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Maize Variety Selection for Developing Breeding
Programs for Grain Yield under Water-Restricted
Conditions

ABSTRACT

This study sought to evaluate maize germplasm accessions from the Ifes Germplasm Bank
(Ifes BAG) and identify promising populations for breeding programs to increase yield under
water-restricted conditions. Twenty-one maize accessions were evaluated regarding
agronomic performance in a competition trial conducted in two locations: in the municipality of
Alegre and the municipality of Colatina, in Espirito Santo State, Brazil. Competition trials were
conducted under water-restricted conditions from the reproductive stage. A randomized block
design with five replicates was applied. Data obtained were subjected to analysis of variance
by the F Test and to multivariate clustering analysis according to the estimate of genetic
distance proposed by Mahalanobis. Genotype-environment interaction took place in such a
way that it was possible to identify promising genotypes for each specific environment. Maize
germplasm accessions from the Ifes BAG showed genetic variability identified from the
phenotypic variability observed, indicating the possibility of developing genetic breeding
programs for crops under water restriction from these populations. Among the germplasm
accessions from the Ifes BAG, four have been identified as promising for breeding programs
with the goal of increasing grain yield under water-restricted conditions in tropical climate
regions.
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1. INTRODUCTION

Brazil has an average yield of 5.4 ha” of maize, being the third largest producer and exporter of
the grain worldwide. When compared to the average yield of other countries, and considering
Brazilian soil and climate conditions, the country has a high potential to increase yield. The
southeast is one of the regions with the lowest yield, and the states of Espirito Santo and Rio de
Janeiro are the ones with the lowest yield [1].

Factors responsible for this include low levels of technology used in family farming and few
maize cultivars specifically developed for the region for sale in commerce. As a result, farmers
are more likely to yield on a smaller scale. As a result, farmers are more likely to yield on a
smaller scale. In addition to the lack of crop technification, the southeast region of Brazil has
suffered a deficit and erratic rainfall over the last years. As an example, there was a deficiency
of around 50 percent of rainfall volume regarding the historical average in the state of Espirito
Santo between 2013 and 2015 [2].

As a consequence of the negative effects of climate variability on maize yield, the dependence
of family farmers on commercial cultivars has been increasing. As most of the commercial
cultivars available were developed for the mid-west region of the country, they were not widely
adapted for cultivation in the southeast region, which represents a risk to the food sovereignty of
farmers in this last region [3].



Considering this scenario, the need to increase technologies for maize cultivation is evident,
especially the ones that enable greater yield guarantee under conditions of biotic and abiotic
stress. Within this scenario, the development of breeding populations can strengthen the seed
market in the country and thereby foster development in Brazilian agriculture in relation to maize
yield.

By observing the challenges experienced by family farmers in the southeast region and being
aware of the potential for maize yield in the state of Espirito Santo, the Instituto Federal do
Espirito Santo — Ifes, since 2014, has been structuring its Active Germplasm Bank (Ifes BAG)
and investing in the development of maize breeding programs for the region. Researchers from
Ifes have been working since then in collaboration with small farmers and public institutions
aiming at identifying genetic materials with the potential to develop cultivars adapted to the soil
and climate conditions of the southeast region. However, no work has yet been implemented
under conditions of water restriction so as to identify the presence or not of promising
genotypes for the development of more adapted cultivars. The identification of more adapted
genotypes is of importance not only at a local level but also at a global scale due to the
possibility of germplasm exchange between banks.

This study was intended to evaluate the performance of maize genotypes from the Ifes BAG in
crops under water restriction with a view to identifying promising genotypes, which can be used
in the development of genetic breeding programs.

2. MATERIAL AND METHODS

A competition trial was carried out to evaluate 21 maize genotypes in two contrasting
environments in the state of Espirito Santo, Brazil. The first was conducted in the municipality of
Alegre, in the experimental field of Ifes Campus Alegre, located in the south region of the state
(20°45'50" S; 41°28'25" W; 150 m); the second was executed in the city of Colatina, in the
experimental field of Ifes Campus Itapina, located in the north of Espirito Santo (19° 32' 22' S;
40° 37' 50' W, 71m).

According to Kéeppen classification, the climate in Alegre is Cwa type, with two well-defined
seasons: cold and dry winter and hot and humid summer; the average annual temperature is
around 23 °C and the average annual precipitation is approximately 1,300 mm [4]. On the other
hand, the climate in Colatina, in accordance with Kéeppen classification, is defined as "Aw",
with an average annual precipitation of 900 mm and an average annual temperature of 25 °C
[5]. The region is known for its irregular rainfall and high temperatures. It is observed that the
contrast between the above environments is 400 mm of rainfall on average.

The experiment for competition trial among 21 maize genotypes was conducted during the
2016/2017 harvest from November 2016 to April 2017.

A total of 21 common maize genotypes were evaluated, of which 20 correspond to open-
pollinated populations, which were components of the work collection of the Ifes BAG (Table 1).
‘Biomatrix 2B655PW’, a commercial cultivar used as a control, was also evaluated, as this
genotype is indicated as tolerant to water stress with good adaptability to climatic conditions in
the region.

Planting areas were previously prepared by plowing and harrowing of soil. Planting density was
10 seeds linear meter”', with deposition of two seeds every 0.20 m.

A thinning was carried out 15 days after planting to ensure the development of only five linear
meter” plants. Thus, the experimental unit consisted of a 25-plant row with 0.20 m x 1.0 m
spacing, which represents a density of 50,000-plant ha™. There were applied 100 kg of nitrogen
ha”, 80 kg of P,Os ha”, and 100 kg of K,O ha™, distributed between planting and two top-
dressing fertilizations, according to the standard technical recommendation adopted by the
maize producers of the region [6].

Table 1. Description of maize accessions that are a part of the work collection of the Ifes
maize breeding program and their respective places of origin.

Accessions Origin (farmer/institution)

Alianga Embrapa/Muqui — ES (Nélio Souza/ Fazenda Alianga
Alto Ribeirdo Conceigao de Castelo — ES (Corrego Ribeirdo do Meio)
Asa Branca Populagéo de polinizagéo aberta

Caparad Branco Pedra Menina - ES (Manoel Protazio)



Cimmyt11 Universidade Estadual do Norte Fluminense

Cimmyt14 Universidade Estadual do Norte Fluminense
Diamantina Embrapa Milho e Sorgo
Emcapa 203 Incaper
ES 001 Laranja da Terra — ES
Incaper 203 Incaper
MA 008 Embrapa Milho e Sorgo
Milho Gordura Muniz Freire — ES
Padrinho Mugqui — ES (Renato Bettero/Fazenda Fortaleza)
Palha Roxa Muniz Freire — ES
Palha Roxa Caparad Dores do Rio Preto — ES (Manoel Protazio/C. Forquilha do Rio)
Perim Embrapa/Muqui — ES (Péricles Bettero/Fazenda Cupido)
Piran&do11 Universidade Estadual do Norte Fluminense— RJ
Piran&do14 Universidade Estadual do Norte Fluminense— RJ
Pomerano Nova Venécia — ES (Comunidade Pomerana de Nova Venécia).
Sertanejo Embrapa Milho e Sorgo

Meteorological data referring to the cultivation period (Figure 1) were collected by automatic
meteorological stations of the National Institute of Meteorology. Data recorded by stations A617
and A534, located in the municipalities of Alegre and Colatina, respectively, were accessed.
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Figure 1. Climatic conditions in the municipalities of Alegre and Colatina, ES, during the
2016/2017 harvest, for maize cultivation.

The requirements of a maize crop for optimal development are temperatures between 15 °C
and 30 °C and an accumulated water depth of at least 600 mm well distributed throughout the
crop cycle [7]. It was observed that climatic conditions, during the field competition trial, in both
environments, were not ideally suited for maize cultivation, mainly for high temperatures and
low and uneven precipitation throughout the period, a typical phenomenon in the past few
years.

The maximum daily temperature varied between 22°C and 37°C, approximately, in both
environments In Colatina, however, a greater number of days with temperatures above the



optimal development range were seen in the initial growth phase of plants, while in Alegre, the
average daily temperatures remained above the optimal development range during the entire
experimental period [8]. Temperature is one of the abiotic factors that directly affects
germination and development of maize plants, mainly influencing their grain yield and nutritional
quality [9].

Accumulated water depth was 850.6 mm, in Alegre, and 259.4 mm, in Colatina, during the
competition trial. Even though rainfall in Alegre was above crop requirements, it was found to be
irregular during the whole period. Rainfall was scarce in both environments during the most
critical period for the crop, or rather, from flowering to grain filling [10].

Irrigation was performed with a six-hour weekly irrigation frequency, from planting to the
beginning of the reproductive stage of maize, called R1, characterized by the emission of the
tassel (male reproductive organ). Once this stage was started, irrigation was stopped, and it
was only used as a supplementary measure to ensure minimum yield.

This methodology has been used to conduct experiments aimed at evaluating maize genotypes
under water stress in other works [11,12]. The justification for the effectiveness of the method is
because, in terms of water demand, the reproductive and grain filling stages are the most
critical for grain yield of maize.

Fourteen morpho-agronomic descriptors classified by the International Board of Plant Genetic
Resources (IBPGR) were evaluated, namely, days for flowering (DF); plant height (PH); ear
height (EH); number of plants at the stand (NPS); number of broken plants (NBrP); number of
bedded plants (NBeP); number of ears yielded in the plot (NEP); sick ears (SE); ears attacked
by pests (EP); weight of unhusked ears (WHE); grain weight (GW); weight of 100 healthy grains
(W100HG); prolificacy, corresponding to the number of ears per plant (PRO); and vyield (YIE):
estimated yield of 1ha, considering 50.000 plants ha™".

Data collected were tabulated in spreadsheets and submitted to analysis of variance (ANOVA)
by the F test (p<.01), followed by clustering of means by the Scott-Knott test (p>.01). The
genetic distance between the accessions was calculated by Mahalanobis distance, and from the
distance matrix, the genotypes were grouped following the neighbor-joining method of
Unweighted Pair Group Method with Arithmetic Mean (UPGMA). Analyses were performed
separately for each environment because, in a previous analysis of variance, an interaction
between genotypes and environment was detected. The Genes software carried out statistical
analyses [13].

3. RESULTS AND DISCUSSION

Differences between environments, carried out in previous tests, revealed the interaction of
genotypes with the environment. Given the existence of this interaction, subsequent analyses
for each environment were carried out separately, enabling identifying the populations with the
best performance for each of the traits in each of the environments.

Analysis of variance indicated significant differences among genotypes for 12 descriptors
evaluated in Alegre and 11 descriptors evaluated in Colatina (Table 2).

Variations about the overall mean, expressed by the coefficient of variations, can be considered
as medians for plant and ear height descriptors, and high or very high for the other traits [14].
These coefficients indicate that there are high variations among the evaluated genotypes, which
is of relevant importance for the beginning of improvement programs, considering that it is only

possible to select superior genotypes and genetic gains when there is genetic variability [15].
Mean square values (MS) of the residue were important for the traits analyzed, which shows
there were high variations between replicates. These variations cannot be regarded as error or
improper experimental conduction, since the genotype effect was greater than the random
effects, reflecting significant differences in the F test. It should be noted, however, that most of
the random effects expressed in the residue may be due to the genetic nature of the material,
since, as these are open-pollinated populations, a greater intrapopulation heterogeneity is
expected. This intrapopulation variability indicates the potential to work with these populations in
breeding programs aimed at greater intrapopulation homogeneity, which contributes to gains in
traits of interest. Classic methods, such as mass selection, stratified mass selection, and
recurrent intrapopulation selection, have been used in order to obtain gains in open-pollinated
populations.



Table 2. Results of the analysis of variance among 21 maize accessions from the
collection of work of the Ifes BAG cultivated under water stress in two environments, in
relation to 14 morpho-agronomic descriptors evaluated: days for flowering (DF), plant
height (PH), ear height (EH), number of plants (NP), number of bedded plants (NBeP),
broken plants (NBrP), number of ears (NE), sick ears (SE), ears attacked by pests (EP),
ear weight (EW), grain weight (GW), weight of 100 healthy grains (W100HG), prolificacy
(PRO); and yield (YIE).

Descriptor Alegre-ES
MS Bloco MS Trat. MS Res. VC (%)
DF 13,18 51,28 ** 4,44 3,27
PH 1844,69 2032,50 ** 262,34 8,57
EH 266,73 1865,28 ** 85,57 8,31
NP 3,59 23,09 ** 6,83 21,90
NBeP 6,55 2,86 ns 1,89 111,81
NBrP 77,40 32,58 ** 12,72 86,08
NE 129,68 58,77 ** 20,00 20,80
SE 11,62 28,15 ** 10,40 32,84
EP 29,23 24,73 ns 21,85 32,35
EW 1156951,55 261551,55 ** 59673,66 39,21
GW 3097280,95 625702,57 ** 141204,95 35,64
W100HG 63,27 42,57 ** 12,84 13,73
PRO 0,26 012 ** 0,03 19,72
YIE 4627804,04 1046206,20 **  238546,64 39,21
Descriptor Colatina-ES
MS Bloco MS Trat. MS Res. VC (%)
DF 4,70 40,49 ** 3,22 2,97
PH 2628,56 4106,46 ** 477,66 8,66
EH 2014,06 4159,16 ** 2014,33 9,12
NP 15,25 9,28 ** 3,44 13,93
NBeP 0,40 1,07 ns 7,15 177,54
NBrP 5,68 2,44 ns 2,12 154,65
NE 24,89 50,58 ** 18,17 28,03
SE 7,82 4,08 ns 5,76 105,96
EP 35,55 81,15 ** 42,45 59,03
EW 317802,06 635529,71 ** 131199,51 33,01
GW 344690,54 874672,40 **  214910,31 34,14
W100HG 18,37 41,43 ** 14,48 14,21
PRO 0,28 0,15 ** 0,09 27,35
YIE 1271206,94 2542118,96 **  524798,02 33,01

** jt indicates the presence of significant differences among treatments at a significance level of 1 percent
probability (p<.01). ns = not significant.

Comparison of means among genotypes presented variations of about ten days for the
beginning of flowering (DF), ranging from 60 to 70 days, in Alegre, and from 53 to 63 days in
Colatina (Table 3 and Table 4). The later flowering occurred in the genotypes Milho Gordura
and Caparad Branco, in Alegre, and the genotype Cimmyt 11, in Colatina. Flowering in fewer
days, in Colatina, can be a result of temperature effect, since, in such an environment, the
average daily temperature remained above the ideal range also during the initial period of plant
development.

In their evaluation of 4,500 maize genotypes in 13 different locations, Navarro et al. [16]
confirmed that the flowering date, a trait determined by different genes, is one of the main
characteristics for adapting maize plants to different environments. Information on the flowering
date of genotypes is of relevance for crosses along the steps of a breeding program and can be
used by breeders when conducting such populations in the future.



Table 3. Comparison of means among maize genotypes from the Ifes BAG for days for flowering (DF), plant height (PH), ear height (EH), number of
plants (NP), number of bedded plants (NBeP), broken plants (NBrP), number of ears (NE), sick ears (SE), ears attacked by pests (EP), ear weight

(EW), grain weight (GW), weight of 100 healthy grains (W100HG), prolificacy (PRO); and yield (YIE) descriptors in Alegre.

DF PH EH NP NBeP NBrP NE SE EP EW GW W100HG PRO YIE
Accessions
Alegre-ES
Alianga 63c 1954a 109,8c 222a 0,4 5,6 a 22 a 92b 144 14140a 837,0a 289a 1,0b 1674 a
Alto Ribeirao 64c 1946a 1218b 246a 1,0 20b 22 a 90b 13,0  898,0b 518,0b 249b 09b 1036 b
Asa Branca 60c 1634b 87,0d 234a 1,2 7.6 a 25a 126a 17,2 1136,0b 674,0a 249b 1,1a 1348 a
‘Biomatrix 2B655PW 60c 1586b 948d 226a 0,8 3,8b 21a 3,6b 13,0 1462,0a 932,0a 26,7 a 09b 1864 a
Caparad Branco 70a 2212a 1402a 246a 1,4 20b 19b 13,0a 144 6420b 344,0b 29,0 a 0,8b 688 b
Cimmyt11 67b 1722b 924d 16,4b 0,2 10,2 a 15b 74b 10,6 404,0b 197,0b 19,6 b 09b 394 a
Cimmyt14 66b 1586b 880d 21,8a 3,4 32b 22 a 10,4a 16,8 824,0b 449,0 b 23,3b 1,0b 898 a
Diamantina 62c 1982a 109,0c 236a 1,2 32b 25a 10,8a 152 1596,0a 968,0a 271a 1,1a 1936 a
Emcapa 203 61c 1788b 89,0d 194b 1,4 70a 22 a 8,8b 14,6 1030,0b 632,8a 236b 1,2a 1265 a
ES 001 60c 1582b 90,6d 198D 1,0 4,8 a 19b 10,6a 13,0 666,0b 395,0b 209b 1,0b 790 a
Incaper 203 60c 176,2b 1028c 184D 1,2 46 a 23 a 76b 14,0 1040,0b 648,0a 245b 1,3a 1296 b
MA 008 65b 2148a 140,0a 226a 0,4 6,0 a 22 a 10,0a 154 964,0b 642,0 a 249b 1,0b 1284 a
Milho Gordura 70a 2064a 1418a 22,0a 0,4 10b 15b 11,4a 134 5420b 2450b 246 b 0,7b 490 b
Padrinho 63c 2140a 120,8b 234a 0,2 10b 23 a 10,6a 126 1352,0a 802,0a 28,7 a 1,0b 1604 a
Palha Roxa 66b 1926a 1194b 24,8a 1,6 14b 24 a 9,8a 13,4 14720a 848,0a 31,3a 09b 1696 a
Palha Roxa Capara6 65b 197,8a 109,2c 23,6a 1,0 1,2b 26 a 94b 13,6 1628,0a 980,0a 28,4 a 1,1a 1960 a
Perim 66b 2032b 1228b 19,8b 1,6 40b 17 b 72Db 11,4 9920b 610,0 a 28,1a 0,8b 1220 a
Pirando11 66b 1852b 1046c 216a 2,0 58a 26 a 142a 20,8 802,0b 4450b 26,6 a 1,2a 890 b
Pirando14 68a 1848b 113,0c 21,4a 2,2 22b 27 a 126a 17,0 13740a 781,0a 28,3 a 1,2a 1562 a
Pomerano 67b 218,0a 148,0a 222a 1,8 28b 17b 10,2a 152 826,0b 484.0b 29,0 a 0,8b 968 b
Sertanejo 62c 1788b 93,8d 218a 1,4 7.6 a 22 a 78b 144 1076,0b 645,0a 243 b 1,1a 1290 a




Table 4. Comparison of means among maize genotypes from the Ifes BAG for days for flowering (DF), plant height (PH), ear height (EH), number of
plants (NP), number of bedded plants (NBeP), broken plants (NBrP), number of ears (NE), sick ears (SE), ears attacked by pests (EP), ear weight
(EW), grain weight (GW), weight of 100 healthy grains (W100HG), prolificacy (PRO); and yield (YIE) descriptors in Colatina, ES.

] DF PH EH NP NBeP NBrP NE SE EP EW GW W100HG YIE
Accessions )
Colatina, ES
Alianga 62a 266,0b 160,1b 250a 0,0b 1,4 26,4 a 6,0 15,0 1864,0a 1457,0a 27,8 a 1,1 2934 a
Alto Ribeirao 62a 263,3b 1722a 250a 0,2b 0,8 27,6 a 4,6 18,2 11750b 956,0b 21,8b 1,2 1912 b
Asa Branca 60a 2142d 1243c 236a 02b 1,8 23,6 a 2,8 18,0 1634,0a 1337,0a 29,4 a 1,1 2674 a
‘Biomatrix 2B655PW 58b 209,9d 119,8c 250a 0,0b 0,0 25,0 a 2,6 16,2 2083,0a 17510a 29,7 a 1.1 3502 a
Caparad Branco 62a 289,7a 203,7a 198b 1,0a 0,8 19,8 b 3,4 11,2 11110b 8620b 28,3 a 0,9 1724 b
Cimmyt11 63a 2229d 1450b 250a 0,0b 1,4 25,0 a 6,8 16,4 11550b 799,0b 225b 1,2 1598 b
Cimmyt14 57b 2214d 1335c 250a 0.2b 0,6 28,0 a 1,2 27,2 1280,0b 1010,0b 239b 1,2 2020 b
Diamantina 62a 2498c 159,1b 204b 0,2b 2,8 20,4 b 1,6 16,0 1525,0a 1203,0a 289a 0,9 2406 a
Emcapa 203 60a 237,2c 1334c 180b 04b 0,8 18,0 b 2,2 9,0 972,0b 1011,0a 28,7 a 1,0 1822 b
ES 001 53¢ 203,5d 123,3c 202b 02b 1,4 20,2b 3,8 20,2 757,0b 539,0c¢c 26,9 a 1,0 1078 ¢
Incaper 203 62a 2484c 1394c 248a 0,6Db 1,6 26,2 a 3,4 26,2 1397,0a 1091,0a 259b 1,2 2182 a
MA 008 62a 300,2a 202,3a 250a 0,8a 52 26,6 a 3,2 17,6 1293,0b 1119,0a 21.2b 1,2 2238 a
Milho Gordura 62a 2589b 1984a 10,0b 0,8a 1,8 10,0 b 4.8 3,6 413,0b 290,0 c 26,3 b 0,7 580 ¢
Padrinho 61a 256,5b 163,7b 250a 14a 2,0 274 a 3,6 19,8 2087,0a 17158a 29,8 a 1,2 3431 a
Palha Roxa 62a 5512b 158,0b 222b 0,2b 1,2 22,2 b 4,6 17,2 1569,0a 1266,0a 30,3 a 0,9 2532 a
Palha Roxa Capara6 62a 273,3b 1883a 250a 0,2b 0,0 25,8 a 2,8 25,8 10740b 880,0b 256 b 1,2 1760 b
Perim 62a 2912a 184,0a 218b 0,6Db 0,6 21,8b 3,2 16,2 1648,0a 1326,0a 279 a 1,2 2652 a
Pirando11 62a 2448c 1540b 250a 0,2b 2,2 32,8a 3,2 29,2 15120b 1218,0a 25,6 b 1,5 2436 a
Pirando14 56b 2374c 1470b 250a 14a 2,6 29,8 a 4.8 11,4 1595,0a 1328,0a 26,9 a 1,3 2656 a
Pomerano 62a 302,7a 216,0a 174b 1,2a 2,4 17,4 b 3,0 11,4 7950b 664,0 c 23,7b 0,9 1328 ¢
Sertanejo 55¢ 2485c¢ 140,1c 236a 00D 2,0 23,6 a 5,0 174 14410a 1168,0a 31,5a 1,0 2336 a

Means followed by the same letter do not differ significantly from each other by Scott-Knott test at a significance level of 1 percent probability (p<.01).



Plant height (PH) ranged from 158.2 cm (ES 001) to 221.2 cm (Caparad Branco), in Alegre, and
from 203.5 cm (ES 001) to 302.7 cm (Pomerano) in Colatina. Alvarez et al. [17] found plant
height values, close to 3.0 m, by evaluating genotypes of maize with white-colored pericarp in
the municipality of Dores do Rio Preto, collection site of the Caparad Branco accession, which
also has the white-colored pericarp. In Alegre, the accession group with smaller plant sizes
gathered the Pirando 14; Cimmyt 14; Cimmyt 11; Perim; Sertanejo; ES 001; Asa Branca;
Pirando 11; Emcapa 203; and Incaper 203 genotypes, and the control genotype: cv. Biomatrix
2B655PW.

In Colatina, the group with the smallest plant size was composed of the Cimmyt 14, Cimmyt 11,
ES 001, Asa Branca, and Biomatrix 2B655PW genotypes. In both environments, the Cimmyt
and Pirando populations reported lower plant height values. It can be explained because these
genotypes are considered carriers of the brachytic gene, which gives a smaller size to the
plants [18].

Smaller plants are preferred because they have less space between nodes and lower ear
heights, favoring the balance of the plant over the center of gravity, reducing possible losses by
bedding or breaking plants [19]. In this way, these smaller genotypes can be used to reduce the
size of plants in cultivars, of which the size favors bedding or breaking of the plants. The
commercial cultivar evaluated as a control, for example, displayed reduced values for PH, BeP,
and BrP in both environments, which is a desirable outcome for commercial material.

There was a tendency for plants to grow larger and later in the genotypes of white pericarp
maize (Caparad Branco, Pomerano, and Milho Gordura).

The number of plants at the stand during the harvest (NP) was lower for the Cimmyt 11, Perim,
ES 001, Emcapa 203, and Incaper 203 genotypes, in the environmental conditions of Alegre,
and for the Perim, Diamantina, Milho Gordura, Pomerano, Caparadé Branco, Palha Roxa, ES
001, and Emcapa 203 genotypes, in the environmental conditions of Colatina. The accessions
with pericarp grains with lighter coloration, such as Caparaé Branco, Milho Gordura, and
Pomerano, in both environments, were those that had the lowest stand as a result of the higher
number of broken and bedded plants. It should be noted that these genotypes were also those
with the highest values for PH, therefore more susceptible to breaking and bedding. In a study
with maize germplasm, Deng et al. [20] also stated that lighter seeds, when under unfavorable
environmental conditions, have a tendency to express less control of the actions of oxidizing
substances, in such a way that the germination and initial development of the plant are
hampered, generating plants more susceptible to breaking and bedding.

Studies with white corn are at an early stage in Brazil, but the cultivation of this variety of maize
is seen as promising for its acceptance on the market in a number of locations all over the
country [17]. Furthermore, genetic diversity and the potential of white corn for future breeding
programs strengthen the importance of conserving, characterizing, and evaluating these
materials [21]. Hence, even though these populations have not shown superior agronomic
performance when cultivated under water deficit, the conservation of this germplasm for the
development of breeding programs should be of interest to germplasm banks in the future.

The incidence of diseases (IDi) was quite higher in Alegre, with ranges from 4 (Biomatrix
2B655PW) to 14 ears (Pirando 11). In Colatina, a range of 1 (Cimmyt 14) to 7 ears (Cimmyt 11)
was achieved with no relevant differences among the genotypes. Pest attack (EP) was relatively
high in both environments, from 11 (Perim) to 21 ears (Pirando 11), in Alegre, and between 4
(Milho Gordura) and 29 ears (Pirando 11) in Colatina.

Pest attacks on the ears originated mainly from corn earworms (Helicoverpa zea, Boddie,
1850), known for causing high losses to maize yields [22]. Methods in parallel for the selection
of genotypes less susceptible to pests should be implemented at all stages of breeding of those
populations.

Regarding GW, the following genotypes were highlighted: Palha Roxa Caparad, Diamantina,
Alianga, Palha Roxa, and Biomatrix 2B655PW, which produced grain mass of about 1 kg per
plot in the environmental conditions of Alegre. In Colatina, the Padrinho, Alianga, Diamantina,
Asa Branca, and Biomatrix 2B655PW genotypes stood out in relation to GW.

With regard to the W100HG, in Alegre, the Pirando 14, Padrinho, Perim, Alianga, Pomerano,
Caparad Branco varieties, and, mainly, the Palha Roxa genotype were predominant, and, in
Colatina, the Pirando 14, Padrinho, Sertanejo, Diamantina, Asa Branca, Emcapa 203, and
Palha Roxa varieties were the most outstanding for this trait. W100HG displays the mean grain
mass, a direct result of the capacity of plants to incorporate dry matter. As such, genotypes with
greater capacity to add weight to seeds in abiotic stress are preferred as the nutritive potential
of grains is directly related to this capacity provided by the plant.



Values for PRO did not surpass 1.5, which showed the water deficit possibly hindered the
development of ears in both environments evaluated. Prolificacy is one of the important traits for
decision making in breeding programs with allogamous crops. In maize, for example, obtaining
half-sib and full-sib families, along with pure seeds from the parents within the same generation,
important steps in many maize breeding methods, can be more efficient in populations with a
yield of at least two ears per plant [23]. It should be considered the PRO trait as a criterion for
progeny selection in future generations throughout the stages of breeding.

Biomatrix 2B655PW genotype remained among the highest value cluster for YIE in both
environments, with emphasis also on the same varieties for GW. Such correlation among
variables is expected due to the YIE being estimated based on GW values. Machado et al. [24]
investigated the agronomic performance of the Alianga genotype under regular water conditions
in 2007 and 2008, in the municipality of Muqui, approximately 40 km away from the municipal|1y
of Alegre, and detected differences for YIE, with variations between 4600 and 9650 kg ha
When comparing the YIE obtained by the Alianga genotype in this study (1600 to 2900 kg ha™ ),
it can be seen to what extent YIE can be affected by water-restricted conditions.

It is worth emphasizing that, even though affected by water-restricted conditions in Colatlna the
Padrinho and Alianca varieties achieved YIE above the state average, which is 2900 kg ha™ [1].
Alianga genotype is one of the recommended traditional varieties for the south of Espirito Santo
state, being the result of a participatory breeding program developed in the municipality of
Muqui [24].

The genotype grouping, according to all descriptors examined, enabled their better distinction
and helped in the decision making regarding the most promising genotypes for the development
of breeding programs (Figure 2).

Four clusters were distinguished in the trial conducted in Alegre; cluster | brought together ten
varieties, which can still be separated into two sub-clusters. The first sub-cluster (SC |) gathered
the Diamantina, Palha Roxa Caparad, Palha Roxa, Padrinho, and Alianga varieties, which
displayed high YIE (Figure 2A).

SC I, genotypes tested in Alegre, presented approx:mately 63 DF, PH around 2.00 m, with high
values for NPS, and mean YIE around 1780 kg ha"'. The second sub-cluster (SC Il) was
composed of the Pomerano, Caparad Branco, Perim, MA 008, and Alto Ribeirdo genotypes,
WhICh were less prolific than the genotypes of the first sub-cluster and with YIE mean of 1040 kg
ha' .Cimmyt 11 and Milho Gordura genotypes were isolated in different clusters, clusters Ill and
IV, respectively, and Cimmyt 11 was the one that showed higher NBrP, GW, and YIE. Milho
Gordura was the population that showed later flowering and lower values for YIE.

Genotypes were clustered into five clusters in Colatina (Figure 2B), different ones from those in
Alegre, a clear result of the existence of genotype x environment interaction. In Colatina, cluster
| brought together 12 genotypes, also distinct, into two sub-clusters. The first sub-cluster (SC 1)
gathered the Pirando 11, Incaper 203, Cimmyt 14, Cimmyt 11, Alto Ribeirdo, and Palha Roxa
Caparad genotypes, obtaining higher values for NEP and intermediate values for EW, GW, and
YIE.

The second sub-cluster (SC Il) brought together the Asa Branca, Biomatrix 2B655PW, Alianga,
Sertanejo, Diamantina, and Palha Roxa genotypes, from which the highest values for YIE and
intermediate values for PRO were obtained. Cluster Il assembled the Pirando 14 and Padrinho
populations, obtaining the highest PRO and YIE values.

Cluster Il gathered the MA 008, Perim, Emcapa 203, Pomerano, and Caparadé Branco
genotypes, of which similar values were found for PH, NPS, WHE, and low YIE values. The ES
001 and Milho Gordura genotypes were isolated and formed clusters IV and V, respectively.
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Figure 2. Similarity dendrogram among maize accessions cultivated under water deficit

in the municipality of Alegre-ES, according to 14 morpho-agronomic markers.

Different clustering formations in the same environment and the difference in the cluster
structure in the environments showed a genetic divergence among the evaluated populations,
thereby strengthening the relevance of developing studies in various environments so as to

research the most adapted genetic clusters for each environment.

Such work is expected to be used as a source of information for further development of genetic
breeding programs, with a view to promoting an increase in the technological level of
agriculture, contributing to agricultural development and reducing risks to the food sovereignty

of family farmers involved in maize yield.



4. CONCLUSION

Padrinho, Pirando 14, Alianca, and Palha Roxa populations, managed by Ifes BAG, are
germplasm accessions of interest for the development of maize breeding programs with the
purpose of increasing grain yield for crops under water-restricted conditions in tropical climate
regions.
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