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ABSTRACT. Ciiromosome numbers are reported for the cultivated tuber-bearing species 

Oxalis tuberosa Mol. (Oxalidaceae) and Tropaeolum tuberosum Ruiz & Pavon (Tropaeo-

laceae) from Peru. Chromosome numbers for O. tuberosa fall in the range zn = 58-66 and 

for T. tuberosum a new count of 2n = 52 is established. Both species show multivalent 

formation and other meiotic abnormalities which suggest a possible autopolyploid origin. 

Oxalis tuberosa Mol. and Tropaeolum tuberosum Ruiz & Pavon are two 

tuber-bearing minor crop plants which are cultivated in the Andes of Bolivia, 

Peru, Ecuador, Colombia and Venezuela. Although cultivation has declined 

in recent times 0. tuberosa is still an important element in the diet of Indian 

communities in remote areas where it is often cultivated on hillside terrace 

systems in rotation with potato and ulluco (Ullucus tuberosus Loz.). Storage 

potential is increased by soaking the tubers followed by exposure to the sun 

and night frosts to give the dried tuber "oca chuiio". Tropaeolum tuberosum 

is cultivated less frequently but is apparently employed as a diuretic and for 

other medicinal purposes in addition to its use as a food tuber. Hodge (1951) 

and Leon (1964) give details of cultivation and Gibbs (1976) has reported on 

the breeding system of 0. tuberosa. 

MATERIALS AND METHODS 

Oxalis tuberosa buds were fixed from flowering plants in the collection 

maintained at Huancayo (Experimental Station of the International Potato 

Centre, Lima) derived from accessions of native cultivars from localities in 

the surrounding Central Sierra, viz., Tarma (746/6), Ingenio (747/8-10), 

Huasa Huasi (748/3-5) and Huancayo (741/6). 

Tropaeolum tuberosum flower buds came from the following sources: a 

field crop at Cuyo Cuyo (CY2), Department of Puno; cultivated plants at 

Huancayo grown from tubers from Huasa Huasi (748/iT), Department of 

Huancayo, and Bambamarca (743/1T), Department of Cajamarca; cultivated 

plants grown at the University Botanic Garden, St Andrews, (a) of a long 

established horticultural cultivar (135/68) and (b) from tubers originally 

from Puno (749/1T). 

All buds were fixed in 3:1 ethanol/glacial acetic acid and anther squashes 

were prepared by standard aceto-carmine or aceto-orcein techniques. 

Attempts to study mitosis in root-tips were unproductive. 

RESULTS 

Meiosis in Oxalis tuberosa presents a range of abnormalities which include 

multivalent formation, irregular disjunction, lagging chromosomes and 

secondary associations. Chromosome numbers vary from 2n = 58-66. In 

some buds 100% abortive pollen was observed. 

* Botany Department, University of St Andrews, KY16 9AL, Scotland. 
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Meiosis in Tropaeolum tuberosum presents abnormalities very similar to 

those encountered in Oxalis tuberosa, although a relatively stable chromosome 

number of 2n = 52 was observed. Again, considerable numbers of malformed 

pollen grains occur. 

The meiotic configurations encountered in the two species are set out in 

Table 1 and illustrated in Fig. 1 a-e. 

DISCUSSION 

The frequency of multivalent formations and of secondary associations 

suggest that both O. tuberosa and T. tuberosum are possibly of autopolyploid 

origin. A series of basic chromosome numbers has been proposed for the 

genus Oxalis, x = 5, 6, 7, 9, 11 (Darlington & Wylie, 1955), and the counts 

obtained for O. tuberosa indicate that it is a hexaploid of the x = 11 series 

showing much aneuploid instability. T. tuberosum is perhaps best regarded 

as a tetraploid species of the x = 13 series proposed by Huynh (1967)—see 

below. 

Previous counts for O. tuberosa are 2n = 14 (Heitz, 1927), 2n = 63-68-70 

(Kostoff et al, 1935), 2n = 66 (Cardenas & Hawkes, 1948) and 2n = 66 

(Marks, cited by Smith, 1976). The present counts are in accord with these 

apart from the anomalous number recorded by Heitz. Obviously multivalent 

formation and lagging chromosomes have led to considerable numerical 

instability which has been protected from the action of natural selection 

because of asexual propagation by tubers. Indeed, in both species dealt with 

in this paper the association of polyploidy with asexual reproduction by 

tubers is a significant feature. As with Tropaeolum tuberosum (see below) it 

must be assumed that the tuber-bearing habit in O. tuberosa preceded 

polyploidy but although herbarium specimens from apparently non-cultivated 

areas have been cited (Macbride, 1949) nothing is known of their cytology or 

extent of tuber formation, or indeed if they represent wild forms or merely 

escapes from cultivation. 

The high pollen infertility observed in this investigation is interesting 

since Gibbs (1976) reported successful pollinations between the floral morphs 

(O. tuberosa is a tristylous species) and, furthermore, the physiological 

incompatibility system was found to be largely intact. Although considerable 

pollen sterility was also found in the plants used in the pollination experiments 

(2-79% sterile pollen) apparently sufficient viable pollen was produced to 

obtain some seed set. 

Previous chromosome counts for Tropaeolum tuberosum are 2n = 42 

(Sugiura, 1936a & b) and 2n = 48 (Marks, cited by Smith, 1976). The new 

count of 2n = 52 reported here is well established since it is based on native 

cultivars from northern, central and southern Peru and also on a long 

established horticultural cultivar in Britain. It also fits well with the albeit 

sparse cytological data available for the genus at sectional level. Thus, Sparre 

(1968) in his detailed monographic studies on Tropaeolum has grouped T. 

tuberosum in sect. Mucronata together with T. longiflorum Killip, T. crenati-

florum Hooker, T. purpureum Killip and T. cochabambae Buch. This section 

is morphologically very homogeneous and palynological studies (Huynh, 

1968) also support the grouping in that the pollen type C2 is confined to it. 
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TABLE I 

Meiotic configurations and chromosome numbers in 

Oxalis tuberosa and Tropaeolum tuberosum 

Plant Meiotic configuration No. of 2n Stage & notes 

iv in 11 1 cells 

O. tuberosa 

748/3 4 24 1 64 Mi 

748/4 1 66 AI, 31-31 disjunction 

with two lagging 

biv. 

748/5 I 28 1 60 Mi 

747/10 3 24 10 1 67 MI 
1 c66 AI 

741/6 1 65-66 AI 
746/6 1 57-58 AI 

1 58 TI, 31-27 irregular 

disjunction 

747/8 1 66 Ai, 34-31 with one 747/8 
lagging univ. 

1 66 Ai, 34-32 

7". tuberosum 

743/IT 26 1 52 All cells of 743/IT 
T. tuberosum at Ml 

747/lT 26 2 52 

1 24 2 52 
1 22 1 48 

748/IT 2 22 1 52 

I 4 18 1 52 

I 3 19 I 1 52 

I I 20 I 1 52 

I 22 I 1 52 

2 23 2 52 

2 22 2 1 52 five 2ndry assocs each 

of two biv. and one of 

three biv. 

I 23 2 1 52 three 2ndry assocs each 

of two biv. 

26 2 52 one cell shows four 52 
2ndry assocs each of 

two biv. 

3 26 1 64 

21 I 1 64 anomalous cell showing 

almost complete triv. 

25 I 1 5i 

21 I 1 43 

749/IT 26 1 52 

CY 2 I 24 1 52 

2 23 1 52 

26 1 52 

garden cultivar I 24 2 52 

(135/68) 2 23 1 52 
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FIG. I. Camera lucida drawings of meiosis in PMC x appro*. 1200. a, b, c, Oxalis tuberosa: 

a, plant 748/3, Ml, 4iv 24^ (2n = 64); b, 746/6, Ti, irregular disjunction, n = 31 at l.h. 

pole, n = 27 at r.h. (2n = 58); c, 747/8, Ti, irreg. disj., n = 34 at l.h. pole, 31 at r.h., with 

1 laggard in the centre (2n = 66); d, e, Tropaeolum tuberosum (2n = 52): d, 743/iT, Ml, 

26^; e, 748/1T, Mi, iiv 3m 19^ i(. 
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The cultivated forms of T. tuberosum are the only tuber-bearing plants in the 

section and the remaining species are all annual. Huynh (1967) reported 

chromosome counts of 2n = 26 for T. cochabambae, 2n = 28 for T. pubescens 

(sect. Serrato-ciliata) and 2n = 52 for T. tricolor (sect. Chilensia). On the 

basis of these counts Huynh proposed a base number of x = 13 as an addition 

to the previously established x = 7 for Tropaeolum. He also suggested that 

in view of the cytological disparity between T. tuberosum (2n = 42, according 

to Sugiura, 1936a & b) and T. cochabambae (2n = 26) sect. Mucronata might 

require further subdivision as the cytology of other species became known. 

The new count of 2n = 52 for T. tuberosum, however, removes this ambiguity 

and reinforces the homogeneity of Sparre's sect. Mucronata, with T. tuber­

osum as a probable tetraploid in an x = 13 series. It would seem that the 

often cited count by Sugiura, based on sectioned rather than squash 

preparations, is erroneous. 

The polyploid nature of T. tuberosum in such a series suggests some 

interesting possibilities for the origin of the tuber-bearing cultivar. Sparre 

(1973) has recognised two subspecies for T. tuberosum', subsp. tuberosum, the 

widely cultivated form, and subsp. silvestre, a naturally occurring form. 

The two subspecies are largely sympatric in Ecuador, Peru and Bolivia, and 

as Sparre himself admits, the differences between them are slight, viz:— 

somewhat smaller leaves, more slender habit and, most strikingly, lack of 

tubers in subsp. silvestre. Perhaps floral abnormalities* and marked levels 

of pollen sterility in subsp. tuberosum may also be diagnostic features. It is 

tempting to suggest that the cultivated form has been derived from subsp. 

silvestre by autopolyploidy and protected from sterility problems by asexual 

tuber propagation, but segmental allopolyploidy following hybridisation 

with another closely related species (T. cochabambae ?) cannot be discounted, 

nor can evolution at the homoploid level. To resolve the problem cytological 

studies of the tuberless subsp. silvestre are needed and, meantime, the new 

count should be referred strictly to T. tuberosum subsp. tuberosum. 
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