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ABSTRACT - The maize genebank (GBmaize) preserves nearly 4,000 accessions for conservation and use. The use is
however restricted because the accessions do not performaswell asthe elite genotypes. This problem can be reduced by pre-
breeding, i.e., by extending the information on germplasm and introgressing useful alleles. Sinceirregular rainfall distribution
and drought induce maize yield losses, drought tolerance is a main breeding target. In this study, the GBmaize accessions
wer e evaluated for drought tolerance. Environmental factors, genotypes and the respective interactions influence the phenotypic
expression. There was however no interaction genotype - irrigation level, so no accessions with different performance under
the two water regimes could beidentified. The performance of the foll owing accessions was promising for a number of traits:

SP154, BA166, MG099, CE002, SE025, BA154, BA194, BA085, MGO076, PRO53, Roxo Macapa, SE016, and ALO18.
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INTRODUCTION

Genebanksaim to maintain the genetic diversity and
are sources of genetic variability for research. The maize
genebank (GBmaize) of Brazil preserves nearly 4000
accessions from national collections, breeding programs
and of exotic varieties. The maintenance of the GBmaize
involves severd activities, including agronomic evaluations
(Teixeiraet al. 2005). Core collections are representative
germplasm samples preserved to maintain the genetic
variability with a minimum of repetitiveness. Their main
advantage is the fast evaluation and revaluation of the
germplasm. The maize core collection in Brazil was
established in 1997 using the maize collection maintained
at Embrapa Maize and Sorghum and Embrapa Genetic
Resourcesand Biotechnol ogy, which at the time comprised

2280 accessions. This collection contains 300 accessions
andwaspreliminarily classified into four strata: landraces,
compounds derived from landraces, improved genotypes
and introductions. The landrace stratum was divided into
27 groups, according to the geographical originand grain
type. The groups improved genotypes and introductions
arefurther subdivided (Abadieet al. 2000.)

Despite their importance, breeding programs made
little use of the genebanks. Only 14% of the maize breeders
regularly use genebanks and one of the reasons is the
scarceamount of dataon the collections. Besides, especialy
in the case of maize, breeders have established work
collectionswith exceptional performance, discouraging the
search for variation in the GBmaize genotypes (Nass and
Paterniani 2000). This situation leads to the gap between
the areas of genetic resources and breeding, which
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consequently prevents the genetic diversity preserved in
BGmilho from reaching the elite collection of the breeder
and the producer. Pre-breeding involvestheidentification
of special traits in genotypes considered unimproved and
theavailability of such genotypesto plant breeding ((Nass
and Paterniani 2000, Nasset al. 2007). Severa studieshave
been conducted to expand the knowledge about maize
germplasm (Teixeiraet d. 2002, MirandaFilho and Gorgulho
2003). However, theuse of GBmaizeisstill limited, because
according to Nassand Paterniani (2000), the performance
of the genotypes used in breeding programs is already
much better than of those of the GBmaize, which makes
the elite collectionsfar more attractive for breeding.

Among the environmental stressesthat lead toyield
losses, drought causes most damage in temperate regions,
although the detrimental effects of water stress are more
pronounced in tropical or subtropical regions than in
temperate climates (Ramaho et a. 2009). Irregular rainfall
distribution and drought lead to maize yield losses,
indicating drought tolerance asapriority for breeding. Due
to the great influence of drought on flowering, the gap
between male and female flowering is a variable used in
the selection of drought-tolerant genotypes (Bruce et al.
2002).

The aim of this study was to eval uate accessions of
maize core collection for drought-tolerance deficit aiming
at the use in breeding programs.

MATERIAL AND METHODS

Accessions of the stratum of autochthonous varieties
(subgroups Caatinga and Cerrado) of the core collection
weretested and elite genotypes and commercial cultivars
used as controls. These genotypes were divided into two
groups. test 1 (T1) and test 2 (T2), according to the number
of daystoflowering, determined inapreliminary assessment,
to facilitate the irrigation management. T1 comprised the
earlier accessions and T2, the later. Below is the list of
accessions in each test:

Accessionsin T1: SP181, SP154, BA 166 and MG099
of the Cerrado group with semident grain, BA178 and
BA083in the Cerrado group with semi-flint grain; SP015
Cerradogroupwithflint gran BA019, PB010, PEO11, BA028,
MGO060, CE002, SE025, BA154,AL001, BA194, and PB003
of the Caatingagroup, with semident grain, BA0O03, BA061
and SE014 Caatingagroup semi-flint grain; PEOO2 Caatinga
group with flint grain, and Synthetic Elite Flint (SEF),
Drought-tolerant Synthetics (STS) and Sertanejo as
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controls. Accessions in T2: MG090, MS043, SP019,
M S007, SP036, BA085, MG076, PR053, Roxo de Macap,
MS030, MT009, and PRO50 of the Cerrado group with
semident grain; M S019 and M G010 of the Cerrado group
with semi-flint grain; SP145 Cerrado group withflint grain,
RNO003, PE013, SE016 and AL 018 Caatingagroup, semident
grain; BA020 Caatingagroup, semi-flint grain, AL009 and
PB020 Caatinga group with flint grain, and BR106, SEF
and Synthetic Jaiba (SJ) as controls. It should be
mentioned that the controls STS and SJ are elite maize
genotypes of the Embrapa Maize and Sorghum breeding
program, which at some devel opment stage had undergone
selection for drought stress.

The following environmental factors were
considered: the locations (L) Janalba-M G and Teresina-
PI; years(A), planting in the dry season in 2005 and 2006,
and the irrigation regimes (1) with full water supply
throughout the cycle (no stress) or cutting of irrigationin
the pre-flowering period (under stress). At each location
and each year, experiments were implanted with two
irrigation regimes. In the tests without stress, sprinkler
irrigation was maintained throughout the cycle. In Janadba,
irrigation management was established as recommended
by Albuguerque (2007), based on soil and climatedata. In
Teresina, plantswereirrigated daily and theirrigation level
was estimated based on crop evapotranspiration of the
day before, according to the methodology proposed by
Andrade Janior et al. (1998). Inthe stresstests, irrigation
wasinterrupted/halted/ at the beginning of tasseling until
20 daysafter pollination. After thisperiod, irrigation was
resumed by returning the soil to predetermined field
capacity. The experimental design used in all evaluations
wasab x 5 triplelattice where plots consisted of two 5 m
rows, asowing density of five plants per meter and 0.90m
spacing. Statistical analyses were performed in each
location and combined analysis involving the factors
studied. According to the results of analysis, meanswere
compared using the Tukey test at 5% probability. The
broad-sense heritability (h?) was estimated for al traits
evaluated and the phenotypic correlation among these.

Thefollowing traitswere evaluated: number of days
to maleflowering (MF), number of daysto femaleflowering
(FF), both based on the number of days between seedling
emergence and flowering of 50% of the plantsin the plot;
interval (indays), between anthesisand silk interval (ASl),
plant height (PH) and ear height (EH), averaging the data
of 10 plants per plot (in cm); prolificacy (PROL) obtained
by the division between the total number of ears per plot
and the plot stand, and grainyield (GY) inton ha'l.
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RESULTSAND DISCUSSION

The overall means of the traits in each experiment
(Table 1) showed that the mean variation in GY in the
stressed | ocati ons was between 35.54% and 78.79% of the
unstressed treatments. Thus, irrigation suspension
induced GY reductions approaching 50%, as described by
Bruce et a. (2002), which is the value recommended for
evaluations of drought stress in maize. The mean ASl
between tests with and without water stress reached 6.85
daysin T1in Janallba, in 2005.

theanalysis variancefor MF, FFand ASI. Thisresult was
considered apreliminary indication of superiority of these
accessionsover others. One should bear in mind that none
of the controls flourished under severe water stress, as
imposed in 2005 in Janalba.

Estimates of phenotypic correlations indicated a
significant and high correlation between some traits. In
T1, the correlations between PH and EH, PH and GY, GY
and EH, and MF and FF estimates were high and positive,
whileGY andASI high and negative. In T2, thecorrelations

Table 1. General means estimated in the tests 1 and 2, in 2005 and 2006, in Janalba and Teresina under full irrigation (without drought
stress) and irrigation suspension in the pre-flowering period (water stress)

Janauba Teresina
Test 1
2005 2006 2005 2006

Trait ‘Water ‘Without Water Without Water Without Water Without

stress stress stress stress stress stress stress stress
PH 216.00 233.00 308.03 318.73 225.53 243.16 206.30 233.14
EH 144.33 147.13 190.18 187.41 142.87 151.73 135.25 150.30
PROL 0.2844 0.6316 0.8592 1.0143 0.5978 0.7649 0.7384 1.3460
GY 0.74 2.44 3.39 5.28 0.87 1.83 0.49 2.31
MF 65.93 65.89 61.44 60.56 53.85 53.00 54.19 52.96
FF 75.15 68.26 64.07 62.59 60.19 57.96 61.70 57.33
ASI 9.22 2.37 2.63 2.04 6.33 4.96 7.52 4.37

Janauba Teresina
Test 2
2005 2006 2005 2006

Trait Water Without Water Without Water Without Water Without

stress stress stress stress stress stress stress stress
PH 226.13 254.66 328.22 337.60 233.37 250.73 219.54 257.03
EH 151.73 157.60 207.61 206.47 147.65 165.51 147.33 169.31
PROL 0.3080 0.6613 0.7960 0.9495 0.6095 0.8300 0.9577 1.1368
GY 0.90 2.43 3.12 4.84 0.88 1.53 0.79 2.18
MF 68.33 68.44 64.56 63.11 57.11 52.11 55.89 53.22
FF 74.89 70.22 68.56 68.22 62.28 60.44 60.06 57.17
ASI 6.56 1.78 4.00 5.11 5.17 8.33 4.17 3.94

Itisworth noting that the water stressin T1 and T2
in Janalbawas very severe, leading to aconsiderable GY
reduction, longer ASI due to the delay in FF and not
reaching the flowering stage in some plots, i.e., in
some plots percentage of flowering plants did not reach
50 %. Therefore, the accessions were classified into two
groups: thefirst contai nsthe accessionsthat did not reach
flowering and the second, those that flowered all
locations. Only the accessions: SP154, BA166, M G099,
CE002, SE025,BA154, BA194, and BAO61, inT1and SEQ16,
ALO018, BA085, MG076, PR053, and Roxo de Macap4, in
T2 flowered under all conditions and were considered in
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between PH and EH, PH and GY were high and
positive. Among these results, the negative correlation
between ASI and GY should be emphasized, which
indicates a yield reduction with increasing ASI, in
agreement with the statement of Bruce et al. (2002),
indicating the use of ASI asvariable underlying selection
of drought-tolerant genotypes.

The presence of the effects of location, year and
water regime, aswell asmost of the respectiveinteractions
for most traits showed that the phenotypic expression for
different traits was influenced by these environmental
factors. Theeffect of genotypes affected most traits, except
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PROL inT1,and MF, FFandASI in T2, indicating that in
thelatter, the difference observed in ASI between locations
with and without water stress was not significant
(Table 1). Thedecomposition of the effects of genotypes
within and between the ecogeographic groups showed
differences between and within the groups Caatinga,
Cerrado, and controlsfor PH, EH, GY, MFand FFin T1,
and only withinthe Cerrado groupfor ASIl. InT2 however,
the effects were observed within and between groups for
PH, EH, PROL, and GY. Thedecomposition of the genotype
effect within and between grain type groups in the T1
showed differencesfor most of the decompositions except:
within the flint group for PH, EH, and GY, between the
groupsfor EH and FF and for ASI for any decomposition
factor. In T2, the effect of the decomposition of the
genotypefactor according to the grain type was significant
for all traits, except for PH within theflint and PROL within
the semiflint group.

Thecorecollection consists of accessionsrepresenting
thevariability of theentire collection with alimited number
of entries (Abadie et al. 2000). It was therefore expected
that the divergence between these accessions were
high. This expectation was confirmed in the differences
found between the genotypes and their
decompositions. However, thelimited number of accessions
used in each group must be taken into account, as
discussed in the following. In general, higher variability
has been reported within groups with flint than within
groups with dent grain in the core and base collections
(Abadieet al. 2000, Netto et al. 2004), but in this study the
variability within the dent group was more pronounced.
Thismay have been caused by the nature of the character,
since in most studies aimed at quantifying the genetic
divergence neutral characters are considered and in the
present study, we focused on agronomically relevant
traits. Another noteworthy factor isthat the mean squares
for the estimated effects between groups were higher, in
most cases, than those obtai ned within groups, which was
expected, mainly duetothegreat phenotypic divergence
between the groups formed by GBmaize accessions and
the control group, consisting of elite genotypes (Nass et
al. 2007, Teixeiraet al. 2007). Thisobservation showsthe
key function of actionsof pre-breeding to make GBmaize
accessions with valuable variability useful for breeding.

Theinteractions between genotype and environmental
factorswere present in somesituations. In T1 for GY, there
were interactions between locations and genotypes and
their decompositions within the Caatinga and semident
groups and between grain type and year groups and
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genotypes. In T2, there were interactions of genotypes
by years and the decompositions within the Cerrado,
Caatinga, semident and flint groups and between groups
of origin and grain type for PH. For EH, the same
interactions were present and also the interactions
locations by genotypes and of the decompositions within
Cerrado and flint groupsand between grain type groups. For
PROL in T2 interactions between | ocations and genotypes
and the decompositions within Cerrado and semident
groups were observed, the interaction between years and
genotypes and their decompositions within Cerrado,
semident and semiflint groups, and the triple interaction
location x year x genotype and their decompositionswithin
the groups Cerrado, Caatinga and semident and between
graintypegroups, for GY interactions|ocation x genotype
were observed and their decompositions within groups
Caatinga, control, semident, flint and between grain type
groups; genotype x year and the decompositions within
the groups Cerrado, control, semident, flint and between
groupsof geographical originand grain type; and thetriple
interaction genotype x location x year and the
decompositions within the groups Cerrado, semident, flint
and between groups of geographical origin.

No interaction of genotype - irrigation regime was
observed, as also reported by Silva et al. (2008), for any
charactersin the two tests at both locations in two years.
The presence of strong interactions between genotypes
and other environmental factors should be highlighted.
Much of the changesin phenotypic expression are possibly
differentiated responses to the environmental effects of
locationsand yearsand not to the water regime, principally
when taking the influence of the interactions genotype-
year and location-genotype into account, as reported in
several studies (Welcker et al. 2005, Terasawa Janior et al.
2008), aswell asthe great range of climatic conditionsin
Brazil (Paterniani 1990). The installation costs of
experimental evaluationswith and without drought stress
are high, since this assessment requires rigorous monitoring
of irrigation and the decision on the optimum time for
irrigation suspension. Moreover, the selection of
treatments to be included in this test type is restricted,
because genotypes with different cycles can not be
evaluated in parallel, since genotypes need to be in the
same development phase at the time of stress onset.
Regardless of the high costs, the main obstacle is that
these tests need to be conducted in the field in the dry
season, ie, not in the normal corn season, which can mask
the performance of these varieties due to the interactions
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estimated. The correspondence between the selection
performed in environmentswith and without drought stress
is considered controversial by Monneveux et al. (2006).
Evaluationsincluding tests with and without water stress
are very important for identifying genotypes more and
less affected by reduced water availability, in the case of
genotype-irrigation regime interaction. Genotypes with
coincident performance in the two conditions can also be
selected in these tests, both in the presence or absence of
interaction. The identification of genotypes with yields
less affected by environmental variations is a major
breeding target, whereas genotypes strongly influenced
by environmental variations are useful in studies on
physiological mechanisms related to stress tolerance.

The h? estimates obtained for the traits for which
significantly different results were obtained in the tests
were high, ranging from 53.46% for ASI to 94.10% for EH
in T1 and 79.76% for PROL to 93.61% for EH in T2,
indicating the possibility of successful phenotypic
selection for these traits in breeding programs.

Tables 2, 3 and 4 show the means and test meansfor
the traits evaluated in T1 and T2. For the traits with
genotype-year or genotype-location interaction, means
were tested based on the averages of each location and
year for GY, althoughin T1, only the assessments of 2006
were used to discriminate accessions for GY, sincein the
evaluations of 2005 thetreatmentsweresimilar for GY. In
T1 (Table 2), the group means showed that the accessions
with semi-flint and flint grain had similar performanceto
the controlsfor PH, and that the accessions of the groups
Cerrado, Caatinga, semident and semiflint and GY had
similar accessions as the group of controlsfor GY in
Janallbain 2006. In T2, despitethe significant differences
among genotypesfor PROL, the mean tests grouped most
accessionson thesamelevel for thistrait, which prevented
theidentification of outstanding genotypes(Table 3). Itis
also worth mentioning that in the GY evaluations in
Teresina, the genotypes did not differ in 2005 and that in
2006, none of the GBmaize accessions reached the same
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GY level as the control Sintético Jaiba (Table 4). The
comparison of the groups formed by the GBmaize
accessions and the control group showed that in the mean,
PH of the flint group was similar to that of the control
group. For GY in Janallbain 2005, the meansof the Caatinga
and semident group were similar to the controls.

Some considerations on the estimates of means are
appropriate; firstly, the majority of accessionsin the T1
and T2 have at least onetrait with asimilar mean to that of
the controls (improved genotypes). Along with the
presence of favorable characteristics, there are other
unfavorabletraits, which disqualifiesthese accessionsfor
the direct usein breeding. No GBmaize accessionswere
identified with better performance than the controls for
GY or other traits of agronomic performance. But no control
flourished under all conditions, while some accessions
did not only flourish at all locations, but also had high
GY and/or other favorable characters. Thus, the potential
for use in pre-breeding programs for the introduction of
useful variability sourcesinto elite germplasm was greatest
inthe accessions SP154, BA 166, M G099, CE002, SE025,
BA154, and BA194 of T1and BA085, MGO76, PRO53, Roxo
Macapd, SE016, and AL018 of T2, according totheprinciples
proposed by Nasset al. (2007).

It should also be highlighted that the means of the
accessions of the Caatinga and semident groups were
similar to the controlsfor some of thetraits. Thesefindings
must be interpreted with caution, since the superiority of
accessions from the Caatinga may possibly have been
caused by adaptation to the regionsin which the assessments
were conducted, which reinforces the planning of trials
onaregional basis. The superiority of the semident group
accessions on the other hand is possibly due to the fact
that the use of this grain type increased parallel to maize
improvement in Brazil (Sawazaki and Paterniani 2004,
Teixeiraet . 2007). Theseaccess onsmay have beenmodified
by agreater breeding effort and consequently have ahigher
GY.
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Table 2. Means and test of means of the combined evaluation of the treatments in test 1

Accession/ GY

Group PH EH MF FF ASI Janauba/05 Janauba/06 Teresina/05 Teresina/06
SP181 250.7BCDE" 153.8CDEF - - - 1.43A 4.15 BCDEFGH 1.48A 1.89AB
SP154 261.8ABCDE  171.9ABC 57.67B  63.92A 6.25A 1.80A 3.76 DEFGHI 0.99A 1.41AB
BA166 255.2BCDEF 164.0ABCDE 58.37B  62.67A 4.29AB 1.90A 4.92ABCDE 1.51A 2.00A
MG099 272.7ABC 178.2A 60.75A  65.25A 4.50AB 1.60A 4.50ABCDEFGH 1.29A 1.83AB
BA178 224.2 FGH 133.0GHI - - - 1.03A 4.07 BCDEFGH 1.34A 0.839AB
BA083 2934 A 173.0ABC 59.79AB 64.62A 4.83AB 2.07A 4.87ABCDEF 1.68A 1.52AB
SP015 248.9BCDEF 157.4BCDEF - - - 0.87A 3.59 EFGHI 1.41A 0.53 B
BAO19 224 9FGH 139.9FGH - - - 1.03A 3.43FGHI 1.42A 1.34AB
PBO10 236.5DEFGH  147.2EFGH - - - 1.86A 5.37ABC 1.30A 1.63AB
PEO11 259.6ABCDE  164.8ABCDE - - - 2.16A 5.51AB 1.49A 1.72AB
BA028 245.4BCDEFG 159.8ABCDEF - - - 1.43A 3.40GHI 0.75A 1.09AB
MG060 250.6BCDEF 159.7ABCDEF - - - 1.19A 4.02 DEFGH 0.95A 1.12AB
CE002 264.7ABCD 167.7ABCD 58.42B 63.87A 5.46AB 2.27A 4.90ABCDE 1.04A 1.45AB
SE025 257.1BCDEF 173.0ABCD 58.00B 62.96A 4.96AB 1.72A 491ABCDE 1.13A 2.01A
BA154 265.1ABCD 168.6ABCD 59.12AB  63.83A 4.71AB 1.89A 4.38ABCDEFGH 1.67A 1.08AB
AL001 259.5ABCDE  169.3ABCD - - - 1.52A 4.41ABCDEFGH 1.42A 1.39AB
BA154 274.1AB 176.8AB 59.46AB  65.00A 5.54AB 1.71A 5.07ABCD 1.89A 1.12AB
PB003 259.9ABCDE  163.5ABCD - - - 2.08A 5.37ABC 1.81A 1.68AB
BA003 234.7DEFGH  145.1EFGH - - - 1.06A 3.51 EFGHI 0.94A 1.51AB
SE014 238.7CDEFG  149.2DEFGH - - - 1.13A 3.59 EFGHI 0.93A 1.23AB
BA061 230.2EFGH 144 9EFGH 54.71C 58.54B 3.83B 1.35A 3.25HI 1.35A 1.02AB
PE002 240.8BCDEFG 150.1 DEFG - - - 1.09A 2.521 1.48A 1.06AB
SEF 202.3H 11831 - - - 1.67A 4.34ABCDEFGH 1.56A 1.31AB
STS 212.8GH 128.1HI - - - 2.12A 5.76A 1.69A 1.74AB
Sertanejo  236.0DEFGH  140.5FG - - - 1.83A 4.80ABCDEFG 1.24A 1.49AB
Cerrado 258.1BCDE 161.6ABCDE  59.15AB  64.11A 4.97AB 1.53A 4.27BCDEFGH 1.39A 1.44AB
Caatinga 249.4BCDEF 159.0BCDEF 57.94B 62.84A 4.90AB 1.58A 4.24BCDEFGH 1.22A 1.36AB
Semident  255.8BCDEF 164.2ABCDE  58.83B 63.93A 5.10AB 1.71A 4.54ABCDEFG 1.34A 1.52AB
Semiflint ~ 244.2BCDEFG 149.0DEFG 57.25B 61.58A 4.33AB 1.33A 3.86DEFGHI 1.25A 1.23AB
Flint 244.8BCDEFG 153.8CDEF - - - 0.98A 3.06HI 1.45A 0.80AB
Test. 217.1GH 129.0HI - - - 1.87A 4.97ABCD 1.50A 1.51AB

* In each column, means followed by at least one same letter did not differ from each other by the Tukey test at 5 % probability.
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Table 3. Means and test of estimated means in Test 2 for each year for plant height (PH, in cm), ear height (EH, in cm), and for each
location and year for prolificacy (PROL)

Accession/ PH EH PROL

Group 2005 2006 2005 2006 Janauba/05 Janauba/06 Teresina/05 Teresina/06
MG090 232.7ABC" 286.7ABCDEFG 148.6BCDE  189.8ABCDE 0.5356A 0.7786AB  0.5207ABC 0.7575C
MS043 233.5ABC 299.6ABCD 147.3BCDE  191.8ABCDE 0.4755A 0.8632AB  0.7492ABC 1.1886 BC
SP019 230.6ABC 273.0 CDEFG 151.2ABCDE 167.6DEFG  0.3746A 0.7758AB  0.4303BC 1.0964 BC
MS007 234.8ABC 297.9ABCDE 157.1ABCD  197.7ABCD  0.4318A 0.83913AB  0.6265ABC 1.0666 BC
SP036 247.7AB  288.8ABCDEFG 160.0ABCD 181.9ABCDE 0.3917A 0.6415B 0.3426 C 0.7562 C
BAO085 264.0A 287.6ABCDEFG 180.5A 184.4ABCDE 0.5187A 0.9239AB  0.6035ABC 0.9113 BC
MGO076 251.1AB  310.9AB 156.5ABCD  197.3ABCD  0.4587A 0.7389AB  0.9089AB 0.7944 C
PRO53 258.3A 300.9ABCD 168.9ABC 193.4ABCDE 0.5248A 0.8697AB  0.8834AB 1.2083 BC
Roxo Macapa 257.2A 287.8ABCDEFG 171.5ABC 194.8ABCDE 0.4332A 0.7730AB  0.9707A 1.0804 BC
MS030 255.0A 308.2ABCD 169.2ABC 211.5A 0.3482A 0.8232AB  0.8122ABC 0.9538 BC
MTO009 2432AB  321.6A 161.2ABCD  204.7AB 0.4084A 0.7718AB  0.7689ABC 2.0410A
PRO50 2492AB  300.2ABCD 164.4ABC 198.0ABCD  0.4342A 0.7468AB  0.7153ABC 1.1110 BC
MS019 2354ABC 261.3EFG 149.0BCDE  169.3CDEFG 0.5289A 0.8579AB  0.7922ABC 0.9043 BC
MGO10 252.7AB  304.2ABCD 163.9ABC 201.5AB 0.4594A 1.0404AB  0.8567ABC 0.8547C
SP145 233.1ABC 280.7BCDE 143.2CDE 164.8 EFG 0.3397A 0.7336AB  0.5656ABC 0.9263BC
RNO003 232.2ABC 272.7CDEFG 145.1CDE 177.9BCDEF 0.5041A 0.8494AB  0.8663ABC 0.9539BC
PEO013 2454AB  291.1ABCDEF 156.2ABCD  183.4ABCDE 0.4935A 0.8393AB  0.7230ABC 1.0990BC
SE016 252.8AB  282.3BCDEFG  163.8ABC 185.4ABCDE 0.5072A 0.8952AB  0.6895ABC 1.4128B
ALO18 263.2A 309.8ABC 177.1AB 200.3ABC 0.5563A 0.8329AB  0.5643ABC 1.1554BC
BA020 237.8ABC 283.9BCDEFG  158.8ABCD  181.3ABCDE 0.4817A 0.8563AB  0.6048ABC 0.9120BC
AL009 240.3AB  272.1DEFG 153.5ABCD  169.4 DEFG  0.4879A 0.9717AB  0.7905ABC 0.9862BC
PB020 228.4ABC 301.9ABCD 150.2ABCDE 203.0AB 0.6543A 1.2628A 0.8884AB 1.0359BC
BR106 216.6BC  256.8FG 130.3DE 149.7FGH 0.6368A 1.1174AB  0.9296AB 1.1244BC
SEF 201.5C 215.7H 121.8E 128.7H 0.5707A 0.9612AB  0.5596ABC 0.8520C
Jaiba 233.7A 252.7GH 141.0CDE 139.1GH 0.5595A 1.0033AB  0.8309ABC 0.9994BC
Cerrado 229.9ABC 294.0ABCDEF  159.5ABCD  189.9ABCDE 0.4442A 0.8160AB  0.7031ABC 1.0434BC
Caatinga 209.9C 297.7ABCDE 157.8ABCD  185.8ABCDE 0.5264A 0.9297AB  0.7324ABC 1.0793BC
Semidentado  246.9AB  295.0ABCDEF  161.2ABCD  191.2ABCDE 0.4628A 0.8134AB  0.6984ABC 1.0992BC
Semiflint 242.0AB  283.1BCDEFG  157.2ABCD  184.0ABCDE 0.4900A 0.9182AB  0.7512ABC 0.8903BC
Flint 233.9ABC 284.9BCGEFG  149.0BCDE  179.1ABCDE 0.4930A 0.9694AB  0.7482ABC 0.9828BC
Controls 217.3BC 241.7GH 131.0DE 139.2GH 0.5890A 1.0273AB  0.7734ABC 0.9919BC

* In each column, means followed by at least one same letter did not differ from each other by the Tukey test at 5 % probability.
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Table 4. Grain yield means of the accessions evaluated in the 2™ test for each location and year

Accession  Janaiba/05  Janaiba/06 Teresina/05 Teresina/06 Ac/Group Janauba/05 Janauba/06 Teresina/05 Teresina/06
MGO090 1.71 BCDE* 3.67 DEF 082 A 1.49 BCDEF PEO013 1.59 CDEF 4.11 CDE 1.92 A 1.78 BCDEF
MS043 1.35 EF 4.12 CDE 1.80 A 1.37 BCDEF  SE016 2.46 AB 4.48 BCD 1.06 A 1.55 BCDEF
SP019 1.41 DEF 3.18 EFGH 1.00 A 1.15 CDEF ALO018 2.25 ABCD 4.14 CDE 0.54 A 1.51 BCDEF
MSO007 1.65 BCDEF 4.52 BCD 095 A 1.44 BCDEF BAO020 1.38 EF 321 EFGH 0.72 A 1.72 BCDEF
SP036 1.16 EF 230 H 070 A 0.78 F AL009 1.30 EF 3.79 CDE 0.77 A 1.33 BCDEF
BAO08S 1.96 ABCDE 4.35 CD 097 A 2.02 BCD PB020 1.50 DEF 4.10 CDE 1.00 A 1.83 BCDE
MGO076 1.68 BCDE 3.88 CDE 1.31 A 1.34 BCDEF BRI106 2.68 A 6.14 A 1.09 A 232 AB
PRO53 1.92 ABCDE 4.40 CD 1.84 A 1.10 CDEF SEF 1.81 BCDE 4.09 CDE 0.65 A 1.56 BCDEF
Rio Macapa 1.59 CDEF 2.57 FGH 1.52 A 085 EF Jaiba 242 ABC 5.52 AB 141 A 322 A
MS030 1.39 EF 4.80 BC 1.86 A 0.87 EF Cerrado  1.51 DEF 3.70 DEF 131 A 120 CDEF
MT009 1.14 EF 3.42 DEFG 1.56 A 0.98 DEF Caatinga 1.72 BCDE 4.03 CDE 1.04 A 1.68 CDEF
PRO50 1.63 BCDEF 4.01 CDE 1.19 A 1.14 CDEF Semident 1.65 BCDEF 3.89 CDE 127 A 1.34 CDEF
MSO019 1.76 BCDE  4.11 CDE 191 A 1.50 BCDEF  Semiflint 1.54 DEF 3.68 DEF 1.33 A 1.50 CDEF
MGO010 1.47 DEF 3.73 CDE 135 A 1.28 BCDEF  Flint 1.21 EF 3.45 DEF 090 A 1.30 CEDF
SP145 082 F 247 GH 093 A 074 F Test. 2.30 ABC 525 B 1.05 A 237 A
RNO003 1.56 DEF 435 CD 1.30 A 2.06 BC

* for each combination location/year, means followed by at least one same letter did not differ from each other by the Tukey test at 5 % probability.

Avaliacédo da colecao nucleo de milho quanto a tolerancia

a seca

RESUM O - O banco de germoplasma de milho (BGMilho) preserva quase 4000 acessos visando conservagao e uso. Entretanto,
esse uso é reduzido, pois seus acessos apresentam desempenho inferior aos gendtipos elite. O pré-melhoramento visa contornar
esse problema, ampliando a informagao sobre o germoplasma e introgredindo alelos Gteis. A ma distribuicéo de chuvas e a seca
levam a perdas de produgéo de milho, o que faz com que a tolerancia a seca seja uma das prioridades do melhoramento.Neste
trabalho, foram avaliados acessos do BGMilho quanto a tolerancia a seca. Fatores ambientais, genotipicos e suas interacdes
influenciaram a manifestacédo fenotipica, entretanto a interacdo entre gendtipos e regimes de irrigacdo esteve ausente, levando a
nao identificagdo de acessos com comportamento diferenciado nas duas condi ¢des hidricas. Os seguintes acessos foram destacados
devido ao comportamento superior para varios caracteres. SP154, BA166, MG099, CE002, SE025, BA154, BA194, BAOS5,

MGO76, PR053, Roxo Macapa, SE016 e AL018.

Palavras-chave: Zeamays L., banco de germoplasma, estresses abi6ticos, pré-melhoramento.
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