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ABSTRACT

The staple diet of most of the world population is provided by cereal, which present levels of iron (Fe) and zinc (Zn)
below the nutritional demand of humans. Other factors that may substantially interfere for the low intake of Fe and Zn
are the anti- nutritional factors present in the edible parts of plants, such as heavy metals and phytate. Hence, the
objective of this study was to evaluate the genotypic variation in terms of yield{kglzent height, insertion height
of first pod, as well as concentrations of Fe, Zn, phosphorus (P) and the anti-nutrient phytate in grains of 24 soybean
cultivars and to identify cultivars with potential for biofortificatidme field experiment was conducted in Rerde,
state of Goias by the technological center of COMIGO. The experimental design used in the study was a randomized
block design with 24 treatments and three replications. The results showed that there is genotypic variation for grain
yield (kg ha), plant height, and insertion height of first pod, as well as for the concentrations of Zn, Fe, P and
concentration of anti-nutient phytate in grains among the soybean cultivars. Non-significant or low correlations were
found among the evaluated parameters except for the relationship between P and phytate (r=0.733). The diversity found
among soybean cultivars offers genotypes such as 8197RR, M 7908RR and BRS 262 with potential to develop cultivars
with better ability to accumulate nutrients in grains.
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RESUMO

Variac&@o genotipica das caracteristicas agndémicas e dos te@s de Fe, Zn, R fitato
em cultivares de soja

A dieta basica de grande parte da populacdo mundial € provida pelos cereais que, geralmente, apresentam teores
de ferro (Fe) e zinco (Zn) aguém da demanda nutricional do homem. Outros fatores que podem, Surtisitamicial-
mente, para a baixa ingestéo de Fe e Zn séo os fatores antinutricionais, presentes nas partes comestiveis das planta:
como 0s metais pesados e o fitato. Por essas razfes, objetivou-se, com este trabalho, avaliar a variacdo genotipice
quanto a produtividade de graos (kgha altura de plantas e a de insercao de primeira vagem, bem como aos teores de
Fe, de Zn, de fésforo (P) e do antinutriente fitato nos gréos, de 24 cultivares de soja, além de detectar cultivares com
potencial para biofortificacéo. O experimento de campo foi conduzido evieRRie, Goias, pelo Centfecnoldgico da
COMIGO. O delineamento experimental utilizado foi o de blocos ao acaso, com 24 tratamentos e trés repeticdes. Os
resultados mostraram que ha variagdo genotipica para produtividade de grad$, (kgraalturas de plantas e de
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insercdo de primeira vagem, bem como para os teores de Fe, Zn, P e do antinutriente fitato, nos gréos, entre os cultivares
de sojaVerificaram-se correlag8es baixas ou ndo significativas entre as variaveis avaliadas, exceto para a relacao entre
Pe fitato (r = 0,733)A diversidade encontrada entre os cultivares de soja oferece gen6tipo&Sc8FRR, M 7908RR

e FMS BRS 262, com potencial para desenvolver cultivares com maiores habilidades de acumular nutrientes em graos.

Palavras-chave biofortifica¢éo; antinutriente; micronutrientes; qualidade nutricigslgizine maxL.) Merrill.

INTRODUCTION al., 2010), but it can aldme found complexed to proteins

. . ) and in free form. In addition to binding to essential elements
The demand for food is increasing worldwide as the g

. . such as Fe and Zn in seeds, phityc acid also forms complexes
population has increaseaver the years. Thus, the . . . . phity L _p
. with micronutrients in other foods during intestinal
agricultural sector needs to produce enough amount . .
. i . digestion (Thavarajaét al, 2010). The complex formed
food products to meet this demand. In addition, there is . T .
. . . phytate) by R and mineral ions is insoluble, which greatly
growing demand for agricultural products of highe . I .
. o S affects the bioavailability of minerals (M&al, 2005; Golam
nutritional quality in order to minimize the occurrence of )
o L . . . .~ MasumAkondet al, 2011). Low concentrations of phytate
nutritional deficiency This nutritional deficiency in . , ,
: : : : in the edible parts of the plants have the potential to
micronutrients such as iron (Fe) and zinc (Zn) have

particularly affected, mainly in developing countries!rnprove their nutrl.tlongl va_lue ()énet al, 2009).
To remedy this situation, it has beengeted the

pregnant women, adolescents and children (Mayet, ) ) o o i ]
2008; Khustet al, 2012). It is estimated that more thanoroductlon of biofortified foods, which is the increase in
oo ,of o world, population present Fe deficieranyd concentration of nutrients in the edible parts of plants,

30% or more present deficiency of Zn (White & Broadle);hrough their introduction in fertilization and breeding, in
2009; Souzat al, 2013). order to meet the human needs. The use of intra- and

Deficiency in Fe can cause nutritional anemiainterspecific genotypic variation in plant breeding, aimed

problematic pregnancies, raquitism, and low resistancedb Piofortification, has aroused much interest in view of
infections, long-term mental impairment, decreased use ai§ Potential in applying it to improve the quality of food
conversion of food energy and damages to the neuromotfyioset al, 2008; Khustet al, 2012).
development. Insufficient levels of zinc in the human body  Different species of plants as well as cultivars of the
can cause growth retardation, delayed skeletal and sex&@Me species have different capacities to absorb,
maturity, dermatitis, diarrhea, hair loss and damage to tignslocate and accumulate nutrients such as Zn, Fe and
immune system leading to increased susceptibility #3 This capability may also be influenced by several factors
infection (Welch, 2002)This is attributed to production of related to the environment and to the adaptation of species
food in soils with low availability of these minerals to the{Gregorioet al, 2000 White & Broadley2009). It can be
plants and or diets based in foods with low levels of the&eund in the literature, information from a wide genetic
minerals, generally low cost foods (for example, rice an¢griability for nutrient content present in the edible parts
cassava), and may be aggravated by the lack aridyor Of crops, but this variability also exists for contents of
intake of animal origin foods, which have higher levels ointi-nutrients, for example, phytates, and these variations
these micronutrients in their compositions (Cakmak, 2008f€ an important strategy for plant breeding aimed at
Veluetal, 2013). biofortification (Rioset al, 2009White & Broadley2009).
Other factors that may substantially interfere in the The selection of cultivars with higher mineral content
low intake of Fe and Zn are the anti-nutritional factorsand reduced levels of antinutritional factors, and favorable
such as heavy metals and phytic acid)(PPhytic acid agronomical characteristics would eventually increase the
(myo-inositol 1,2,3,4,5,6-hexakisphosphate) is the princbioavailability of minerals and thus, it would be possible
pal storage form of phosphorus (P) in seeds of cereals andoroduce biofortified foods (Amarakoat al, 2012).
legumes, which are staples all over the world. Phytic ac&bybean is a food considered to be relatively complete
is about 50 to 85% of the total phosphorus in seedince it presents, in its composition, protein (42%),
(Thavarajafet al, 2010; Golam Masuikondet al, 2011).  carbohydrates (33%), lipids (20%) and residue (5%),
Normally, PA is deposited during development of the seeblesides vitamins and minerals (Amaral, 2086 )a result,
as a mixture of Fe phytate salt, Zn, calcium (Ca), magnesitits enrichment with Fe and Zn would be an alternative to
(Mg) and potassium (K) (Dort al., 2009, Thavarajagt  fight mahutrition.
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Thus, the objective of this study was to evaluate the After the aforementioned evaluations, samples of plants
genotypic variation for agronomic characteristics and fawvere collected and taken to the Department of Soil Science
the contents of Fe, Zn and P and anti-nutrient phytate & the Federal University of Lavras. For analysis of
grains of 24 soybean cultivars in addition to identifyinghutrients in the grain, samples were dried in an oven at

cultivars with potential to biofortification. 65°C to constant weight. Then, they were ground in a
stainless stealiley type mill equipped with 0.38 mesh
MATERIAL AND METHODS sieve and submitted to nitric-perchloric digestion for

analysis of Fe, Zn and P as described by Malaedléd,
. i L 1997).The reading of Rvas performed by colorimetry

, The experiment Wa.s,conducted n th? municipality Oy getermination of zn and Fe by submitting samples to
Rio Verde, state of Goias at tfiechnological Center of, extraction in microwave oven (CE) by the USER 30512

COMIGO (CTCo), located in the southwest of Goidg,ethod (U.S. Environmental Protectidgency - USER,
of the experimental area was classified as Red Latosol,

with a background of use for grain crops. Phytate analysis in the grains

It was used a random block experimental design with The extraction was performed according to Nagipi
24 treatments, which were composed by three conventiongl (2006)with modifications. It was weighed 0.5 g of grain
soybean cultivars (FM/BRS262, FM/BRS283 and FMéampIe (13% moisture) ground (diameter d”0.7mm) in a
BRS284) and 21 transgenic soybean cultivars (5G770 REgntrifuge tube and 10 mL of 0.5 M HCI were added,
ANTA 82 RRAS7307RRAS8197 RR, BRS 7561 RR, BRS gpmitting this material to mechanical stirring for two hours
7760 RR, BRS 7860 RR, BRS 8160 RR, CD241 RR, FM{nder room temperaturfter this period, the suspension
BRS245RR, IGRA 626 RR, IGRA 818 RR, M-7211 RR, Myyas centrifuged at 1,500 rpm for 15 minutes and temperature
7639RR, M-7908 RR, NA7255RR, NA 7337 RR, P98Y11 RRyt 10°C; subsequently a 2.5 mL aliquot of supernatant was
P98Y12 RR, P98Y30 RR and SYN 9078 RR), with thregyken, to which 22.5 mL of ultra-pure water was added,
replicates. Each plot consisted of nine rows spaced by Qrfaking up a total of 25 mL.
m with 10 min length, totaling an area of 46er plot. The Samples were purified, using SAX column according
useful area for sampling was represented by seven centgalappiet al (2006) with modifications. The 25 mL extract
rows, not using 0.5 m of each end. was transferred to the SAX column. Subsequeriy

The fertilizer used at planting was 400 kg b&02-20-  column was washed with 2 naif ultra-pure watefFinally,
18 formulated. The cultural practices were carried oghe phytate was eluted with 2 mL 2M HCl and collected in
according to CTCo protocol. Composite sample of soil wasentrifuge tubes.
collected at 20 cm depth, to characterize the chemical and Concentration of phytate was quantified according to
physical properties @ble 1), according to the methodologyBlair et al, 2012, with adaptations. The pH of the samples
described by Souzet al, 2011. The rainfall during the was adjusted to 3 with NaOH, and after this procedure, the
experiment was 1,042 mm. eluate volume was completed to 3 mL with 2 méHCI

When soybean plants reached full maturity of grairsolution with pH equal to Ihen, 1 mLof reagenWade
ten plants were collected from the useful area in each blogg,03% FeCl6H,0 and 0.3% sulfosalicylic acid in ultrapure
where plant height, insertion height of first pod wergvater) was added to the solution, agitated in a vortex for
measured with metal tape measure in centimeters. The griaife seconds, then allowed to rest for five minutes, and
yield was determined at the end of the harvest angading was performed in spectrophotometer at 500 nm
moisture was standardized at 13%. using utra-pure water for calibrating the apparatus.

Plant growth and nutrient analysis

Table 1: Chemical and physical characteristics of an Oixsol soil

Chemical characteristics
pH P K Zn Cu Mn Fe B S Ca Mg Al H+Al T m \Y
H,0 mg dni cmol_dm? %
5.6 18.0 61 4.7 1.0 78 343 06 128 25 0.5 0.2 3.6 6.8 6.0 46.6
Physical characteristics
Sand Silt Clay oM
%
45 5 50 29
T = cation exchange capacity at pH 7, m = aluminum saturation index, V = base saturation index, OM = organic matter
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Satistical analysis Set of data derived from agricultural experiments can be

Data were submitted to analysis of variance and meadalyzed with specific techniques of bioinformatics, among
of treatments were compared by the test of Scott-Knott, &M the Self-organizing Kohonen map. Commonly used in
5% of significance with the statistical prograf data clusters, this neural net proposes a classification for

development core tea(@010), with which figures were the input data. Based on their similayithe network
constructed. “analyzes” the sets of data presented, determines some of

(A) 4500-

Productivity (kg ha")

(8)
E
L
E
°
2
(¢}

Insertion height of the first pod (cm)

Figure 1:Agronomic characterists of soybean cultivars. Productivity (A), plant height (B) and insertion height of the first pod (C).
Means followed by the same letter do ndiediamong each other (Scott-Knott, 5%). Bars of standard error point to mean standard error
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their properties and “learns” to reflect these properties in it about 31%. Brazilian soybean productivity in 2014 was

output. The network uses patterns, regularities arapproximately 2,880 kg R{USDA, 2015).

correlations to group sets of data into classes. It converts In Figures 1B and 1C, it can be seen that the soybean

the non-linear relationship of input data into simplg@lants exhibited an average height of 77 cm, varying from

geometric relationships between the points of its imagg8 to 108 cm, or 46% at the same time that the insertion

usually a grid or a two-dimensional lattice (Barbosa, 2011height of the first pod varied from 11 to 26 with an average
of 17 cm. Howevetthe tageted soybean cultivars are those

RESULTSAND DISCUSSION with higher yields, plant height of 60 to 80 cm and insertion
) o height of the fist pod above 10 cm. Therefore, the most
Agronomic characteristics recommended cultivars are FM BRS 245 RR and NA 7337

Itis observed in Figure 1, a genotypic variation in graiRR. Plant height and first pod insertion height have direct
yield (kg h&), height (cm) and the height of insertion ofand indirect effects on productivity because there is a
the first pod (cm) among the studied soybean cultivarstendency of higher plants and with shorter first pod

The average grain yield of cultivars was 3,307 kg§ hainsertion height to present higher number of pods. Plants
ranging from 2,700 to 3,904 kgh@rigure 1A). The cultivars taller than 80 cm and insertion of the first pod shorter than
that presented the highest productivity were FM BRS 248 cm may suffer losses during mechanical harvesting (Pi-
RR, NAIN 7255 RR and NA 7337 RR, being this variatiomeset al,, 2012).

(A) 200~

Fe (mg kg")

(8)

Zn (mg kg")

e S EELESE
LV
AR &
Figure 2:Average contents of Fe (A) and Zn (B) in grains of soybean cultivars. Means followed by the same letterfdofnatdif
each other (Scott-Knott, 5%). Bars of standard error point to mean standard error

c
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Concentrations of Fe, Zn, P and phytate For adeqate Fe nutrition, for example, for women aged

It is observed from Figures 2 and 3 that there waetween 19 and 50, it is recommended an intake of 15 mg
genotypic variation for the content of nutrients (Fe, zfay* (Welch, 2002).The daily recommendation for zinc
and P) and for the anti-nutrient phytate in grains of trHgtake is 12 mg dayfor adult women and 15 mg dafor
soybean cultivars. adult men (Zoet al, 2014). The basic diet for a large portion

The average content of Fe found in grains of differe/®f the world population is provided by cereals. It has been
soybean cultivars was 78 mgkguith values varying by reported that cereals and vegetables are rich in minerals
approximately 64%, from 58 to 163 mgk(Figure 2A), such as Fe and Zn, but the availability of these minerals is
while the average content of Zn was 40 mg, kgnging usually low because of the presence of anti-nutritional
from 31 to 48 mg kg (Figure 2B), that is, a difference of factors such as phytate(Cakmak, 20@8uet al, 2013).
about 35% among cultivaMliersma & Moraghan (2013) It was also evaluated the concentration of P in the
found in soybeans an average content of Fe and Zn (@ybean cultivars in the study because of the existence of
and 34 mg kg) lower than those observed in this studya high correlation between the concentration of total P
which may indicate that the values found in this studgind phytate in seeds, as evidenced by Rabay, 1984;
may promote biofortification. Raboy & Dickirson, 1993. Itis noted in Figure 3 that among

P(g kg")

10-

Phytate (g kg”)

FLELEFEEEEDPIELEFEEEEESES
S8 “?@}«?& d;v;p ‘:,4"6’ 4;,6;,*",« ARV Qg:@o"

Figure 3: Average contents of (&) and the phytate anti-nutrient (B) in grains of soybean cultivars. Means followed by the same
letter do not diler among each other (Scott-Knott, 5%). Bar of standard error point to mean standard error
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cultivars, genotyfc variation in the phosphorus Correlations among agronomic characteristics,

concentration in the grains was approximately 27% (from nutrients and phytate
4.3510 6.00 g k§ with average values 4.99 gkgf P in It is observed, inTable 2, low or no significant
the grains. correlations among the evaluated variables, except for the

The variation in phytate content of the grains among|ationship between P and phytate (r = 0.733), which is a
soybean cultivars was 7.7 to 11.8 g*kagvhere the yajue below those (r = 0.94) and (r = 0.99) found by Letias
variation of these values is 35%, and 10 ¢ kgythe 3| (1976), and Rabast al, (1984) in soybean seeds. This
average content of phytate (Figure 3B). The low phytaig|atively high correlation is possibly due to the fact that
content found in grains of different soybean cultivarghytate represent 50-85% of total phosphorus in seeds
has the potential to improve their nutritional valuedl  (Thavarajalet al, 2010; Golam Masuwkondet al, 201L).
et al, 2009) so the results of this study provide The low and non-significant correlations among the
information for his purpose. contents of phytate and Fe and Zn in soybean grains

Table 2: Coeficients of correlation between grain yield (kgth&PD), plant height (PH), insertion height of the first pod (IH1V),
contents of Iron (Fe), Zinc (Zn), phosphorus (P) and anti-nutrient phytate in the grains of 24 soybean cultivars

PH IH1V Fe Zn P Phytate
PD 0.129 0.039 -0.081 -0.101 -0.193 -0.174
PH 0.323* 0.073 0.150 0.420* 0.267*
IH1V -0.057 0.223 0.170 0.037
Fe 0.032 -0.176 0.142
Zn 0.054* -0.033
P 0.733*

*Significant at p = 0.05.

Fe

Zn

P

Phytate
Productivity
Height
Insertion of pod
Median

IOEO0EOBO

AS7307 RR 2
AS7307 RR 3

Figure 4: Self-organizing map 5 per 5 of a Kohonen neural network for data of soybean cultivars.
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presented in this study &ble 2) are in agreement with cultivars for agronomic characteristics (yield, plant height,

what has been found in grains and seeds of many spediesertion height of the first pod) and for the nutrient

such as sorghum (Reddyal, 2005), beans (Ciclatal, content (Fe, Zn and P) and antinutrient phytate, it was

2005; Golam Masumikond et al, 201) and soybean possible to identify three soybean cultivars that best meet

(Raboyet al,, 1984) as well. the above mentioned requirements and, hence, have the
The productive capacity of the edible parts of plantgsotential for biofortification, which are these two transgenic

among the different genotypes and their influence coybean cultivars Roundup ReddAS 8197RR and M

concentration of nutrients are extremely important whef@08RR) and a conventional soybean (FMS BRS 262.

the objective is biofortification. In this studyespite being

low and not significant, a negative correlation was foun@ONCLUSIONS

between grain yield and nutrient contentlfle 2).

According towhite & Broad.ley (2009), recent.ly_stu_d|es insertion height of the first pod, as well as for the contents
have focu_sed on thefetts of m;reased_prodqcﬂw@thgr of iron, zinc, phosphorus and anti-nutrient phytate in the
by breedln_g or.by agronomic prgchpes, in the mlne_r Irains among the 24 soybean cultivars.

concentrations in the product, which is usually the edible Considering grain yield (kg H plant height, insertion

part of the plant, and a variety of studies have shown t}}"f‘éight of the first pod, concentrations of iron, zinc,

concentrations of several minerals are low in mospthosphorus and antinutrient phytate in grains

productive genotypes. Howey#ris reduction in nutrient sjmultaneouslycultivarsS 8197RR, M 7908RR and BRS
levels often coincides with the increase in the weight %f62 EMS were more suitable for bi(;fortification

dry mass of grain, concluding that, in great part, this
decrease may be derived from the “dilution effect” (Faqu"ACKNOWLEDGEMENTS
2005).
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