. GCV and PCV are better indices 

for comparison of characters with different units of measurement, than estimates 

of quantitative variation like range and variation around mean. 

A perusal of Table 6, shows that high PCV combined with high GCV were 

obtained for number of suckers per plant, duration of male phase, pollen fertility 

and pollen size. This revealed a great extent of variability ibr these characters, 

thereby suggesting good scope for i~nprovenlent of thesc important characters 

through selection. Number of suckers per plant recorded highest GCV and PCV. 

Lower values of GCV and PCV were estimated for the characters days from 

emergence to maturity of inflorescence, days from emergence to maturity of 

leaves and number of spadices per plant indicating low magnitude of variability. 

So, improvement of these characters has only a limited scope (Fig.1). The 

characters duration of interphase, duration of female phase, number suckers per 

plant and number of leaves per plant showed maximum differences between GCV 

and PCV which indicates that the influence of environment on these characters is 

considerable. But the low differences between GCV and PCV for the characters 

pollen size, pollen fertility, life of spadix and leaf size pointed out that the 

variation observed in these characters arc mainly due to genetic reasons and 

environmental influence on these characters was less. 









5.3 HERITABILITY AND GENETIC ADVANCE 

Heritability estimates the transmissibility of character from one generation 

to other and it provides a measure of the value of selection for different attributes. 

But heritability does not necessarily mean a high genetic advance for a particular 

character (Allard, 1 960). IIeritability along with genetic advance is more useful 

than heritability alone in predicting the resultant effect of selecting the best 

individuals (Johnson el ul., 1955). Fig. 2 shows the distribution of characters in 

terms of heritability (H') and genetic advance (GA). The characters pollen 

fertility, pollen size and number of suckers per plant recorded high heritability and 

genetic advance. 

According to Kobinson (1965) all the characters under the present study 

showed high heritability. So selection of phenotypically superior plants with 

respect to these charactcrs will result in significant improvement in the next 

gcneration. But according to Allard (1960) all the characters except for the 

characters duration of interphase, duration of female phase, number of leaves per 

plant and number of spadices per plant showed high heritability. 

If' 5 percentage selection is to be practiced maximum genetic advance is 

expected for lcaf size and minimum for internode length. Robinson el a/. (1949) 

classified genetic advance as percentage of mean into low (<20 per cent) and high 

(320 per cent) and according this classification the characters plant height, ieaf 

size, inclination of candle, life of spadix, pollen fertility and pollen size showed 

high genetic advance while it is low for aH other characters. Mayadevi (2001) 

inferred that all the characters except number of spadices per plant per year 

showed high heritability and genetic advance. According to Asish (2002) 

anthocyanin content, pollen fertility, inclination of candle and days of interphase 

recorded high heritability and genetic advance. Premna (2003) recorded high 

heritability and genetic advance for the characters suckering ability, inclination of 



candle, anthocyanin content and pollen fertility. Comparison between heritability 

and genetic advance was shown in Fig. 3. 

E ligh heritability and genetic advance indicates that the character is 

controlled by additive gene action suggesting the possibility of genetic 

improvement of those characters through selection (Panse and Sukhatme, 1967). 

In the present study the characters pollen fertility, pollen size, number of suckers 

per plant and duration of maIe phase recorded high heritability coupled with high 

genetic advance which shows that genetic improvement of these characters are 

possible through selection. 

5.4 CORRELATION STUDIES 

Genetically related characters tend to move in the same direction under 

selection favouring any one of such related traits. Such correlated response to 

selection is the basic property of quantitative traits under the control of polygenic 

system. The quantitative traits governed by one or a few genes do not exhibit 

correlated changes on selection (Sharma, 1994). The genotypic correlation 

(inherent) between the characters helps to differentiate the vital association useful 

in breeding from non-vital ones, Falconer (1989). 

The significance of pair-wise correlation are presented in Fig. 4,s and 6. 

The genotypic, phenotypic and environmental correlations between all the 

possible pairs of characters are discussed. In the present study plant height 

showed highly significant positive phenotypic correlation with number suckers 

per plant and leaf size. It showed positive correlation with all the characters 

except for days from emergence to maturity of inflorescence and days to initiation 

of females. If a positive correlation is observed for a pair of characters, certainly 

improvement in one character will improve the other character also, thus helping a 

breeder to select characters on the correlated response to selection. If the 

improvement in one character results in a decrease in other character, this will 

also help the breeder in t h ~  zeleclion af character if necassary. Similar results 
have been ~8port8d by Alrinh (2002) and Prcmna (2003), 









Environmental correlations are absent for almost a1 l pairs of characters 

except for the duration of female phase with pollen fertility and vice-versa which 

has significant positive correlation, the number of spadices per plant which 

showed significant negative correlation with days to initiation of female phase and 

significant, positive correlation with number of leaves per plant. Negative 

significant correlation coefficient was found between plant height and number of 

suckers per plant. Pollen fertility showed significant negative correlation with 

inclination of candle with the spathe. 

Plant height showed positive genotypic correlation with all the characters 

except days from emergence to maturity of inflorescence and days to initiation of 

female phase. So a selection for increased height will result in plants with more 

number of spadices per year. Duration of female phase showed positive 

genotypic correlation with all characters except days to initiation of female phase. 

PIant height and internode length showcd positive genotypic correlation with leaf 

area. This is in agreement with observation of Asish (2002). Life of spadix 

which is an important commercial character was found to be positively correlated 

with candle length, leaf area, number of leaves per plant, plant height and duration 

of female phase. Life of spadix showed positive correlation with duration of 

female phase. Asish (2002) and Premna (2003) also observed positive correlation 

of life of spadix with duration of female phase. As in the present study Premna 

(2003) also found that days to initiatiun of female phase is positively correlated 

with most of the characters. Candle length showed very high negative genotypic 

correlation with days to initiation of female phase. Duration of male phase, pollen 

fertility and pollen size are highly positively correlated with each other at 

genotypic level. 

5.5 COMPA'I'IBILITY STUDIES 

Anthurium is a highly cross-pollinated crop. Hybridization followed by 

selection is the most common method for improving anthurium. Although 

hybridization appears to be successful at the beginning in many crosses, 



combination may still be incompatible. This is evidenced by yellowing of the 

candle two to three months after fertilization. So cross-compatibility analysis is 

done before undertaking genetic improvement programmes. 

A total of forty crossings involving ten female parcnts and four male 

parents were done. Hybridization and selection was pointed out by Kamemoto 

and Nakasone (1  959,  as the accepted method for improving anthuriums. 

Both intraspecific as well as interspecific hybridization was used by early 

anthurium breeders. Birdsey (1956) attributed much of the variation in blistering 

patterns of spathes of A. cmdrc.unzm to interspecific hybridization. Interspecific 

cross compatibility, evaluation among 56 species of Anihurium by Sheffer and 

Karnemoto (1 976) reverhled that hybrids of A. anheanurn and A ,  scherzerianum 

were not readily obtainable. But they got hybrids of A. undreanum with six other 

closely related species. Kaneko and Kamemoto (1 978) suggested that cultivated 

anthurium forms were derived from interspecific hybrids which are supposed to 

have arisen spontaneously in early species collections. A new interspecific 

hybrid, Southern Blush, was produced by Henny el a1.(1988) by crossing a large 

pink-flowered A ,  undreanum cv. with A. amnicola. Kuehnle er 01. (1994) 

transferred systemic resistance to bacterial pathogens from A ,  anlioquiense to 

cultivated A.  andreanum and got resistant hybrids. 

Hybridization between selected varieties with good cross compatibility 

was recommended by Mercy and Dalc (1994). In 1997 Anthura submitted for 

registration a variety Champion, derived from A, andreanum hybrids. Henny 

(1999) described a new Anthurium hybrid Red Hot which originated from 

hybridization of A, amnicola. Dressler with an unnamed selection of A.  

undreanum (accession code G-79) one of the resulting Fl  hybrids was designated 

as the female parent and crossed with Anthurium into Lady Jane to produce the 

progeny, from which Red Hot a miniature type was selected. 

The three important parameters used for compatibility analysis in the 

present study were percentage of fruiting candles, percentage of fruit set per 



candle and percentage of seed germination. Among the cross combinations 

attempted the percentage of fkuiting candles was 1 00 per cent for the crosses [FR 

x MW ( I ) ]  x LR, (PR x KR) x LR, (PR x KR) x AW, (PR x MO) x LR, (PR x 
0 

MO) x AW and (OG x DT) x LR. No fruit bearing candles were produced in I 1  

cross combination attempted. Among the 10 female parent, percentage of fruiting 

candles was maximum for PR x KR and OG x DT (100 per cent). [FR x MW ( I ) ]  

x OG, [PR x FR ( I ) ]  x OG, [PR x FR ( I ) ]  x LR, (LR x PR) x OG and (LR x PR) x 

AW also showed good percentage of fruiting candles (above 80 per cent). 

Hybridization work by Sheffer and Kamemoto (1976) revealed that 81 per cent 

fruiting spadices was obtained through self polinations, 65.4 per cent intraspecific 

crosses and 28 per cent through interspecific crosses. Sindhu (1995) observed 

that in the six anthurium varieties White had the maximum percentage of fruiting 

candles (93 per cent) and the lowest for Kalympong Red. Renu (2000) reported 

that selfing and crossing gave 22.50 pr cent and 31.06 per cent success 

respectively in the ten selected A. undreunum varieties studied by her. Among the 

10 female parents Premna (2003) observed a 100 percentage of fruiting candle for 

W x LJ. 

In anthurium the fruit is a berry Mercy and Dale (1994) observed that a 

candle with developing fruits could bc visualIy identified from the second month 

of fertilization, as i t  becomes swollen and fleshy with developing fruits embedded 

on it .  The colour of ripe berries varied from creamish yellow to dark red. 

Individual cross corn binat ions that recorded highest number of fruits per candle 

were (LR x PR) x OG (1 13) followed by [FR x MW (111 x LR (88). The crosses 

(PR x KR) x AW and (PR x KR) x LR also recorded higher number of fruits per 

candle. (LR x PR) x AW and (PR x MO) x AW recorded lowest number of fruits 

per candle. A well-fertilized candle may have up to 100 to 200 fruits per candle 

according to Mercy and Dale (1994). In the cross compatibility study conducted 

by Sindhu (19951, the cross Pink x Honeymoon Red had 170 fruits per candle 

while the self Kalympong Red x Kalympong Red had only two fruits per candle. 

Rrhu (1008) nhtsinrd IJR H IdR end PI% h rf4 rkw urnrara with hiphmfit nwrnhrrr 



of seeds ( 1  83 and 162). Prenlna (2003) obtained the highest number of fruits for 

the cross (00 x KR) x C (120) followed by (00 x KR) x H (103). 

Absence of full fruit set in spadix was identified as a major problem in the 

development of Anlhurium cultivars by Zimmer (1 986). In the present study also 

the percentage of fruit set was below 50 per cent for all the successful crosses. 

The highest fruit set was recorded by the cross (LR x PR) x OG (37.91 per cent) 

followed by (PR x MO) x AW (29.29 per cent). The lowest was for the cross [PR 

x FR (I)] x LR (9.76 per cent). The average percentage of f'ruit set was highest 

for the genotype LR x PR (28.65 per cent) and lowest for PR x FR ( I )  (12.31 per 

cent). In the study using six anthurium varieties, conducted by Sindhu (1995) the 

cross P x HR (44.30 per cent) and lowest for the cross KR x KR (0.40 per cent). 

Renu (2000) observed the highest value for fruit set for the cross PR x LR (57.60 

per cent). Premna (2003) observed highest fruit set for the cross (00 x KR) x C 

(34.29 per cent). 

In the present study the duration horn the day of pollination to the day of 

berry ripening ranged TI-om 4 months [(PR x MO) x AW] to 8 months [(PR x MO) 

x OG] .  All the other varieties took more than five months to reach fruit maturity. 

Similar duration of fruit maturity was observed by Sindhu (1995). She has 

recorded that this duration ranged from 5 to 6.8 months. Duration of fruit 

maturity in Anthurium was recorded as 6 -8 months by Singh (1987), as 5- 12 

months by Zimmer (1986) and as 4 -7.5 months by Mercy and Dale (1994). 

Among the 10 varieties studied by Renu (2000) the duration ranged from 4.4 

months in Lady Jane Red to'6.1 months in Ceylon Red. Premna (2003) observed 

highest fruit set for the cross (00 x KK) x C (34.29 per cenl). All the reports 

together with the observations of the present study confirms that the long fruit 

ripening period in A. undreunum is one of the reasons that contribute the slow 

progress of Anthurium brcading programmes. 

According to Zimmer el al. (1986) the berries contained two to three 

seeds. Mercy and Dale (1994) had reported that Anthurium berries contained one 



or two seeds. In the present study it was found that all the crosses showed higher 

percentage of berries bearing single seeds except the cross (LR x PR) xOG. In the 

compatibility study by Sindhu (1 995) also the percentage of single seeded berries 

were more than double sccdcd bcrsics. Percentage of single seeded berries ranged 

from 37 to 100 per cent. In a berry with two seeds one of the seeds was usually 

smaller than another. In a berry largest seed among the two seeded berries were 

observed for the crosses (LR x PR) x OG (3.50 x 2.83 mm) followed by (LR x 

PR) x AW (3.50 x 2.50 mm). Sindhu (1995) also observed that when two seeds 

were seen in a berry usually one was smaller. Renu (2000) obtained largest seeds 

in double seeded berries for the crosses PR x LR, PR x DT and MW x LR and 

among the single seeded crosses, Tropical Red x Merengue White had the largest 

size. Among single seeded berries maxirnum seed size was for (LR x PR) x AW 

(4.17 x 3.90 mm). Prernna (2003) reported that in the cross (PR x LR) x T only 

single seeded berries were present and it had maximum value. 

In some ripe berries it was observed in the present study, that the seeds at 

the time of harvest had the tip of radicle emerging from the seed coat, such seeds 

germinated immediately. 'l'he number of days taken for germitlation ranged 4 to 9 

days, l'he maximum number of 9 days by the crosses (OG x DT) x LR (6 to 9 

days). [PR x FR ( I ) ]  x OG and (PR x MO) x OG had taken 5 - 9 days for 

gemination. 

Anthurium seeds, according to Singh (1987) took six to eight days for 

germination. Criley (1 989) reported that seeds germinated within I4 days. In the six 

varieties studied by Sindhu (1995) the number of days for germinalion ranged from 6 to 

14 days while it was 3 to 12 days in a study by Renu (2000). Prenlna (2003) observed 

a rnaximwn number of days for germination from four to nine days, 

Survival of seedlings at four lo six months in the present study showed 

that 9 out of 12 crosses were carried beyond four months. The seedlings of the 

cross [PR x FR ( I ) ]  x OG, [PR x FK ( I ) ]  x LR and (PR x MO) x OG failed to 

survive. No cross showed 100 per cent survival. The highest rate was shown by 



the cross (PR x KR) x AW (94.60 per cent) and lowest by (LR x PR) x OG (48.40 

per cent). The highest survival percentage was showed by the female parents OG 

x DT (90.00 per cent) with only a single cross. So in addition to low levels of 

fruit set and seed germination the high mortality of seeds in the early stages can 

be considered as a major constraint in the development of anthurium hybrids. 

Premna (2003) found that highest survival percentage was for the cross (FR x KR) 

x A (75.26 per cent) and lowest by (KR x LR) x A (32.25 per cent). In the study 

by Renu (2000), out of 34 cross combinations that germinated only 31 cross 

combinations survived for more than four months. 

A novel method for easy computation and understanding of compatibility 

reactions was devised by Renu (2000). A similar type of classification is done in 

the present study also. Accordingly, the percentage of fruiting candles which 

ranged from 0 to 100 per cent were divided into four compatibility classes as 

High ( 1  00-76 per cent) - A 

Medium (75-26 per cent) - B 

Low (25- 1 per cent) - C 

Nil (0 per ccnt) - D 

The percentage of fruit set in the present study ranged from 9.76 per cent 

to 29.29 per cent and these values wcre classified into four classes as 

IIigh (above30percent) - A 

Medium (20-29 per ccnt) - B 

Low (1-19 per cent) - C 

Nil (0 per ccnl) - D 

The percentage of seed germination, which ranged from 56.67 to 85.13 per 

cent, was classified as 

High (above80pcrcent) - A 

Medium (50-79 per cent) - B 

Low ( 1  -49 per cent) - C 

Nil (0 per cent) - D 



Table 18. Compatibility score on the basis of performance of 10 genotypes of A. 
undrecrnum as female parents based on fruiting candles, fruit set and 
seed germination. 

A = 3 points I3 = 2 points U = I point and D = 0 point 

S!. 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
I I 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
75 
2 h  
17 
28 
29 
30 
31 
32 
j .3  

34 
35 
36 
7 

38 
39 
40 

Crosses 

[LRx DT] x OG 
[LRx DT] x LR 
[ L R x D T I x A W  
[LRx DT] x T R  
[FR x MW(l)] x OG 
[FR x MW(I)] x LR 
[ F R x M W ( l ) ] x A W  
[FR x MW(I) ]  x TR 
[MOxKR(I)]xOG 
[ M O s K R ( l ) ] x l . R  
IMO x KR(I)] x AW 
[ M O x K R ( l ) ] x T R  
(KO x CRJ x OG 
[ K O x C R J x t R  
[ K O x C R J x A W  
[KOxCRIxTR 
I P R x F U ( I ) ] . u O G  
[PK x FR( I ) ]  s LR 
IPR x FR(I)]x A W  
[PR x FR( I )]x TR 
IN0 x DT] x OG 
[NO x DT] x LR 
I N 0  x DT] x A W 
[NO x DT] x TR 
[PR x KR] x OG 
[PR x K R J  s 1.K 
[PK x: KR] x A W  
[PR x KRJ x TR 
[LR x PR] x OG 
[LR x PR] x LR 
[ L R x P R I x A W  
[ L K x P R I x T R  
[PK x MOj s OG 
IPK x MOJ r 1.R 
[PR x MO] x AW 
[PR x MO] x TR 
IOG x D T J ~ G  
[OGxDTIxLR 
[ O G x D T I x A W  
[OG x DTI x TR 

Fruiting 
candles 

(per cent) 
D 
D 
D 
D 
A 
A 
U 
D 
D 
D 
I3 
D 
D 
D 
D 
D 
A 
U 
D 
D 
D 
D 
D 
D 
13 
i\ 
A 
I? 
A 
D 
A 
D 
B 
A 
A 

- D , 

D 
A 
D 
n 

Fruit set 

(per cent) 

D 
D 
D 
D 
C 
C 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
C 
C 
D 
D 
D 
D 
D 
D 
D 
C: 
U 
D 
B 
D 
C 
D 
B 
B 
B 

D 
D 
C 
D 
D 

~ o t a l  
score 

0 
0 
0 
0 
6 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 .  
6 
0 
0 
0 
0 
0 
0 
0 
6 
8 
0 
S 
0 
6 
0 
7 
8 
8 
0 
0 
7 .  
0 
o 

Seed 
germination 
( er cent) 

D 
D 
D 
D 
B 
A 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
A 
A 
D 
D 
D 
D 
D 
D 
D 
B 
A 
D 
A 
D 
B 
D 
A 
A 
A 
D 
D 
A 
D 
D 

Varietal 
score 

0 

13 

0 

0 

13 

0 

14 

14 

23 

7 



Table 1 9 .  Compati biIity score on the basis of the performance of 4 varieties of 
A .  andreanurn as male parents based on fruiting candles, fruit set and 
seed germination. 

A=3 points B= 2 points C= 1 points and D= 0 points 

1 

Fruit set 

(per 
cent) 

D 
A 
[I 
D 
A 
D 
D 
A 
B 
D 
D 
A 
D 
D 
B 
I> 
A 
n 
A 
A 
D 
D 
D 
D 

' -I Fruiting candles(per 
Seed 

germinat 
ion (per 

D 
C 
1> 
D 
C 
D 
D 
I3 
B 
D 
D 
C 
D 
D 
C 
D 
C 
D 
€3 
C 
D 
D 
D 
D 

No. 

I 
1 
3 
4 
5 
6 
7 
8 
9 
10 
I I  

25  
26 

1 2 7  
28  
29 
30 
3 1  
3 2  

33  , 

I 
I 11 

1 3  
14 
I5 
16 
17 

, 1 8  

1 I 4  
20  
21 
22 
23 
24 

D 
D 
B 
C 
B 
D 
D 
D 

cent) 

[ L R  x DTJ x OG 
( F R x M W ( I ) ] x O G  
[ M O \ : K R ( I j ] x O C ;  
[ K O x  CR] x O G  
[PR x FR(1)J  x OG 
[NO x DT] x OG 
[PR x K R J  x OG 
[ L R x  PR] x OG 
[ P R x  MO] x OG 
[OG x DTJ x OG 
I L R u D l ' j x L R  

t [ F R s M W ( I ) ] x I . R  
[ M O x K R ( t ) ] x L R  
[KO x CR] x LR 
[ P R x F R ( I ) I x L R  
[NO x DTJ x LR 
[PR x KR] x LR 
I I . R K P R J X L K  I 

[ P R x M O J A L R  
LOG x DT] x 1,K 
[ L R x D T J x A W  
[ F R x M W ( I ) ] x A W  
[MO x K R ( I ) ]  x A W  
[ K O x C R J x A W  

Seed 
gerrninat 
ion (per 

cent) 
D 
B 
D 
D 
A 
D 
D 
A 
A 
A 
D 
A 
D 
D 
A 
D 
B 
D 
A 
A 
D 
D 
D 
D 

I P R x F R ( I ) ] x A W  I D D 
D 
A 
B 
A 
D 
D 
D 
D 

.;-I i 
7 - . 
36 
37 
3 8  
39 
40 

[NO x DT] x A W  
[ P R s K R I x A W  
[LR xl P K ]  x A W  
[ P R x M O I ' x A W  
[ O G x D T j x A W  
[LR x DT] x TR 

' 

/FR x MW(1)J  x TR 
[ M O x K R ( I ) ] x T R  

D 
D 
D 
D 
D 
D 
D 

Total 
score 

0 
6 
0 
0 
7 
0 
0 
8 
7 
0 
0 
7 
0 
0 
6 
0 
6 
o 
tl 
7 
0 
O 
0 
0 

D 
A 
A 
A 
D 
D 
D 
D I D  

Varietal 
score 

2 8 

34 

0 
0 
II 
6 
8 
0 
0 
0 
0 

] K O . u C R ]  x T R  
[PK K F R ( I  ) J  s TR 
[NO x DT] x TR 
[PR x KR] x TR 
[LR x PR] x TR 
[PR x MO]  x TR 
[OG x DT] x TR 

22 

0 
o 
0 
0 
0 
0 
0 0 

U 
D 
D 
D 
D 
D 
D 

D 
n 
D 
13 
D 
D 
D 



The crosses of the ten female parents were Iinearly scored on the basis of 

percentage of fruiting candles. fruit set and seed germination as shown in the 

Table I8 and 19. From the Table it  was found that the female parent PR x MO 

got the highest varietal score. So PR x MO could be judged as the best female 

parent. Among male parent the variety Liver Red got the highest varietal scare 

and hence can be selected as the best maIe parent. The highest score for an 

individual cross was obtained for thc crosses (PR x KR) x AW, (LR x PR) x OG, 

(PR x MO) x LR and (PR x MO) x AW. So these were the most compatible 

crosses. The female parents LR x DT, MO x KR ( I ) ,  KO x CR, NO x D'T and 

male parent Tropical Red showed poor performance during the course of study. 

All those crosses which were carried beyond four months stage showed a linear 

score of five or more than five. 



Summa y 



6. SUMMAKY 

The present study, 'Genetic improvement of Fl  hybrids in Anthurium 

andreanurn Linden' was undertaken to improve specific commercial characters 

such as erect, long inflorescence axis, deep blisters of spathe and short downward 

candles of ten selected F1 hybrids in anthurium. ?'he study revealed tremendous 

scope for genetic irnprovernent in this crop. The results of the analysis were 

summarised below. 

*:* Analysis of variance revealed significant variation among the seventeen 

quantitative characters studied viz., plant height, suckering ability, Ieaf 

area, days from emergence to maturity of leaves, days from emergence to 

maturity of inflorescence, candle length, inclination of candle with the 

spathe, life of spadix, days to initiation of female phase, duration of female 

phase, duration of intcrphase, duration of male phase, pollen fertility and 

poIIen size. 

*:* Pollen fertility estimated using acetocarmine method indicated that most 

of the genotypes had low fertility values. 'PR x FR ( I ) '  had the highest 

pollen fertility of 4 1.67 pcr cent folIowed by 'Liver Rcd' (40.67 per cent). 

Pollcn emergence was low in the months from March to June, during 

which the average maximum and minimum temperatures were relatively 

high. Pollen emergence was highest during October to December months. 

Q Variability studies revealed that high PCV (Phenotypic coefficient of 

variation) along with high GCV (Genotypic coefficient of variation) were 

present for number of suckers per plant, pollen fertility and duration of 

male phase. This suggests that there is an excellent scope for 

improvement of these characters through selection. The characters, pollen 

size, life of spadix, plant height and pollen fertility showed low difference 

between PCV and GCV revcaling that the environmental influence on 

these characters is less. The character number of suckers per plant pollen 



of fruit set was below 50 per cent for all the crosses. The lowest and 

highest percentage of fiuit set was observed for 'PR x FR ( I ) '  and 'LR x 

PR' respectively. 

*:* The berries obtained from dift'ercnt cross combinations took 4 to 8 months 

to mature. 'The shortest period for fruit maturation was observed for the 

cross ('PR x MO') x AW. Thc number of days for germination varied 

from 4 to 9 days in various crosses. 'The range of 4 to 8 was observed in 

two crosses ['FR x MW (I) ' ]  x 1,R and ['PR x FR (I) ' ]  x LR. 

6 Most of the crosses had a high percentage of single seeded berries 

compared to double seeded berries except for the cross between 'LR x PR' 

and 'Orange Glory'. ?'he seeds obtained from most of the crosses showcd 

a germination percentage of more than 50 per ceni. I t  was lowest in 'OG x 

DT' (63.86 per cent) and highest in 'I'K x FR (1  j' (80.86 per cent). 

*f. Seedlings of 9 out of 12 crosses that germinated survived for more than 

four months. The highest average survival was recorded by 'OG x DT' 

(with only onc cross) slid lowest was recorded for the genotype 'PR x 

MO'. 

*:* After scoring the different genotypes and crosses obtained on a scale from 

zero to nine, the crosses with highest compatibility score of eight were for 

the crosses ('PR x KK') x AW, ('LK x PR') x OG, ('PR x MO') x LR and 

('PK x MO') x AW. The pcrfbnnance of the variety as female parent was 

found to be different from its performance as male parent. Among the ten 

female parcnts 'PK s MU', .LI< x PR' and 'PR x KR' performed as the 

best female parcnts and among the four male parents 'Liver Red' 

performed as the best pollen parent. 



fertility and pollen size showed high heritability coupled with high genetic 

advance. So these characters are controlled by additive gene action and 

therefore amenable to genetic improvement through selection. 

*:* Correlation studies revealed that plant height showed significant positive 

phenotypic correlation with number of suckers per plant, leaf size, 

internode length, number of spadices per plant and pollen fertility and 

showed negative significant correlation with days to Initiation of female 

phsae. Plant height also showed positive genotypic correlation with most 

of the characters. Duration of female phase showed positive genotypic 

correlation with all charactcrs cxcept for days to initiation of female phase. 

The environmental correlations were absent for almost all pairs of 

characters except between a few characters. The genotypic correlation 

between characters helps to differentiate the vital association useful in 

breeding from non-vi tal ones. 

*:* A study of five qualitative characters such as colour of young leaf and 

petiole spathe colour, spathe texture, candle colour and type of 

inflorescence axis also showed considerable variation among the 

genotypes studicd. 

*:* Intervarietal hybridization was done to analyse the cross compatibility 

between 14 varieties (Ten female parents and four commercially important 

varieties as male parents) based on the percentage of candles bearing 

fruits, fruit set and seed germination. 

*3 A total of 23 crossings were attempted based on the availability of 

receptive spadices and fresh pollen, out of which 12 were found to be 

successful. Among the 12 successful crosses percentage of candles 

bearing fruits was 100 per cent for six crosses. Maximum number of 1 13 

fruits was obtained for the cross ('LR x PR') x OG followed by ['FR x 

MW ( I ) ' ]  x LR with 88 fruits. The average number of fruits per candles 

was highest for 'LR x PR' and lowest for 'PR x FR (1)'. The percentage 



of fruit set was below 50 per cent for a11 the crosses. The lowest and 

highest percentage of fruit set was observed for 'PR x FR (1)' and 'LR x 

PR' respectively. 

*3 The berries obtained horn diilirenl cross combinations took 4 to 8 months 

to mature. The shortest period for fruit maturation was observed for the 

cross ('PR x MO') x AW. 'l'he number of days for germination varied 

from 4 to 9 days in various crosses. The range of 4 to 8 was observed in 

two crosses ['FR x MW (I) ' ]  x LR and ['PR x FR ( I ) ' ]  x LR. 

*:* Most of the crosses had a high percentage of single seeded berries 

compared to double seeded berries except for the cross between 'LR x PR' 

and 'Orange Glory'. The seeds obtained from most of the crosses showed 

a germination percentage of more than 50 per cent. It was lowesl in 'OG x 

DT' (63.86 per cent) and highest in 'PR x FR (1)' (80.86 per cent). 

*:* Seedlings of 9 out of 12 crosscs that germinated survived for more than 

four months. The highest average survival was recorded by 'OG x DT' 

(with only one cross) and lowest was re~orded  for the genotype 'PR x 

MO'. 

*:* After scoring the different genotypes and crosses obtained on a scale from 

zero to nine, the crosses with highest compatibility score of eight were for 

the crosses ('PR x KR') x AW, ('LR x PR') x OG, ('PR x MO') x LR and 

('PR x MO') x AW. The performance of the variety as female parent was 

found lo be different from its performance as male parent. Among the ten 

female parents 'PI1 x MO', 'LR x PR' and 'PR x KR' performed as the 

best female parents and among the four male parents 'Liver Red' 

performed as the best pollen parent. 





7. REFERENCES 

~Zbdussammed, K.1'. 1 999. Regulation of flower and post Ilarvest behaviour c7t 

Anfhuril~m ur~dreunurn Linden. M.Sc. {Hort.) thesis, Kerala Agricultural 

University. Thrissur, 135 p. 

Allard, R. W. 1960, 1'rin~~iplc.s of Plunt Breeding. John W iley and So11s Inc.. New 

York, 485 p. 

Anthura. 1 997. Variety: 'C'humpion '. PI. vurielies J. 1 0: 1 2 

Antoine, R. 1 994. Comn~ercial production of Anthurium cut flowers in Mauritius:#, 

Floriculture- Technology, Trudes and Trends, (eds. B handary. K. and 

Prakash, J.) Oxford & IBH Publishing Company, New Delhi, pp. 2 1-23 

Arndt. G. 199 1 . Anthusium ( A ,  Lsch~rzericlnum) var. Arabella (Commercial sy11o11yn-i 

Arndt's i:lamenco Arabella). PI. F'urit.(ies J. 4:1-14 

Asish. K.B. 2002. Genetic variability alld character associations in Anih/o4i~,m 

~ln~Irent~un7 Linden. M.Sc. (Ag.) rhesis, Kerala Agricultu1-al I ;nivcrsit!. 

Tl-rrissur. 1 I5 p. 

Bailey, L.H. 1942. The Standard cyclopedia of Horticulture 1 : 301 -3113 

Bailey, L.H. 1976. Hurrus Third. Macmiilian Co., New Yurk, p. 120 

Bhatt, N.K. and B.B. Desai. I 989 An~hurium. C'crmmerciu/ Flowers ( tds .  Hose, ' l ' . l i  

and Yadav, L,P.). Naya Prokosh, Calcutta, India, pp. 623-641 

Bhattaglin, E.  1 964. cytogenetics of B chromosomes. C'crryolugiu 1 7:245-386 

Bindu. M.R. 1902. Chromosome bchnviour and pollen ii'rtility in .4n,hu1.1lttr1 513. 

M.Sc. (Ag.) thcsis, Kerala Agricultural University, 'I'hrissur, 106 p. 



Bindu, M.R. and ~ e r b ~ ,  S.T. 1994. Cytological studies in Anlhurium undrcunu~-~ 

Linden National Seminar on Anthurium, 6-9 May 1994. Trivandrum. 

Ah.ctrucr: I 0 

*Birdsey, M.R. 1951. 'The L'ul!ivuted Aroids'. The Gillick Press. Berkeley. 

Califbrnia lJSA. 140 p. 

*Birdsey, M.R. 1956. The C'ul/ivuf~'d Aroids. Gillick Press, Berkeley, Califbrnia. 

USA. 83 p. 

"Christensen. O.V. 197 I .  Morphu!ogical studies on the growth and tlowc~. !i>lwativn 

of .4n!hurii1m .sc'her,-criunuwr Scott. and A.  undrlrrcmzdm Linden. Till.+ X- I'lr mi 

Euvl. 75:793-798 

Criley, R.A. 1989. Culture and cultivar selection for Anthurium in Hawaii. Aclu. 

Hurr. 246:227-236 

Croat. T.B. 1980. Flowering behnviour of the new tropical genus Ai~ thur iu~n  

(Araceae). An]. J ,  Bof. 67 : 888-904 

Croat. '1'.B. and I3unling. G.S. 1 978. Standardisation of A n t h u l - i i ~ ~ ~ ~  dcsctip~ions. 

. ~ I ~ + O ~ ~ P L ' L I H L I  2: 5 -35 

*Llaurna1111, E. 192 1. Nectarabschei dung in der Hluteil r e g i o ~ ~  einigcar 1 2 ~ ~ a c c c ~ ~ .  

Pluntu 12: 39-52 

Falconer, D.S. 1989. Introductio~l to Quantitative Genetics Third edition Longman. 

New York. 340 p. 

*Forsyth, W .C;.C. and Sirnmonds. N . W.  1954. A survey of the anthocyanin ui' h o n ~ c  

tropical plants. Pt.oc8 R Soc. Dr. 142:549-564 

'Gajek. W. and Schwarz. K.11. 1 980. Anthuuium undre~inurn hybrids, valuablc a l l  

tllc ycar round cut Ilowers which use a limited energy input. G'urrenbrrz, 

2713.13 



Geier, T. 1986. Anrhuriztrn scherzeriunum and tissue culture. Deuts~.hur Gurf~nhutr 

40(43) : 2030-2033 

Geier, I'. 1 989. Anthurium: Flundbook q/ PPlunt Cell C1u/iures: 5. Ilrnuvnenrcil .spechir>,\ 

(eds. Ammirato, P.V., Evans, D.A., Sharp, W.R. and Bajaj, Y.P.S.). Mc 

Graw Hill Publishing Company, New York, pp. 546-562 

Geier. T. 1990. Anthurium: Hundbook qf Plant C'dl C'zrltures: 5 .  Chnurnenlul .\/~c~c,ic.s 

(eds. Ammiralo, P.V.. Evans. D.A., Sharp, W.K. and Bajaj, Y .P.S. ). Mc 

Graw Hill 1)ublishing C'ompany. New York, pp. 229-252 

Henny, R.J. 1999. Red Hot Anrhrrrium. Hurl. Sci. 34: 153- I54 

Henny, K.J. and Fuoshez. W.C. 1988. Response uf '1,acly Jane' liners ro dil'l'erent 

light and fkrtilizer levcls. Proc. A. rn~'et. Flu. Sf.  or[. Sue. U. LS. I U 1 :304-305 

Henny. K.J., Poult, R.T. and Conover, C.A. 1988. Southern Blush-A hybrid 

Anrhuriut~l for foliage producers. HUKI. Sci. 23:922-923 

Higaki, T. and Imamura, J.S. 1988. Effect of GA; and BA on 1ater;ll shoo1 

p t u d u c ~ i v n  i l l  A ~ ~ t h u r i ~ u n .  I l o t Y .  Sci. 33:353-354 

Higaki, T. aild I'oole, R.'I7. 1978. A ~nedia and fertilizer study in anthul-ium. ,/ .dm 

SOL'. Horl. Sci. 103 3 8 -  1 06 

Higaki, T. and Rasmussen. H.P.  1979. Chemical induction of adventitious shoots In 

anthurium. Hurr. Sci. 1464-65Higaki, T., Rasmussen, H.P. and C'dt.pcntcr. 

W.J. 1 980. Coloc~r breakdown i t ?  anthurium (Anrhl~rium lindrclinlim 1,inden ) 

spathes caused by calcium drliciency. J. Am. S~L', hort. Sci. 105:441-444 

lawara, R , Y  ,, Tang, C.S, and Kamernoto, H. 1 985. Concct~tration of iinthocyani~~s 

affecting spathe culour in anthuriuins. J. Am. Sot, / - /or/ .  Sii. 1 10:383-385 



Johnson, H. W ., Kobinson. H.F. and Cornstock, R.E. 1955. Estimates of ge~~erical  

and environmental variability in soyabeans. Agron. J. 47:3 14-3 18 

Kamzmoto. H.  1 062. Sorrlc factors a f ic t ing  the keeping quality 01' an t l - i i~ r iun~  

flowers. H ~ r k v i ~ i i  h'idt77 Sci. 1 1 : 2-4 

Karnernuto. H. 1 98 1. Anthurium Breeding in  'Hawaii'. 4:77-86 

Kame~nolo,  H. and Nakasune, H.Y. 1963. Evaluation and improvement of' 

a ~ ~ t h u r i u ~ n  clones. H~iwaii ugric. Exp. Sfn. Tech. Bull. 5#:2N 

Kamemoto, H. and Nakasone. H .Y.  1 955. Improving anthuriums lhro~igh brcciiing. 

H ~ f w ~ i i i  b-ul'rn & ' I ' L ' Y I c ' ~ .  3:4-5 

Kamemoto, H., Iwata, 1 i .Y.  and Marutani, M. 1988. Genetics of major spathc 

colours in unrhuriiims. Rc,s. .%r. I-'011. Trap A ~ r i u  I-lz~rn. l(c~.sorrr, 56:  1 1 

Karnemolo, H., Nakasonz. I I.Y. and Aragaki, M. 1 969. Improvement ol' a ~ ~ t h u r i u u ~ s  

through bt.ezding. P I ^ ~ L J .  7kop K ex. .dm. SOL'. I-for[, 1 2: 267-273 

Kaneko. K .  and Kamemoto. H.  1978. Cylological studies of 'Kaumana' and 

' Uniwai' anthurium. ,I. ,lIm. Soc. Hort. Ski, I 03:690-70 1 

Kaneko. K ,  and Kamemoto, I I .  1 979. Karyotype and B chron~oson~es  oi'..lnlh~(riwwr 

\tlLrruchyuecmum. J. Herc~d 70:271-272 

Kuehnlc, A.K., C'hcn, F.U. and Sugi, N. 1994. Novel approaches fbr ge~ielic: 

resistance to bacterial pathogens in flower crops. Pruceedings u f -  rhc~ 

C'ulloy wil~m held ur [he 9 I" A SHS Annuul M~ering, C'urnvcllli.~, Oregon, 8 

AugicsI, 1994. pp.93-94 

Lalithambika, K. 1978. Cytological studies on twelve species of anthurium with 

special reference of B chromosomes, M.Sc. thesis, University of Kerala. 

Thiruvananthapuraln, 49 p. 



Lecuwen, C.V. 1984. The output of good Anthurium cultivars is promising. Liikhlrrd 

blloemislerij. 39 (23):45-5 1 

Loury. J . U .  1972. Anthocyanins in tropical phytochemistry. I L I U / U ~ L I . S ~ L I M  .I. .\'lJi 

1:133-140 

Marutani, M.. Shcffkr. R.D. and Kainemoto, H. 1993. Cytological nnaly\is o t '  

rinthirr.iutt~ crndruuni,tl? (Araceae). its related taxa and lhcir hyhr-ids. . - lu~.  ./ 

,401. 80:93-103 

*Maurer, M. 1979. Raising Anth~irium sohererianum Fl  hybrids. Gb + t iw.  79:35. 

832-834 

Mayacievi. P.2001. Genetic divergence in .4nlhurium irndrrun~inl 1.indt.11. 1'h.I) 

thesis, Kerala Agricultu~+al University. 'l'hrissur, 242 p. 

Mercy. S.T and Llalc, B. 1 994. Anlhiirium. St. Joseph's I'ress. 'Thiruvan;lnthapiira~~i. 

64 p. 

Millcr, P.A.. Willams, V.C.. Robinson. I I.P. and Cornslocli, K.E. 1958. I:stimares of' 

genotypic and environmental variances and covariances in upland cotton and 

their implication in selection. Agrun. J 5: 126- 13 I 

Mitu, M. and Acatrinci. Ci. 1974. Pollen germinating ability in some I'ol.eign pou 

cul tivars. Insliiurional Agronomic. Jon ./nne.siu dc la Bruci. 1 : 275 -279 

Nirmala. K.S . ,  Singh,. F. and Chandravandana, M.V. 1999. Anthocyanins oi' 

Anfhurizrnz crrrdreununl Linden-presence of an unknown pigment. ./, upp/,  

k / (~r i .  1 :29-3 1 

Panse, V .6 ,  and Silkhatme, P.V. 1 967. Stu~i.sricul 1W~.rhod,s /for A ~ Y I ' L ~ L I I I L ~ ~ u I  J+'orkc.r:i. 

Second Edition, Indian Council of Agric.ultura1 Research, New Delhi, 38 1 p. 

Prasad, J . ,  Ram, S. and Chakrabarti, D.K. 1996. Elkct of' different types of' mulcl~es 

on growill, yield, weed and disease intensity in opium poppy. ,I. ~ i g r i ~ ' .  SiaI'. 



Premna. V, 3003. Cclr~lpatibiljty studies of three way crosses in r l t ? ih z t r~~ i t~~  

crndri~unz~ti~ Linden. M.Sc. (Ag.) thcsis. Kerala Agricultural I!ni\ crsi t! . 
rhrissur, 92 p. 

Kellu. R.S. 2000. 11llervarictal hybi-idization iri Anfh~rrilim 11ndr.eirnu1t1 i . i i l i l~ i~ .  h 1 . S ~ .  

(Ag. )  thcsis. K C T A I ~ I  12g1-icultural University. Thrissur, i 19 p. 

Kobinson. H.F. 1965, Qu;inlit;itive genetics in rzlaliun to brwding on tlat ccnlcnniul 

of ~nendrlism. In~ijlrn ,.I. G~~n1.i. 20 A:485 

Iiobinson, H.F.. Coms(ock. 1i.E. and llarvzy, P.H. 1949. Estimation ui 'hc.rltahili~> 

and tht- degree of dorninanct. i u  corn. Agrun. J. 14:352-359 

Salvi. F3.R. 1997. Opli~nisatiorl ot' shade. nutrients and growth sogulato~*s t'or cur 

floirer prucluution in :lnrhl~~.iutn c~ndr(reuni~pl7 Linclcn. Ph.D thesis. Kcrala 

? Igr ic~~l tu~ .aI  I , ' I I ~ \ ' c ~ s ~ ( > .  'I'l~siss~r. 380 p .  

Satladas. 1 I .  1085 K a r ~ f o ~ i ~ o r p h o l o g i c ; ~ l  studies on eight species and varlctics ol' 

.71n~hut+itinr M. it11 special reference to B chromosomes. M.Sc. thcsis. 

Univcrsily of Kerala. ~I'hiruvananthapuram, 48 p. 

Sha~+ma. .I. TC. 1 994. P I ' I I ~ L * I J I ~ P S  (in J PI^UL'[~CL'J of PIunt Breeding. Tala Mc G rarn 1 I i 11 

Company. New Delhi, pp. 1 53- 155 

Sheffer. R.D. and I i a~ l~emoto ,  H. 1976. chromosome numbers in the getlils 

Anthurium .401. ,I f ir11 63:74-8 1 

Sheffer, R D. LIIIJ Kamcmoto. I I .  1976a. Cross compatibility in tllc gc1111s 

. - I H I / I I I Y ~ I I I I I  ,I :lnl .Yor. Hurr, SL'I 10 1 :709-7 13 

Shei'fer. K.D. and Kamc~~wto. H. 1977. Interspecific hybridizatiun illvolvillg 

11 n[l1ta/'i11111 I I W L / I . L ' ~ I I , ~ / ~ ~ I I  l - i~ ld .  ancl related species. Proc. Trop. R e g  :1111.  .SOL. 

Hot-r. Sc.1. 19:275-283 

Sltcffer. R.13. and K a ~ ~ ~ r ~ n o l o ,  11. 1978. A new species hybrid. .-l17rhi,rir1rn 

sr.hu~-zclrir~ni/~~t s Anihl,~.i~lttl u~~tlcilingcrii. Horl. Sci. 13 (2) : 1 77- 1 79 



Sjndhu, K .  1995. Cross colnpatibility in ,lnnthurium undrrunum Linden. M.Sc. ( Ag.) 

thesis, Kerala Agricultural Universily. 'l'hrissur. 1 1 1 p. 

Singh. F. 1987. :\nthurium-Vycit~g for a place among commercial flowcl- crops. 

Indiur~ Hut-!. 4 :  14- 16 

Sing l~ ,  F. 1 995. Anthuri~un breeding. Advunres in Iioriiculiur~.: 13. ~ I ~ ~ ~ ~ ~ ~ r n r ~ . n i r ~ l  

Pltrn,.~, (rtis. C111:1dI1c?. K .L .  and Bha~tacharjec. S.K.). Ma1hott.a Publishing 

Housc, NUM' DClhi. pp. 4 19-425 

Singh. F. 1998. Anthuri~unl pruduction-thc global sccnal-io. Naiion;ll sc~riii~;ir on 

alithurium productio~l : 2-.3 June. 1998. Uoorg at Chethali. Incii:in I ns t i t i ~ t c  1 1  t '  

Horticulrutal Research. Bangalure. Ah.~trucr: 1 

*Stanley. K.G. and Linslten. 1-1. F. 1974. Pollen Bioloa Uiochenzi.~rt y ? l , ! ~ l r i u ~ ~ ~ r ~ ~ c . , ~ ,  

Springer-Verleg Berlin. Heido1be1-g. New York, 307 p. 

'i'isdalc, S.L.. Nclsun. U'.L. ,ind Bealon, S.U. 1 985. Soil b'erlilii~' r~r/cl k otm/rlrr~/..\ 

Fourth Editio11. Mac~nillan Publishing Company Inc., New York, 733 p 

Valsalakumari. P.K.. Gzetha. C.K., Musthafa. M.S.. Kajecvan. P.K.  and 

.4bdussammcd. I .  1998. Response of cut flowers of ilnrhit/.~lrt~t 

r,t7drrr,,~rtt~r L i ~ ~ c l ,  tu pulsillg Ircatments. National seminal- on , ~ n t h ~ t r i u ~ ~ l  

produc~ioii: 2--; J~me.  1 998. Coorg at Uliethali. Indian I r i b l r l ~ r ~ '  oi' 

Hoslicultural Research, Bangalore. ,4hJrlrcrct:36 

Wannnkrairqj, S ,  and Kotne~notcl, H. 1990. Inheritnnce o f  piirplc sputl~e i n  

A I I ~ ~ I L I I ' ~  11 111, ,!, ,4111. ,Soiq, Sci, 1 1 5 : I 69- I 7 I 



Watson, U.P. and Shirakawa, T.1967. Gross morphoiogy related lo shelf lifi: uf' 

Anthul-iuni flowurs. I l r / ~ ~ r i i  fi.m Sei. 16: 1-3 

+Zimmzr, K. 1986. Problen~s in Ihc: developlnenl of anthurium and spa th ip l l~ l lum 

culti vars. Dc~ritscl~c.?. -- Gin-lcnhuu 40: 5 74-5 77 

"Zirnmer. K. and Bahnemann, A. 1 982. Cloning of tempernturt: ~olcl.u~ll.  

A ,  sc.h~.i+:ei+iunuru seed. Gi~r[unbiruwi.s.s 47:72-74 

- .  - - .- -- - . . . - . -. - - 
"Original not seen 



GENETIC IMPROVEMENT OF FI t i l ' l 3 K l l ) S  
I fi A t ~ f / t l t r i ~ i ~ ? t  ojt~/rc~uritm 1 . inden 

Abstract of  the 
thcsis submitted in partial tirltillrncnt t t f  thc 

rcquiremcnt for the {lc.;t-c.c ot' 

FaculQ, of ,4griculturc 
Kcrala Agricultural linivcrsit? , I'hrissur 

1)tpartmcnt of Pliint Hrccding and Cenctics 
C0LLEC;E OF AGRIC:IJL?'I:RE 

VEl,LAYANI, TfIIRUVANANTIIAPI~I~AhI 695 522 



ABSTRACT 

The present study, 'Genetic improvement of FI  hybrids in Anthurium 

andreanurn Linden' was undertaken to improve specific commercial characters 

such as erect, long inflorescence axis, deep blisters of spathe and short downward 

candles of ten selected F1 hybrids in anthurium. 

The analysis of variance revealed significant variation among the fourteen 

genotypes for the seventeen characters studied. This reveals the high genetic 

potential for the improvement in this crop. 

Variability studies indicated high phenotypic and genotypic coefficients of 

variation for the characters number of' suckers per plant, pollen fertility and 

duration of male phasc. 'I'he characters with high heritability coupled with high 

genetic advance values were found for characters number of suckers per plant, 

pollen fertility and pollen size. l'hese characters are therefore controlled by 

additive gene action and amenable to genetic improvement through selection. 

Plant height was found to have highly significant positive phenotypic 

correlation with nun~ber  01' suckers per plant, leaf size, internode length, number 

of spadices per plant and pollen fertility. Duration of female phase showed 

positive genotypic correlation with all characters except days to initiation of 

female phase. The environmental correlations were absent for almost all pairs of 

characters except for a few characters . 

Pollen fertility estimated using acetocarmine method indicated that most 

of the genotypes had low fertility values. 'PR x FR (1)' had the highest pollen 

fertiiity of 41.67 per cent followed by 'Liver Red' (40.67 per cent). Polfen 

emergence was low in the ~nonths from March to June, during which the average 



maximum and minimum temperatures were relatively high. Pollen emergence 

was highest during October to December months. 

A study of five qualitative characters such as colour of young leaf and 

petiole spathe colour, spathe texture, candle colour and type of inflorescence axis 

also showed considerable variation among the genotypes studied. Intervarietal 

hybridization was done to analyse the cross compatibility between 14 varieties 

(Ten female parents and four commercially important varieties as male parents) 

based on the percentage of candles bcaring fruits, fruit set and seed germination. 

A total of 23 crosses wcre attempted based on the availability of receptive 

spadices and fresh pollen, out of which 12 were found to be successful. Among 

the 12 successful crosses percentage of candles bearing fruits was 100 per cent for 

six crosses. Maximum number of 11 3 fruits was obtained for the cross ( 'LR x 

PR') x OG followed by ['FR x M W  (I) ' ]  x LR with 88 fruits. The average 

number of fruits per candles was highest for 'LR x PR' and lowest for 'PR x FR 

(I) ' .  The percentage of fruit sct was below 50 per cent for all the crosses. The 

lowest and highest percentage of fruit set was observed for 'PR x FR (I)'  and 'LR 

x PR' respectively. 

From the cross compatibility analysis, i t  was seen that the percentage of 

fruit bearing candles was highest for the female parents 'PR x KR' and 'PR x 

MO' with two crosscs each and 'OG x D'T' with a single cross ( I  00 per cent). 

The number of fruit per candle ranged f h m  23 to 113. 'LR x PR' had the highest 

average number of' fruits per candle and it was lowest for 'PR x FR (I) ' .  The 

percentage of fruit set was below 50 per cent for all the crosses. The crosscs 

invoIving 'LR x PR' had the highest average percentage of fruit set. 

The nunlber of days t a k c ~ ~  fbr germination varied from four to nine days. 

The seed germination was highest for the cross ('PR x FR(1)') x LR (85.13 per 

cent). No cross showed 100 per cent survival beyond four to six months. For 

'OG x DT' with only a single cross the survival percentage was maximum of 90 

per cent. Scoring of the compa~ibility reactions based an the percentage of 



fruiting candles, fruit set and seed germination on a scale ranging from zero to 

nine showed the highest compatibility score of eight for the crosses ('PR x KR') x 

AW, ('LR x PR') x OG, ('PR x MO') x LR and ('PR x MO') x AW. Among the 

ten female parents 'PR x MO', 'LR x PR' and 'PR ?r KR' performed as the best 

feniale parents and among the four male parents 'Liver Red' perfomled as the best 

pollen parent. 
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