
XA9744553
CREATION OF VARIATION IN Basella FOR
RUST RESISTANCE THROUGH MUTAGENESIS

C. MAKAMBILA
Phytopathology Laboratory,
Faculty of Sciences,
Brazzaville, Congo

Abstract

African spinach, basella is grown as a leafy vegetable in Central Africa. Basella cultivars belong to the
species Basella alba and B. rubra which are seed propagated and are likely Asiatic in origin. Basella alba seeds
were irradiated with doses of 50, 100, 200, 300 and 500 Gy to create variation for rust resistance which is caused
by the fungus, Uromyces basellae Sidow. The effects of irradiation were investigated on seed germination, plant
mortality and height. Seed germination varied from 97% for those irradiated with 50 Gy to 39% with 500 Gy, and
LD50 for seed germination was between 300 to 400 Gy. Doses between 50 and 150 Gy did not cause any mortality
of plants obtained from irradiated seeds; however, doses between 200 to 500 Gy caused high mortality among such
plants. Irradiation with 150 Gy inhibited plant growth by 48% in relation to the growth of control plants. Based
on the results, radiation doses above 150 and up to 400 Gy were used for the production of desired variation.

1. INTRODUCTION

In Congo, plant biotechnology is being used for the last ten years to improve the leafy
vegetables, baselle (Basella alba and B. rubra) for resistance to baselle rust caused by the
fungus, Uromyces basellae Sidow. In Central Africa, two groups of baselle or African spinach
are grown. The first group is represented by the species Basella alba and B. rubra, which are
commonly used by people in Central Africa; they are seed propagated, but are susceptible to
rust. B. alba is characterized by green stems, and B. rubra. by purplish stems. Both seem to
have an Asiatic origin. The second group is represented by an unidentified Basella sp. This
variety has dark green leaves and stems, and is propagated vegetatively but is resistance to
baselle rust. Hence, it is not possible to use conventional methods to produce hybrids which
combine good quality with disease-resistance. Therefore, the following two strategies were
used to produce the desired variants: 1. somaclonal variation among tissue cultures initiated
from meristematic cells of susceptible varieties of Basella alba and B. Rubra. The use of such
techniques has been reported in literature [1,3,6]. 2. the use of induced mutations to obtain
disease resistant plants [2,4]. Mutagenesis of cell cultures and seeds of susceptible varieties
sensitive to a given disease with gamma rays has been reported [7, 8, 9, 10]. For this purpose,
germplasm collections of different varieties of Basella were made and cultured in vitro, and
studies were undertaken on the characterization of the pathogen and the disease. The objective
of these studies was to produce and select variants which combined good quality with
resistance to rust.

2. MATERIALS AND METHODS

2.1. Irradiation of seeds

Mutagenic treatment was given with Cesium 137 irradiation source of LISA I type with
dose delivery of 2.5 Gy/minute. Basella alba seeds in lots of 246 were irradiated with doses
of 50, 100,200, 300 and 500 Gy. A control lot of 246 non-irradiated seeds was included. After
the treatment, the seeds were sown and the following parameters were investigated to evaluate
the effects of irradiation: 1. the rate of germination, particularly the emergence of cotyledons
above ground level, 2. plant height, and 3. plant mortality during the first 24 days.
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2.2. Identification of the pathogen

The pathogen was identified from samples sent to Netherlands. Scanning and
transmission electron microscopic studies were carried out to describe the pathogen.

2.3. Research on pathogen control

In addition to mutagenesis and somaclonal variation, research on other methods such
as chemotherapy and amelioration of cultural practices were carried out. For this purpose, some
fungicides were tested on in vitro germination of ecidioconidia and in vivo by spraying plots,
baselle plots were compared by growing either under plastic shelter or in open, and the
percentages of plants showing damage were determined in plots after 20, 25 and 30 days.

3. RESULTS

3.1. Disease description

Baselle rust is characterized by the formation of oval to circular, yellow orange spots
on the lower and upper surface of the leaves (Figs. 1-3). The leaf-spots represent ecidioconidia
from the fungal fructification. Electron microscopy studies showed presence of many spores
under the surface of each ecidioconidia. The pathogen produced only one type of ecidioconidia.
Infectious cycle includes the following stages: 1. infection phase of leaves by ecidioconidia,
2. penetration phase, and 3. reproduction phase or fructification followed by dissemination of
ecidioconidia.

Basella alba and Basella rubra are the main hosts of Vromyces basellae. Other plants,
notably, Hibiscus sabdaripha and Solanum nigrum, also constitute secondary hosts. Recently,
the disease has also been observed on an epiphyte that could produce an epiphytic conservation
of Uromyces basella. The studies on different varieties of Basella can be summarized as
follows: 1. Varieties of baselle, which are propagated sexually (B. rubra, B. alba), are all
sensitive to the pathogen, 2. Basella sp., which is propagated from vegetative parts, is resistant
to the pathogen, and 3. Some plants of Basella alba and Basella rubra showed containment of
disease symptoms; these plants might be hypersensitive to infection.

3.2. Pathogen

In the previous studies, based on the cup-shaped characteristics of ecidioconidia bags,
the disease causing fungus was identified as Puccinia sp. [11]. However, a new identification
was made in The Netherlands from the samples sent by us. which established the pathogen
causing baselle rust to be Uromyces basella Sidow.

The observations made with light, scanning and transmission electron microscopy can
be summarized as follows: 1. The pathogen produces only one type of ecidioconidia, 2. The
germination of ecidioconidia produces a germinal filament that penetrates in foliar tissues
through stomata, 3. The external morphology of ecidioconidia shows characteristic morphology
by which these can be distinguished from other types, and 4. Ultrastructural studies suggest a
mono-nuclear structure.
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/ - i . 1. Basella alba plant 2. Baselle leaf with symptoms of rust 3. Ecidiocomdia on leaf
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3.3. Mutagenesis of Basella alba seeds

The first objective was to determine the irradiation doses which produced a 50%
reduction in various plant characters. The following results were obtained by studying different
parameters.

Germination rate of irradiated seeds: Seed germination varied from 97.3% for seeds irradiated
with 50 Gy to 36.8% with 500 Gy (Fig.4). Considering these results, inhibition of germination
of irradiated seeds ranged between 2.7% at 50 Gy and 63.2% at 500 Gy (Fig.5).
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Fig. 4. Effect of irradiation on seed germination.
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Fig. 5. Effect of irradiation on the inhibition of growth of plants obtained from
irradiated seeds.
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Evaluation of plants growth: Height of plants obtained from irradiated seeds were measured
after 24 days (Fig. 6). Mean height ranged from 45 cm for plants obtained from seeds irradiated
with 50 Gy to 3 cm of those irradiated with 500 Gy. The results showed that the irradiation
with 100 Gy inhibited vegetative growth of plants by 33.5% and with 500 Gy 98.5% (Fig. 7).
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Fig. 6. Effect of irradiation on height of plants produced from irradiated seeds.
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Fig. 7. Effect of irradiation on inhibitation of plant height.
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Mortality among plants obtained from irradiated seeds: Plants were scored for survival after
24 days of seed irradiation. The results showed that the doses between 50 and 150 Gy did not
lead to mortality of plants obtained from irradiated seeds (Fig. 8); however, doses between 200
and 500 Gy caused between 66 to 84% mortality among such plants (Fig. 9).

Fig. 8. Survival of plants obtained from irradiated seeds.
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Fig. 9. Effect of irradiation on plant survival.
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4. CONCLUSIONS AND DISCUSSION

In the present study, the rust disease in Basella was investigated, and the effects of
radiation on seed germination and plant mortality were studied to induce variation for disease
resistance.

Seeds of Basella alba and B. rubra varieties susceptible to Basella rust were irradiated
with different doses of gamma rays between 50 and 500 Gy. Considering the germination
percentages of irradiated seeds, doses of 300 and 400 Gy inhibited seed germination from 39%
with 300 Gy to 53% with 400 Gy. Considering the size of plants obtained from irradiated
seeds, the irradiation dose of 150 Gy inhibited plant growth by 48% in relation to the growth
of control plants. Hence, during the subsequent experiments, doses of 150 Gy to 400 Gy shall
be used. Irradiation of large seeds lots with these doses would allow us to generate sufficiently
large M, population, and to select plants in the subsequent generation for resistance to rust.
Other manipulations, such as the mutagenic treatment of tissues cultures, belonging to Basella
alba and B. rubra would be pursued with the same aim. The cultivars known as Basella alba
and B. rubra respond well to in vitro culture and the desired variants could also be selected
among somaclonal variants. The use of chemical substances with mutagenic effects in culture
media should allow to reach these goals.

Other agronomic measures can also be combined to reduce the losses from the rust
disease. Maneb 80 as a fungicide can be used to control baselle rust. The reduction in the
vegetative life cycle should allow to obtain plants with less infection than those with a longer
vegetative duration. Results obtained have also shown that the culture of baselle under plastic
shelter reduces the development of disease significantly. All aspects of this research could be
used to develop a strategy to control the incidence of rust in basella.
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