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Research into toxicity and deficiency of minor nutrients in soil has been carried out in
Korea since the 1960s.  Soils in Korea tend to have a low pH and a low organic matter con-
tent.  Physical properties of some orchard soils are unsuitable for the cultivation of fruit trees.
The boron content of orchard soils has increased recently, compared to the low levels of the
1960s.  Injuries from boron levels are common.  Deficiency is observed in apple, grape, and
peach orchards, and toxicity in apple and pear orchards.  Most orchards have excessive manga-
nese levels, especially apple and persimmon orchards.  There are few reports of physiological
problems concerning iron or zinc.
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The introduction of improved cultivars and
the growth in consumers' incomes has resulted in a
marked increase in the number of commercial
orchards in Korea in recent decades.  The most
common fruit grown is apple, followed by
persimmon, citrus, grape, pear, peach, plum, in that
order.
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The parent materials of orchard soils in Korea
are mainly granite and granite gneiss.  The soil pH
is thus very low, and this acidity is made worse by
excessive rainfall.  More than 59% of the total
orchard area is on sloping land with a gradient of
more than 4°.  The soil of slopeland orchards is very
shallow, and the organic matter content is low.
Most orchards are fairly new, so that their soils have
not been cultivated for long.  According to soil
analysis carried out in the 1960s and 1980s, the soil
pH in apple orchards was lower in the 1960s than in

the 1980s, while the soil organic matter content was
higher.  In contrast, the pH of soil in pear orchards
was higher in the 1960s than in the 1980s, while the
organic matter content was lower.
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Leaf analysis to diagnose the nutrient status
has been carried out in Korea since the 1960s, and
is the main analytical method used today.  Estimated
critical levels (ECLs) in nutrients have been
investigated by leaf analysis of apple, pear, grape,
peach and persimmon.  However, estimated critical
levels for minor nutrients could not be determined,
because these vary according to the variety and
species of fruit tree, and the kind of microelement.

The micronutrient levels in persimmon leaves
were investigated in 1992.  The results showed that
the levels of boron and manganese varied widely in
different orchards, while the ECLs with regard to
iron content fell outside normal levels in most
orchards  (Table 1, Table 2 and Table 3).

Keywords: apple, boron, deficiency, Korea, manganese, micronutrients, orchard,
pear, persimmon, toxicity
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Boron Deficiency

Apple Trees

Internal corking caused by low boron levels in
apple was first reported in 1919, although the cause
was not recognized.  It was reported in 1940 that
borax application was an effective treatment.  Other
physical injuries caused by boron deficiency include
shoot dieback, inhibition of leaf bud germination,
rosette-shaped shoot tips, and marginal chlorosis in
young leaves.  Symptoms tend to be more severe in
young trees (Table 4 and Table 5).

Toxicity from Excess Boron

Apple Trees

In general, boron levels in the soil of Korean
orchards are not high enough to cause boron toxicity.
However, boron toxicity can occur if growers apply
too much boron fertilizer.

Leaves of apple trees growing in soil with a
high boron content tend to bend backwards.  The
leaf veins are yellow, and there is chlorosis of the
leaves.  The level of boron in leaves showing toxicity
symptoms is 231 - 342 mg/L.

There is often necrosis of the epidermis in
shoots of the scion above the grafted area.  In fruit,
there is often internal browning during storage.
Fruit are small in size, and there is increased
preharvest fruit drop and macrophoma rot.

Pear Tree

Symptoms of boron toxicity in pear trees
include shoot dieback, leaf chlorosis, defoliation
and fruit cracking.  Leaves at the ends of shoots tend
to bend backward.  In orchards where trees show
such symptoms, the boron level of both plants and
soil is much higher than in other orchards (Table 6).

Manganese Toxicity

Apple Trees

‘Bark necrosis’ is a common physiological
disorder in apple orchards in Korea.  Small

protrusions build up on young shoots.  The cambial
tissue under the bark browns and blisters, while the
bark on young twigs and branches cracks and peels.
Experiments found that these symptoms were caused
by manganese toxicity.  This injury is affected by
both the kind of rootstock and the calcium level of
the tree.  For example, manganese absorption was
markedly higher in Malus sieboldii, compared to
that of other rootstock.  The higher the calcium
level, the lower the extent of the injury.

Persimmon Trees

Manganese toxicity in persimmon does not
produce symptoms in the leaves or shoots, but the
fruit have green spots when they reach maturity.
This damages the appearance, and reduces the quality
and price of fruit.
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More than half of the orchards in Korea are in
slopeland areas, with acid soils.  Most orchard soils
have a low boron and a high manganese content,
with optimal levels of zinc and iron.  Symptoms of
boron deficiency and manganese toxicity were
observed in the 1960s and 1970s, while boron
toxicity from over-fertilization has occurred since
the 1980s.

Low boron levels in soil cause shoot dieback,
inhibition of leaf bud germination, rosette-shaped
shoot tips, and marginal chlorisis in young leaves.
In fruits, internal browning and malformation are
observed, resulting in poor fruit quality.  Boron
toxicity causes leaves to bend backward and leaf
chlorosis.  Toxicity also causes internal browning of
fruit, small fruit size in apple, and fruit cracking and
early fruit drop in pear. Disorders due
to manganese are mainly related to toxicity,
especially in apple trees.  The extent of toxicity
varies with the soil pH, the rootstock and the cultivar,
and is also affected by interaction with other mineral
nutrients such as calcium in the soil.  Internal bark
necrosis is a typical toxicity symptom in apple, as is
green spot in persimmon fruit.  Since these disorders
involving minor nutrients vary according to the type
of fruit and the cultivar, it is necessary to establish
estimated critical levels each time a new variety or
rootstock is introduced.
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