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Cassava, Manihot esculenta Crantz genetic resources:

a case of high iron and zinc
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Abstraet  Cassava hyboids from interspecific crosses
wilh Manihol cearmlescens Pohl, M. prewdoglaziovi
Pax and Holffmann and M, dichotorma Ule showed a
very high iron and zinc content in both roots and leaves,
e.2. 98,15 mg ke~ in roots of the interspecific hybrid
cassava-M. cearwlescens versus 12,17 mg kg™ in a
caszava culivar. This promising results show the
potcntial of wild Manihor species for micronuiricnt
cohancement of cassava.

Keywords Interspecific hybrids - Iron - Leaf -
Koot - Zing

Introdoction

Cassava provides aboul T0F% of daily calonies w
200 million people (Massar and Ortiz 2007) Iis
ahility to aday to poor soils and long perods of
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dry spell, as well its host-plant resistance o some
pests and pathogens makes cassava an imporiant
famine reserve to poor people in the developing
world. Furthermore, it tuberous roots can remain in
the z=oil antil harvest, thues storage facilives are noto
needed (Nassar 2007},

The roms of cassava are extremely rich in
carbohydrates; hkely to be sccond o sugarcune
among  crop plants. Cassava can produce
250 = 10° cal ha™' daily, which is higher than that
of rice (176 » 10% or wheat (110 = 107} {Charles
el ol 2005). Despite cassava being a valuable source
of energy, mast of the corrent cultivars are deficient
in proteing, fat, some minerals, vitamins and escential
aming acids (Massar and Sousa 2007).

Mineral deficiency has been comsidered a kind of
malnutrition and named as “hidden hunger™ by the
World Health Orpanization (WHO)L fron (Fe) and
#ine (£n} are two micronutrients that have caplure the
attention of nutritionists. About 2 billion of the world
population, mainly women and children, suffer from
Fe and Zn malnotrition (WHO 2002). Iron is
important for formaton of hemoglobin, a large
number of engymes, melabolic reactions. the meguls-
tion of cell growth and immunity, and for the proper
function of the liver. Zinc is vital for physical and
mental  development, immune system, vision and
fertility. This element also appears 10 be necessary for
the functioning of more than 300 enzymes in the
human body, Tts deficiency has been linked to vitamin
A undentilization (Khuash 2001,
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Cassava can play an important robe in food genetic resources of cassava and its wild Manihor
security by providing micronulrients in the same relatives from Brazil, the country of origin of this
way it does with energy poor populations that have  crop (Massar 2006a, b; 2007, Nassar and Ortiz 2008},
limited access bo foods derived from animals. Yarious The aim of this research was therefore 1o survey Fe
reports  have emphasized vanability in the rich and Zn contenl in accessions, cultivars, and a wild

Table | Cassava sccessions, cultivars, Meathor specics, and interspecific bybrds

Indigenons cultivars Amarela |, Amanela 2, Amarela 4, Amarela 5, Branca Sanla Catarina Vermelha |, Manikot zehrimeri Ule,
bybiids from M. anomala Pob x Casava, M. cerlecens » Cassava, M., glaziovil Muell, Arg x Cassava—Polyplosd type,
M. grakamai Hooker = Cassava, M. grahanad « Cassava 2, M. pilocg Pohl = Cassava scosssion 1076, M. pohili = Casiava,
M. preudoglaziovi Muell, Arg. = Casssva—Diploid type and M. prendoglaziovii = Cassavi—Polyploid type, Hybrid Manihal
esculenta Pax = cassava (mamely ICB 300)—Polyplosd ype, ICB 300 Progeny 9, Cassava cultivar UnB 60 Diploid type, Cassava
cultivar UnB 60 Polyploid type, Cassava cultivar UnB 530 Diploid type, Cossava cultivar UnB 530 Polyplold type, Cultivar Unb
031 Diploid type, Cultivar UnB 031 Polyplodd type, Cassava cultivar UnB 51, Cassava cultivar UnB 307, Casava cublivar UnB 567

Tabke 2 Iron contents in :

cassava and Manihor Matcrial Bt Leaf

ml (mg kg~ dry Minimum Maximam Minimum  Maximom
Ammargla | 1675 2825 6325 a5
Amarela 2 - 1328 - 55,75
Amarela 4 10,75 1225 8200 &850
Amarela § 1100 1228 6100 7328
Branca Sania Catarina 1175 2200 6125 75,50
Vermelha 1 2050 3250 4525 58,00
Manihot senhimeri - 3125 - 105,50
M. anomata » Cassava 1650 19.23% T0.50 B4.25
M. cerulecens x Cassava 6075 91.2% 64.50 86,75
M. plazievli x Cassava Polyploid type - 2550 = LTS
M. prakamaii » Cassava 28.00 B350 66.75 FlUY R
M. pilosa » Caksava sccession 1076 = J3.00 = 30,00
M. pohlil x Cassava b2 W] 61.2% T8.50 9225
Hybeid Restitubgiio (M. = 1800 - 10000

preudoglaziovii = Cassava)
Hybrid M, preudoglagiovil « Cassavy Diplold 2425 26.75 100 s
Hybrid M, presdoglagiovii » Cassava Polyploid = - 12.00 = 136,00
Hybrid M. ollganiha » Cassava (ICB 300 WIS WS 645 244
Polyploid type

ICB 300 Progeny % 1600 3800 5925 T6.50
Cansava cultivar UnB6D Diploid = 16,24 - 65,75
Cassava cultivar UnB&) Polyploid 23.50 3200 6875 74,00
Cassava cultivar UnB330 Diploid 1823 1823 6175 8375
Cassava caltivar unB 530 Palyploid 1525 23,50 G300 T8.25
Cassiva cultivar UnB 031 Diploid - 2125 - 05 00
Camsava cultivar UnB 03] Polyplaid - 1150 - 236,75
Cassava cultivar Ung 51 15.75 N T2.15 T4.75
Casiava cultivar Unls 307 13,00 15.50 5.0 13475
Casziava cultivar UnB 567 14.50 I200 64.25 B1LTS
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from Brazil as well as some interspecific Manikot-
cassava hybrids available from the University of
Brasilia.

Materials and methods
Cassava and interspecific hybrids materials

Table 1 lists the matenals used for determining Fe
and Zn contenis, Seven of them are indigenous
cultivars (Amarela 1, 2, 4 and 5, Branca Sania
Catarina and Vermelha 1) and a wild species
(M. zehmmeri Ule) The 27 accessions, cultivars,
species and interspecific hybrids analyzed in this

work are part of the living Collection of Cassava,
placed in the Biological Experimental Siation of the
University of Brasilia. They were collected from
Amazon, Para, Minas Gerais, Mato Grosso do Suol,
and Goias States.

Method for analyzing micro-nutrient
conceniralions

The samples of these cassava materials were ana-
lyzed twice. The resulis of the preliminary analysis
provided means for selecting these materials for the
second phase of analysis. The rools were cleaned
with distilled water and dried in an air oven at 70°C
after skin removal. The leaves were also cleaned and

Table 3 Zinc content rangss .
in cassava aed Manthod Mucrinl

matcrials (mg kg~ dry

Koot Leaves

Minimam  Maxisisn Minbmom  Maxism

weight}
Amarela |
Amareln 2
Amarcla 4
Amarela §
Branca Samtn Catarina
Vermelha |
Manihar zehnineri
M. anomele = Cassava
M. cearalecens = Cassava

7.24 .00 1.5 1500

- 535 - 1700
875 950 15.75 2650
9275 1175 350 3175

.00 L] 12.00 1200
625 1000 14.25 LT
- 160 - 1500
11.75 1500 17.50 2025
7.50 11.50 16,25 1775

M. plaziowii « Cassava—Palyploid type - 1100 - 4525
M, grahamal x Cassava 1100 11.50 1275 20000
M, pilesa = Cassava sccession no, 1076 - 9.75 - 18.75
M. pohlii = Cassava 1300 17,78 73.75 28000
Hybrid Festinaigio = 13.50 - 26.00
(M. prendoglaziovl] » Cassave)
M. psendoglaziovii x Cassava Diploid rype 1225 13.75 475 .75
M. peeidogloziovii » Cassava Polyploid type - T.2% - 2535
Moligamtha Pax 3 Cassava (ICB 300) Polyplodd 1275 1425 11.25 13.00
fype
ICE 300 Progeny no. 9 600 850 11.50 1575
Cassava cultivar UnB 60 Diplold type - 5.00 - 3350
Cassava culiivar UnB &0 Polyploid type .50 1200 19,0 250
Cassava cultivar UnB 530-—Diiplaid type 10,25 10.75 18.25 .25
Casgava cultivar UnB 530 Polyplodd type 825 1050 14,0 1 5.0
Cossava culiivar UnB 031 Diploid type - 9.5 - 1925
Cassava cubtivar UnB 031 Polyploi type - .75 - 2250
Caszava cubtivar UnB 51 Q.00 12.50 20000 56,25
Cassava cublivar UnB 307 B 11,00 24.50 2575
Cassava culiivar UnB 367 8.50 1225 2175 .00
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dry weight)
Material Root Fe Leaf Fe Fool Zn Leaf #n
Mimmom  Maomom  Minimem  Maemom Minimem Macimem  Minimem Maximoem

51 150 19.50 L0 T8 550 .00 2700 TL00

Cassava caltivar UnB30, 10.50 13.75 193.25 159450 6.75 700 2175 29.50
Palyplowd type

Cassava cultivar Amareds 2 1023 14.50 51.2% 6275 4.50 7.0 el 23.50

Hybrid M. preudoglazionii x 1150 WIS ;2% 6425 1025 1335 385 4RT5
Cassava Diploid type

M. cerwlecens = Cassava 6294 124,58 58,75 75 7.6 1898 1875 21.50

Manihar zehninerl 1.Is 471,75 93,75 .50 18.75 1875 16.75 1800

dried as per the roos. The dried rhizome and leaves
were ground using a laboratory Wiley mill. Wer
digestion using a mixture of sulphuric, nitic and
perchloric acids (1:10:2) was employed for chemical
analysis, and Fe and Zn were deiermined by atomic
ahsorpion spectrophotomeiry (Allen 1989),

Results and discussion

Table 2 provides the resulis of the preliminary Fe
content analysis in cassava and Manfior materials,
Roots showed a great variability in Fe content: from
1075 mg kg™' in Amarela 49125 mg kg™ in
M. cemilecens x Manihot hybrid, There was also a
great variation of Fe leaf content: from 45.25 1w
24425 mg kg~

The wild species Manihor zenhineri showed the
highest Zn content (16 mg kg™') in the roois. The Zn
leaf content ranged from 11,25 mg kg™ in Hybeid ICB
300 Polyploid to 280 me ke~ in M. pohlii . Manihor
{Table 3). Above results led 1o select six cassava and

Manihot materials with the aim to assess them
statistically. The matenals included cultivars { Amarela
2 and Arnarela 5), interspecific hybrds (51, Clone 031
Polyploid and M. ceamilecens x Manihed), and the
wild species M. zenhineri (Table 4), which showed the
highest Fe or Zn root and leaf levels in the preliminary
analyses,

There were significant differences (P < W03) for
both Fe and Zn content among the selecied materials
(Table 5). The interspecific hybrid M. cearades-
cens x Manifior showed on average the highest
content of root Fe (98.15 mg kg™'), which was
significantly above that of cassava cultivars
(1217 mg kg™'). The same interspecific hybrid had
higher Za root content (12.15 mg kg™") than cassava
cultivars (7 mg kg™'). The Clone 031 Polyploid
{offspring of the inerspecific hybrid of M. dichoroma
with cassava) showed significantly higher Fe leaf
content (196.83 mg kg™') than cultivar Amarela 2
(60 mg kg™"). Sl—a selection derived from the
offspring of an interspecific hybrid of cassiva with
M. prewdoglaziovii—had 67.58 mg kg™ of Zn leaf

Table 5 Iron (Fe) and zinc (Zn) average contents in leaf and oot ssmples of cassava and Manihor materials

Mislerial Licaf R
Fe in Fe In

Cassava cultivar UnB 51 7496 ¢ 4763 a i529¢ 179 be
Cassava cultivar UnBl 031 Polyplaid type 19683 a 4.67 ab 1283e 692 be
Cassava cultivar Amarela 2 G000 ¢ 1242 sb 1217 8
Hybrid M. peeudoglaziond x Cresova. Diploid type 6167 ¢ 43,33 ab 160 ¢ 1188 b
Hybrid M. cenulescens x Cassava TS ¢ Pl 98154 1215 b
Manifor zehmines 9563 b 1738 b 4275 b I875n

Means follow by same letiers are nol. significantly different at P = 0,05 a5 per Tukey's Multiple Comparison Test

4 springer

Jourral - Mledium 10TE
Al Mo | S
ME Code - CRERIER

2

Mipakchy @ 7.5 2000 Pages ; §
o e O TYFESET
* o * o

1o
111

1z
113
114
113
16
17
118
119
120
121

122
123
124
125
124
127
128
129
130
131



149

150
151

Genet Resowr Crop Evol

content vis-i-vis 22.42 mg kg™" of cassava culiivar
Amarela 2.

The wild species M. cearulescens, M. dichotoma
and M, psendeglaziovii appear 1w be rich for Fe and
Zn sources, which can be wransferred to interspecific
hybrids and inherited by their derived offspring.
These resulis show therefore the potential of wild
Manihor species to improve both Fe and Zn contenis
in the cassava gene pool, which can provide betier
focd 1o fight malnutrition, especially in resource-poor
populations.

5 The Mational Cowncil for Scientific Devel-
opmend (CNPyg. Brazilia, Brazil) peovided fumding for this
research, The forementioned living collection was extaldished al
the Universidsde de Brasifia theough a grami fom the
Imternational Development Center (TDRC, Camada) to whom
the: suthors are graseful,
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