Genetics and Molecular Biology, 23, 4, 847-850 (2000)

Rapid screening for aluminum tolerancein maize (ZeamaysL.)
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Abstract

A significant decreasein maizegrain yield dueto aluminum toxicity isconsidered to be one of the most important agricultural problemsfor
tropical regions. Geneticimprovement isauseful approachtoincrease maizeyieldin acid soils, but thisrequiresarapid and reliable method
to discriminate between genotypes. In our work weinvestigated the feasibility of using hematoxylin staining (HS) to detect Al-tolerant
plants at the seedling stage. The original population along with two popul ations obtained after one cycle of divergent selection were
evaluated by net root growth (NRG) and HS after 7 daysin nutrient sol ution. Results showed anegative correl ation between NRG and HS
inall populations, inwhich sensitive plants, characterized by low NRG, exhibited moreintense staining than tolerant plants. Theseresults
indicatethat HSisauseful procedurefor selecting Al-tolerant maize seedlings.

INTRODUCTION

Aluminum toxicity isthe major factor limiting plant
growth inthe acid soil sthat compriselarge agricultural ar-
eas, principally intropica and subtropical regions(Kochian,
1995). Several approaches have been suggested to increase
grainyiddinthese soil types, closely related to root growth
inhibition, which is considered to be the main effect of
aluminum toxicity in higher plants. The degree of Al-indu-
ced root growth inhibition can be used to screen plants at
the seedling stage for their relative aluminum sensitivity
(Delhaize and Ryan, 1995; Kochian, 1995). Thereiscon-
siderablegenetic variability in sensitivity inthemajor crops
and the evaluation of root elongation in nutrient solution
hasbeen useful in developing Al-tolerant varieties (Delhaize
etal., 1993; Pellet et al., 1995).

Higher plants make use of two main mechanismsto
avoidtheeffectsof Al toxicity, onebeing an excluson mecha:
nism, by which auminumisprevented from crossing theplas-
malemmaand reaching theroot cytoplasm by cell wall bind-
ing (Kochian, 1995), release of organic acids (especialy
citrate and malate) (Miyasakaet al., 1991; Delhaizeet al.,
1993; Pellet et al., 1995), and modification of thepH of the
rhizosphere (Miyasakaet al., 1989). If auminum doescross
the plasmaemma, it isexcluded by the ATPase pump located
intheplasmaemma(Kochian, 1995). The other mechanism
isaninternal response, characterized by the production of
specific proteins capable of forming complexeswith toxic
aluminum (Aniol, 1984; Basu et al., 1994).

Selection and breeding for aluminum tolerance are
important approach for increasing grainyield in acid soils.
Field trials have proved to be effectivein selecting resis-
tance but are very expensive and time-consuming. A rapid
and reliable screening system is needed to discriminate
sensitive and resistant genotypes. The selection of seed-

lingsin nutrient solution isarapid screening method based
on net root growth (NRG), devel oped to screen for alumi-
num tolerancein several crops. A rapid method using he-
matoxylin staining (HS) has been widely used for the di-
rect visualization and localization of aluminuminroot tis-
sues (Rincén and Gonzales, 1992). It isauseful approach
for macroscopically detecting aluminum accumulationin
root tips by the formation of anintense blue colorationin
the root tips of sensitive genotypes. This reaction occurs
by the oxidation (in the presence of Nal O,) of hematoxylin
to hematyn, which in the presence of auminum produces
nucleic acid coloration (Polle et al., 1978). The reaction
of hematoxylin with aluminum-stressed roots has been
used by several researchersin different crop species, such
aswheat (TriticumaestivumL.) (Polleetal., 1978; Carver
et al., 1988; Rincdén and Gonzales, 1992; Ticeet al., 1992),
soybean (Glycine max Merrill) (FonsecaJr., 1982; Fonseca
Jr. et al., 1982; Spehar and Makita, 1994), the common
bean (Phaseolus vulgaris L.) (Braccini et al., 1996) and
maize (ZeamaysL.) (Cancado, 1997).

Information about the utilization of hematoxylin stain
inmaize (ZeamaysL.) isscarce and thework reportedin
this paper was undertaken to determine the effectiveness
of this methodology for detecting Al-tolerant and -sensi-
tive genotypes.

MATERIAL AND METHODS
Maize populations

Two thousand seedlings of tropical maize population
SIKALQweregrowninagreenhousefor seven daysin nu-
trient solution at pH 4.2 and 5 ppm of aluminum as de-
scribed by Furlani and Furlani (1988). The population
SIKALQ isthe result of an introgressive cross between
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theloca population ESALQ-PB23A (50% ESALQPB2and
50% ESALQ PB3; yellow endosperm) and the exotic vari-
ety SIKUANI ICA V-110 (Giaveno et al., 1998). Second-
ary roots of seedlingswith similar length to the principal
root were eliminated by hand and the length of the princi-
pal root measured to obtain theinitial root length (IRL).
After seven days, seedlingswere removed from the nutri-
ent solution and thefinal length of the principal root (FRL)
of each plant was measured. NRG for individual plantswas
caculatedasNRG=FRL - IRL.

One cycle of divergent selection was completed by
selecting the 10% most tolerant and 10% most sensitive
seedlings. Selected seedlings of both groups were trans-
planted to thefield and randomly crossed to obtain cycle-
| sub-populations, designated as CI-AT (Al-tolerant) and Cl -
AS(Al-sensitive) asdescribed by Giaveno et al. (1998).

Growth measurements

Treatmentswerethe three mai ze popul ations described
above, and the seedlings of each populationweregrownina
growth chamber for seven daysat aconstant temperature of
24°C and a16-hlight and 8-h dark photoperiod. Treatments
wereplaced into four 3.5-liter buckets containing the same
nutrient solution (Furlani and Furlani, 1988) inacompletely
randomized block design, in which the bucketswere consid-
ered asblocks. At theend of thisperiod an NRG valuewas
calculated and the Pearson’ s coefficient of correlation with
HSca culated. Vauesof NRG wereanadyzed by ANOVA and
themeans compared by the Duncan test.

Hematoxylin staining of roots

Preliminary studiesusing thetropical maize (Zeamays
L.) populationsCM S 36 (Al-tolerant) and BR 106 (Al-sen-
sitive) were carried out in growth chambers to assess the
best combination of time of exposureand Al concentration
for HS (Giaveno and MirandaFilho, 1999).

After 24-h exposure to aluminum, seedlings were
removed from the nutrient solution and stained for visual
detection of aluminum using the method proposed by Polle
et al. (1978), modified by Cancado (1997). Seedlingswere
placed inflasks containing deionized water and washed for
30mininahorizontal shaker, and stained with hematoxy-
linsolution (2 g/l of hematoxylinand 0.02 g/l of KIO,) for
15 min. The seedlings were washed again for 20 minin
deionized water to remove excess of stain.

Stained root tipswere evaluated using avisual scale
varying from O (highly tolerant) to 5 (highly sensitive).
Va uesof HSwereanayzed by ANOVA and themeanscom-
pared by the Duncan test.

RESULTS AND DISCUSSION

In previouswork we have shown that 24 h of Al expo-
surewas sufficient to result in staining when therootswere

subsequently treated with hematoxylin (Giaveno and
MirandaFilho, 1999).

Inthe present work two parameters, NRG (Figure 1)
and HS (Figure 2), were used to measure al uminum tol er-
ance in maize seedlings, and both showed statistical dif-
ferencesamong the populations(Tablel). Theseresultscon-
firmed the effectiveness of the divergent selection for
NRG.

The phenotypic correlation between NRG and HSfor
all populations showed anegativetrend (Figure 3). It could
be explained by thefact that susceptible seedlings have poor
NRG as aconsequence of high quantities of accumulated
aluminum in the root cap and therefore, these genotypes
show higher HS. On theother hand, tolerant seedlingshave
some mechanism to avoid aluminum toxicity, therefore
they presenting higher NRG and low HS.
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Figure 1 - Mean net root growth (NRG) values of the origina (CO0), Al-
tolerant (CI-AT) and Al-susceptible (CI-AS) popul ations.
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Figure2 - Mean hematoxylin staining (HS) values of the original (C0), Al-
tolerant (CI-AT) and Al-susceptible (CI-AS) populations.



Screening aluminum tolerancein maize 849

Tablel - Observed meansfor net root growth (NRG) and hematoxylin
staining (HS) for the original population (C0), and divergently selected
populations (Al-tolerant (CI-AT) and Al-sensitive (and CI-AS)) along
with the phenotypic correlation (rp) value between NRG and HS.

Treatment (populations) NRG** HS** e
@ 12.99A 3.04B -0.77
CI-AT 1455A 255B -0.79
CI-AS 10.45B 381A -0.75
All plants 1265 330 -0.82
Coefficient of variation (%) 1857 2255

** Significant differences among populations (CO, CI-AT, and CI-AS) at
P <0.01. Duncan’stest. Meanswith the same letter are not significantly
different.
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Figure 3 - Regression analysis of the data for all plants. NRG, Net root
growth.

Our results show a possible selection effect on the
phenotypic correlation valuein both selected popul ations.
Inthetolerant population (CI-AT) therewasasmall increase
in the phenotypic correlation coefficient (-0.792) when
compared to the original population (-0.771). Onthe other
hand adecreasein the correlation coefficient (-0.757) was
observed inthe sensitive population. However, such trends
cannot be necessarily assured in further selection cycles,
and we can say that hematoxylin staining is highly nega-
tively correlated trait with NRG in both the original and
divergently selected populations.

Overall resultsare in agreement with other reports,
such asthat of Cancado (1997) who reported a correla-
tion between HS and NRG of -0.693 and arelative root
growth of -0.816 using S; inbreed lines. Guevara et al.
(1992) concluded that hematoxylin staining was agood
criterion for discriminating between tolerant and sensi-
tive maize seedlings. These results were partially con-
firmed by Ryan et al. (1993).

Our resultslead usto conclude that hematoxylin stain-
ing isasuitable approach to the screening of maize seed-

lings becauseit allowstherapid evaluation of alarge num-
ber of genotypes without destroying the root apical mer-
istem.
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RESUMO

A importante diminuicdo nosrendimentos demilho causados
pelatoxidez produzidapel o a uminio é consideradaum dos mais
importantes problemas nas regides tropicais. O melhoramento
genético éumametodologialtil paraaumentar osrendimentosdo
milho em solos &cidos, requerendo um método rapido e seguro
quepermitadiferenciar osdiferentes gendtipos. O objetivo deste
trabalhofoi avaliar apossibilidade de utilizar atécnicadacoloragéo
com hematoxilina (HS) na deteccéo de plantulas tolerantes ao
aluminio. Duas popul agBes obtidas de um ciclo de selegdo diver-
genteeaorigina, foram avaliadas depoisde sete diasem solucdo
nutritivautilizando os parémetros NRG (crescimento liquido da
raiz principal) e HS. Osresultados apresentaram umacorrelagdo
negativaentre NRG e HS em todas as popul agdes devido ao fato
dequeasplantulassuscetiveis, caracterizadaspor um baixo NRG,
apresentaram umacol oragdo maisintensado que astol erantes.
Nossos resultados permitem concluir que atécnicade coloragdo
com hematoxilinaéum procedimento adegquado para sel ecionar
gendtipostol erantes ao a uminio em estado de plantula.
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