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ABSTRACT

The occurrence of anaerobic conditions in hydrorharsoils favors the development of anaerobic ntigganisms
that produce phytotoxic substances representingarily by organic acids. The selection of promisoed (Avena
sativa L.) genotypes for use in those situations required fievaluations that can be cumbersome, making
hydroponics a viable alternative. The objectivetlit work was to adjust a methodology to use irdisti of
tolerance to organic acids in oat under hydroposigstems. For such goal, the best germination systems
determined in order to reduce the seedling inidatablishment effects under hydroponics, the ideatentration

for screening genotypes and the best variable tf@ss evaluation. It was found that the most &ffitgermination
system was “pleated germination paper” with smaitlshusked seeds. The best concentration for stydyiyanic
acid tolerance ranged from 2.3 to 6.2 mM and thetrsaitable variable for the evaluation was roatdéh.

Key words: Phytotoxicity, levels, abiotic stress, genetic loiag

INTRODUCTION et al., 2004). The majority of cultivated specias h
its growth and yield decreased in this soils dua to
Oat is an important alternative for crop rotationJow natural drainage which promotes an anaerobic
due to its soil recovering properties, having environment, favoring the formation of toxic
fundamental role in no-tillage sowing systemssubstances (Camargo et al., 2001). Since thessoil i
Thus, oat is an excellent crop for increasing théequently under water, the ,Gsupply is about
agricultural diversity in monoculture regions, suchl0,000 times slower than in dry soils
as the southern half of the Rio Grande do Sul statPonnamperuma, 1972). After the consumption of
where irrigated rice is frequently succeeded byhe Q present in the soil, the aerobic
native pastures (Porto, 1997). microorganisms stop growing and the anaerobic
The southern region of Brazil represents an area oficroorganisms, predominantly bacteria,
6.8 million ha of lowland soils, representing 20%proliferate at the expense of energy present in the
of the total area of Rio Grande do Sul state (Pintorganic ~ matter. ~ During  the  anaerobic
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decomposition, intermediate products are formedyenotypes for tolerance to the presence of organic
resulting primarily from fermentation, among acids in culture media can be accomplished by
them the short chain aliphatic organic acidssing hydroponics under the controlled conditions.
(acetic, propionic and butyric), which occur in theSince rice is the primary crop for lowland soils,
concentration range from 0.1 to 14 mM (Sousagefficient methodologies for evaluating the toxicity
2001) and generally at 6:3:1 ratio, respectivelyare described in the literature (Rao and Mikkelsen,
(Bohnen et al.,, 2005). These acids reach #&977a,b; Camargo et al., 1993; Armstrong and
maximum value at few days after flooding, whichArmstrong, 2001; Sousa and Bortolon, 2002).
can lead to plant toxicity (Sousa and BortolonSince oat is still a minor crop in lowland areas,
2002). there have not been many studies focusing the
With the introduction of no-tillage systems, inevaluation of its response to excess organic acids,
which plant residues are maintained on the solleing a prior necessity the adjustment of a
surface, there is a higher accumulation of shogtrotocol for use in hydroponic systems aiming to
chain organic acids, primarily in areas of lowidentify the tolerant genotypes. The main
drainage, which can limit the growth and yield ofdifficulties faced by the oat tolerance studies in
crops being cultivated in these areas. The toxicititydroponics are related to a variable vigor in seed
by organic acids is detected, at initial developinggermination and the lack of biological knowledge
stages, by lower germination, shorter root systemegarding organic acid toxic levels. The objective
lower plant weight and height (Sousa andf this work was to develop a protocol to evaluate
Bortolon, 2002). In cases of more severe toxicityand identify the variability in oat genotypes fbet
damage to plant growth may be reflected in othewsrganic acid tolerance under hydroponic systems.
stages, occurring lower tiller number, nutrient

absorption and grain yield (Camargo et al., 2001).

Concentrations of 5 mM acetic, butyric andMATERIAL AND METHODS

propionic acid reduced rice root growth in 52%,

75% and 92%, respectively (Bortolon et al. 2002)Two experiments were performed, in which the
However, the combined acid effects were nofirst was characterized by establishing an adequate
additive, but interactive, increasing theirgermination system and the second by determining
phytotoxicity (Camargo et al.,, 2001). Thus, anthe doses and response variables more indicated
adequate way of identifying genetic variability forfor the study of tolerance to organic acids in oats
the character is the evaluation of genotypeSince the oat seed presents a highly disuniform
performance under the joint action of acidsgermination as a function of the environment to
because it reflects the real field conditions tawvhich it is subjected (Floss, 1992), the first sitep
which the crop is subject. establishing a protocol is to determine a
The identification and characterization of genetiggermination system that allows a higher
variability is a very important step for the plantuniformity among the individuals in order to avoid
breeder. Techniques of genotype evaluation ithe evaluation errors due to the initial conditions
controlled environments with the supply ofbesides a high germination index. Eight different
nutritive solutions have been widely used fortypes of germination tests were evaluated for the
genotype screening under different stressesat cultivar UFRGS 14. This cultivar was chosen
(Duncan and Baligar, 1990). While the evaluatiorbecause it has been used as standard cultivar in
of genotypes in artificial environments does noimany studies, also serving as a parent for a
take into account the real environmental selectiogamma-ray mutant collection. The treatments used
pressures (Duncan and Baligar, 1990), thevere: T1- large seeds with husk in folded
selection in field assays groups a large number @fermination paper (Cruz, 2001); T2- large husked
uncontrolled variables, such as differentialseeds in folded germination paper; T3- large
tolerances to environmental, biotic or nutritionalhusked seeds on germination paper; T4- large
stresses  (Wright,  1989). Despite  thes&eeds with husk on germination paper; T5- small
discrepancies, significant correlations between thieusked seeds on germination paper; T6- small
parameters measured in field tests and artificiadeeds with husk on germination paper; T7- small
environments, with soil or nutrient solution haveseeds with husk in folded germination paper; and
been reported in many grasses (Bilinski and Foyr8- small husked seeds in folded germination
1987). Thus, an efficient way of evaluatingpaper. The germination system described by Cruz
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(2001) was formed by a germination paper folde@ccording to Rao and Mikkelsen (1977a), the pH
in the shape of an ‘accordion’ which enabled af the nutritive solution in experiments with
better water distribution around the seeds. Therganic acids was variable and interfered in the
germination was conducted under 100% relativacid toxicity. The Seedlings were kept in water
humidity in germination chamber at 25°C for 72h.bath for 14 days at 25°C under artificial light and
The experiment was designed in random blockBrced aeration to provide oxygen for the root
with three replications, with plots containing 500system.

seeds. The variables analyzed were: germinatiofhe analyzed variables were: root length (RL);
percentage (%GE) and percentage of seedlinghoot length (SL); number of roots (NR); length of
with emerged shoots (%ES) in order to determinéhe first leaf (FLL); first leaf insertion height
the most efficient germination system. AnotherFLIH); root dry matter (RDM); and shoot dry
two variables were evaluated: initial root lengthmatter (SDM). An analysis of variance and a
(IRL) and initial shoot length (ISL). The data regression adjustment were performed (McCullagh
relative to %GE and %ES were evaluated througand Nelder, 1989). Also, Pearson’s correlation
the generalized linear model procedure (GLM) irestimates among the studied variables were tested
order to consider the most appropriate variabley t test at 5% error probability. All the proceedsir
distribution (in %) (Nelder and Wedderburn, 1972)or performing the statistical analysis were
and the estimates of effects were comparedbtained with the help of the SAS software
through the t test at 5% error probability, wherdStatistical Analysis System, 2002).

the treatments that presented higher effects for

these variables were the ones that presented higher

seed set. For the IRL and ISL, the frequencRESULTS AND DISCUSSION

distributions were obtained for each treatment

(Coimbra et al.,, 2004) and the treatment tharhe results from the analysis of variance through
presented a higher frequency of observationthe generalized linear models of the first
around the average, was the treatment that enablegperiment presented significant variations
the higher germination uniformity. (p<0.05) only for the variable %ES (data not
To verify the concentration range and the mosthown). The variable %GE did not present
appropriate response variable for the organic acigifferences among the treatments, indicating that
tolerance in oat, another experiment wasll germination methods had the same
developed with the seeds originating from theerformance in germination percentage, differing
former experiment, where five treatments werenly for the percentage of seeds with shoot
used: T1- 0 mM (control); T2- 1 mM; T3- 5 mM; emergence. Both the variables were adjusted to a
T4- 9 mM; and T5- 13 mM. The ratio for the acidsPoisson distribution and were automatically
was 6:3:1 for acetic, propionic and butyric acidstransformed bylog y to obtain the estimators of
respectively. To set up the experimental plots, 15ffeatment effects. The results in Table 1 indicated
seedlings with minimum root growth of 5 mmthat there was no difference among the estimators
were selected. The experimental design consisted treatment effects for the variable %GE, as
of 10 seedlings per replication. Pots of 5.5 Lalready observed in the analysis of variance.
volume, covered with a nylon mesh on the topHowever, for the variable %ES, treatment T3
were used to give support to the seedling growth. showed superior performance when compared to
The nutritive solution consisted of the following: the others, except T4, which was not significantly
calcium nitrate - Ca(Ng. 4 mM, magnesium different. The percentage of seedlings with
sulfate - MgSQ@2 mM, potassium nitrate - KNO apparent shoot was a factor that could contribute
4 mM, ammonium sulfate - (NH&O, 0,435 mM,  for the initial differential development of seedj
potassium phosphate - KIPO,0,5 mM, boric acid subject to treatments. Seedlings with apparent
- H3BO5 10 pM, sodium molibdate - NaMQ®©,10  shoots presented higher possibility of metabolizing
KM, sodium chloride - NaCl 30 uM, zinc sulphatethe toxic substance, since they had a fully
- ZnSQ,0,8 uM, copper sulphate - Cud@3 uM, developed photosynthetic system, having their
manganese sulphate - MNnSOmM, iron-EDTA -  establishment facilitated when compared to
Fe SQ + Na 10 pM (Camargo and Oliveira, seedlings without any shoot system, leading to the
1981). The pH was adjusted to 4.7 with HCI (IN)measurement errors regarding plant tolerance. The
or NaOH (1N), and monitored daily, becauseemaining treatments presented lower shoot
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emerging indices, but with relatively high valuestime of seedling selection for the experimental set
not reflecting in any substantial seed loss at thep.

Table 1- Comparison of means analyses among the treatrfeantke characters percentage germination (%GE,
superior diagonal) and percentage of shoot emeeg@ES, inferior diagonal).
Means

Treatments (%ES) T1 T2 T3 T4 T5 T6 T7 T8
Means (%GE) 96.0 88.0 96.0 93.3 86.7 89.3 87.3 95.3
T1 76.0 ns ns ns ns ns ns ns
T2 73.3 ns ns ns ns ns ns ns
T3 95.3 * * ns ns ns ns ns
T4 82.0 ns ns ns ns ns ns ns
T5 64.0 ns ns * * ns ns ns
T6 80.0 ns ns * ns * ns ns
T7 71.3 ns ns * ns ns ns ns
T8 75.3 ns ns * ns ns ns ns

* Significant by the Chi-square test at 5% erroryataility;

"> Non significant by the Chi-square test at 5% eprobability.

1 T1: large seeds with husk in folded germinatiopgraT2: large husked seeds in folded germinatimmep T3: large husked
seeds on germination paper; T4: large seeds wik bo germination paper; T5: small husked seedgeomination paper; T6:
small seeds with husk on germination paper; T7llsseads with husk in folded germination paper; a8dsmall husked seeds
in folded germination paper.

Fig. 1 presents the frequency distributions for thelistribution of the variable IRL was observed, with
variables IRL and ISL. It showed that treatment Thigher proportion of individuals forming classes
8 had a relative class distribution of both vamabl above and below the treatment average.

clustered around the average, i.e., with a highé8ased on these results, it was concluded that the
frequency of individuals in classes relative clase best condition for evaluating organic acid
the average itself. In this treatment, the avefage responses of oat plants could be obtained with a
root length was 1.96 cm, and 51% of evaluatetblded paper germination system with small and
individuals presented values in the two classelSusked seeds (Treatment 8) and an additional 20%
closest to the average, and for shoot length whidn the number of seeds in order to avoid the
had an average of 1.69 cm, 52% of individualvariations coming from the lack of shoot
presented values in the two closest classes to tkenergence in some plants. Thus, an uniform set up
average. Thus, the majority of seedlings presentasf the experiment could be achieved with minimal
IRL and ISL values close to the averageyariation among the observation units.

indicating that this treatment presented the mogtor the second experiment, the analysis of
uniform seedlings regarding IRL and ISL.variance demonstrated significant differences
Treatment 3 also presented a favorable distributiofp<0.05) among the treatments for all the variables
for the variable ISL, with high frequency of (Fig. 2), except for the variables FLL and FLIH
individuals distributed in the class close to thgdata not shown). Based on these results,
average treatment value (around 50%). However,ragressions were performed for all the variables,
small tendency to elongate the tails for theexcept for the latter two (Fig. 2).
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length (IRL) and initial shoot length (ISL) subjeoteight germination treatments.
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Figure 2 - Graphical representation and respective regreggoameters for the variables RL, SL,
NR, RDM and SDM subject to five concentration lesvef organic acids in hydroponic
systems. FLL and FLIH variables are also shown.

In agreement with data for the analysis ofsoybeans, a high reduction in the root length
variance, Fig. 2 showed that variables FLL andialues was also observed, giving additional
FLIH did not present mean value reduction as aupporting evidence that this variable could be
function of the organic acid levels used. For théndicated for genotype tolerance studies (Harper
remaining variables, it was observed that theiand Lynch, 1982). The high reductions in this
mean values were reduced as a function of theariable were possibly due to its direct contact
treatment used. According to the results of thevith the molecules responsible for the

regression adjustments, the variable RL was thghytotoxicity and cell wall degradation, inhibition

one that presented higher response to the dosesodf respiratory functions and consequently a
organic acids as indicated by the regressiodecrease in cell division (Armstrong and

coefficient of 0.98 and around 80% reduction aArmstrong, 2001).

the highest acid level (13 mM). In rice, maize and
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The remainder variables presented averagetally the root growth for the evaluated
reductions around 23% for SL, 61% for RDM andgenotypes. This stress level is undesirable, becaus
40% for SDM. These variables also showedhe seedlings do not differentiate one from
considerable reductions but at smaller degree thamother, causing the clustering of all genotypes in
RL. The organic acid phytotoxicity is caused by ane susceptible class. The level of treatment that
decrease in  respiration and  oxidativecan be used to classify genotypes according to
phosphorylation of the root system, which instress tolerance is the one that distributes the
consequence also causes reductions in the sha@mnotypes in a large number of classes, because it
under stress (Takenaga, 1995). The variabldiscriminates in a broader way the genetic
number of roots (NR) presented a differentialvariability among the evaluated accesses, as
behavior, i.e., with an initial increase in the elos demonstrated by aluminum stress in rice (Freitas,
this variable responded positively increasing it2003).

value, while at higher doses its behavior waJable 2 shows the simple correlation estimates
similar to the other variables with considerableamong the seven studied variables. As expected,
reductions in the mean value. The averagdue to its differential behavior on the regression
reduction for this variable was 30%, but becausanalysis, the variable NR did not present a
of its differential behavior, it should not be usedsignificant correlation with any other variable.
for organic acid tolerance studies. These resulSince the most indicated variable for evaluating
agreed with previous studies in which riceseedlings was RL, the variables which presented
adventitious roots decreased their growthsignificant and positive correlation with it, could
promoting calli proliferation at the coleoptile be used together or as indirect selection for the
basis, therefore increasing the number of lateraharacter. Only the variables NR and FLL did not
roots (Armstrong and Armstrong, 2001). Howeverpresent correlation with RL, thus variables SL,
at higher doses, the effect was even more dramattt.IH, RDM and SDM presented reduction
causing the degradation of these roots leading topoportional to the ones seen for RL. Despite the
decrease in NR. significance in correlation, the values observead fo
The concentration range, which is the mosELIH (64%) were considerably smaller than
indicated for testing stress tolerance for any#@bio variables SL, RDM and SDM, with values of 97,
factor, is the one that causes a performanc® and 95%, respectively. Result suggested that
reduction between 30 and 60% (Jones and Joneke variable FLIH should not be used for this type
1992). Thus, the regression estimates for the most study. Therefore, the variables SL, RDM and
responsive variable (RL) showed that these value8DM could efficiently be used for inferences
are between 2.3 and 6.2 mM. The use of doses thatative to the tolerance level of plants evaluated
cause very high reduction on the target variablaydroponic systems.

can lead to a very severe damage, hampering

Table 2 - Pearson'’s correlation estimates among the sevalyzea variables in the selection of organic aeiels
for oat tolerance studies under hydroponic system.

Variables RL SL NR FLL FLIH RDM SDM
RL' 0.971* 0.230° 0.476™ 0.639* 0.939* 0.950*
SL 0.158™ 0.567* 0.707* 0.921* 0.929*
NR -0.289" 0.341™ 0.294™ 0.246™
FLL 0.502" 0.419® 0.415"
FLIH 0.600* 0.575*
RDM 0.943*
SDM

* Significant at 5% error probability by the t test

"SNon significant at 5% error probability by theest;

1 RL: root length; SL: shoot length; NR: number oftsyd-LL: length of the first leaf; FLIH: first leahsertion height; RDM:
root dry matter; and SDM: shoot dry matter.
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It should be noted that the methods here presentethior interesse para avaliacdo. O sistema de
should be considered as an option in setting ugerminacdo mais eficiente é através de “papel de
experiments aiming to evaluate oat genotypes fagerminacdo plissado” com sementes pequenas e
stress caused by the organic acids, and thdescascadas. A faixa de concentracdo mais
additional factors would be crucial for conductingadequada para estudos de tolerancia a acidos
an experiment with this objective. The quality oforgénicos em aveia esta entre 2,3 e 6,2 mM e a
the nutrient solution and the water used, pHariavel mais indicada € comprimento de raizes.
monitoring, temperature and light intensity during

the growth of plants and the aseptic conditions of

the apparatus are also decisive for such type ®EFERENCES

experiment.
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