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Abstract

Apomixis means production seed without fertilization. It perpetuates genotypes adapted to a certain environment.
Genes of apomixis were detected in wild cassava and transferred to the cultivate by the senior author. A new species
of Manihot species has evolved in our Living collection, at the Universidade de Brasilia. Multiembryonic sacs were
noted in its ovules. It bred true for four generations. Its maternal parent is M.tripartita and carried morphological
characters that considered marker genes of M.cearulescens Pohl. Apparently it is an interspecific hybrid of the two
species. It resembles M.tripatita in leaf shape and form, acquiring tree-like growth habit, fruit and seed size from M.

caerulescens. It possesses interesting characters from the plant-breeding standpoint, such as tolerance to mealy bug.
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Introduction

The genus Manihot was authored by Adansonl. Miller and Webster3 discussed its resemblance with the genus
Cnidoscolus because both have a single floral envelope, and share a base chromosome number (x=9). Rogers and
Appanl5 presented the last full monographic treatment of the genus, establishing 98 species. They brought together

the known taxonomic literature, examined and cited most of the classical collection.



* Dedicated to M. S. Swaminathan, plant scientist, agronomist, and father of the green revolution. Thanks to his efforts,

cassava has quadrupled productivity in India over the last twenty years.

Habitat, Distribution and Phenology

All species of the genus Manihot are native to South and Central America. Few species such as M. glaziovii and M.

tristis were transported to many Old World tropical areas.

They grow sporadically in their natural habitats, rarely in large populations15. There are four concentrations of species;
one in Central Brazil, the second in Mexico, third in Northern East Brazil, and forth in Southern Brazil close to

Paraguay4.

The Manihot species grow principally in dry regions, however few species are typically found in rainforest. Majority of
these wild species are heliophiles, grows where no shading. Many of them are weedy types grow in agitated
habitats5,6. They are adapted well to soil rich in calcium. Except two species, all of them are frost sensitive; grow only
at altitudes that do not overcome 2000 m.

The Living Collection at the Universidade de Brasil ia

Wild Manihot species are precursors of cassava, a food staple for more than 800 million people living in the tropics.
Since 1974, they have been collected by the first author, evaluated and maintained in a living collection at Universidade
de Brasilia4,9,12. For purposes of maintenance, they were planted in plots close together to enable interspecific
hybridization to occur whenever barriers were weakened or broken down. Accordingly, diversity can be broadened and

wild gene pools enriched through gene flow from other species.

Seeds were collected every year, which germinated and grew. New plants were screened for any possible interspecific
hybridization using morphological gene markers of stem surface, leaf shape, flower disc colour, and fruit form7.
Infection by mealy bug was checked by examining stems. Roots were also examined for resistance to mealy bugs by

digging up whole plants.

Evolving of the new type under experimentation cond itions

A plant of species M. tripartita progeny, grown in 1984, has attracted attention for its distinct morphological
characteristics and growth habit. Seeds collected from it were planted in 1985. The raised plants were examined and
left to propagate, producing further generations. During four subsequent generations, the offspring maintained
characteristics of the first progenitor and bred true without segregation. Some individuals of its progeny displayed a total
absence of stamens in their flowers, when they were protected by a cellotape surround, closing them tightly against tiny
pollinators. Even then, the plant continued to give fruit — an indication of its apomictic nature. Apomixis was confirmed
by embryonic examination, revealing a multi-embryonic sac (Fig.1). Examination of the ovule structure by the clearing

method9 revealed multi-embryonic sacs in the ovules examined (Fig. 2).



Figure 1. Leaves, inflorescence and fruit of the hybrid.

Figure 2. Multi-embryonic sac.

Judging from plant growth and their maturation to flowering and ripening of fruit, the hybrid and its offspring are fit and
adapt well.

According to Rogers & Appanl5, the genus Manihot includes about 98 species. Nassar8,13 explain that the genus has
acquired a large number of species due to its polyploid nature and the high gene frequency of facultative apomixis in its
species gene pools. Polyploidy may provide genetic variability while apomixis fixes genotypes suited to a certain
environment. In this way new species may arise. The role of apomixis in speciation has been emphasised by a number
of authors2,14,16.

Morphological characteristics of this species have shown a combination of the maternal parent, M. tripartita and M.
caerulescens, a species grown closely adjacent to it. These characteristics have been perpetuated and true bred
through more than six generations under observation confirming its robust species nature. Screening this new species

for different morphological characteristics of the two species has confirmed this idea, as can be seen in Table 1.



Natural hybridization between wild Manihot species occurs frequently whenever barriers break down and where habitats
overlap. Nassar has documented natural interspecific hybridization between M. alutacea and M. reptans9. He has also

reported evidence of introgression between some Manihot species and cassava itself10,11.

During eight years of observation at the Experimental Station, Brasilia, plants of this hybrid have never been infected by
mealy bug. Whole plants dug up likewise showed no infection in roots either. Adjacent plants meanwhile have been

severely infected. Plants of this species survived Brasilia’'s seven-month-long dry season in good condition.

This species is named Manihot swaminii Nassar; below a comparison of the characteristics of this evolved species and

those of its parents (Table 1).

Table 1. Characteristics of the hybrid and its parents.

Characteristic

M. tripartita

M. caerulescens

Hybrid

Growth habit tall

shrubs to trees

Latex

Colour of young
stem

Petiole attachment
Lamina

Bracteoles

Bractlets

Capsules

Seeds

Sub shrubca 1 m
in height, several
stems ascending
from a single base
Absent

Green

Basal

3-lobed
Prominently
foliaceous
Foliaceous

Ca 1.2 cm long,
surface without

wings

Calcm,

prominent caruncle

Tall shrubs to trees
usually more than
3.0 m in height

Copious
Purplish tinged

Basal

Palmately 5-lobed
Prominently
foliaceous
Foliaceous
Prominently
winged 3-4 cm
long, apex
prominently
pointed

2-3cm long, very
small oblong

caruncle

Shrub up to 3m in
height

Copious

Purplish tinged

Basal

3-lobed
Prominently
foliaceous
Foliaceous

Ca 2.5-3 cm long,

apex rounded

1.5-2 cm long

prominent caruncle

Description of the new species



Shrub ca 3m height (Fig. 3), young stem tomentose, mature stem greyish brown, glabrous leaves, alternate stipules
caducous. Petiole 8 cm , attachment basal, lamina membranous, venation camptodromous, 3-lobed. Median lobes
obovate, narrowly lanceolate, 8-12 cm long, margin entire, apex acute, base of lobes narrowly constricted lower lobes
slightly smaller than median lobes. Inflorescence monoecious terminal, pendent raceme 8-9 cm long, peduncles
tomentose. Bracteoles foliaceous 1.0-2.0 cm long, 0.5-1.0 cm wide, yellowish green, glabrous, margin entire. Bractlets
foliaceous ca 1.0-2.0 cm long, 05-1.0 cm wide, margin entire. Pistillate flowers restricted to the base of the
inflorescence, pedicle 2.0 cm tomentose. Tepal 1.0-2.0 cm long yellowish green, cleft into 5 lobes. Ovary globose,
staminate buds ovoid. Flowers campanulate tomentose. Stamens absent or rudimentary. Fruit colour yellowish.
Capsules globose to conical, tomentose ca 2-3 cm, surface without wings, marked by white line. Seeds oblong, ca 1.3

cm. Caruncle moderately prominent.

Figure 3. Whole plant of the hybrid.
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