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The cultivated guava (Psidium guajava L.) though sexually propagated, 

vegetative propagation through root-suckers, layerings and grafts is more 

common in orchard practice to maintain the selected superior forms. The 

common 'country' guavas are characterised by small fruits with a high seed 

content. Contrasted to this, superior horticultural varieties with large fruits, 

more flesh and less of seeds are grown mostly by progressive orchardists. 

Conscious selection and vegetative propagation should have aided the spread 

of these superior forms in cultivation which might have arisen as bud sports, 

seedling mutants or recombinant forms. Cytological variation in the genus 

is high (Atchinson 1947). Diploid, triploid, tetraploid and aneuploid forms 

of Psidium guajava have been recorded (Kumar and Ranade 1952, Sharma 

and Majumdar 1957, Seth 1959, D'Cruz and Babu Rao 1962, Majumdar 

and Singh 1964, Naithani and Srivastava 1966). The cytological behaviour 

and morphological characteristics of diploid and triploid guava are reported 

below.

Material and methods

The materials utilised in the study comprise the following varieties 

grown at the College Orchard, Coimbatore and in private gardens.

Diploid

1) P. guajava L. 'Smooth green', 'Bangalore , 'Red-fleshed', 'Saharan

pur seedless' , 'Allahabad White', and 'Local' (country 
types).

2) P. cujavillus Burm. f.

Triploid

P. guajava L. 'Nagpur seedless', 'Anakapalli' and 'Bhavanisagar'.

For cytological studies, the flower buds were fixed in Carnoy's fluid for 

24 hours after which they were treated with 1:1 alcohol-conc. HCl mixture and 

washed well with 90 percent alcohol before storage. Temporary acetocarmine 

smears were used for study of meiosis in P. M. cells.
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Observations

Morphology: The shape of the leaves are in general linear-oblong to 

linear-obovate with slightly wavy margins and with a characteristic twist in

 the triploids; they are 

dark green and thicker 

than those of diploids. 

In the diploid forms, the 

leaves are mostly linear

acute and coriaceous (Fig. 

1). The petioles of tri

ploids are longer than 
those of diploids. The 

mean size of leaves are 

given in Table 1.
The mean values for

Fig. 1. Leaves of diploid (a) and triploid (b) froms of 

P. guajava.

Fig. 2. Relationship between leaf-length (Y-axis) and leaf

width (X-axis). Diploid, r=0.7950. **. Y=1.92+1.34x. 

Triploid, r=0.6066 ** Y=1.99+1.84x.

the length and width of 

leaves in triploids are 

found to be higher than 

the corresponding values 

of the diploids. The 

maximum size is observed 

in triploids and the mini

mum in diploids. The 

statistical scrutiny has 

shown that the increase 

in length, in general, is 

significant in the triploids 

than in diploids even 

though there is consider

able overlapping between 

the mean values of the 

two chromosomal forms. 

The width of the leaf also 

showed a trend similar 

to that of the length of 

leaf (Fig. 2). No signifi

cant differences in the 

size of the stomata were 

noticed between the two 

forms, though in two of 

the three triploids studied, 

the length of the guard
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Table 1. Size of leaf in diploid and triploid forms of guava

cells was higher than in two diploids (Fig. 3).

The flowers are equally profuse in both forms. In general the pedicel of 

the flower is longer in triploids (1.6-2.3cm) than in diploids (1.2-1.8cm) .

Fig. 3. Variation in length (solid line) and breadth 

(dotted line) of stomata in diploid (A and B) and triploid 

(C, D and E) guavas. A, 'Red-fleshed', B, ' Saharanpur 
seedless', C, 'Nagpur seedless', D, 'Bhavanisagar' 

and E, ' Anakapalli'.

The size of petals showed 

striking differences. In the 

triploids, the size varied from 

2.0•~2.4 to 1.7•~2.0 sq. cm. 

and in the diploids the range 

was from 0.9•~1.5 to 1.2•~1.5 

sq. cm. The petals of the 

triploid varieties were thick 

and crinkled.

Cytology: The diploids 

(2n=22) exhibit eleven biva

lents at diakinesis and MI. 

At diakinesis two bivalents 

are attached to the nucleolus. 

Among the eleven bivalents, 

four are smaller than the rest. 

Metaphase I reveals distinct 

and strong secondary grouping 

and the anaphase is regular 

with a 11/11 separation. The 

tetrads are normal.

Meiosis in the triploid 

varieties is irregular with uni

valents and trivalents being 

formed in addition to biva

lents at diakinesis. The chro

mosome association varied 

from 11III to 5III+6II+6I.

Four trivalents are smaller than the rest. At diakinesis the trivalents are Y 

and 0 shaped more frequently. The chromosome associations in the triploid
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Table 2. Chromosome association in triploid guavas

varieties computed at diakinesis and MI are given in Table 2.

In triploids also the secondary association of five groups of trivalents 

are frequently observed at MI. The secondary association is in the nature

 of 3(2)+1(4)+1(1) with five 

groups. The separation of 
chromosomes at AI is unequal 

and the disjunction ranged 

from 13/20 to 15/18 (Fig. 5). 

The frequency of chromo

some distribution is presented 

in Table 3.

One to four lagging 

chromosomes are noticed at 

AI. Less frequently chroma

tin bridges are seen. Very 

rarely 1 to 2 univalents also 

exhibited division. Conse

quently irregular distribution 

of chromosomes resulted in the 

formation of super-numerary 

spores (31 per cent). Monads, 

dyads, and triads were noticed 

in 12 per cent of the cells 

examined. Fifty seven percent 

of the cells constituted normal 

tetrads. Micronuclei were also 

noticed. The mean pollen 

diameter and fertility are fur

nished in Table 4.

Fig. 4. Flowers of 2n (a) and 3n (b) forms of guava. 

Fruits of triploid (c and d) in different stages of de

velopment showing the progressive enlargement of the 

ovary wall. Ripe fruits of the diploid (e) and triploid 

(f) forms.
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Fig. 5. Diploid: 1, metaphase I (11II). 2, anaphase I (11/11). Triploid: 3 and 4, meta

phase I (10III+1II+I and 11II respectively). 5, anaphase I showing 15/15 distribution with 

3 lagging chromosomes. 6, anaphase I with one laggard and a distribution of 15/17. 7, 

metaphase II. 15/18 at the poles. 8, anaphase II. 15/18 resulting from irregular distri

bution at Anaphase I.

Table 3. Chromosome distribution at anaphase I in triploid guava

Table 4. Pollen diameter and fertility

Seed fertility: The triploids are seedless, while the diploids are variable 

in respect of this feature. The developing fruits in the triploids show only 

a back mass of degenerated ovules in the cavity inside the fruit. The edible 

portion in the mature fruit is constituted mostly of the swollen wall of the 
ovary and little of the placenta (Fig. 4). The fruits in early stages show uneven 

development unlike those of diploids which are uniform. Later on they regain
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near normal condition. However , less frequently seed set has been observed 

in two triploid varieties, 'Anakapalli' and 'Nagpur seedless'. The seeds are 

completely absent in the triploid type, 'Bhavanisagar'. The fruits of the 

diploids show well developed placental mass with fleshy outer walls. However, 

the outer wall of the fruit is more well developed in triploids than in the 

diploids.

Discussion

Varieties of guava have been found to be distinct for the characteristics 

of size and shape of fruits, colour of flesh and seededness. Selection of "bud 

sports" as in apples (Einset and Pratt 1963) or trees with high quality fruit 

in seedling progenies and their vegetative propagation might prove to be the 

cause for the variability noticed. Besides this variability, variations are noticed 

in vegetative features also. Seedlessneess is an important commercial attribute 

and 'seeded' and 'seedless' types have been recognized. However, those 

commercially recognized as 'seedless' are not completely seedless and types 

ranging from 'seedless' to 'less-seeded' can be identified. The seedless types 

are nevertheless found to be pollen fertile. Cytological examination of the 

' seeded', 'less-seeded' or 'seedless' types has shown that differences in 

chromosome number as well as genic dissimilarities contribute to this feature. 

The 'highly seeded' and 'less-seeded' types are diploids while the 'highly

-seedless' types are triploids (Raman et al. 1969).

The meiotic behaviour of the diploid types indicated no abnormalities; 

eleven bivalents were formed with two nucleolar pairs. At metaphase I, a 

strong tendency for secondary association into five groups was noticed. The 

regular occurrence of bivalents, the two nucleolar bivalents and the secondary 

association accompanied by high seed and pollen fertility indicate the guava 

types with 2n=22 chromosomes as functional diploids. These observations 

confirm the previous reports on the chromosome number of cultivated guava 

but the possibility of this species being a secondary polyploid is indicated 

from the present observation on secondary association of chromosomes.

The chromosome association in the 'highly-seedless' types ranged from 

11III to 5III+6II+6I. The mean association also was similar in all the types 

varying from 9.3 to 10.4 trivalents per cell. The frequency of cells with the 

maximum association viz., 11III was higher than others in all the three types. 

The meiotic behaviour indicated the typical features met with in triploids. 

The trivalent configurations also conformed to the types generally indicated 

for autotriploids. Secondary association with almost equal intensity as in the 

diploid types has been observed. The pollen fertility is from 45 to 55 per 

cent in spite of the abnormalities at meiosis; this is fairly very high consider

ing that usually met with in autotriploids. The seed content is very poor, 

seedlessness being almost the rule. The high gametic sterility is ascribable 

to unbalanced chromosome numbers. However, the greater sterility of the
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ovules may be due to factors other than abnormal chromosomal segregation, 

probably genes conditioning female sterility which in the triploids reinforce 
this characteristic. The occasional seed-set observed indicates the possibility 

of infrequent fertilisation of viable female gametes. Variations in chromosome 

number may be expected in the progenies of these plants from the rare seeds 

obtained. The occurrence of diploids and triploids in guava has been recorded 

by Kumar and Ranade (1952) and Majumdar and Singh (1964). The reported 

behaviour of the 'Poona seedless', 'Saharanpur seedless' and that of the 

triploids studied herein are all similar. Sharma and Majumdar (1957), Seth 

(1959) and D. Cruz and Babu Rao (1962) have reported aneuploid types with 
2n=18, 20, 32, 23, 21 and 30. Thus, triploidy as the main cause for seed

lessness is clear even though the pollen and seed fertility varies. Diploids 

also exhibit differences for seed content, while the pollen fertility remains 

high, but the level of seedlessness obtained in triploids is seldom reached in 

diploids.

Triploidy has been found to confer enhanced vigour, and the effect of 

polyploidy has been felt significantly on length and breadth of leaf and 
stomatal dimensions. In apple, the triploids were more vigorous and produced 

larger fruits than diploids (Darrow 1949, Einset and Pratt 1963). Autotriploids 

in forest trees (Populus and Acer) have been estimated to possess nearly 

twice the vigour of diploids. (Muntzing 1936, Lewis 1947). The utility of 

natural triploids in horticulture and forestry is well exemplified in the genera 

Pyrus, Thea, Morus and Chrysanthemum (Einset 1952, Elliot 1958).

The variability encountered in the triploid guavas investigated herein 

could best be explained as due to their origin from different parental diploids 

by union of unreduced diploid and haploid gametes, as in pears (Darrow 1949), 

apples (Einset 1952) and Musa (Simmonds 1959). The occurrence of auto

tetraploids of guava in nature has been reported (Naithani and Srivastava 

1966). A record of induction of autotetraploidy is also available (Ammal 

1951).

Summary

The cytological behaviour and morphological characteristics of diploid 

and triploid forms of guava are presented. Meiosis is regular in the diploids 

with the formation of 11 bivalents. The triploids in general could be distin

guished by their greater vigour, large leaves and thicker petals. Meiosis is 

characterised by a maximum association of chromosomes as 11 trivalents.

The differential development of tissues (ovary wall and placenta) can be 

attributed to a difference in female sterility. The placenta development is 

greater in diploids which are fertile or where only partial (genic) female 
sterility is operative. In case of triploids which are highly seedless, genic 

sterility is superimposed on chromosomal sterility; the stimulation in placenta 

development is thereby retarded as fertilisation fails and there appears to
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result a greater development of the ovary wall.
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