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Abstract  Five ‘Sunrise Solo’ cultivars of Pawpaw Carica papaya morphotypes were selected based on fruit shape and 
pulp color and their seeds sown in three different media namely Saw dust, rice husk, and top soil at the green house of the 
Michael Okpara University of Agriculture, Umudike, Nigeria to determine their emergence percentage and seedling growth 
attributes. The experiment was set up as a factorial in completely randomized block design. Highly significant differences  
(P <0.01) was observed for seedling emergence and seedling growth attributes studied. The result showed that top soil is a 
better medium for pawpaw nursery when compared to rice husk and saw dust. Genetic component analysis showed that most 
of the traits had more genetic than non-genetic factors that contributed to the variability observed for most of the traits.  This 
was further validated by some of the traits having high heritability in the broad sense and genetic advance indicating that 
selection cause effective at the seedling levels for such traits.  
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1. Introduction 
Carica papaya (family Caricacaeae) is a tropical fruit 

grown widely in Nigeria for food, ornamentals and 
traditional health services [1]. It contains many biologically 
active components of which two important ones are: 
Chymopapain and papain which aids digestion [2]. 

Carica papaya produce natural compounds (annonaceous 
actogenius) in leaf bark and twig tissues that have anti tumor 
and pesticidal properties [3]. The leaf tea or extract has a 
reputation as a tumor destroying agent [4]. The unique fruit 
is used as a remedy for ulcer and importance [5]. The papaya 
fruit also contains a milky juice in which the active principle 
known as papain is present. Aside its value as a remedy in 
dyspepsia and kindred ailments, it has been utilized for beer 
clarification and as a meat tenderizer [6]. 

Tropical fruit crops and other plantation crops are 
traditionally established with seedlings previously grown in 
nursery which allows the establishment of seedlings under 
controlled environments. The growing condition of the 
nursery is under the control of the nursery-man, therefore 
seedling quality invariably is determined by the quality of 
cultural practices engaged by the nursery man, [7] reported 
that the quality of container grown ornamental plants is  
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dependent on the physical and chemical compositions of the 
medium, the growing environment and plant management. 
Raising seedlings in nursery assures that orchards/ 
plantations are established with superior quality planting 
materials which have distinct advantages of better survival 
and growth. 

Pawpaw is mainly propagated by seeds and the seedlings 
are grown in the nursery before being transplanted to the 
field. Transplants are commonly used to establish 
commercial papaya to offset the loss of expensive certified 
seed and to avoid strong weed interference in the early stages 
of growth [8]. Seed germination of fruit crops is affected by 
factors such as substrate used, environmental factors like 
oxygen, temperature and light [9] cultivar, mineral nutrition 
and plant regulators [8] and plant management such as 
watering, pest and disease control [10]. Seed germination in 
Carica papaya is slow, erratic and incomplete [11]. The 
seeds are enclosed within a gelatinous sarcotesta which is 
formed from the outer integument [12]. It has been shown 
that the sarcotesta can prevent germination [13] but the 
removal of the sarcotesta does not break dormancy in 
pawpaw. 

Recent attempts to encourage farmers to cultivate pawpaw 
in plantations in South Eastern, Nigeria have not been very 
successful due to several production constraints. Among the 
constraints are lack of improved varieties, lack of improved 
propagation techniques, slow and erratic seed germination 
and growth of subsequent seedlings. Despite the fact that 
pawpaw is a useful fruit crop with a high potential income 
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source, only limited efforts have been made to improve this 
crop. To achieve such improvement proper agronomic 
procedures needs to be developed, therefore the objective of 
this study was to determine the emergence and seedling 
growth characteristics of five morphotypes of Carica papaya 
using three growth media. 

2. Materials and Methods 
This study was conducted in the green house of Michael 

Okpara University of Agriculture, Umudike between March 
and June 2011. 

Umudike is located at a longitude 07°34°E, latitude 
05°29’N at an elevation of 122m above sea level. 

Planting Material and Media 

Five pawpaw morphotypes were selected based on fruit 
shape and fruit pulp colour and used in this study. The 
morphotypes are round shaped with yellow pulp, pear 
shaped with red pulp, pear shaped red pulp, oblong shaped 
with yellow pulp and convex shaped with orange pulp and 
were planted in three different media namely: sawdust, rice 
husk and top soil. Each medium was mixed with poultry 
manure in the ratio of 2:1 and used to fill 2.5 L bucket. The 
experiment was a factorial in completely randomized design 
replicated three times. Factor A are the Carica papaya 
morphotypes and Factor B are the three media, that is, rice 
husk, sawdust and topsoil. Four seeds of each morphotype 
were planted in each bucket and six weeks after sowing, 
seedlings were thinned to one per bucket. Seedling 
emergence was taken at 2,3,4,5 and 6 weeks after planting 
while growth characters and seedling vigour were measured 
at thinning and one month after thinning. The data on 
seedling vigour were based in accordance with [10]. 

Table 1.  Vigour assessment indices 

Score Interpretation 

0 Sickly and no sign of growth 

1 Pale green and retarded growth 

2 Pale green and no retarded growth 

3 Greenish and growing healthily 

4 Greenish, vigorous growing with broad leaves 

Data Analysis 

The data obtained were subjected to analysis of variance 
using GLM model of SAS [14] and the means separated 
using the least significant difference. The phenotypic 
variability was partitioned into the genetic and non-genetic 
environmental factors and to estimate their magnitude. The 
genotypic, phenotypic and error variances was estimated 
using the formulae of [15] and [16]. 

Vg = 
MSG

r
MSE−

  Vp = 
MSG

r
  Ve = 

MSE
r

 

where MSG, MSE and r are mean squares of genotypes, error 

and number of replicates respectively. The phenotypic (PCV) 
and genotypic (GCV) coefficients of variations were 
evaluated by the methods of [17-19] as follows: 

PCV = VP x 
X

100√    GCV = 
X
VG√  

Where VP, VG and X  are phenotypic and genotypic 
variances and grand mean respectively for the traits under 
consideration. Broad sense heritability (h2B) was expressed 
as the percentage of the ratio of VG to VP was estimated on 
genotypic mean basis as described by [20]. Genetic advance 
was estimated by the method of [21] as GA = k(Sp) h2B 
where k is a constant (2.06 at 5 % selection pressure), sp is 
the phenotypic standard deviation √VP, h2B is the broad 
sense heritability. GA was calculated as a percentage of the 
mean. 

3. Results and Discussion 
Highly significant difference (p<0.01) were observed in 

the emergence percentage and seedling growth attributes of 
the pawpaw morphotypes studied. 

The highest percent emergence was observed in 
morphotype 4 grown in topsoil at the second, third and fourth 
week after planting with the values 23.33%, 28.33% and 
36.67% respectively. At the sixth week, an emergence 
percentage of 43.33% was observed in morphotypes 2 grown 
in topsoil. At thinning, the longest seedling was observed in 
morphotypes 4 grown in topsoil with a height of 35.28cm 
while at a month after thinning morphotypes 5 grown in 
topsoil had the highest record as regards seedling height 
which differed significantly from the morphotypes grown in 
other rooting media except for morphotypes 1 grown in saw 
dust. At and a month after thinning, the highest number of 
leaves were observed in morphotypes 2 grown in saw dust 
(17.24) and top soil (15.57) respectively. The data obtained 
for vigour assessment at and a month after thinning indicates 
that, morphotypes 4 grown in topsoil (3.53) and 
morphotypes 5 grown in top soil (3.33) respectively had the 
highest values and they differed significantly from 
morphotypes 1, 2, 3, 4, 5 grown in rice husk. The thickest 
stem diameter was recorded in morphotypes 2 grown in 
topsoil (4.52) and it differed significantly from morphotypes 
1,2,3,4 and 5 grown in rice husk. 

The results obtained from table 2 indicate that 
morphotypes two and four grown in top soil did better than 
other morphotypes at emergence and early growth attributes. 
Topsoil performed slightly better than saw dust, but because 
saw dust is readily available and affordable, it is preferred. 
Also, the continuous collection of top soil for raising 
pawpaw seedlings may posse a constraint as it is bulky, 
heterogeneous in mineral composition and could cause soil 
erosion. Similar results were reported [22] and [23]. 

Rice husk performed least relative to other substrates used 
as observed by the slow emergence and the seedling growth 
attributes evaluated. This could be due to the trace levels of 
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nitrogen when compared with other growth media used. 
Similar results were reported by [24] and [23]. 

Table 3 shows that the analysis of variance were highly 
significant for all the attributes (p<0.01). This suggests the 
possibility of improving the traits through genotypic 
selection.  

Table 4 partitions the result of the field experiment into 
phenotypic and genotypic components to show existing 
variation. The error variance was observed to be smaller than 
the genotypic variance for all the characters. This indicates 
that the genotypic component is the major contributor to the 
total variance for these characters, so the variability in the 
phenotype for the different characters has more genetic than 
non genetic basis. The variability due to genotypic variance 
indicates considerable scope for selection. Similar results 
have been reported by [25] for niger, [26] for sunflower, [27] 
for Vernonia galamensis, [28] for cowpea. 

The overall mean for each attribute, phenotypic and 
genotypic coefficients of variation, broad sense heritability 
estimates and expected genetic advance for emergence and 
seedling growth of pawpaw were shown in Table 5. The 
phenotypic coefficients of variation ranged from 
45.68-88.90 and were higher than the corresponding 
genotypic coefficients of variation which had values from 
34.83-75.23. High values for phenotypic and genotypic 
coefficients of variation were observed at two and four 
weeks after emergence, seedling height at thinning, vigour 
assessment at thinning and number of leaves at thinning. The 
phenotypic coefficient of variability (PCV) was generally 
higher than that of genotypic coefficient of variability for all 

characters and in many cases, the values differed widely. The 
difference between PCV and GCV suggests an interaction 
between the environment and the attributes such as 
emergence at two weeks, seedling height and vigour at 
thinning. Thus, selection of superior genotypes based on 
such characters would not be effective as reported by [29-32] 
in cowpea, [33] in Linseed, [12] in Sphenostylis stenocarpa, 
[27] for V. galamensis and [28] in cowpea. 

The attributes with high genotypic coefficients of 
variation also had high expected genetic advance which 
ranged from 54.75%-117.56%. Broad sense heritability 
estimates ranged from 58.14%-82.68% and were highest for 
seedling height at thinning, emergence of pawpaw at two 
weeks and vigour assessment at thinning. These high values 
indicate that environmental factors had little effect on 
phenotypic variance observed among attributes and as such, 
such characters can be relied upon as regards selection. 

Heritability and genetic advance for most of the traits were 
high indicating that selection can be efficient at the seedling 
for the improvement of these traits. Similar results were 
reported by [34] using Brassica species, [27] and [28]. 

In conclusion, differences exist among morphotypes of the 
same variety of pawpaw as shown by the specific responses 
of the five morphotypes under study to different planting 
media. Early growth characters of the seedlings were 
considerably higher when grown under topsoil as compared 
to the other two media. Pawpaw breeders can therefore select 
improved and high yielding pawpaw seedlings for the 
establishment of plantations based on the differences in their 
emergence and early growth characters. 

 

Table 2.  Emergence and seedling growth in five (5) pawpaw morphotypes germinated in sawdust, rice husk and topsoil 

           EMERGENCE(WAP)   PLANT HEIGHT    NUMBER OF LEAVES     VIGOR    STEM DIAMETER  
TREATMENT      2       3         4        6      AtT    1 MAT    AtT    1 MAT    AtT    1 MAT   1 MAT 

Morphotype 1+SD    11.67    18.33     21.67    30.00    20.97    31.75    11.03    13.33     2.78     2.78     3.74 
Morphotype 1+RH    0.00     0.00      0.00     3.33     1.97     3.00     1.33     2.17      0.33     0.33     0.48 
Morphotype 1+TS    18.33    21.67     23.33    36.67    25.61    31.86    12.33    12.67     2.83     2.67     4.33 
Morphotype 2+SD    5.00     10.00     18.33    25.00    17.03    18.17    12.14    12.33     2.14     2.00     2.42 
Morphotype 2+RH    0.00     0.00      0.00     1.67     1.97     3.60     2.00     1.67      0.33     0.67     0.73 
Morphotype 2+TS    11.67    20.00     1.67     43.33    30.87    33.35    17.24     15.57     3.42     3.17     4.52 
Morphotype 3+SD    8.33     11.67     20.00    31.67    16.45    20.72    12.89    11.39     2.11     2.22     2.75 
Morphotype 3+RH    0.00     0.00      1.67     3.33     7.80     11.53    5.67      5.33     1.00     1.00     1.87 
Morphotype 3+TS    11.67    15.00     11.67    13.33    16.74    25.25    10.44     7.33     2.22     

 2.50     2.73 
Morphotype 4+SD    16.67    20.00     20.00    20.00    15.15    20.61    10.47    12.88     2.10     2.28     2.39 
Morphotype 4+RH    0.00     0.00      1.67     1.67     3.03     6.50     3.33     5.00      0.33     1.33     1.40 
Morphotype 4+TS    23.33    28.33     36.67    41.67    35.28    39.57    12.31    10.69     3.53     2.89      4.43 
Morphotype 5+SD    8.33     18.33     20.00    26.67    16.08    19.48    9.98     6.82      2.21     2.06     3.59 
Morphotype 5+RH    0.00     0.00      1.67     1.67     3.12     4.43     3.33     7.33      0.83     1.17     1.23 
Morphotype 5+TS    13.33    20.00     23.33    40.00     32.19   42.38    13.08    13.44     3.42     3.33      4.37 
LSD0.05             13.13    12.49     16.16    23.98     13.55   17.92    8.36     8.57      1.55     1.74      2.2 

*Morphotype 1: Round, yellow pulp, Morphotype 2: Pear, red pulp, Morphotype 3: Pear, red pulp, Morphotype 4: Oblong, yellow pulp, Morphotype 5: 
Convex, orange pulp. SD: Saw dust, RH: Rice husk and TP: Top soil. 
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Table 3.  Mean squares and variance ratio of emergence and seedling growth in five pawpaw morphotypes germinated in sawdust, rice and topsoil 

Attributes 
Mean square  

Variance ratio 
Genotype Error 

Emergence 2WAP      173.65   61.63    2.79** 
Emergence 3WAP      292.46   55.79    4.95** 
Emergence 4WAP       400.56   93.29    4.26** 
Emergence 6WAP      766.90   205.48   3.58** 
Seedling height at thinning    379.05   65.63    5.08** 
Seedling height 1month after thinning   517.95   114.80   3.97** 
Vigor assessment at thinning    3.96    0.86    4.08** 
Vigor assessment 1month after thinning  2.58    1.09    2.11** 
Number of leaves at thinning    69.35    24.99    2.60** 
Number of leaves 1month after thinning  57.71    26.28    2.33** 
Stem diameter 1month after thinning   5.82    1.74    3.25** 

Table 4.  Phenotypic (Vp), genotypic(Vg) and error (Ve) variances for emergence and seedling growth of five pawpaw morphotypes 

Character         Vp     Vg     Ve 

Emergence 2WAP      57.88    37.34    20.54 
Emergence 3WAP      97.49    78.89    18.60 
Emergence 4WAP      133.52   102.42   31.10 
Emergence 6WAP      255.53   187.14   68.49 
Seedling height at thinning    126.35   104.47   21.88 
Seedling height 1month after thinning   172.65   134.38   38.27 
Vigor assessment at thinning    1.32    1.03    0.29 
Vigor assessment 1month after thinning  0.86    0.50    0.36 
Number of leaves at thinning    23.12    14.79    8.33 
Number of leaves 1month after thinning  19.24    10.48    8.76 
Stem diameter 1month after thinning   1.94    1.36    0.58 

Table 5.  Phenotypic coefficient of variation (PCV), genotypic coefficient of variation (GCV), Broad sense heritability(h2B) and genetic advance(GA) for 
emergence and seedling growth of pawpaw morphotypes 

Attributes      Mean  PCV  GCV    PCV-GCV   h2B     GA 

Emergence 2WAP     8.56  88.90  71.38    17.52  64.51  118.09 
Emergence 3WAP     13.5  75.63  68.05   7.58  80.92  126.04 
Emergence 4WAP     13.45  85.95  75.24    10.71  76.71  135.62 
Emergence 6WAP     21.33  74.96  64.14    10.82  73.24  113.10 
Seedling height at thinning   16.28  69.05  62.78   6.27  82.68  117.56 
Seedling height 1month after thinning  20.81  63.14  55.71    7.43  77.83  101.30 
Vigor assessment at thinning   1.97  58.32  51.52    6.82  78.03  93.71  
Vigor assessment 1month after thinning 2.03  45.68  34.83    10.85  58.14  54.75  
Number of leaves at thinning   9.73  49.42  39.52   9.90  63.97  65.15 
Number of leaves 1month after thinning 7.80  56.24  41.50    14.74  54.47  63.09  
Stem diameter 1month after thinning  2.88  48.36  40.49    7.87  70.10  69.82  
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