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Advances in knowledge of Manihot
(Euphorbiaceae) from Brazil
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Abstract: Herbarium-based studies and extensive field work revealed the existence of
a new species in the genus Manihot which is restricted to the municipality of Itirapina,
in the state of Sao Paulo, Brazil. Characteristics such as the size and morphology of the
leaves and bracts were important to recognize M. irregularis as a new taxon. Description,
illustration, as well as comments on its morphology, distribution, conservation status,
and a key for the identification of Manihot species for the state of Sao Paulo are

presented.
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INTRODUCTION

The concern for cassava's wild parents is justified
once this species is an important food resource
in developing countries (FAO 2019) and their
most near species show promising results for
cassava breading purposes (Boaventura et al.
2015). In addition, many of these are endangered
species, especially due to a small extent
presence and the degradation of their habitats
(Walter & Gillet 1998, Martins et al. 2017a).

Ever since 2010 our team performs
expeditions to various Brazilian ecosystems,
collecting and identifying accessions of
wild relatives of cassava (Manihot esculenta
Crantz) (Ledo et al. 2010). Since then, diverse
new populations were located and therefore
expanding the collections of wild parents
preserved by the Brazilian Agricultural Research
Corporation (EMBRAPA) and by the Federal
University of Reconcavo da Bahia (UFRB) and new
herbarium vouchers, increasing also the data
concerning the Extent of Occurrence (EOO) and
Area of Occupation (AOO) from various species

of the genus Manihot. These data allowed the
description of new species (e.g. M. bellidifolia P.
Carvalho & M. Martins, M. breviloba P. Carvalho
& M. Martins, M. macrocarpa P. Carvalho & M.
Martins) and the review of their conservation
status (Martins et al. 2011, 2014, Martins & Ledo
2015, Martins et al. 2017a,b).

The highest diversity of Manihot in Brazil
in concentrate in the Cerrado region (60 spp.),
a biome that extends through the central
portion of South America (Simon et al. 2018,
Murphy et al. 2016). New species are frequently
summarized (Mendoza et al. 2015, Silva 2016)
and the number of species computed in Brazil
has already exceeded 100 (Martins et al. 2020)
in contrast with about 80 species registered in
the last revision of the genus for the country
(Rogers & Appan 1973). In the Sdo Paulo state
ten species are known, being the Cerrado the
richest biome (7 spp.) (Orlandini & Lima 2014).

Data obtained after extensive field work
in the state of Sao Paulo and analysis of the
herbarium collections enabled to identify a new
species for the genus Manihot.
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MATERIALS AND METHODS

Starting from January 2010, we began expeditions
to collect species of Manihot in the East of Brazil.
Duringthese expeditions,apopulationofthisnew
species has been identified in the municipality
of Itirapina, Sao Paulo. Seeds were collected
and seedlings planted in the germplasm bank
of Brazilian Agricultural Research Corporation
(EMBRAPA) and by the Federal University of
Reconcavo da Bahia (UFRB), both in Cruz das
Almas, Bahia. We analyzed the collections of the
herbaria ALCB, ASE, CEN, CEPEC, CPAP, CVRD, EAC,
ESA, F, FLOR, FURB, HAS, HB, HPBR, HPUC*, HRB,
HST*, HUEFS, HUFU, HURB, HVASF, IAN, IBGE, ICN,
IMA* IPA, K, JPB, K, MBML, MG, MS, NY, PEUFR,
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R, RB, SP, SPF, UEC, UFMT, UFP, UFRN, UNB, US,
UTPR*, VIC e VIES (acronyms according to Thiers
2021, continuously updated, *no registered).

RESULTS AND DISCUSSION

Manihot irregularis M. Martins & Ledo, sp. nov.
—-—TYPE: BRAZIL. Sao Paulo: Itirapina, rodovia
Itirapina-Brotas, proximo ao pedagio, Trevo
ltaqueri, Sao Pedro, 22915'51.9"'S, 47953'44.4"W,
743 m, fl. fr, 17 May 2012, M. Martins et al. SP0O1
(holotype HURB!, isotypes CEPEC!) (Fig. 1, 2 and
3).

Manihot irregularis resemble M. anomala
Pohl and M. tripartita (Spreng). Mill. Arg.
regarding leaf lobes (1 to 3), inflorescences

Figure 1. Manihot irregularis M.
Martins & Ledo. (a) with leaves
variably lobed. (b) and (c) Leaves.
(d) Staminate bud with bracts and
bracteoles. (e) Staminate flower.
(f) Seeds in frontal and lateral
view. Observe the proportion of
™ caruncle in relation of the size of
seed.
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racemoses and orbicular to ovoid capsules.
Differs from both species by its subshrub habit
(< 0.5 m tall), linear bracts (up to 0.5 mm wide)
and caruncle 0.3-0.5 cm long (ca. 1/2 of seed
length), while M. anomala shows shrub to
lianescent habit (1.5-4 m tall), ovate bracts (>2
mm wide) and caruncle with ca. 0.15 cm long
(ca. 1/5 seed length), and M. tripartita shows
subshrub to shrub habit (0.5-4 m tall), ovate
bracts (>2 mm wide) and caruncle with ca. 0.2
cm long (1/5 seed length).
Subshruberectordecumbent,upto0.5mtall.
Roots tuberous. Stem glabrous, smooth, Green-
purple, cylindrical, little branched, latex white.
Stipules early caducous, not seen. Leaf simple,
3-lobed, sometimes entire or with lateral lobes
reduced or asymmetric, glabrous, carthaceous,
green or variable purple, abaxial face clearer;
central lobe elliptical, oval or oboval, (3-)6-8 x

ADVANCES IN KNOWLEDGE OF Manihot FROM BRAZIL

1.5-3 cm, apex acute or acuminate, margin entire
or variable sinuous, nervation camptodromous,
petioles 2-4 cm long, cylindrical, basal insertion.
Inflorescence racemose, 3-6 cm length, erect
or slightly pendulum, bracts linear, ca. 2 x 0.5
mm, margin entire, purple, glabrous, bracteoles
inconspicuous, ca. 1 x 0.5 mm, margin entire,
purple, glabrous. Staminate bud 0.4-0.8 x 0.3-
0.5 cm, ovoid to orbicular, pedicel ca. 0.3 cm
length. Staminate flower 0.5-0.9 x 0.3-0.6 cm,
sepals 5, fused up to the middle to long, yellow-
greenish to purple, glabrous. Stamens 10, two
cycles, 0.5-0.8 cm length, glabrous; staminal disc
yellow. Pistillate buds 2, 0.5-0.8 x 0.3-0.5 cm,
opposite or subopposite, in the down portion of
inflorescence, ovoid or pyramidal, pedicels ca.
1 cm length. Pistillate flower 0.6-0.8 x 0.4-0.5
cm, sepals 5, free, yellow-greenish to purple,
glabrous. Capsules 1-1.5 cm diam., orbicular

(c) Unlobed leaf. (d) Staminate bud. (e) Capsules.
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to slight ovoid, surface smooth, apex rounded,
glabrous, green. Seeds 0.7-1.0 cm long, brown-
gray, ovoid, margin rounded, caruncle triangular,
0.3-0.5 cm length, yellow to brown.
Commentaries: Manihot irreqgularis M.
Martins & Ledo forms vast populationsin Cerrado
areas in the municipality of Itirapina, State of
Sao Paulo, Brazil, typically in open shrubby
vegetation. In most of the analyzed collections,
the materials are identified as M. tripartita
(Spreng.) Mill. Arg. (or M. aff. tripartita) due to
the shrub habit associated with the number of
leaf lobes (1-3) and orbicular to ovoid capsules.
These species can be easily differentiated by
the oval bracts of M. tripartita which differ
from the linear bracts of M. irreqgularis. The
morphological variation of leaves in M.
irregularis also approximates this species to M.
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anomala characterized by showing leaves with
a variable number of lobes and with diverse
formats, e.g. elliptical, oval or oboval (Pohl 1827,
Rogers & Appan 1973, Flora do Brasil 2020). It can
be differentiated from M. anomala Pohl, by the
smaller subshrub (< 50 cm tall), linear bracts (ca.
0.5 mm wide) and caruncle with 1/2 seed length
(3-5 mm), while M. anomala shows shrub to
lianescent habit (1.5-4 m), ovate semifoliaceous
to foliaceous bracts (>2 mm wide) and caruncle
with 1/5 seed length (up to 2 mm length). The
ratio of the caruncle to the seed length is the
largest ever observed in Manihot species.

Etimology:The name ofthisspeciesisrelated
to the morphology of leaves, extremely variable,
with lateral lobes reduced or asymmetric and
entire or variable sinuous margin (Fig. 2).

Legend

O  Manihot irregularis

[ countries D

Internal Country Borders

Figure 3. Geographic distribution of Manihot irregularis M. Martins & Ledo.
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Fenology: Registered with flowers and fruits
in January, May and December.

Distribution and habitat: Brazil: Sao Paulo.
Shrub open ‘Cerrado’ with sand-clayey, flat soil.

Conservation: Population analyses were
not performed for M. irregularis, preventing
the evaluation of criteria A, C and D from the
International Union for Conservation of Nature
(IUCN 2014). Nevertheless, from distribution
data evaluated by the Geospatial Conservation
Assessment Tool (GeoCAT) (http://geocat.kew.
org/), according to Bachman et al. (2011), the
species was considered “Critically Endangered”
(CR) due to the extent of occurrence (EOO) with
0.946 km’ (Fig. 3) and the area of occupation
(AOO) with 8 km*.

Additional specimens examined
(Paratypes): BRAZIL. SAO PAULO: Itirapina,
proximo ao pedagio, na Represa de Broa,
22010'52.3"S, 47952'48.6"W, fl. fr,, 07 Dec 1994, K.D.
Barreto et al. 3353 (HUEFS); idem, fl. fr, 20 Jan.
1968, 0. Handro 2004 (SPF), id., Estacdo Ecologica
de Itirapina, fl. fr, Dec 1988, L.C. Bernacci 20842
(UEC, MBM); id. Estacao Ecologica de Itirapina, fl.
fr, Feb. 1984, Leitdo Filho, H.F. 15966 et al. (HRCB,
UEC, UFMT).

Key to the Manihot species in the state of Sao
Paulo, Brazil

1. Plants usually with palmatipartite leaves; lobed
leaves with 3-5 lobes; occasionally unilobed at
upper branches

2 Leaves unilobed and palmatipartite at
the same individual; irregular or asymmetrical
formats

3. Adaxial surface variously pubescens to
tomentose, never glabrous; bracts with deeply
laciniate margin. ..., M. tripartita

3" Adaxial surface glabrous or with rare
trichomes; bracts with entire margin

4. Plants with less than 0,5m tall; linear
bracts; proeminet caruncle, up to half the size of
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................................ M. irregularis

4. Plants with more than 0,5m tall; elliptical
bracts; caruncle not proeminent, up to 1/5 the
SiZ€ Of the SEEM ..
...................................... M. anomala

2" Leaves always palmatipartite, without
unilobed leaves on the same individual; leaves
NOT ITEGULAT oo
........................................... M. procumbens

1. Plants usually with palmatissect leaves;
lobed leaves with (3-)5-7(-11), rarely unilobed at
upper branches

5. Treelets, erects, with more than 2m tall;
lobed leaves with 7-11 lobeS.....cccoooeeeicceee.

grahamii

5. Subshrubs to shrubs, erects, semi-
prostrates to prostrates, with less than 2m tall;
lobed leaves with 3-5 lobes

6. Plants with yellow latex; lobes obovate,
apex obtuse or apiculate; fruits indehiscent, bac
CACEOUS ..o s e
......................... M. caerulescens

6" Plants with white to creamish latex; lobes
ovate, elliptical to lanceolate; apex acute, rarely
apiculate; fruits dehiscent, capsulate

7. Prostrate subshrubs; leaves 3-lobed; lobes
with < 1cm wide

8. Linear to lanceolate estipules, laciniate
margin; showy bracts with laciniate margin.......
......... M. gracilis

8. Triangular estipules, entire margin;
not showy bracts, with entire margin.................

fruticulosa

7' Erect to suberect shrubs; lobes (3-)4-6;
lobes with > 2cm width

9. Pubescents to tomentose plants

10. Staminate buds bifusiforms with base co
NSErAINTS .o M. pilosa
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10". Staminate buds ovoid, without base
CONSTIAINTS oo M. jolyana
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