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Abstract

The effects of nutrient solution pH (4.0, 5.0, 6.0 and 7.0) were examined on growth features of 12
alfalfa genotypes in relation to characters: leaf blade, epicotyl, hypocotyl, first leaf petiole, trifoliate
leaf petiole and root fresh weight and epicotyl, hypocotyl, first leaf petiole, trifoliate leaf petiole and
root length. Significant quadratic effects of pH solution were detected for all studied parameters.
The pH value which resulted in maximum growth varied, according to the studied parameter,
between 5.0 and 6.0. The genotypes Victoria, Esmeralda, Crioula and F-708 exhibited superior
performance when data were pooled for all studied pH values. The results indicate that the initial
growth is affected by pH variation in the nutrient solution, and that contrasting genotypes tend to
perform alike.
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Efeitos do pH da solugdo nutritiva sobre o crescimento de gendtipos de alfafa
(Medicago sativa L.)

Resumo

Foram estudados os efeitos do pH (4.0, 5.0, 6.0 e 7.0) da solucdo nutritiva sobre o crescimento de
12 gendtipos de alfafa com relacdo ds seguintes caracteristicas: peso fresco da lémina foliar e
comprimento do epicdtilo, hipocdtilo, peciolo da primeira folha, peciolo do trifélio e raiz. Foram
encontradas respostas quadrdticas significativas devido a variacdo do pH da solucdo nutritiva para
todas as caracteristicas avaliadas. O valor de pH que resultou em crescimento mdximo variou entre
5.0 e 6.0 conforme a caracteristica estudada. Os gendtipos Victoria, Esmeralda, Crioula e F-708
apresentaram desempenho superior, quando os dados foram agrupados para todos os valores
de pH estudados. Os resultados indicam que o crescimento inicial é afetado pela variacdo de pH
da solucdo nutritiva e que gendtipos contrastantes de alfafa tendem a mostrar comportamento
similar.
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Introduction

Alfalfa (Medicago sativa L.) is considered
the most important forage legume in the world
with nearly 32 million hectares cultivated chiefly
in temperate regions (Mizukami et al., 2006; Du et
al., 2009). In Brazil, the crop is being increasingly
utilized in animal production systems, due to ifs
high quality forage and satisfactory yield (Ferreira
et al., 2008). However, expansion of alfalfa
growing in tropical areas is hampered by several
constraints, mostly associated with climatic and
soil parameters, and soil acidity is reported as
one of the leading problems (Newman et al,
2007), with special reference to causing failure in
the establishment of an effective symbiosis with
indigenous and inoculated rhizobia (Mahler, 1983;
Papa et al., 1999).

In fact, acid soils represent a major
barrier to agricultural production due to the
direct effects that pH has on the root environment
and plant growth (Fageria, 2001; Kochian et al.,
2004; Fageria & Baligar, 2008; Chen et al., 2009).
With low pH, root growth is reduced or halted,
plasma membrane permeability is increased, and
forthright toxicity occurs as H* ion concentration
builds up (Waisel et al., 2002; Vitorello et al., 2005;
Chenetal., 2009). Besides, toxic levels of aluminum
(Al) and manganese (Mn), and deficient levels of
calcium (Ca), magnesium (Mg) and phosphorus
(P) are frequent under those conditions (Kochian
et al., 2004; Le et al., 2008). Optimal pH values are
predominantly reported between 5.5 and 6.5 and
below or above this range root damage tends to
occur, causing overall growth inhibition (Passos et
al., 1999; Fageria, 2001; Kochian et al., 2004; Chen
et al., 2009; Fageria et al., 2009; Moreira & Fageria,
2010). In the particular case of alfalfa, liming has
been recommended whenever applicable so as
to raise soil pH to around 6.0 (Gomes et al., 2002;
Dioz & Gambaudo, 2007; Fageria et al., 2009).

The examination of plant growth
alterations in response to pH variation is important
in terms of tagging a removable source of
restrained crop production and prospectively
identifying genetic sources of tolerance to acid
soils condition (Waisel et al., 2002; Fageria et al.,
2005).

Evaluation techniques based on growing
plants in nutfrient solution under controlled
conditions have been widely employed for
characterizing the responses of contrasting
genotypes to different kinds of stress (Képp et al.,
2006; 2007a). Although such evaluations do not
reproduce the actual environmental pressure that
exists under field plot research (Sreenivasulu et al.,
2007), the latter, in turn, generates a considerable
amount of experimental error, because of its
greater number of uncontrolled variables (Waisel
et al., 2002). Despite such dissimilarity, significant
correlations between parameters obtained in
field tests and those from artificial setups are
reported for several plant species exposed to
various types of abiotic stress (Sreenivasulu et al.,
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2007). Therefore, the investigation of the effects
of medium pH on plant growth is expected to be
feasible through the utilization of nutrient solution
and confrolled environment. In addition to thaf,
due to the more precise establishment of pH and
other variables, nutrient solution formulations are
essential for further evaluations of toxicity in the
rhizosphere, such as those produced by aluminum
(Cheng et al., 2004; Langer et al., 2009).

The objective of this work was to verify
the effects of nutrient solution pH variation on
growth parameters of young seedlings of alfalfa.
Twelve cultivars were chosen for the evaluations,
based on cultivarrecommendations by Oliveira &
Oliveira (1999) for milk production systems.

Material and Methods

Seeds of alfalfa cvs. Alfa 200, Alto,
Araucana, Costera, Crioula, Esmeralda, Falcon,
F 708, Rio, Romagnola, Valley Plus and Victoria
were placed in vermiculite (22 °C, darkness)
and allowed to germinate. Two days after
germination, six uniform seedlings of each cultivar
were selected, placed in supporting lids, and
immediately transferred to 2 L plastic containers
with aerated nutrient solution. After 24 h, each
12-cultivar seedling group was exposed to fresh
aerated nutrient solution, with pH altered to 4.0,
5.0, 6.0 and 7.0. Subsequently, pH values were
checked twice a day and adjusted with HCI 1 mol
LT or NoOH 1 mol L1, whenever needed. Solutions
were replaced every other day and regularly
brought to volume with distilled water.

Nutrient solution composition consisted of
1.5 mmol L' Ca(NO,),, 1 mmol L' K,HPO,, T mmol
L' KH,PO,, 1 mmol L' MgSO,, 0.5 mmol L' NH,NO,,
and micronutrients (0.32 pymol L' CuSO,, 60.65
umol L' H,BO,, 0.52 umol L' MoQ,, 11.37 ymol L
MnCl,, and 1.15 umol L' ZnSO,.7H,0O). In addition
to that, Fe-EDTA was added to provide 89.5 mmol
L' Fe (Passos, 1996).

Plants were grown for 12 days and
subsequently harvested for the evaluations.
Manipulations were carried out under controlled
conditions (Biotronette Mark Il environmental
chamber, LAB-LINE Instruments), set at 26°C,
60% RH, 16 h photoperiod and 200 mol s
m? photosynthetically active radiation (PAR,
measured with LI-190SA quantum sensor and LI-
189 quantum meter, LI-COR). The experiments
were carried out as a randomized block design,
considering a 12 (cultivars) x 4 (pH values)
factorial, with 6 replications.

Data were collected on fresh weight (FW,
g) of leaf blade (LFW), and on FW and length (L,
cm) of the epicotyl (ELand EFW), hypocotyl (HLand
HFW), first leaf petiole (FL and FFW), trifoliate leaf
petiole (TL and TFW) and root (RL and RFW). Length
evaluations were carried out with a precision ruler
and weighing measurements were performed in
a digital analytical scale. Experimental data were
statistically analyzed through ANOVA, regression
establishment and Scott-Knott grouping test with
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SAS software (Statistical Analysis System, 2002).

Results and Discussion

The analysis of variance revealed no
significant effect of the ‘cultivar X pH’ interaction,
demonstrating a similar behavior of all studied
genotypes to the varying pH in the growing
medium. The result suggests that there is no
genetic variability among the studied alfalfa
cultivars relative to pH variation in the nutrient
solution. On the other hand, there were significant
effects of nutrient solution pH on growth of alfalfa
seedlings. Length (Figure 1) and fresh weight
(Figure 2) data pooled for all the studied cultivars
revealed quadratic responses in all evaluated
plant organs (R? ranging from 0.7127 to 0.9995).
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The magnitude of such effects and also the most
suitable pH for growth varied among organs, but,
in each one of the latter, trends for L and FW were
similar, excepting epicotyls and leaf blades (in
which length was not measured). In fact, RL and
RFW exhibited maximal values at pH 6.0; HL, HFW,
FL and FFW at pH near 5.5; and TL and TFW at pH
slightly above 5.0. In confrast, while EL yielded
superior results for a pH value slightly below 6.0,
EFW was maximal at a pH near 5.0. Finally, LFW
showed the best performance in pH variation
between 5.5 and 6.0. In all cases, these growth-
related values were severely depressed as pH
variation was altered towards the extremes of the
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Figure 1. Length responses of alfalfa roof, frifoliate leaf petiole, first leaf petiole, hypocotyl and epicotyl to varying nutrient solution

pH variation.
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Figure 2. Fresh weight responses of alfalfa root, leaf blade, frifoliate leaf petiole, first leaf petiole, hypocotyl and epicotyl to varying

nutrient solution pH variation.

Pooling data for all studied pH values
revealed significant differences among
genotypes. Regarding length of organs (Table 1),
greater contrasts were found in roofs, with cvs.
Victoria, Araucana, Falcon, F-708, Crioula and
Valley Plus showing superior results than Rio, Alto,
Alfa 200, Esmeralda, Costera and Romagnola. A
superior cluster (cvs. Victoria, Araucana, Falcon,
F-708, Crioula, Rio, Alto, Alfa 200, and Esmeralda)
was also observed with hypocotyls. No significant
differences among genotypes were found in
length of epicotyls, first leaf petioles or frifoliate
leaf peftioles.

Relative to FW, differences among
cultivars were detected in all studied organs
(Table 2). Performance of cv. Victoria was the
most remarkable, since it ranked first cluster in all
cases. Also, cvs. Crioula, Esmeralda, and F-708
exhibited outstanding behavior, because they
ranked first cluster in four of the evaluated organs,

www.ufpi.br/comunicata

Table 1. Length (cm) of seedling organs of alfalfa geno-
types exposed to different nutrient solution pH variation
(4.0, 5.0, 6.0 and 7.0)".

Cultivar Root Epicotyl Hypocotyl FL?Petiole TF® Petiole
Victoria 1665A 3.04A  887A 2.83 A 320 A
Araucana 16.42A  295A 7.63 A 2.68 A 2.65A
Falcon 1625A 299 A 7.85A 224 A 240 A
F-708 1600A 3.08 A 7.90 A 2.56 A 2.80 A
Crioula 1500A 324 A 9.48 A 246 A 2.46 A
Valley Plus 1523A 289A  685B 242 A 2.44 A
Rio 1417B  292A 7.53 A 2.40 A 243 A
Alto 13.74B 271 A 793 A 241 A 2.54 A
Alfa 200 1362B 273A  871A 2.37 A 2.58 A
Esmeralda 13.098B 283 A 8.74 A 272A 2.68 A
Costera 1259B 2467 A 6.03 B 236 A 2.60 A
Romagnola 12.14B 281 A 6.50 B 2.50 A 2.37 A

! For each column, means followed by the same letter are not significantly different by the
Scott-Knott grouping test; 2First leaf; *Trifoliate leaf.
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with special reference to the roots. In turn, the
poorest behavior was observed with cvs. Costera,
Rio, Romagnola and Valley Plus, which have
ranked second cluster in all cases. The cv. Valley
showed a distinct behavior, yielding a superior-
class root length, but a contrastingly low root FW.
The similar pattern observed in organ responses
clearly indicates that optimal pH for growth of
alfalfa seedlings ranges from 5.0 to 6.0. Besides,
extreme pH values markedly inhibit growth, or
as a reduction of pH below 4.0 or increase it to
7.0, within the zone of optimal pH, caused sharp
reductions in length and FW of all organs. For
evaluations of initial sensitivity of alfalfa genotypes
to pH levels, it is reasonable to consider root
length as the most feasible parameter to be
taken into account, because of the rapidity of
its measurement and lesser possibility of tissue
damage. For field evaluations in which root
systems are not to be disturbed, leaf blade FW
appears to be the most adequate parameter to
be examined.

Table 2. Fresh weight (g) of seedling organs of alfalfa
genotypes exposed to varying nutrient solution pH varia-
tion (4.0, 5.0, 6.0 and 7.0)".

TF
2
Cultivar Leaf Root Epicotyl Hypocotyl FL? Petiole Petiole

Victoria 0.7194 A 03140 A 0.1490A 0.33587 A 0.3861 A 0.4474 A

Araucana 0.5540 B 0.2478B  0.1163B  0.253258B 0.3396 A 0.3846 A

Falcon 0.6102A  0.2437B 0.1176 B 0.2893 A 0.2712B 02917 B

F-708 0.6345A  0.2869 A 0.1219B  0.2827 A 0.3087 B 0.3846 A

Crioula 0.6387 A 0.2950 A 0.1440 A 03272 A 0.3083 B 0.3013 B

Valley Plus 0.5439 B 0.2443B  0.1212B  0.22738B 0.2927 B 0.2886 B

Rio 0.5652 B 0.2275B 0.11658  0.23398B 0.2704 8 0.2704 8

Alto 0.5859 A 0.2402B  0.1137B  0.2585B 0.2735B 0.3274B

Alfa 200 0.5994 A  0.2430B 0.1114B  0.3014 A 0.2929 B 0.3224 B

Esmeralda 0.6494 A 0.2874A 0.1192B 03361 A 0.3661 A 0.3422 8

Costera 0.4384 B 0.1612B  0.1023B  0.1739B 0.2509 B 0.3109 B

Romagnola  0.5192B 0.1866B  0.0855B  0.1889B 0.2704 B 0.2704 B

' For each column, means followed by the same letter are not significantly different by the
Scott-Knott grouping test; ? First leaf, ® Trifoliate leaf.

The detected optimal range
approaches or matches results reported
previously for several species (Passos et al., 1999;
Islam et al., 1980; Kochian et al., 2004; Epstein &
Bloom, 2005; Fageria et al., 2005). The suggested
specific pH confirms observations with alfalfa
exposed fo inorganic nitfrogen or inoculated with
nodule bacteria (Correa et al., 2001). However, it
differs from the optimal pH (5.0) observed to have
the maximum effect on growth peaks in potato
(Cao & Tibbitts, 1994) and elephantgrass (Passos
et al., 1999) under controlled environments.
This difference is likely to be caused by inherent
morphological and physiological profiles of the
considered species.

The occurrence of growth inhibition
below pH 5.0 confirms results verified with other
species (Passos et al., 1999; Waisel et al., 2002;
Képp et al., 2007; Fageria & Baligar, 2008; Fageria

pH
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et al., 2009). The detrimental effects found in pH
level above 6.0 corroborate reports regarding
depressed root expansion and root and shoot FW
(Tang et al., 1993; Tang & Robson, 1993; Fageria
et al., 2005; Epstein & Bloom, 2005). However, this
contrasts with previous field recommendations
for maintaining pH of alfalfa rhizosphere around
6.0 (Gomes et al., 2002; Didz & Gambaudo, 2007;
Fageria et al., 2009). In addition to that, a recent
work has shown that maximal alfalfa production
under tropical conditions is obtained with soil pH
at 5.4 (Moreira & Fageria, 2010). Notwithstanding,
it should be pointed out that the optimum pH
in field conditions can vary with soil texture,
organic matter and other chemical properties
of soils, and that intensive liming may cause yield
depressions, depending on application rates and
relative composition of some essential elements
(Fageria, 2001; Epstein & Bloom, 2005; Godsey et
al., 2007; Chen et al., 2009). Finally, the reduced
availability of metal minor nutrients that tend to
betide in growing media showing higher pH may
cause diverse responses among plant species or
ecotypes within the same species (Kochian et al.,
2004; Epstein & Bloom, 2005; Fageria et al., 2005;
Fageria & Baligar, 2008).

Distinct responses of genotypes to pH
variation in root medium have been verified in
some plant species (Passos et al., 1999; Képp
et al., 2007). In alfalfa, Buss et al. (1975) noficed
differences among three clones in the nutritional
status of seven essential elements, as soil pH
was lowered. In our study, such interactions
were not detected, probably because modern
alfalfa cultivars, albeit being synthetic and
broad-based with more than 100 parents each,
lack the introduction of more complex traits,
so that confinued alfalfa breeding remains
recommended for gains in adaptation into hostile
environments such as saline or acidic soils or in
the presence of high levels of aluminum (Waisel
et al., 2002; Kochian et al., 2004; Godsey et al.,
2007; Fageria et al., 2009). However, considering
the extent of the known alfalfa germplasm, further
investigations on ecotypes aiming at pH sensitivity
should not be ruled out. For such an approach,
the selection of the most suitable parameters
to allow rapid and low-cost genotype selection
should be emphasized.

Conclusions

Nutrient solution pH variation significantly
affected growth of alfalfa seedlings with best
responses occurring in the pH range from 5.0 to
6.0, according fo maximal length and fresh weight
of rootf, hypocotyl, epicotyl, first leaf petiole,
trifoliate leaf petiole and leaf blade. Outside this
range, growth was progressively inhibited fowards
extreme pH values.

Determinations of root length should be
the priority in evaluations of alfalfa genotypes
regarding sensitivity to pH, allowing rapidity and
lesser chances of tissue damage. Regarding
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verifications in the aerial part, leaf blade FW
appears to be the most adequate parameter to
be used.

The cultivars examined in this study
differed in growth, with cvs. Victoria, Esmeralda,
Crioula and F-708 exhibiting superior performance,
but did not show differential behavior concerning
pH level alterations. However, the extent of the
known alfalfa germplasm apparently justifies
additional efforts, through broader ecotype
screening and searching of suitable selection
parameters.
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