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Introduction

Papaya (Carica papaya L.) 
occupies an important place 
worldwide, mainly due to the 
use of its fruits in human 
consumption. In addition, pa-
paya production is economi-
cal ly advantageous. Plant 
stems, leaves and fruits con-
tain high levels of proteins 
and vitamins and are used in 
the elaboration of cosmetics 
and medications (Teixeia da 
Silva et al., 2007). The main 
difficulties with this crop are 
low plant performance and 
poor fruit quality. Thus, the 
search for new varieties and 
hybrids with better charac-
teristics becomes desirable.

The main papaya variety 
cult ivated in Cuba is the 
Red Maradol, with a total 
cultivated area of 4377ha, 
a production of 51659ton /
year and a yield of 17tons/ha 
(FAOSTAT, 2010). The main 
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disadvantage of Red Maradol 
is the large size of its fruits, 
which have a low to medium 
ºBrix (10-11%). This variety 
is also susceptible to viral 
diseases (i.e. ring spot virus 
(PRSV; MINAGRI, 2005) 
and has been in exploita-
tion for many years. Ongoing 
effor ts are directed to the 
development of new papaya 
varieties and the introduc-
tion of others from abroad 
(MINAGRI, 2005).

Internat ional ly, genet-
ic improvement programs 
a re heading towards the 
development of F1 Papaya 
hybrids with the objective 
of exploiting heterocysts to 
increase yield. Efforts are 
also aimed to obtain plants 
with smaller fruits (Chan, 
1992; Elder and Macleod, 
2000). In Cuba, research ac-
tivities concerning this crop 
have been mainly intended 
to study the accl imatiza-

tion of different varieties to 
the local conditions. Donor 
countr ies have been Nica-
ragua, Taiwan, Hawaii and 
Colombia (R. Ramos, per-
sonal communication, 2003). 
Despite its economical rele-
vance, an appropriate papaya 
hybrid has not been so far 
obtained in Cuba.

The present work was car-
ried out to evaluate the be-
havior of different papaya 
varieties and a hybrid, for 
their selection as progenitors, 
and to obtain hybrids with 
better fruit qualities, such 
as higher ºBrix and smaller 
fruits than the Red Maradol 
variety.

Materials and Methods

Field trials were conducted 
at the experimental station 
“Pedro Lantigua”, near the 
city of Remedios, north of 
the Vil la Clara province, 
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from January 2005 to Sep-
tember 2007. The local mean 
temperature was 27.5ºC and 
the mean annual precipita-
tion is 1060mm.

The behavior of different 
varieties and a papaya hy-
brid were first evaluated in a 
red ferralitic soil, to further 
select elite progenitor plants. 
The varieties evaluated were 
Red Maradol, Sunrise, Red 
Lady, Cotové, and Solo Ka-
poho.

The experimental design 
used was that of a random 
block with f ive repl icates 
per variety, with 20 plants 
each.  Plant ing was done 
in a t r iangula r a rea with 
3m inter-row and intra-row 
distances, covering an ex-
tension of 0.54ha. Cultural 
practices, fertilization and 
phytosan ita ry t reatments 
were carried out according 
to the technical instructions 
for th is crop (MINAGRI, 
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SUMMARY

The most important papaya (Carica papaya L.) variety in 
Cuba is Red Maradol, with a total cultivated area of 4377ha, 
a yearly production of 51659ton and a yield of 17ton/ha. This 
variety produces large fruits with a low ºBrix (10-11%). The 
objective of this work was to obtain papaya hybrids from the 
Red Maradol variety with higher quality (higher ºBrix and 
smaller fruits) through the crossing with other commercial va-
rieties (Red Laidy, Sunrise, Cotove, Solo Kapoho). Elite plants 
from Red Maradol and other papaya varieties were selected as 
progenitors for crossing. Resultant hybrid plants were planted 

in field conditions. After 50 days of cultivation the first evalua-
tion of plant height was done in order to detect early differen-
ces with the progenitors. Hybrid F (Red Maradol×Strawberry) 
plants differentiated from the rest, showing a greater number of 
fruits with a smaller diameter compared to all other evaluated 
fruits. Plant ·#2 of this hybrid was select as it had the best cha-
racteristic fruits with 14.5% of ºBrix and 1kg of fresh weight, 
and was named IBP 42-99. Plant material from IBP 42-99 was 
further introduced in vitro from field plant apexes.
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2005). Ir r igation was pro-
vided by means of spr in-
klers at an interval of 3 to 
4 days dur ing 2-5h each 
time.

For all the varieties and 
the hybrid, after 7-9 months 
f rom plant ing, depending 
on the harvest time of each 
variety, the following evalu-
ations were performed: plant 
height (m) at t ime of har-
vest, height (m) of fruit for-
mation, number of fruits per 
plant , ºBr ix, length (cm), 
diameter (cm), and average 
weight (g) of the fruits, color 
of the pulp, yield (t/ha), and 
type of flowers.

Comparisons of the means 
for the evaluated variables 
were done using a simple 
ANOVA test and the statisti-
cal significance of the results 
was assessed by means of a 
Duncan multiple range test.

Crossing and hybrids 
selection

To obtain F1 hybrids from 
the crossing of Red Maradol 
and selected var iet ies ac-
cording to desirable char-
acteristics, elite progenitors 
were first selected. Crossing 
was carried out by placing 
pollen grains on hermaphro-
dite flowers.

F lowers that were used 
as female organ were elimi-
nated, squeezing the anthers 
before they became dehis-
cent. For this purpose, un-
desirable pollen was isolated 
in a paper bag. Hermaphro-
dite f lowers were used as 
pollen donors. Hybr idiza-
tion was done when the stig-
mata were receptive, using 
brushes, forceps, magnifying 
glass and alcohol. Pollinated 
f lowers were covered with 

an impermeable paper bag. 
Fruits f rom hybr id plants 
were ha rvested when the 
sk in color changed f rom 
dark green to l ight green 
and yel low a reas sta r ted 
to develop f rom the base 
upwards. Seeds were then 
collected and planted in a 
greenhouse covered with a 
plastic mesh that reduces the 
light intensity by 70%. Irri-
gation was carried out with 
a microjet system with a fre-
quency of 2 irrigations per 
day and 2 minutes of dura-
tion. With this frequency a 
good humidity was guaran-
teed. Planted seeds stayed 
in polystyrene boxes with 50 
orifices for seven weeks un-
til germination. The hybrid 
plants obtained in this way 
were planted in field condi-
tions. Fifty days after plant-
ing, the first evaluation of 

plant height was performed 
to detect differences among 
them at an early stage.

After six months of culti-
vation, 20 hybrid plants per 
crossing group were pre-
selected, depending on the 
progenitor. Vigor was the 
main criteria for selection 
and the same morphological 
variables evaluated for the 
progenitors (see above) were 
measured at this time. Data 
processing was done with 
the statistical package SPSS 
v6.0 for Windows®. When 
comparing different hybrids, 
non parametric techniques 
were used since the data did 
not follow a normal distri-
bution. The Kruskal Wal-
lis test was used for vari-
ance analysis and the Mann 
Whitney test for cont rast 
analysis between different 
hybrid groups.
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RESUMO

En Cuba la variedad más importante de papaya (Carica pa-
paya L.) es la Maradol rojo con un área total cultivada de 
4377ha, una producción de 51659ton/año con un rendimiento de 
17ton/ha. Esta variedad produce frutos grandes con ºBrix bajos 
(10-11%). El objetivo de este trabajo fue obtener un híbrido de 
papaya a partir de la variedad Maradol rojo, con una mayor 
calidad (mayor ºBrix y frutos pequeños) a través del cruce con 
otras variedades comerciales (Red Laidy, Sunrise, Cotove, Solo 
Kapoho). Las plantas híbridas obtenidas de cada cruce fueron 
plantadas en condiciones de campo y a los 50 días fue realiza-
da la primera evaluación de la altura de las plantas, con el ob-

Em Cuba, a variedade mais importante de mamão (Carica 
papaya L.) é a Maradol roxo com uma área total cultivada de 
4377ha, uma produção de 51659ton/ano com um rendimento 
de 17ton/ha. Esta variedade produz frutos grandes com ºBrix 
baixos (10-11%). O objetivo deste trabalho foi obter um híbrido 
de mamão a partir da variedade Maradol roxo, com uma maior 
qualidade (maior ºBrix e frutos pequenos) através do cruzamen-
to com outras variedades comerciais (Red Laidy, Sunrise, Co-
tove, Kapoho solo). As plantas híbridas obtidas de cada cruza-
mento foram plantadas em condições de campo e aos 50 dias 
foi realizada a primeira avaliação de altura das plantas, com o 

jetivo de buscar diferencias a esta edad temprana. El híbrido F 
resultado del cruce Maradol Rojo×Strawberry tuvo un compor-
tamiento superior según las características buscadas, con dife-
rencias con el resto de los genotipos en cuanto a mayor número 
de frutos por planta, diámetro de los frutos y ºBrix, y además 
constituye el tipo ideal buscado, o por lo menos fue el mejor de 
los híbridos. De esta población híbrida se seleccionó la planta 
# 2 (IBP 42-99) por presentar las mejores características (fru-
tos con ºBrix de 14,5% y 1kg de peso fresco) para ser introdu-
cida in vitro a partir de ápices de plantas en campo.

objetivo de buscar diferenças a esta idade precoce. O híbrido F, 
resultado do cruzamento Maradol Roxo×Morango teve um com-
portamento superior de acordó às características buscadas, teve 
diferenças em relação ao restante dos genótipos em quanto a 
maior número de frutos por planta, diâmetro dos frutos e ºBrix, 
e além disso constitui o tipo ideal buscado, ou pelo menos foi o 
melhor dos híbridos. Desta população híbrida foi selecionada a 
planta # 2 (IBP 42-99) por ter apresentado as melhores carac-
terísticas (frutos con ºBrix de 14,5% e 1kg de peso fresco) para 
ser introduzida in vitro apartir de ápices de plantas em campo.
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The selection of the best 
hybr id among the 12 pre-
selected plants wase guid-
ed by a  qua l it y  funct ion 
def ined as Zpoten = Z br ix + 
Z t h ick ness. ,  where  Z br i x and 
Zthick ness a re the ºBr ix and 
the th ickness of the f ruit 
internal mass, respectively. 
Defined in this way, Zpoten 

included the main charac-
teristics of the ideal hybrid 
fruits. Notice that a ºBrix 
of 14% is internat iona l ly 
accepted as a measure of 
fruit quality. For a more ro-
bust estimation of the best 
hybr id plant  Z poten va lues 
were used as  input  for  a 
cluster analysis.

Results

Selection of elite 
progenitors

When comparing the five 
papaya var iet ies, non sig-
n i f icant d i f ferences were 
obser ved in  t he  plant 
height. Red Lady and Sun-
r ise va r iet ies showed the 

h ighest  height 
with  an aver-
age of  2 .10m 
in  both cases. 
Plant height was 
a lso determined 
at f ruit forma-
tion. Red Mara-
dol formed fruits 
when plants were 
on average only 
38.5cm high. 
That value dif-
fered significantly 
from the rest of 
the studied vari-
eties (Figure 1).
Another evaluat-

ed variable was the 
number of fruits per 
plant (Figure 2) . 
The Sunrise variety 
showed the highest 
number of fruits per 
plant with an aver-
age of 105 units.

Consider ing the 
results on the eval-
uated fruit quality 
pa rameters (f r u it 

length and diameter, aver-
age weight and ºBrix) the 
variety with the best inte-
gral behavior was Sunrise, 
showing significant differ-
ences with the rest .  Th is 
va r iety had smal l  f r u its , 
of low weight, and a high 
suga r content of it s  pulp 
(Table II).

In relation to the yields, 
the results obtained showed 
that the Red Lady hybr id 
had the best behavior in this 
parameter, with significant 
differences with the others 
(Table III).

Other botanical character-
istics evaluated were pulp 
color and the type of f low-
ers (Table III). All the vari-
eties and the hybrid present-
ed a red pulp color with the 
exception of Cotové, which 
was yel low. With respect 
to the type of f lowers, no 
male plants were found in 
the population evaluated in 
the varieties Red Maradol, 
Red Lady and Sunrise. Co-
tové, which is a dioecious 
plant, was disregarded as an 
ideal genotype for crossing 
among the other character-
istics mentioned previously.

The varieties that present-
ed the best behavior for its 
selection as progenitors to 
obtain hybrids with desirable 
characteristics of high ºBrix, 
red pulp, small fruit size, 
and greater number of fruit 
per plant were Sunrise and 
Solo Kapoho.

Crossing and selection of 
the hybrids

Figure 3 shows the re-
sults obtained with respect 
to the evaluation done on 
the height of the hybrids at 
50 days after planting. In 
this parameter, a significant 
superiority was observed in 
the hybr id obta ined f rom 
the cross between Sunrise, 
used as the female and Red 
Maradol, used as the male, 
this being the best combina-
tion used. The other three 

Figure 1. Height of fruit formation of different 
varieties of Papaya. Different letters were sig-
nificantly different by the Duncan test, p< 0.05.

Figure 2. Number of fruits per plant for each Pa-
paya varieties. Different letters were significantly 
different by the Duncan test, p< 0.05.

Figure 3. Behaviour of the height of the different 
hybrids of Papaya at 50 days after planting in the 
fields. Different letters were significantly different 
by the Duncan test, p<0.05.

TABLE I
THE CROSSINGS WERE DONE ACCORDING TO THE 

FOLLOWING SCHEME

Females Males Key

Solo Kapoho Red Maradol A
Red Maradol Solo Kapoho B

Sunrise Red Maradol C
Red Maradol Sunrise D
Strawberry Red Maradol E

Red Maradol Strawberry F

TABLE II
RESULTS ON THE EVALUATIONS OF THE CHARACTERISTICS 

OF THE FRUITS IN THE HyBRID AND THE DIFFERENT 
VARIETIES STUDIED

Variety Fruit length
(cm)

Fruit diameter
(cm)

Average weight
(g)

ºBrix

Red Lady (hybrid) 24.94 ab 15.86 a 2595.80 ab 11.52 b
Maradol 23.04 b 14.13 b 2384.40 b 11.96 b
Cotové 12.76 c 12.60 c 1357.00 c 9.76 c
Sunrise 13.66 c 9.84 d 767.16 d 12.21 a
Solo Kapoho 25.52 a 15.90 a 2783.72 a 8.36 d

Different letters in the same column represent significant differences by the Duncan test 
p<0.05.

TABLE III
RESULTS OF yIELDS AND PHENOTyPIC CHARACTERISTICS 
IN THE HyBRID AND THE VARIETIES OF PAPAyA STUDIED 

OF GREATEST INTEREST

Variety yield (t/ha) Type of flowers Color of the pulp

Red Lady 160.3 a Hermaphrodite and female Red
Red Maradol 142.95 b Hermaphrodite and female Red
Cotové 131.67 b Female and male yellow
Sunrise 87.78 c Hermaphrodite and female Red
Solo Kapoho 88.10 c Hermaphrodite and female Orange-yellow

Different letters in the same column represent significant differences by the Duncan test 
p< 0.05.
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hybr ids ; Red Maradol as 
female × Sunr ise as male, 
Red Maradol as female×Solo 
Kapoho as male, and Solo 
Kapoho as female×Red Mar-
adol as male, did not show 
hybrid vigor in this evalu-
at ion, since there was no 
significant difference with 
the control, nor among them.

The results presented in 
Table IV show signif icant 
differences between the dis-
tinct genotypes for all the 
characters evaluated. The 
hybr id F, result ing of the 

crossing between Red Mara-
dol and Strawber ry had a 
superior behavior, according 
to the desirable character-
istics, with differences for 
to genotypes rega rding a 
greater number of fruits per 
plant, smaller diameter of 
the fruit and ºBrix. However, 
with the Mann Whitney test 
it is difficult to select the 
best F1 hybr id. Only with 
the cluster analysis it was 
possible to discriminate, in 
the groups of hybr ids re-
sulting from the crossings, 

which had a better behavior 
according to the desire char-
acteristics.

As observed in Tables V 
and VI, the same results 
were obta ined with both 
methods, indicating that case 
4 (hybr id F) is sepa rated 
f rom the rest in a unique 
cluster,  demonst rat ing its 
d i f ference with the other 
hybrids when taking into ac-
count all the measurements.

These results,  added to 
the potential results (Table 

VII) a l lowed to conclude 
that the hybrid F from the 
cross between Red Maradol 
as female and Strawber ry 
as the male constitutes the 
ideal type that was searched 
for or, at least, was the best 
hybrid analyzed.

Between the hybrid, plant 
#1 and #2 of the crossings 
between Red Maradol as the 
female and Strawberry as 
the male, there were no sta-
tistical differences with re-
spect to the fruit’s potential; 

however, plant #2 
was selected as the 
best and was named 
the papaya hybrid 
IBP 42-99, because 
it was the one that 
presented fruits of 
lesser weight (1.0kg), 
which was one of the 
desired characteris-
tics (Table VIII). The 
same happened with 
its average ºBrix of 
13.4. With respect to 
the thickness of the 

internal mass, plant #9 had 
the thickest mass (2.80cm), 
but was not significantly dif-
ferent to plant #2.

Discussion

The observed behaviour 
in the red Maradol  variety 
was similar to the results 
presented by MINAGRI 
(2005), which is an advan-
tage because it is easier and 
faster to harvest the f i rst 
fruits as the plant continues 
its growth. In second place 
was Cotové, which started 
fruit formation at a height 
of 49.0cm, and similar re-
sults  were obta ined with 
Red Lady and Solo Kapoho. 
Red Maradol was the first 
to be harvested, being the 
most precocious in the pres-
ent work. This variety was 
harvested between seven and 
eight months after planting 
in the fields. Otero (2003) 
pointed out similar results, 
which cor roborates those 
obtained in this work. The 
va r iety with the greatest 
amount of f ruit  produced 
was Sunrise. These results 
a re in accordance with 
Sankat and Maharaj (1997), 

TABLE IV
COMPARISON OF THE DIFFERENT F1 HyBRIDS WITH THE PROGENITOR 

RED MARADOL AT EIGHT MONTHS AFTER PLANTING

Genotype Fruit number/ 
plants

Fruit 
length (cm)

Fruit 
diameter 

(cm)

Internal mass 
thickness 

(cm)

Brix Plant height 
at harvest 

(m)

Fruit 
wight 
(kg)

Hybrid B 47.36 B* 22.30 Bc 11.79 A 4.73 a 9.98 bc 1.67 c 1.40 Ab
Hybrid C 46.36 Bc 21.29 D 11.99 A 2.87 b 9.89 c 1.80 b 1.33 B
Hybrid D 34.54 C 21.80 Cd 11.23 C 2.83 bc 10.36 b 1.64 c 1.24 D
Hybrid F 50.16 A 21.58 Cd 11.10 B 2.76 c 12.00 a 1.87 ab 1.30 Cd
Progenitor 24.30 D 23.09 A 11.80 A 2.85 bc 10.18 bc 1.25 d 1.40 Ab

The hybrids are B: Red Maradol×Solo Kapoho, C: Sunrise×Red Maradol, D: Red Maradol×Sunrise, F: Red 
Maradol×Strawberry, and the Progenitor is Red Maradol.
*Means with distinct letters in the same column differ for values of p<0.05 by the Mann Whitney test.

TABLE V
RESULTS FROM USING 

THE CLUSTER METHOD 
“CLOSEST NEIGHBOR”

 Case 3 Clusters

1:Hybrid B 1
2:Hybrid C 2
3:Hybrid D 2
4:Hybrid F 3
5:Progenitor 2

TABLE VI
RESULTS FROM USING 

THE CLUSTER METHOD 
“CENTROID”

Case 3 Clusters

1:Hybrid B 1
2:Hybrid C 2
3:Hybrid D 2
4:Hybrid F 3
5:Progenitor 2

TABLE VII
RESULTS FROM A COMPARATIVE 
STATISTICAL ANALySIS BETWEEN 

THE DISTINCT HyBRIDS 
ACCORDING TO THE POTENTIAL

Genotypes Potential Significance

Hybrid F 14.76 A
Hybrid B 13.71 B
Hybrid D 13.11 B
Progenitor 13.03 BC
Hybrid C 12.45 C

TABLE VIII
RESULTS OF THE DIFFERENT PARAMETERS EVALUATED FOR THE SELECTION 

OF THE BEST PLANTS WITHIN THE CROSS RED MARADOL×STRAWBERRy

Plant 
number

Fruit 
length 
(cm)

Fruit 
diameter

(cm)

Internal 
mass 

thickness 
(cm)

ºBrix Fruit 
number/ 

plant

Plant 
height

(m)

Weight of 
fruits 
(kg)

Fruit 
potential

1 27.6 b
17.2 d

10.40 b 2.84 ab 14.00 a 80.00 a 1.85 e 1.64 a 16.84 a
2 13.20 a 2.80 ab 13.40 ab 51.00 c 1.61 j 1.00 b 16.2 ab
3 22.4 b 11.10 ab 2.76 bc 12.20 bc 47.00 d 1.18 k 1.35 b 14.9 bc
4 19.2 cd 10.50 b 2.42 c 12.40 b 39.00 e 2.30 b 1.11 b 14.8 bcd
5 21.8 b 11.00 ab 2.72 bc 12.00 c 28.00 e 1.80 g 1.28 b 14.7 bcd
6 20.2 c 12.40 ab 2.56 c 12.40 b 59.00 c 2.60 a 1.26 b 14.9 bcd
7 20.4 c 11.30 ab 2.58 c 11.60 c 49.00 d 2.10 c 1.11 b 14.2 bcd
8 23.0 a 10.70 b 2.90 ab 11.40 c 70.00 b 1.68 h 1.44 ab 14.3 bcd
9 21.4 bc 10.80 b 3.00 a 11.80 bc 45.00 d 1.82 e 1.31 b 14.8 bcd
10 21.6 bc 11.50 ab 2.80 b 11.20 cd 32.00 e 2.05 d 1.24 b 14.0 cd
11 21.6 bc 11.20 b 2.86 ab 10.80 d 54.00 c 1.78 f 1.29 b 13.6 d
12 22.6 bc 10.70 b 2.96 a 10.80 d 48.00 d 1.70 g 1.46 ab 13.7 cd
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who referred to Sunrise as 
a very productive var iety. 
Chan and Mak (1994) also 
obtained similar results.

These cha racter ist ics 
match the information pro-
vided by Teixeira da Silva 
et al .,  (2007) in Ta iwan, 
even though for the condi-
tions studied in the present 
work, the average weight 
of the fruits was super ior 
(767g) with respect to that 
of the literature cited, which 
is 400g. This could have 
been due to the optimal ag-
ronomic and phytosanitary 
conditions in which they de-
veloped, and to the loca l 
climatic conditions, which 
favored the crop.

Chan (1992) obtained simi-
lar results upon crossing the 
variety Exotic with Sunrise 
in the search of an F1 hybrid 
of smaller fruits with less 
weight. In the literature con-
sulted, no articles have been 
found showing the use of 
Red Maradol as a progenitor.

Fruit number is a major 
factor which contributes to-
wards higher yield (Muthu-
lakshmi et al., 2007). With 
respect to the number of fruits 
per tree, the hybrid F record-
ed greater fruits than other 
hybrids and Red Maradol.

Conclusions

1-The varieties Sunrise and 
Solo Kapoho presented the 
best behavior for their se-
lection as progenitors along 
with Red Maradol for the 
achievement of hybrids with 
the desired characteristics 
(high ºBrix, red pulp, small 
fruit and greater number of 
fruits/plant).

2-A hybr id was obta ined 
from the cross between Red 
Maradol× Strawber ry with 
better character istics than 
those of Red Maradol.

3-The hybr id IBP 42-
99 f rom the cross Red 
Maradol× Strawber ry was 

selected for its lesser weight, 
smaller fruit size and high 
ºBrix.
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