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Magnesium hydroxide, which recently registered as a Mg fertilizer, is greatly different from
magnesium sulfate in its solubility and effect on soil pH. In this study, the effects of
magnesium hydroxide and magnesium sulfate on growth of chinese cabbage were compared
at the application rate of 300 kg MgO ha' in a Gyeongsan clay loam soil. Although
magnesium hydroxide was effective in increasing number of leaf and fresh weight, overall
effects of magnesium hydroxide and magnesium sulfate on the growth of chinese cabbage
were not significantly different (p<0.05). Comparing the two magnesium fertilizer
treatments, magnesium content of chinese cabbage was relatively higher in the magnesium
sulfate treatment in the early stage of growth, but it was higher in the magnesium hydroxide
treatment at harvest. Contents of Ca, P, and K in chinese cabbage were relatively higher in
the magnesium hydroxide treatment than those in magnesium sulfate treatment. But, the
differences in nutrient uptakes by chinese cabbage between the treatments were not
significant (p < 0.05). Therefore, magnesium hydroxide is expected to be used with nearly
the same effects on crops as magnesium sulfate at the same application rate of Mg. Soil pH
in the treatment of magnesium sulfate was lower than that of control treatment, but
magnesium hydroxide could increase pH. Magnesium hydroxide can be used preferentially
in acid and/or sandy soils, where magnesium sulfate can induce further soil acidification and
leaching loss of Mg is often a severe problem.
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Introduction

Magnesium is one of the essential inorganic
macronutrients in plants. A major function of Mg
is its role as the central atom of the chlorophyll
molecule and when the supply of Mg is optimal
for growth, between 10 and 20% of the total Mg
of leaves is localized in the chloroplasts

Received : July 1. 2003 Accepted : July 21. 2003
*Corresponding author: Phone : +82538506755,
Fax: +82538506759, E-mail : jbchung @daegu.ac kr

(McSwain, 1982). High concentration of Mg is
required in the chloroplasts and cytoplasm to
maintain a high pH between 6.5 and 7.5. The
influence of pH on protein structure and hence
enzyme activity is dependent on the strict
regulation of the pH of the metabolic pool, and
cations such as Mg and K mostly perform this
regulatory function (Smith and Raven, 1979).
Magnesium also has an essential function as a

bridging element for the aggregation of ribosome
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subunits, a process that is necessary for protein
synthesis (Cammarano et al., 1972). Magnesium
is also required for RNA polymerases and hence
for the formation of RNA in the nucleus. There is
a long list of enzyme reactions that require or are
promoted by Mg. Reactions such as the transfer
of phosphate (phosphatases and ATPases) or of
carboxyl groups (carboxylase) require Mg
(Marschner, 1986).

Magnesium is generally taken up by plants in
lower quantities than Ca or K. The contents of
Mg in plant tissues are usually in the order of
0.5% of the dry matter. Cation competitive effects
in uptake are of particular importance for Mg as
such effects frequently lead to Mg deficiency in
the field, and deficiencies occur particular in
highly leached acid soils or on sandy soils which
have been given heavy dressing of lime (Tisdale
et al., 1985). Although Mg deficiency symptom
differ between plant species, intervenial
yellowing or chlorosis occurs and in extreme
cases the area become necrotic.

In the Official Standard of Fertilizers in Korea,
magnesium hydroxide, magnesium sulfate,
caustic-calcined magnesia, and magnesium borate
are listed as a Mg fertilizer. Potassium
magnesium sulfate, dolomitic limestone, and
silica fertilizers also contain Mg. In Japan,
magnesium hydroxide is listed in Official
Standards of Fertilizers, and a large amount of
this Mg fertilizer is consumed. In our country,
magnesium hydroxide was registered on the
Official Standard of Fertilizers in 2002, and still is
not widely used in the fields.

Table 1. Physicochemical properties of the soil used

Magnesium sulfate and magnesium hydroxide
are different in their chemical properties including
solubility, and then the effects of these Mg
fertilizers on soil chemical properties, pH, EC and
distribution of Mg and other exchangeable
cations in soi,l can be much different. Lee et al.
(2003) found that soil pH was increased and Mg
release from the fertilizer was slow and also the
effects of applied Mg on the other cation
distributions were not significant in soil treated
with magnesium hydroxide as compared with
magnesium sulfate treatment. Therefore the
effects of these Mg fertilizers on plant growth
should be carefully examined and compared.

In this study, the effects of magnesium
hydroxide and magnesium sulfate on the growth
of chinese cabbage and soil properties were
investigated.

Materials and Methods

Plant and soil Field plots for the experiment
were established in the March 2001 on a soil of
Gyeongsan series (fine silty, mixed, mesic
Fluvaquentic Eutrochrepts) at the experimental
farm of Youngnam University. Soil properties are
presented in Table 1. Maeryuk' chinese cabbage
(Brassica pekinensis Rupr.) was the crop tested in
this experiment.

Fertilizer treatments Fertilizer magnesium
hydroxide (Mg(OH)2) was provided from
FOSREC Co. and fertilizer magnesium sulfate
(MgSOs4) was purchased from Geondo Co. in

in this study.

pH Av.

Exchangeable cation

Texture OM T-N CEC
(1:5) P20s Ca Mg K Na
________ [ — mg kg cmol kg
clay-loam 542 20.6 1.2 113.1 11.2 42 1.9 0.9 0.6
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Pohang. Magnesium content in the fertilizers was
140 and 600 g MgO kg' for magnesium sulfate
and magnesium hydroxide, respectively.
Magnesium sulfate is completely water soluble,
and the solubility of magnesium hydroxide in
wateris 1.9 mg L' at 18C.

Rate of 300 kg MgO ha' was applied 5 days
before transplanting of chinese cabbage with
magnesium sulfate and magnesium hydroxide.
Nitrogen, P, K, and B were applied using urea,
fused phosphate, potassium chloride, and borax at
the rate of 230, 160, 250, and 15 kg ha' for N,
P20s, K20, and B20s, respectively. Phosphorus,
K, and B fertilizers were all applied 5 days before
transplanting, and 50% of the N was applied
before transplanting and additional 3 split
applications of 20-20-10% at every 15 days after
transplanting. Control (no Mg application) was
also included within a randomized complete
block design with three replications. Each plot
was 3 m wide by 5 m long, and 20-day-old
chinese cabbage seedlings were planted by 60 X
35 cmon 18 April 2001.

Growth of
chinese cabbage was measured at 15, 30, and 45

Measurements and analysis

days after transplanting and at the day of harvest
(18 June 2001). Number of leaf, length of the
largest leaf, and height, width, and fresh weight of
head were included in the measurement. Leaf
color was also measured at 15, 30, and 45 days
after transplanting using a chlorophyll meter
(Minolta SPAD-502, Japan). The means were
compared with Duncan's Multiple Range Test
(DMRT) at p<0.05 level.

Plant samples were taken at 30 days after
transplanting and at harvest for inorganic nutrient
analysis. Leaves were separated, rinsed with
deionized water, and dried at 65°C. Dried leaf
samples were digested with H2SO4 and H20:

using Kjeltec digesting unit (Foss KT2300,
Hoganas, Sweden), and N was determined using
Kjeldahl distillation system (Foss Kjeltec System
1026, Hoganas, Sweden). Phosphorus was
determined using vanadomolybdate method.
Potassium, Ca, and Mg were determined by ICP
emission spectrometer (Varian Liberty Series 1I,
Mulgrave, Austria).

Soil samples were collected at 30 days after
transplanting and at harvest, and air-dried and
ground <2 mm. pH was measured in 1:5 water
suspension using a combination glass electrode
(Mettler 350, Mettler-Toledo Ltd., Essex,
England). Organic matter, total N, and available P
in the soil samples were measured by Walkley-
Black method, Kjeldahl method, and Bray No. 1
method, respectively (Nelson and Sommers,
1982; Bremner and Mulvaney, 1982; Olsen and
Sommers, 1982). Analysis of 1 M KCI
extractable Ca, Mg, and K was performed using
ICP emission spectrometer (Varian Liberty Series
I, Mulgrave, Australia).

Results and Discussion

Results of the
measurement of leaf color, length of the largest

Growth of chinese cabbage

leaf, and number of leaf during the growth are
reported in Table 2. The SPAD values were
higher in Mg fertilizer treatment compared with
the no Mg control treatment, but the difference
was not significant. Length of the largest leaf and
number of leaf were also higher in Mg fertilizer
treatment compared with the no Mg control
treatment, but the difference was not significant.
There was no significant difference in the growth
of chinese cabbage between the treatments of
magnesium sulfate and magnesium hydroxide.
Yield and yield parameters of chinese cabbage
are presented in Table 3. Head height was higher
in the magnesium hydroxide treatment than in the
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Table 2. Effect of magnesium fertilizer treatments on leaf color, length of the largest leaf, and
number of leaf of chinese cabbage at various growing stages.

Days after transplanting

Measurement Treatment
15 30 45
. No Mg 34.49 50.01 44.96
Leaf color
MgSO0s 34.96 51.44 4745
(SPAD)
Mg(OH): 35.07 50.64 46.82
Length of the largest No Mg 8.33 23.13 33.46
leaf MgSOs 9.58 24.07 34.69
(cm) Mg(OH): 9.69 23.82 34.94
No Mg 8.11 16.17 45.78
Number of leaf MgSO: 8.44 16.89 49.89
Mg(OH): 8.75 16.42 48.78

Table 3. Effect of magnesium fertilizer treatments on fresh weight, height, and width of head and

number of leaf of chinese cabbage at harvest.

Fresh wt. Height Width Number
Treatment . 3 P
of head of Head of head of leaf
g cm cm palnt”
No Mg 1,950 a 24.5 ns 14.3 ns 68.8 a
MgSOs 2,040 a 24.1 14.7 72.0b
Mg(OH): 2,200b 25.6 14.9 71.1b

control treatment (no Mg). But the differences of
head height among the three treatments were not
significant (p<0.05). Head width was also
increased with Mg treatment, and the differences
of head height among the three treatments were
not significant (p=<0.05). Number of leaf was
significantly higher in the treatments of Mg than
in the control, but the difference was not
significant between the treatments of magnesium
sulfate and magnesium hydroxide. Fresh weight
of chinese cabbage was significantly higher in the
treatment of magnesium hydroxide compared
with the control and magnesium sulfate
treatments.

Nutrient uptake Nutrient uptakes of chinese
cabbage are presented in Table 4. At 30 days after
transplanting, Mg content was relatively higher in
the treatments of Mg fertilizers. And N and P

contents were also higher in the treatments of Mg
fertilizers compared with the no Mg treatment.
However, contents of Ca and K were relatively
lower in the treatments of Mg fertilizers. At
harvest, the nutrient contents were also not
significantly different among the treatments, but
Mg content were higher and Ca and K contents
were lower in the treatments of Mg fertilizer in
comparison to the no Mg treatment.

The lower contents of Ca and K in chinese
cabbage could be due to the competition of Mg
and Ca or K in the nutrient uptake. And also Mg
added by the fertilizers could replace Ca and/or K
from exchange sites and enhanced leaching losses
of those elements could be another reason for the
lower contents of Ca and K in chinese cabbage.
However, the differences in nutrient uptakes by
chinese cabbage among the treatments were not
significant (p<0.05).
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Table 4. Effect of magnesium fertilizer treatments on inorganic nutrient contents of chinese
cabbage at 30 days after transplanting and at harvest.

Sampling time Treatment T-N P20s CaO K20 MgO
g kg dry weight
No Mg 453 17.1 425 94.2 6.8
30 days after
. MgSO: 46.8 18.0 40.7 89.7 79
transplanting
Mg(OH): 457 17.9 415 922 7.6
No Mg 36.7 215 437 85.7 6.0
Harvest MgSOs 39.3 22.0 40.8 82.7 84
Mg(OH): 374 224 41.0 84.1 93

Comparing the two Mg fertilizer treatments,
Mg content in chinese cabbage was higher in the
magnesium sulfate treatment at early stage of
growth, but the content was higher in the
magnesium hydroxide treatment at harvest. This
result could be attributed to the difference in
solubility of the two Mg fertilizers and suggests
that magnesium hydroxide can supply Mg slowly
and continuously during the growth period.

Contents of Ca, P, and K in chinese cabbage,
comparing the two Mg fertilizer treatments, were
relatively higher in the magnesium hydroxide
treatment. Such differences in inorganic nutrient
uptake could be due to the competitions among
cations in uptake by plant and adsorption
/desorption in soil. And these cation behaviors in
soil can be influenced by the applied Mg, and the
effects of Mg on the behavior of other cations
could be much greater in the soil of magnesium
sulfate treatment, since magnesium sulfate is
completely water soluble. Magnesium sulfate can
release relatively large amount of Mg shortly after
application in soil.

The effect of Mg fertilizers on P uptake would
be related to the effects of the fertilizer on soil pH.
And also SOs released from magnesium sulfate
could inhibit P uptake by chinese cabbage.
However, still the differences in nutrient uptake
between the two Mg fertilizer treatments were not
significantly different (p <0.05).

Soil properties Soil properties measured at 30
days after transplanting and at harvest are
presented in Table 5. Soil pH in the treatment of
magnesium sulfate was lower than that of control
treatment. But, compared with the control
treatment, magnesium hydroxide treatment could
increase soil pH.

Total N and organic matter contents were not
significantly different among the treatments.
Available P content in soil was higher in the
treatment of magnesium hydroxide in comparison
to the magnesium sulfate treatment. The reason
for the higher available P content in the
magnesium hydroxide treatment could be, in
some extent, attributed to the increase of soil pH.
Availability of P in soil is very sensitive to pH
condition. As soil pH increase, decrease of the
solubility of Al and Mn can be followed by
increase of the availability of P (Longnecker and
Merkle, 1952).

At 30 days after transplanting and at harvest, 1
M KCI extractable Mg content in soil was much
higher in the Mg treatments comparing to the
control. Extractable Ca content in soil was
significantly lowered in the treatment of
magnesium sulfate. Since magnesium sulfate is
water soluble, introducing of a large amount of
Mg in soil with magnesium sulfate application
can effectively compete with Ca in cation
adsorption in soil (Lee et al., 2003). Comparing
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Table 5. Effect of magnesium fertilizer treatments on soil properties measured at 30 days after

transplanting and at harvest.

e pH Av. Extractable cation
Sampling time Treatment T-N OM
(1:5) P-0s Ca Mg K
------- gkg! —--mmv mg kg B e ¢ 1110) B (e
No Mg 4.89 1.28 244 107.2 4.38 1.57 0.96
30 days after
. MgSO: 4.85 1.36 23.8 112.6 4.02 246 093
transplanting
Mg(OH): 5.20 1.35 232 125.1 442 221 0.99
No Mg 5.20 1.29 229 126.8 421 1.86 0.95
Harvest MgSO: 4.97 1.33 21.8 124.0 3.90 231 0.92
Mg(OH): 5.69 1.31 20.6 145.5 434 2.56 0.96

the two Mg fertilizer treatments, extractable Mg
content was higher in the magnesium sulfate
treatment at 30 days after transplanting, but it was
higher in the magnesium hydroxide treatment at
harvest. The leaching loss of Mg in the
magnesium sulfate treatment could be much
higher compared with the magnesium hydroxide
treatment. However, extractable K content was
not significantly affected by Mg treatment. The
less exchange removal of K in the soil may be
due to the relatively lower content of extractable
K content in soil and also to the selectivity of K
over Mg in binary exchange adsorption process
(Jensen and Bobcock, 1973).

Conclusions

Although magnesium hydroxide was effective
in increasing number of leaf and fresh weight of
chinese cabbage, overall effects of magnesium
hydroxide and magnesium sulfate on the growth
of chinese cabbage were found not to be
significantly different (p <0.05). Therefore
magnesium hydroxide, recently registered as a
Mg fertilizer, can be used with nearly the same
effects on crops as magnesium sulfate at the same
application rate of Mg.

Continuous application of magnesium sulfate
can induce acidification and salt accumulation of

soil. And also leaching loss of Mg could be high
when water-soluble magnesium sulfate is applied
in sandy soils. However, magnesium hydroxide is
an alkali fertilizer and less soluble, and therefore
continuous slow supply of Mg and less adverse
effects on other cation uptake and distributions in
soil would be -advantages of magnesium
hydroxide over magnesium sulfate. Magnesium
hydroxide could be used preferentially in acid
and/or sandy soils.
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