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Sá(4) & adilson José pereira(2)

Summary

gypsum does not affect the soil negative charges and maintains sulfate in 
the soil solution, making it one of the cheapest products to increase Ca activity 
in soil solution, especially in the deeper soil layers.  Higher Ca levels in the soil 
solution can increase the uptake of this nutrient by apple trees, reducing the 
risk of physiological disorders caused by Ca deficiency.  this study assessed 
the effect of long-term gypsum application on some soil properties and on the 
chemical composition of leaves and fruits of an apple cultivar susceptible to 
fruit disorders associated with low Ca.  the experiment was conducted in São 
Joaquim, in the South of brazil, from 2001 to 2009.  gypsum rates of 0, 1.0, 2.0 and 
3.0 t ha-1 were annually broadcast over the soil surface, without incorporation, in 
an apple orchard with cultivar ´Catarina´, planted in 1997.  gypsum application 
over eight consecutive years had no effect on soil exchangeable K and al to a 
depth of 80 cm, but increased exchangeable Ca in the sampled layers (0–10, 10–20, 
40–60 and 60–80 cm), while exchangeable mg decreased only in the surface layer 
(0–20 cm).  gypsum did not affect the concentration of any nutrient in the fruits, 
including Ca.  the same was verified in the leaves, except for mg which decreased 
with increased gypsum rate.  despite increasing the availability of Ca in the soil 
profile to a depth of 80 cm, gypsum was not effective to increase the Ca content 
in leaves and fruits of an apple cultivar susceptible to Ca deficiency grown in 
an appropriately limed soil.

index terms: downward movement, cations, nutritional status, calcium.
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reSumo:     COMPOSIÇÃO DO SOLO e eStaDO nutrICIOnaL Da Ma-

CIeIra aLteraDOS PeLa aDIÇÃO De GeSSO

O gesso agrícola não altera as cargas negativas do solo e mantém o sulfato na solução, 
razão pela qual é uma das fontes mais baratas para aumentar a atividade do Ca, prin-
cipalmente nas camadas mais profundas do solo.  O maior teor de Ca na solução do solo 
pode aumentar a absorção desse nutriente pela macieira, reduzindo o risco de distúrbios 
fisiológicos causados pela deficiência de Ca.  O objetivo deste trabalho foi avaliar a influência 
da aplicação de gesso sobre alguns atributos químicos do solo e sobre a composição química 
de folhas e frutos de uma cultivar de macieira sensível à deficiência de Ca.  O experimento 
foi conduzido durante o período de 2001 a 2009, em São Joaquim, SC, num pomar de 
macieira implantado em 1997 com a cultivar Catarina.  Os tratamentos consistiram de 
aplicações anuais de gesso agrícola nas doses de 0; 1,0; 2,0; e 3,0 t ha-1 sobre a superfície 
do solo, sem incorporação.  a aplicação de gesso por oito anos consecutivos na superfície 
do solo não influenciou os teores trocáveis de K, tampouco de al.  Os teores de Ca trocável 
foram incrementados pelas doses de gesso nas diferentes camadas de solo amostradas (0–10, 
10–20, 40–60 e 60–80 cm de profundidade), enquanto os de Mg diminuíram somente nas 
camadas superficiais (0–20 cm).  a adição de gesso não alterou a concentração de Ca e dos 
demais nutrientes nos frutos; com exceção do Mg, que teve suas concentrações diminuídas 
com as doses de gesso.  embora o gesso agrícola tenha aumentado os teores trocáveis de 
Ca até 80 cm de profundidade, ele não foi eficiente em aumentar as concentrações de Ca 
nas folhas e nos frutos de uma cultivar de macieira sensível à deficiência de Ca quando 
cultivada em solo adequadamente calcariado.

termos de indexação: movimento descendente, cátions, estado nutricional, cálcio.

introduCtion

limestone application is the easiest and cheapest 
way to increase the level of Ca in the soil.  the Ca 
content of commercial dolomitic limes varies from 
15 to 40 %.  Besides supplying both Ca and mg to 
the soil, liming eliminates the toxic effect of al and 
mn, increasing soil pH and cation exchange capacity 
(CeC).  thus, in variable charge soils, most Ca and 
mg added by lime is electrostatically adsorbed on 
the charges generated, since most anions added 
by liming do not remain in the soil solution.  as a 
consequence, the vertical mobility of Ca in the soil 
after liming is restricted to the layers where lime is 
incorporated (ernani et al., 2001).

agricultural gypsum (CaSo4.2H2o) is a by-
product of the phosphoric acid industry.  Since 
gypsum contains 17-20 % of Ca and 14-17 % of S, it 
can be used to supply both elements to the plants.  in 
addition, gypsum can ameliorate some physical and 
chemical soil properties, e.g., improve root growth 
in the subsoil of highly acidic soils with low Ca 
(pavan, 1987; Carvalho & raij, 1997), reduce surface 
crusting of soils with high clay content and decrease 
the resistance of root penetration in compacted soil 
layers (Sumner et al., 1986).  furthermore, it is 
well-known that gypsum application enhances root 
growth in soils containing toxic al levels, as a result 

of reduced al activity in the soil solution (ritchey 
et al., 1982).

unlike lime, gypsum does not raise the soil pH 
and therefore not increase cation exchange capacity 
(ernani et al., 2001).  as a consequence, most Ca 
atoms from gypsum remain in the soil solution 
(ernani & Barber 1993; ernani et al., 2001).  in 
addition, since the applied sulfate is not specifically 
adsorbed by the soil solid constituents, Ca mobility 
in the soil profile is high after applying this salt 
(ernani, 1986; ernani et al., 2001).  accelerated 
leaching of mg (rosolem & machado, 1984; Caires et 
al., 2003, 2006; ernani et al., 2006) and K (rosolem 
& machado, 1984; ernani et al., 2006) are some of 
the drawbacks of large gypsum applications to soils.

Calcium is the most important nutrient for apple 
quality and storage life.  When Ca is not adequately 
supplied by the soil or when no Ca sprays are applied 
during fruit growth and cell enlargement, fruits 
often have some physiological disorders such as 
bitter pit, cork spot and lenticel blotch pit, which 
make them unmarketable.  the occurrence of such 
dysfunctions varies among seasons (ernani et al., 
2008) according to the climate conditions and fruit 
chemical composition (amarante et al., 2011).

Calcium absorbed from the soil by the apple 
trees reaches the fruits via xylem flow within a 
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short period, during cell division, which occurs 
up to approximately 40 days after full flowering 
(amarante et al., 2006).  thereafter, the Ca flux 
passes basically through the phloem, a very slow 
pathway.  in addition, the water and nutrient 
transport to the xylem via apoplastic transport 
becomes difficult as roots age.  then, to reach the 
xylem, transport must pass through the symplast.  
However, Ca cannot follow this pathway because 
its concentration in the cell cytoplasm must stay 
low (taiz & Zeiger, 2008).  as a result, the Ca 
concentration in the fruits becomes diluted as 
they enlarge, creating favorable conditions for the 
development of physiological disorders.

most efforts of apple breeding programs around 
the world have focused on the development of 
disease-resistant varieties.  recently, Brazilian 
researchers (Camilo & denardi 2002) developed 
a scab-resistant apple cultivar (´Catarina´).  
unfortunately, this cultivar is extremely susceptible 
to the incidence of bitter pit, which has restricted 
its use on new plantations.

many Brazilian growers apply gypsum to apple 
orchards in order to enhance Ca uptake by fruits 
and, thus, to increase fruit storage life without 
any research support.  However, many questions 
remain unanswered about the efficacy of this 
practice, especially for apple orchards in Brazil, 
most commonly located upon highly buffered acid 
soils of predominantly variable charge.  this study 
was conducted with the purpose of assessing soil 
and plant chemical modifications caused by long-
term gypsum rates broadcast on the soil surface of 
an apple orchard in Southern Brazil, to validate or 
not its recommendation.

materialS and metHodS

the experiment was carried out in an apple 
orchard in São Joaquim, in southern Brazil 
(28° 17’ 25’’ S, 49º 56’ 56’’ W), from august 2001 
to march 2009.  the climate of the region is 
characterized as humid subtropical, without dry 
season, with annual mean temperature and rainfall 
of 13.5 oC and 1,700 mm, respectively.  according to 
the Köppen classification, the climate is Cfb.  trees 
of the ´Catarina´ cultivar, grafted on marubakaido 
rootstock, were planted in 1997, at a density of 
883 plants ha-1 (6 x 2 m) on a Humic Haplumbrept.

three months before planting, dolomitic lime was 
broadcast on the soil surface and incorporated into 
the 0–30 cm layer in an amount required to raise water 
pH to 6.5.  total rates of p and K fertilizer (240 kg ha-1 
of p2o5 and 120 kg ha-1 of K2o) was broadcast one week 

before planting at rates recommended by the official 
research and extension services (CQfSrS/SC, 
2004).  Soil samples collected from the 0–20 cm layer 
just before treatment application (four years after 
addition of dolomitic lime and fertilizers) presented 
pH = 6.4; al3+ = 0; p (mehlich-1) = 19 mg dm-3; K+ = 
5.2 de mmolc dm-3; Ca2+ = 103 mmolc dm-3; mg2+ = 
54 mmolc dm-3; organic matter = 43 g dm-3; clay = 
450 g dm-3, 1.8 % of crystalline fe2o3 extracted by 
citrate-bicarbonate-dithionite (CBd), 0.79 of fe2o3 
bonded to the organic matter, extracted by sodium 
pyrophosphate, 0.29 % of morphous fe2o3 extracted 
by ammonium oxalate, and CeC of 190 mmolc dm-3.  
the soil is derived from rhyodacite, where kaolinite 
is the predominant clay mineral, followed by some 
2:1 clay minerals with polymers of hydroxy-al in 
the interlayers.

treatments consisted of annual additions, during 
eight consecutive years, of gypsum at rates of 0, 1.0, 
2.0 and 3.0 t ha-1.  Gypsum contained 170 g kg-1 Ca 
and 20 % moisture.  it was always broadcast by 
hand in the winter (July-august) over the whole soil 
surface, including inter-rows, without incorporation.  
these rates were determined in view of the solubility 
of gypsum and the amount of rain in the study 
region.  the four replications of each treatment 
were arranged in a randomized complete block 
design.  each experimental unit consisted of five 
trees within a row, but only the central three trees 
were used for determinations.  the experimental 
area was treated with all management practices of 
the commercial orchard, including insecticide and 
fungicide application, winter and summer pruning 
and hand thinning.  phosphorus was not applied 
after planting and K was annually applied, over the 
soil surface, at 110 kg ha-1 K2o, as KCl.

the first fruits were analyzed in the 2002/2003 
growing season.  each sample consisted of 24 fruits 
per plot (eight fruits per plant), picked 15 days 
before commercial harvest.  fruits were washed in 
the laboratory with distilled water before analysis.  
to assess the fruit mineral composition (n, p, K, 
Ca and mg), two longitudinal slices were obtained 
from each fruit, including the peel.  these parts 
were blended, and approximately 5.0 g of the slurry 
was wet-digested with 5 ml H2o2 + 3 ml H2So4, 
at 350 oC.  potassium was determined by flame 
emission spectroscopy, n by steam distillation in 
semi-micro Kjeldahl equipment, Ca and mg by 
atomic absorption spectroscopy and p by vanadate-
molybdate reagents, according to malavolta et al. 
(1997).

Composite samples of 45 leaves from the mid-
shoot of the current year’s growth from each 
plot were collected at the end of January of each 
year (except in the growing season 2005/2006), 
approximately 120 days after full flowering.  the 
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figure 1. Values of exchangeable Ca in the soil 
profile as extracted in 1 mol l-1 KCl after broad-
casting annual gypsum rates, from 2001 to 2009 
(mean of four replications). **, ns: Significant 
by linear regression analysis (p ≤ 0.01) or non 
significant, respectively.

leaves were washed with detergent, rinsed with 
distilled water and oven-dried to constant weight at 
65 oC.  Subsequently, they were ground and samples 
of 0.500 g were wet-digested using nitro-perchloric 
acids, at 190 oC.  the leaf contents of n, p, K, Ca, mg, 
Cu, fe, mn, Zn, and B were quantified as proposed 
by freire (1998).

Soil samples were collected only at the end of the 
experiment, in april 2009, before fruit harvest.  Six 
soil cores were taken from each experimental unit 
(layers 0–10, 10–20, 20–40, 40–60 and 60–80 cm), 
air-dried, ground and sieved (2 mm).  they were 
analyzed for pH and exchangeable Ca, mg, K and 
al, according to embrapa (1997).

results were submitted to analysis of variance 
(anoVa) using the Statistical analysis System 
(SaS, Cary nC).  When there was significance for 
gypsum rates (p ≤ 0.05), regression analysis was 
performed.

reSultS and diSCuSSion

effects on soil exchangeable cations

exchangeable Ca increased linearly in all soil 
layers with increasing rate of gypsum broadcast 
over the soil surface, except for the 20–40 cm layer 
(figure 1; table 1).  in the first layer evaluated 
(0–10 cm), exchangeable Ca increased from 
105 mmolc dm-3, of the control (without gypsum), to 
147 mmolc dm-3 in the treatment receiving 3.0 t ha-1 
of gypsum annually for eight consecutive years 

table 1. regression equations with significant co-
efficients of determination (p ≤ 0.01) between 
exchangeable Ca and mg in the soil ( ), for 
different depths, and annual gypsum rates (x), 
broadcast on the soil surface from 2001 to 2009

depth equation r2

mmolc dm-3 cm

Ca 0–10  = 105.6 + 15.6x 0.89**

10–20  = 81.5 +11.5x 0.67**

40–60  = 27.7 +6.2x 0.93**

60–80  = 17.2 + 5.2x 0.89**

mg 0–10  = 59.2 – 11.8x 0.98**

10–20  = 59.8 – 8.20x 0.95**

(figure 1).  in the 10–20 cm layer, Ca2+ increased 
from 85 to 116 mmolc dm-3 for the same treatments.  
Considering the average of these two layers, the 
concentration of Ca2+ increased by approximately 
1.5 mmolc dm-3 per ton of gypsum applied.  the 
rapid downward movement of Ca in the soil profile 
after gypsum application has been extensively 
described (ernani, 1986; Caires et al., 1999, 2003; 
Blum et al., 2011) as a result of the great increase 
in Ca concentration in the soil solution (ernani & 
Barber, 1993).  Because most applied Ca remains 
associated with sulfate in solution, it is subject to 
translocation in the soil profile as CaSo4

0 (pavan et 
al., 1984).  ernani et al. (2001) compared the ability 
of gypsum and calcium carbonate to improve the Ca 
content in the subsoil of a Haplumbrept and verified 
that the vertical mobility of Ca from gypsum was 24 
times greater than that from carbonate.

exchangeable mg decreased only in the two 
surface layers (0–10 and 10–20 cm) (figure 2; 
table 1).  the absence of mg leaching from the 
deep layers is probably due to the high CeC of the 
soil used in our study, which allows electrostatic 
adsorption of large amounts of this nutrient in 
the soil.  Vertical mobility of mg following gypsum 
application has often been observed in sandy soils 
(ernani, 1986; Syed-omar & Sumner, 1991).  the 
mobility of the ion pair mgSo40 has been the 
main cause of the mg movement in the soil profile 
(Zambrosi et al., 2007).  the results of this study 
also show some vertical mobility of mg, which can 
however not be considered as leaching since this 
nutrient still remains in the layers of the apple roots.

Since the K concentration in the soil solution 
is lower than of Ca and mg, gypsum application 
had no effect on exchangeable K, regardless of 
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Surprisingly, the Ca leaf concentration was not 
increased by gypsum application to the soil (table 3).  
absence of changes in Ca leaf concentrations after 
gypsum application probably reflect the high 
values of exchangeable Ca existing in the soil 
(103 mmolc dm-3), as a result of previous liming.  
Since apple roots translocate Ca to the fruits only 
during the beginning of fruit formation, an increase 
in Ca availability in the soil did not result in 
increased Ca levels in the fruits.  the concentration 
of Ca in the leaves remained, in most years, below 
the normal range for this species (Suzuki & Basso, 
2002), which varies from 11 to 15 g kg-1. this 
shows the importance of supplying Ca to apple 
fruits through sprays, because even with addition 
of 3.0 t ha-1 yr-1 of gypsum, the concentration of Ca 
in the leaves remained, in most years, below the 
normal range for this species. this also reinforces 
the high susceptibility of the Catarina cultivar 
to develop physiological disorders related to 
insufficient Ca levels (Camilo & denardi, 2002).  the 
leaf concentrations of all other nutrients evaluated 

table 2. Soil pH and exchangeable values of K and 
al at different soil depths after broadcasting 
annual gypsum rates, from 2001 to 2009

depth gypsum pH-H2o K+ al3+

cm t ha-1 mmolc dm-3

0–10 0 6.3 9.1 -
1.0 6.4 8.6 -
2.0 6.6 9.8 -
3.0 6.4 9.2 -
effect(1) ns ns -
CV (%) 3.10 19.5 -

0–20 0 6.4 4.2 -
1.0 6.1 3.7 -
2.0 6.3 5.2 -
3.0 6.1 4.3 -
effect(1) ns ns -
CV (%) 1.97 14.2 -

20–40 0 5.3 2.5 8
1.0 5.2 2.1 6
2.0 5.2 2.3 9
3.0 5.1 2.4 11
effect(1) ns ns ns
CV (%) 3.75 13.8 42.3

40–60 0 5.1 2.0 21
1.0 5.0 1.8 22
2.0 4.9 1.9 29
3.0 4.9 2.1 21
effect(1) ns ns ns
CV (%) 2.3 12.9 49.0

60–80 0 5.1 2.0 46
1.0 5.1 1.9 48
2.0 5.0 2.4 26
3.0 4.9 2.2 34
effect(1) ns ns ns
CV (%) 1.7 34.1 28.8

(1) ns: effect of gypsum application rate non significant by poly-
nomial regression (p ≤ 0.05).

figure 2. Values of exchangeable mg in the soil 
profile as extracted in 1 mol l-1 KCl after broad-
casting annual gypsum rates from 2001 to 2009 
(mean of four replications). **, ns: Significant 
by linear regression analysis (p ≤ 0.01) or non 
significant, respectively.

soil depth (table 2).  thus, exchangeable K varied 
only between soil layers, as a consequence of K 
application to the soil surface over time.  in Brazil, 
apple orchards are located in the Southern States, 
planted mostly on highly buffered soils, as that of 
this study.  therefore, the risk of K leaching from 
this type of soils, even after addition of moderate to 
high gypsum rates, is relatively low (ernani, 1986; 
Suzuki et al., 1992).

Gypsum application had no effect either on 
exchangeable al in the deep layers, where this 
element was present.  in the two surface layers 
(0–10 and 10–20 cm), soil pH was higher than 6.0 
(table 2) and, as consequence, no extractable al was 
measured.  al leaching after gypsum application is 
normally negligible, since the amount of al displaced 
from the negative charges by Ca addition is low 
(pavan et al., 1982; ernani et al., 2001) because al 
is electrostatically adsorbed with high energy due 
to its valence.

effects on the chemical composition of leaves

except for mg, gypsum application to the soil 
for eight consecutive years had no effect on the 
concentration of any nutrient in the apple leaves, 
regardless of the rate and growing season (table 3).  
although mg was not leached from any layers 
occupied by apple roots, the decrease verified in the two 
surface layers (0–10 and 10–20 cm), as also observed 
by Caires et al. (1999, 2003), was enough to decrease 
its uptake by the plants in three out of six seasons 
(2004-2005, 2007-2008 and 2008-2009).  However, 
even in these seasons, mg leaf concentrations was 
higher than 1.5 g kg-1, value considered adequate 
for apple trees (Suzuki & Basso, 2002).
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in this study was not affected either by gypsum 
application to the soil (table 3).

effect on the chemical composition of fruits

Gypsum application had no effect on any 
nutrient in the apple fruits, independently of rate 
and growing season (table 4).  except for the 2008-
2009 growing season, the Ca fruit concentration 
was always below 40 mg kg-1, which is considered 
the lower Ca sufficiency threshold for apple fruit.  
in addition, ratios of n/Ca and of K/Ca were higher 
than 10:1 and 30:1, respectively, in most seasons, 
indicating high susceptibility to Ca insufficiency 
during fruit storage (nava & dechen, 2009).  fruit 

table 3. Concentrations of n, p, K, Ca, mg, fe, mn, Zn, and b in apple leaves, as affected by annual rates 
of gypsum applications broadcast on the soil surface, from 2001 to 2009

gypsum n p K Ca mg fe mn Zn b

t ha-1 g kg-1 mg kg-1

2002-2003
0 18.6 3.5 13.6 8.2 1.9 48.5 184 42.5 25.7

1.0 17.9 3.8 13.6 8.9 1.9 74.2 197 48.5 27.5
2.0 18.6 3.5 13.9 8.4 1.9 53.4 178 48.2 25.7
3.0 17.7 3.5 14.5 8.6 1.8 64.0 175 45.5 24.5

effect(1) ns ns ns ns ns ns ns ns ns
CV ( %) 6.2 11.4 7.3 6.0 8.4 48.0 10.8 9.7 13.2

2003-2004
0 17.6 3.3 13.2 9.3 2.2 93.5 169 23.5 28.0

1.0 17.8 3.4 13.2 8.9 2.2 65.0 165 21.2 28.7
2.0 17.9 3.1 13.2 8.5 2.2 53.7 147 20.2 26.5
3.0 18.6 3.2 13.2 8.1 2.0 58.5 146 20.5 27.5

effect(1) ns ns ns ns ns ns ns ns ns
CV ( %) 8.6 15.0 11.7 13.2 11.7 52.2 11.3 13.2 5.0

2004-2005
0 20.7 1.8 12.9 11.0 2.5 76.5 129 27.7 29.5

1.0 21.2 1.8 12.9 11.5 2.6 77.0 141 26.0 31.0
2.0 20.6 1.8 13.5 10.5 2.4 95.5 126 28.2 31.0
3.0 19.8 1.8 13.0 8.2 2.2 77.7 97 26.5 26.0

effect(1) l* ns ns ns l* ns ns ns ns
CV (%) 2.6 9.8 5.2 23.9 5.5 20.4 24.4 7.1 15.8

2006-2007
0 22.8 2.7 9.6 10.1 2.4 77.0 151 123 40.5

1.0 21.2 2.7 10.3 11.6 2.5 59.5 158 126 39.7
2.0 22.5 2.6 10.2 11.8 2.5 98.2 148 128 41.2
3.0 21.5 2.8 10.1 11.6 2.3 59.8 139 109 38.0

effect(1) ns ns ns ns ns ns ns ns ns
CV (%) 5.2 9.4 11.6 8.4 13.4 41.9 8.7 14.6 6.8

2007-2008
0 19.3 2.7 14.5 13.7 2.3 75.0 111 172 35.5

1.0 18.2 2.6 13.8 14.5 2.2 60.0 106 159 32.5
2.0 18.2 2.5 15.3 14.0 2.1 81.2 113 166 32.0
3.0 18.6 3.2 15.6 14.9 1.9 63.2 96.2 166 35.5

effect(1) ns ns ns ns l* ns ns ns ns
CV (%) 8.0 13.5 7.1 5.8 5.6 26.1 22.0 32.2 11.1

2008-2009
0 19.3 3.2 13.8 9.9 2.0 60.2 156 21.2 42.9

1.0 18.4 3.2 14.0 9.7 2.1 52.2 162 21.1 45.4
2.0 18.5 3.1 15.1 11.2 1.9 46.5 145 20.2 41.1
3.0 18.7 3.4 15.5 11.1 1.6 38.9 149 20.8 40.6

effect(1) ns ns ns ns l* ns ns ns ns
CV (%) 6.4 12.6 6.6 19.1 11.3 28.6 15.0 12.8 6.5

(1) l*, ns: linear effect of gypsum application rate significant by polynomial regression (p ≤ 0.05) or non significant (ns), respectively.

yield was evaluated in only three growing seasons 
(data not shown).  Since yield was not affected by any 
treatment, these measurements were discontinued.

the results of nutrient concentration in the 
fruits corroborate those observed in the leaves in 
this study, but are in disagreement with findings 
of other studies after gypsum application in apple 
orchards (pavan, 1987; Webster, 1990; Suzuki et al., 
1992).  Webster (1990) applied gypsum to the surface 
of a coarse textured soil for six years and observed 
increased Ca/mg ratio in apple fruits.  Suzuki et 
al. (1992) and pavan (1987) also found benefits 
in Ca dynamics in the apple fruits after gypsum 
application to Brazilian soils.  the cultivar used in 
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our study was very sensitive to Ca deficiency and 
the initial soil Ca content was much higher than 
that found in the cited studies, which may explain 
the different results.

ConCluSionS

1. Gypsum broadcast over the soil surface in 
eight consecutive years increased the Ca content 
in the soil profile, decreased mg in the topsoil and 
had no effect on exchangeable K and al values. as a 
consequence, it promoted a vertical movement of Ca 
in the profile but caused no mg, K and al leaching 
from the layers of the apple roots.

2. although Ca availability was increased in the 
soil profile, this was not sufficient to increase the 

table 4. Concentrations of n, p, K, Ca, and mg in the fruit flesh and some ratios between them as affected 
by annual rates of gypsum applications broadcast on the soil surface, from 2001 to 2009

gypsum n p K Ca mg n/Ca K/Ca K+mg/Ca

t ha-1 mg kg-1

2003-2004
0 349 170 1502 23.0 53.0 15.1 65,3 67.6

1.0 331 165 1458 22.5 52.2 15.2 65.2 67.5
2.0 339 159 1575 22.7 55.0 15.0 69.5 71.6
3.0 357 180 1455 21.2 49.8 16.7 67.8 70.2

effect(1) ns ns ns ns ns ns ns ns
CV (%) 8.4 10.6 9.8 9.8 11.7 13.3 10.0 9.7

0 288 138 1313 39.2 54.5 7.4 33.8 35.1
1.0 264 136 1267 37.2 52.0 7.1 34.0 35.4
2.0 267 135 1298 40.2 55.5 6.7 32.6 33.9
3.0 278 141 1318 37.7 53.7 7.4 35.3 36.8

effect(1) ns ns ns ns ns ns ns ns
CV (%) 5.6 4.4 2.3 11.0 6.0 12.5 11.9 11.9

2004-2005
0 334 138 1159 32.0 35.5 10.6 36.8 37.9

1.0 327 142 1175 32.7 37.0 10.4 37.3 38.5
2.0 313 171 1217 33.5 34.2 9.8 37.8 38.8
3.0 320 151 1204 36.2 35.0 8.9 33.7 34.6

effect(1) ns ns ns ns ns ns ns ns
CV (%) 6.4 15.1 2.9 13.0 7.8 17.7 14.1 14.0

2005-2006
0 316 172 1063 21.7 58.2 14.5 49.1 51.7

1.0 338 170 1355 23.5 55.2 14.6 59.4 61.8
2.0 340 169 1426 25.5 60.0 14.3 59.9 62.4
3.0 335 168 1366 29.0 60.2 11.9 48.6 50.8

effect(1) ns ns ns ns ns ns ns ns
CV (%) 4.1 4.7 24.1 16.1 3.9 16.5 32.2 31.2

2006-2007
0 270 261 1339 24.7 41.2 11.0 54.1 55.8

1.0 273 264 1280 24.7 43.0 11.0 51.8 53.5
2.0 274 265 1338 23.0 39.7 12.0 58.3 60.1
3.0 290 265 1312 23.0 44.5 12.6 57.2 59.2

effect(1) ns ns ns ns ns ns ns ns
CV (%) 4.5 5.9 9.5 9.7 6.4 9.7 13.6 13.4

2008-2009
0 280 163 1077 54.5 39.5 5.5 19.7 20.7

1.0 265 160 1108 50.5 40.2 5.2 22.5 23.2
2.0 273 157 1064 54.0 39.2 5.0 20.0 20.5
3.0 294 164 1131 54.5 42.5 5.5 20.7 21.7

effect(1) ns ns ns ns ns ns ns ns
CV (%) 13.3 14.5 6.5 10.3 5.3 18.9 14.6 13.3

(1) l*, ns: linear effect of gypsum application rate significant by polynomial regression (p  ≤ 0.05) or non significant (ns), respectively.

Ca concentration in leaves and fruits of an apple 
cultivar (Catarina) susceptible to Ca deficiency, 
even when grown on a limed soil. thus, in Catarina 
apple orchards, more frequent Ca foliar sprays are 
essential to compensate for the inefficiency of the 
cultivar in accumulating Ca in fruits.
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