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ABSTRACT - The liming effects on the growth of fifteen woody species of Brazil were evaluated
under glasshouse conditions. The species used belong to different ecologic groups, namely: pioneer,
secondary and climax trees. The soil treatments consisted in the absence of liming (-LIM) and liming
sufficient to reach soil pH 6.0 (+LIM). In general, the pioneer and secondary species presented higher
responses in total dry matter production (TDM) to soil liming, whereas the TDM of the climax species
were not affected by the soil treatments. Thus, the ranking of species in relation to soil acidity tolerance
ranged from highly sensitive to highly tolerant. The pioneer and secondary species growing in limed soil
(+LIM) showed higher calcium (Ca), magnesium (Mg) and phosphorus (P) contents, and, at the same
time lower Ca, Mg utilization efficiency (CaUE and MgUE respectively), whereas the P utilization
(PUE) was higher. In contrast, the Ca, Mg and P content in the climax species were only slightly
affected by the soil liming. In general the climax species were less efficient in the CaUE and MgUE than
the pioneer and secondary species.

Index terms: acid soil, ecological groups, nutrient utilization efficiency.

EFEITOS DA CALAGEM NO CRESCIMENTO DE ESPECIES FLORESTAIS
DA REGIAO DOS CERRADOS BRASILEIROS

RESUMO - Em condig¢des de casa de vegetagdo foram avaliados os efeitos da calagem no crescimento de
quinze espécies florestais nativas do Brasil. Foram utilizadas espécies pertencentes aos grupos ecologicos
de plantas pioneiras, secundarias e climax. Os tratamentos de solo consistiram na auséncia de calagem
(-LIM) e calagem até atingir pH=6,0 (+L.IM). Em geral, as espécies pioneiras e secundarias apresentaram
as maiores respostas a calagem quanto a produgfo de matéria seca total (TDM), enquanto que as
espécies climax nio foram afetadas pelos tratamentos de solo. A classificaciio das quinze espécies em
relagio a tolerancia a acidez do solo variou de altamente sensiveis a altamente tolerantes. As espécies
pioneiras e secundarias, quando cresceram em solo corrigido (+LIM), apresentaram maiores conteudos
de Ca, Mg ¢ P ¢ baixa eficiéncia de utilizagdo de Ca e Mg (CaUE e MgUE, respectivamente);, porém, a
eficiéncia de utilizagdo de P (PUE) foi maior neste tratamento. Em contraste, os conteudos de Ca, Mg
¢ P das espécies climax foram apenas levemente afetados pela calagem. Em geral, as espécies climax
foram menos eficientes do que as pioneiras ¢ secundarias em utilizar o Ca e o Mg.

Termos para indexagdo: solo acido, grupos ecoldgicos, eficiéncia de utilizagdo de nutrientes.
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because they are not only the site of plant but also
of animal biodiversity. Thus, in the last years, there
have been an increasingly interest in planting woody
species, not only with economic purpose but also
with environmental emphasis. However, one of the
most frequently found problem has been the lack of
studies on nutritional requirements of these species
as well as their sensitivity to different chemical and
physical soil constraints (Siqueira et al., 1995). Since
most Brazilian soils, mainly those in the Cerrado
region, which comprise around 200 millions ha, have
high acidity, low natural fertility and high Al satura-
tion (Lopes, 1983), the chemical limitation to plant
growth can be severe. So, after a basal fertilization,
the present paper evaluates the effects of soil liming
on the initial growth of fifteen woody species from
Brazil.

MATERIALAND METHODS

The experiment was carried out under glasshouse con-
ditions, with natural light, at the Universidade Federal de
Lavras, Brazil. The soil utilized in the study is an allic,
medium textured Cambisol (Inceptisol), collected from the
forest-cerrado transition in Itumirim, at the Minas Gerais
State, Brazil.

After being air dried and passed through a 5 mm sieve,
the soil was limed using CaCO; and MgCOs (4:1 w/w).
Liming was applied in a quantity enough to raise the soil
pH to 6.0 (3.6 Mg. ha’l, as previously determined by
titration curves). Then, the soil was placed in 5 dm? pots
(3.7 kg), and maintained wet during 15 days. The soil
treatments consisted of the absence (-LIM) and presence
(+LIM) of lime. Soils of both treatments received a basal
fertilizer application of 50 mg kg! N, 70 mg kg'! K,
100 mg kg' P,30 mg kg'S.4 mg kg'' Zn, 1 mg kg'! Band
1 mg kg'! Cu. The liming and fertilization treatments pro-
duced an increase in soil pH and concentrations of Ca%*
and Mg?*, lowering the AI3* (Table 1). A total of 15 woody
species were used in the study (Table 2). Six seeds of each
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species were planted directly in the pots, and 10 days
after emerging they were thinned to 2 seedlings per pot.
Pots were assigned to a completely randomized design, in
a full factorial combination of absence (-LLIM) and pres-
ence (+LIM) of lime and 15 tree species, with 6
replicates each. During the whole experiment, pots were
watered daily with demineralized water, to 90% of field
capacity (30% w/w at 3.3 kPa). At 60, 90 and 120 days
after sowing, each pot of both treatments received a
tipdressing of 50 mg N kg! of soil, as NH,NO;.

Before cutting the plants (150 days after emerging),
the plant stem diameter (SD) as well as the plant height
(PLH) were measured. The plant material was separated
into shoot and roots. Roots were washed free of soil through
a 2 mm sieve using tap water. Washed roots and shoots
were oven dried at about 65°C until constant weight. Dried
material was weighed for determining yielding the shoot
dry matter (SDM), root dry matter (RDM), and total dry
matter (TDM). The dried material was ground and
digested in concentrated nitric acid (20 mhL) and 100%
perchloric acid (2 mhL). Digests were analyzed for Ca and
Mg using atomic absorption spectrophotometry and for
P using colorimetry. The total nutrient content (TNC)
was calculated as the product of nutrient concentration
and dry matter. The nutrient utilization efficiency was
calculated for Ca, Mg and P, hereafter named CaUE, MgUE
and PUE, respectively, as the ratio (TDM)? (TNC)!
(Siddiqi & Glass, 1981). Soil extractable Ca, Mg and Al
were extracted with 1 mmol hL'! KCI. Ca and Mg were
determined by atomic absorption spectrophotometry and
Al by titration. Soil P and K were extracted with a
Mehlich 1 solution and determined by colorimetry and
flame fotometry, respectively.

All the species were ranked for soil acidity tole-
rance using an index slightly modified from Ashwath et al.
(1995), calculated in the following way:
(TDM (unlimed soil) x (TDM (limed soil)™! x 100.
The ranking was organized by placing the species into the
following five groups, according to the established indices:
highly tolerant (>120%), tolerant (90-120%), moderately
tolerant (70-90%), sensitive (50-70%), and highly sensitive
(<50%).

TABLE 1. Selected soil chemical characteristics after liming and basal fertilization.

Soil treatments pH P Exchangeable cations
(H:0) K* ca® Mg** Al
(mg dm'®) (mmolg M3y
Without liming (-LIM) 45 38.0 2.7 4.0 15 6.0
Withliming ~ (+LIM) 6.1 38.0 2.6 27.0 5.0 1.0
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TABLE 2. Characterization of the studied woody species by ecologic groups.

Species Family Ecologic group®
Hovenia dulcis Thumb. Rhamnaceae Pioneer
Trema micrantha Bloom Ulmaceae Pioneer
Peltophorum dubium (Spreng) Taub. Caesalpinaceae Pioneer
Schinus terebinthifolins Raddi. Anacardiaceae Pioneer
Stenolobium stans (Jun.) Seem. Bignoniaceae Pioneer
Anadenanthera falcata (Benth.) Speg. Mimosaceae Pioneer
Jacaranda mimosifolia D. Don. Bignoniaceae Pioneer
Senna multijuga (L.C. Rich) |.&B. Caesalpinaceae Pioneer
Cedprella fissilis Véll. Meliaceae Secondary
Luehea grandiflora Marth et Zucc. Tiliaceae Secondary
Senna macranthera (Collad.) 1.&B. Caesalpinaceae Secondary
Aspidosperma parvifolium A. DC. Apocynaceae Climax
Platycyamus regnellii Benth. Papilionaceae Climax
Hymenaea courbaril L. Caesalpinaceae Climax
Copaifera langsdorffii Desf. Caesalpinaceae Climax

1 According to Budowsky (1965).

The data were submitted to analysis of variance and to
the Tukey’s test at 0.05, using the statistical package SAEG
(Universidade Federal de Vigosa).

RESULTS AND DISCUSSION

The liming effects on plant growth were markedly
different, varying in function of the species and their
ecological group. In general, higher responses were
observed for the pioneer and secondary species,
whereas the climax ones were practically
responsiveless to soil liming (Table 3). Except for
Hovenia dulcis, Anadenanthera falcata and
Jacaranda mimosifolia (pioneer species), liming pro-
moted the plant stem diameter (SD) growth of all spe-
cies. However, only three pioneer species
(Trema micrantha, Schinus terebinthifolius and
Senna multijuga) and two secondary ones (Cedrella
fissilis, Luehea grandiflora) showed response in
plant height (PLH). In the climax species, neither the
SD nor the PLH were changed with soil liming. Since
the species have different growth patterns, it ap-
peared that the SD was a better parameter than PLH
to evaluate plant growth.

When the plants were growing in the limed soil,
all the pioneer and secondary species, except
H. dulcis and A. falcata, which had a reduced shoot
growth with soil liming, showed a significantly

increase in the shoot dry matter (SDM). On the other
hand, the climax species had similar SDM in the
-LIM and +LIM soil treatments. The root growth of
the pioneer species such as S. terebinthifolius and
Stenolobium stans was impaired by the soil acidity,
whereas the root dry matter (RDM) of the 4. falcata
was bigger in the unlimed soil. The climax species
Platycyamus regnelli also had a smaller RDM in the
amended soil (+LIM) (Table 3).

Although considered as an essential element to
plant growth when in low concentrations (Huang
& Bachelard, 1993), Al becomes a toxic metal in higher
concentrations, decreasing plant yield, mainly by the
reduction of the roots (Foy, 1988; Delhaize & Ryan,
1995). In acid soils, Ca defficiency must be consid-
ered as a limiting factor to the root growth (Smyth &
Cravo, 1992; Vale etal., 1996), and in some situations
it can even turn into a more limiting factor than the
Al toxicity (Ritchey et al., 1982). In addition to that,
low Mg levels (Tan & Keltjens, 1995), and even the
H" excess (Blamey et al., 1987; Sanzonowicz & Smyth,
1995) may, directly or indiretly, reduce the dry matter
production. The soil liming in the present experiment
increased concentrations of Ca and Mg and
decreased considerably the Al concentration
(Table 1). Nonetheless, when lime was omitted, only
the RDM of the S. terebinthifolius and S. stans
decreased, and for species such as A. falcata and
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TABLE 3. Plant height (PLH), stem diameter (SD), root (RDM), shoot (SDM) and total dry matter (TDM),
in the unlimed (-lim) and limed (+lim) acid soil. Values are means of six replicates.

Species PLH SD RDM SDM TDM
-lim  +lim  -lim  +lim  -lim  +lim -lim +lim -lim +lim
------ (CmM)----=  =====(mMm)----- T e e ——
Hovenia dulcis 347 327 345 383 230 215 4.25 3.77 6.55 5.91
Trema micrantha 106 208 160 275 010 031 0.63 2.82 0.73 3.13
Peltophorum dubium 321 373 722 793 633 693 15.80 20.4 221 273
Schinus terebinthifolius 321 519 318 540 214 373 5.33 13.7 7.48 174
Stenolobium stans 420 475 478 557 453 785 9.66 14.8 14.2 22.7
Anadenanthera falcata 358 363 335 327 258 125 7.34 6.60 9.92 7.85
Jacaranda mimosifolia 278 332 450 483 290 249 9.50 12.9 124 153
Senna multijuga 445 669 458 540 488 449 11.9 194 16.8 239
Mean for pioneer species 325 408 408 487 320 370 8.10 11.8 11.3 154
Cedrella fissilis 154 302 513 935 078 3.60 4.58 11.4 5.36 15.0
Luehea grandiflora 436 587 650 797 09 229 6.48 11.3 7.44 13.6
Senna macranthera 293 316 543 578 474 483 11.8 15.6 16.6 20.4
Mean for secondary species 294 402 569 770 220 3.60 7.60 12.8 9.80 16.3
Aspidosperma parvifolium 190 281 445 390 185 1.05 3.93 2.32 5.78 3.37
Platycyamus regnellii 224 223 492 448 376 220 7.61 6.90 11.4 9.10
Hymenaea courbaril 350 323 448 453 263 244 6.84 6.52 9.47 8.96
Copaifera langsdor{fii 137 140 280 272 130 127 1.96 2.04 3.26 331
Mean for climax species 225 242 416 391 240 170 5.10 4.45 7.50 6.20
Variation coefficient (%) 20.6 12.8 29.5 215 214
LSD soil liming (5%) 7.62 6.96 0.98 2.09 2.79
L SD species (5%) 132 12.1 17 3.6 4.8

P, regnelli the soil liming was harmful (Table 3).That
ilustrates the distinct responses of different plant
species. Vale et al. (1996) also found a great diversity
in the performance of various forest species when
planted in an acid soil. In their study, Fucalyptus
grandis, Acacia mangium and Pelthophorum
dubium showed the RDM not affected in the unlimed
soil, whereas Enterolobium contortisiliquum, Melia
azedarach and Leucaena sp. were highly sensitive
to the acid soil conditions, increasing the RDM pro-
duction with soil liming.

In the present study, in contrast with most of the
pionecer and secondary species, the total dry matter
(TDM) (and also the SD, PLH and SDM) of the
climax ones, was not affected by liming (Table 3).
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It is important to emphasize the differential
response of the species concerning the soil acidity,
not only among ecologic groups, but also among
species belonging to the same group. In the set of
the pioneer species used, for instance,
S. terebinthifolius showed the highest response to
the soil liming, with great increments both in SDM
and RDM, reaching gains of 150% in the TDM.
Nevertheless, in the unlimed soil, /. dulcis and A.
Jfalcata were able to yield 20 and 25% more TDM
than in the amended soil, respectively (Table 3). Else-
where, high responses to lime application have been
obtained for Astronium urundeuva (Costa Filho,
1992), while Acacia species behaved in a distinct
manner when planted in acid soil of Australia
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(Ashwath et al., 1995), ranging from sensitive to
highly tolerant. Differences in the tolerance to soil
acidity was observed by Huang & Bachelard (1993),
who found that while Fucalyptus mannifera grew
very well, Pinus radiata failed to do it.

The soil liming effects were reflected in the plant
total nutrient content (TNC) of the pioncer and
secondary species, which demonstrated higher Ca
and Mg content with soil liming (Table 4), whereas
the P content was bigger only in three pioneer
species (H. dulcis, A.falcata and J. mimosifolia). In
the climax species, only the P. regnellii plants had
higher Ca and Mg contents with liming (Table 4 ). On
the other hand, their P contents were similar to the
other climax species, in both limed and unlimed soil.

833

The bigger total content of Ca, Mg and P in the
pioncer and secondary species in relation to climax
ones suggest higher requirements for these nutri-
ents and, therefore, bigger increases in the TDM when
lime was applied. That agrees with results of Nielsen
etal. (1990) who found that plants of Prunus aviumL.
presented higher acquisition of nutrients when
growing in limed soil. However, in the present study,
the increases in the TNC, mainly because of the Ca
and Mg added via soil liming (Table 4), were not
always followed by proportional responses in the
TDM (Table 3). In general, the species, independently
of their ecological group, revealed to be more effi-
cient in the Ca and Mg utilization in the -LIM treat-
ment than in the +LIM one, and the CaUE and MgUE

TABLE 4. Total nutrient content of the forest species under limed (+lim) and unlimed (+lim) treatments.

Values are means of six replicates.

Species Total nutrient content
Ca Mg P
-lim +lim -lim +lim -lim +lim
(mg pot™)

Hovenia dulcis 47.0 82.4 8.82 26.0 7.6 9.1
Trema micrantha 134 117 194 16.7 1.8 9.2
Peltophorum dubium 87.1 249 139 42.2 26.6 34.6
Schinus terebinthifolius 53.3 203 6.28 49.0 14.8 32.6
Stenolobium stans 45.0 152 6.85 47.6 204 36.2
Anadenanthera falcata 54.6 94.2 111 225 224 19.0
Jacaranda mimosifolia 63.2 116 14.8 50.3 26.3 32.3
Senna multijuga 120.0 454.0 12.2 43.7 28.8 36.2
Mean for pionner species 60.5 184.0 9.5 37.3 18.6 26.1
Cedrella fissilis 374 246.0 4.8 58.6 12.0 39.5
Luehea grandiflora 64.4 139.0 9.0 64.5 19.7 28.2
Senna macranthera 102 436.0 8.9 46.3 26.9 38.9
Mean for secondary species 67.9 274.0 7.5 56.5 19.5 355
Aspidosperma parvifolium 31.9 57.1 9.8 16.8 81 34
Platycyamus regnellii 76.7 177.0 7 18.7 10.7 7.4
Hymenaea courbaril 338 63.6 105 152 10.6 105
Copaiféera langsdorffii 156 35.6 4.4 9.4 21 28
Mean for climax species 39.5 83.3 7.8 15.0 7.9 6.0
V ariation coefficient (%) 26.0 315 25.9
LSD soil liming (5%) 34.0 7.8 5.7
L SD species (5%) 58.9 135 9.8
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are higher in the pioneer and secondary species than
in the climax species, in both soil treatments
(Table 5). On the other hand, it was quite evident
that the pioneer and secondary species were more
efficient in P utilization when cultivated on limed soil.
The climax species did not show significant differ-
ences in the PUE, but values were always greater
under more acidic soil conditions (Table 5). The re-
sults of nutrient utilization efficiency are in agree-
ment with those of Gongalves et al. (1992), who also
found that pioncer and secondary species have a
higher CaUE, MgUE and PUE. According to
Gongalves et al. (1986), plants of Eucalyptus grandis
were more efficient also in the P utilization when grow-
ing on a sandy acid soil with low initial levels of Ca.
In the present experiment, the soil used as substrate
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was a medium textured soil with low initial levels of
Cain the -LIM treatment (Table 1). The greater PUE
of the climax species in the acid soil conditions might
be related with the root system charactericstics, which
is shorter and coarser than in the pioneer and
secondary species (Gongalves et al., 1992), leading
to a lower capacity of P acquisition (Caradus, 1990).

It must be emphasized that, although both the
pioncer and secondary group of plants in general
presented higher CaUE, MgUE and PUE, some
highly responsive species, such as 7. micrantha,
S. terebinthifolius and S. stans (pioneer species),
and C. fissilis (secondary species), showed eventu-
ally smaller values for CaUE, MgUE and PUE when
growing in the acid conditions (Table 5).

TABLE 5. The Ca, Mg and P utilization efficiency (CaUE, MgUE and PUE), for woody species cultivated
in the absence (-lim) and presence (+lim) of soil liming. Values are means of six replicates.

Species CaUE MgUE PUE

-lim +lim -lim +lim -lim +lim

(g”DM mg’)

Hovenia dulcis 0.92 0.43 4.95 1.35 5.69 4.05
Trema micrantha 0.04 0.09 0.28 0.60 0.29 1.07
Peltophorum dubium 5.66 2.99 35.70 17.9 185 21.6
Schinus terebinthifolius 1.08 151 9.06 6.20 3.84 9.40
Stenolobium stans 4.54 3.39 29.90 10.8 9.99 14.3
Anadenanthera falcata 1.82 0.66 8.96 277 4.41 3.27
Jacaranda mimosifolia 247 204 10.50 4.82 5.87 7.66
Senna multijuga 2.34 1.27 23.10 13.2 9.79 16.0
Mean for pioneer species 2.35 154 15.30 7.20 7.30 9.66
Cedprella fissilis 0.78 0.92 6.05 3.86 240 5.69
Luehea grandiflora 0.88 1.40 6.45 293 2.86 6.77
Senna macranthera 2.82 0.98 31.50 9.18 10.3 10.9
Mean for secondary species 1.49 1.10 14.70 5.32 5.20 7.78
Aspidosperma parvifolium 1.07 0.20 341 0.68 4.26 3.83
Platycyamus regnellii 1.72 0.47 20.30 4.45 13.2 115
Hymenaea courbaril 2.69 1.27 8.68 5.38 8.61 7.71
Copaiféera langsdorffii 0.71 0.31 249 1.18 5.35 4.60
Mean for climax species 1.50 0.56 11.60 2.20 7.85 6.91
V ariation coefficient (%) 29.0 30.60 26.30
L SD soil liming (5%) 0.52 3.30 2.32
L SD species (5%) 0.90 5.72 4.02
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The distinct capacity of the tree species in the
CaUE, MgUE and PUE appears to contribute greatly
to their performance in both unlimed and limed soil.
This statement is supported by the significant corre-
lation coefficient between the CaUE, MgUE and PUE
and TDM in such conditions (Table 6). Since the Ca
and Mg contents in the soil were very low when the
experiment began, high correlations between CaUE
and MgUE and the plant development in the -LIM
treatment would probably occur. The probable rea-
son for the close relationship between PUE and TDM
in the unlimed soil, even that P was applied in the
same quantity to both soil treatments (-LIM
and +LIM), is that in acid soil conditions, like in
the -LIM treatment (Table 1), fixing reactions must
have reduced the P availability (Sanchez &Salinas,
1981) during the experimental period, and then the
PUE became too important. Although in the limed
soil the plant Ca, Mg and P content are higher than
in the unlimed soil (Table 4), the significant correla-
tion coefficient indicates that they also have high
significance for the TDM, in that conditions.

Eventually, it can be inferred that the species which
did not respond to lime application were tolerant to
the existing soil Al level and/or tolerated the H" tox-
icity, because these ions appear, in some conditions,
to be as toxic as Al (Brunet, 1994). Yet, these species
probably have low Ca and Mg requirements. In fact,
Duboc (1994) found that Copaifera langsdorffii and
Hymenaea courbaril (climax species) grew well in
soil with low levels of Ca and Mg because of their
low requirements for these nutrients, whereas
Peltophorum dubium, a Ca and Mg more exigent
pioneer species, had a significant decrease in the
TDM when growing in the same conditions. Similar

TABLE 6. The significant (p<0.01)
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results were also found for S. multijuga, Caesalpinea

ferrea, C. fissilis and Piptadaenia gonoacantha
(Rend, 1994). A high CaUE has been considered as a
remarkable feature of the plants, which enable them
to grow in low Ca levels (Horst et al., 1993). This
characteristic has been suggested as a pre-require-
ment to the plant Al tolerance (Horst, 1987).

The ranking of the species in relation to their
degree of tolerance to soil acidity (Fig. 1) showed
species ranging from highly sensitive to highly tol-
erant ones. While Aspidosperma parvifolium and
P. regnelli, and H. courbaril and C. langsdorffii
(climax species) were classified respectively as highly
tolerant and tolerant, growing very well in the acid
soil (-LIM), only two pioneer species, f. dulcis and
A. falcata, were capable of growing in such acid
conditions. The pioneer species P. dubium,
S. multijuga, J. mimosifolia, and the secondary spe-
cies Senna macranthera, were ranked as moderately
tolerant, demonstrating an intermediate development
when planted in the unlimed soil. The other pioneer
and secondary species only obtained good produc-
tion when cultivated in the +LIM treatment, show-
ing the highest responses to soil liming, thus
being classified as highly sensitive and sensitive
(Fig. 1). The results are consistent with those of
Lambers & Poorter (1992), who considered that spe-
cies with slow growth rate, adapted to infertile envi-
ronments, have a low nutrient utilization efficiency,
demonstrating lower response to nutrient supply
than those with fast growth rate.

From the present results, it can be concluded that
species with faster growth rate, like pioneer and
secondary ones, present the highest responses to
soil liming, but that depend largely upon the
specieps. Therefore, the information about plant

correlation coeficients obtained between the total dry matter

production and the calcium, magnesium and phosphorus utilization efficiency of each ecological
group in both absence (-lim) and presence (+lim) of soil liming.

Ecologic group CaUE MgUE PUE

-lim +lim -lim +lim -lim +lim
Pioneer 0.89 0.84 0.90 0.94 0.94 0.95
Secondary 0.91 0.51 0.95 0.84 0.97 0.91
Climax 0.78 0.71 0.86 0.96 0.77 0.83
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production in unlimed soil.

tolerance to infertility factors in acid soils will help in
the allocation of each species or group of species
according to its tolerance to soil acidity, optimizing
the soil-plant interaction in the forestry activity.

CONCLUSIONS

1. Positive responses to soil liming, with higher
biomass production and nutrient accumulation can
be obtained only for the woody species classified as
pioneer and secondary species.

2. The differential response of the woody species
based on nutrient utilization efficiency is associated
to their ecologic classification.
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