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Ahstract

The consumption of chemical fertilizers in 1996 amounted to 511,700 t for nitrogen (M), 610,100 t for
phosphorus (P2P35), 441,200 t for potassivm (K200, The area of orchard fields was 314,900 ha in 1995
and the ratio to the total cultvated area was 6.4%. If the same amount of chemical fertilizer 15 applied to
each field, the total application to erchard fields should be 32,700t for nitrogen, 35,000 t for phosphors
and 28,200 t for potassium. respechvely. In thisreport, we estimated the input of chemical fertilizers to
orchard fields based on the results of official surveys of orchard area and the standard application rate
based on the cultivation guidelines adepted in 37 prefectures. In 15935, the input for main fruit tree spe-
cies amounted to 50,600 t for nitrogen, 36,400 t for phosphorus and 40,700 t for main fruit tree species
amounted to 50,600t for nitrogen, 36,400 t for phosphorus and 40,700 t for potassium. The output of
nutnents from the orchard fields was estimated based on the results of field expenments for the nutrient
uptake of fruit trees as follows: 32,800 t for nitregen, 9,100 t for phosphorus and 35,300t for potassium
for mature fruit-bearing trees. The ratio of estimated input to output was 1.3 for nitrogen, 4.5 for phos
phorus and 1.2 for potassium, respectively. These results indicate that the am ount of chemical fertilizer
application to the orchard fields may be appropriate for nitrogen and potassium butis excessive for phos-
phorus. Howewer the total nutrient balance was not calculated exactly in Japanese orchard fields because
the total nutrient input could not be determined owing to the paucity of statistical data on organic matter
application and also the total output could not be calculated due to the paucity of field expenmental data.
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Introduction

Many temperate and some tropical fruit trees are
planted in Japan because the country consists of many
islands extending from the temperate to the subtropical
zone. The total area of fruit trees decreased from 430,000

ha m 1975 to 308,000 ha in 1996. Especially the area of

citrus fruits decreased remarkably and the area in 1995
was about half of that in the 1975s. This decrease of the
area is due to the decrease in the fruit demand. The
demand for citrus fruits per capita per year decreased
from 25 kg in 1975 to 11 kg in 1995, This situation is
attributed to the diversification of eating habits or food
culture associated with the changes in the economic con-
ditions. The increase of fruit importation is also likely to
affect the decrease of area. Along with the changes in the

Present address:

marketing environment, the quality of fruits is becoming
more important than the quantity for sales. These
changes led to a decrease in the rate of fertilizer applica-
tion to orchard fields because, based on many field exper-
imental data, emphasis was placed on the production of
high quality fruits under suitable low application rates.
However, the surplus fertilizer that was applied previ-
ously may affect the environment around the orchard
fields. As the sustainability of agriculture has become a
social problem, it remains to be determined whether fer-
tilizer or organic matter application results in a load to the
surroundings of orchard fields. We attempted 1o estimate
the nitrogen (N}, phosphorus (P,0s) and potassium (K,;0)
balance in relation to chemical fertilizer application by
compiling the results of surveys and field experiments to
determine the nutrient balance in Japanese orchard fields.
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Table 1. Standard application rates of fertilizer for mature fruit-bearing trees

Nitrogen  Phosphorus  Potassium Yield
(N) (P20:) (K.0) of fruits
(kg/ha) (U/ha)

Pincapples 350 L15 310 52
Navel orange 326 239 246 34
‘lyo” tangor 317 227 242 33
‘Hassaku’ pummelo mandarins 316 199 221 39
Natsudaida 309 229 224 41
‘Unshu’ mandarins 219 164 160 34
Loquats 204 167 162 9
Japanese pears 204 156 164 31
Kiwifruit 179 138 158 22
Japanese persimmons 178 127 152 21
Mume apricot 166 106 152 15
Chestnuts 149 107 124 3

Peaches 141 98 127 20
Cherries 130 78 114 7
Plums 121 08 119 15
Pears (except Japanese pears) 120 80 97 15
Apples 115 63 93 36
Grapes 111 15 115 15

Input of nitrogen, phosphorus and potassium
associated with chemical fertilizer application

The standard application rate of fertilizer to orchard
lields was determined based on the results of field exper-
iments in most of the prefectures. We compiled the rates
from the cultivation guidelines adopted in 37 prefectures.
The rates are generally determined depending on the spe-
cies and age of the fruit trees. The yield of fruits and the
soil type of orchard ficlds are also key factors to deter-
mine the rate in some prefectures.

1) Species of fruif trees

Table | shows the mean of standard application rates
ol nitrogen, phosphorus and potassium for mature fruit-
bearing trees. These results indicate that much more fer-
tilizer is applied to orchard fields with evergreen and
ropical fruit trees. The means of rates ranged from 204
to 350 kg per ha for nitrogen (N}, 115 to 239 kg per ha for
phosphorus (P>0s) and 160 to 310 kg per ha lor potas-
sium (K:0). The rates for the late maturing citrus spe-
cies, Navel orange, ‘lyo’ tangor, ‘Hassaku® pummelo
mandarin and Natsudaidai, were higher than those for the

Table 2. Standard application rates of fertilizer for fruit trees that did not bear fruits

Nitrogen

(N)
Pincapples 352
‘lyo’ tangor 108
‘Unshu” mandarins 92
Navel orange 83
Loguats 63
Kiwifruit 54
Peaches 48
Cherries 47
Chestnuts 47
Apples 44
Japanese pears 41
Japanese persimmons 41
Mume apricot 5

Grapes 21

Phosphorus  Potassium Age alter

(P:0¢) (K.0) planting
(kg'ha) (yr)
116 312 3
75 75 4
62 52 4
43 67 3
42 46 3
43 47 3
36 36 3
i35 44 S
38 44 4
3l 32 3
29 32 3
29 32 3
25 32 4
20 2] 3
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carly maturing species, “Unshu” mandarin.  But in the
case of Unshu mandarin, the rates for the late maturing
varieties were almost the same as those for the early
maturing varieties although the late maturing varieties
were harvested in the same season as the late maturing
citrus species. For the deciduous fruit tree species, the
rate for Japanese pears was the highest and about twice
that ol apple and grapevine trees for nitrogen. These dif-
ferences may depend on the nutrient uptake and the char-
acteristics of root distribution. The rates for the evergreen
fruit trees that did not bear fruits were also higher than
those for the deciduous fruit trees that did not bear fruits
as well as mature fruit-bearing trees (Table 2),

2) Age of fiuit trees

The standard application rates of fertilizer for the
trees that did not bear fruits (from 3 1o 5 years old) ranged
from one-third to one-fifth of those of mature fruit-bear-
ing trees (10 or more years old) (Tables 1, 2). The appli-
cation rate of fertilizer to each mature fruit-bearing tree
should range from 6 to 10 times that of trees that did not
bear fruits because the planting density of the latter trees
is about twice that of the mature fruit-bearing trees. This
difference may be due to the size of the trees. The rates
for bigger mature fruit-bearing trees should be higher
than those for smaller trees that did not bear fruits
because fertilizer is usually applied under the trees. The
rates for mature fruit-bearing trees usually increase until
the trees become about 15 years old. However, the rates
are almost the same after 15 years in many {ruit tree spe-

cies, while the rate for Unshu mandarin increases until 50
years after planting.

3) Yeeld of fruits

As the yield increased, the application rates of fertil-
izer increased for cach fruit tree species. The rates for the
high-yiclding species such as citrus fruit and pineapple
trees were generally higher than those for the other fruit
trees (Table 1). However the yield of apple trees was
high although the application rate was low. And the yield
in plastic greenhouses was about 1.5 times higher than
that in orchard fields with the same fertilizer application
rates in the case of Unshu mandarin. These differences
may be due to the climatic conditions during the growth
period of fruits. The ratio of application rate to yield was
higher for chestnuts, loquats and cherry tree which gave a
low yield (Table 3). Bult the ratio was significantly low in
apple trees and half or one-third of that of the other trees.

4) Soil type

The application rates of chemical fertilizer were
determined for certain soil types in some prefectures,
The rate was generally higher in sand-dune regosols and
lower in andosols. This difference between the soil types
is usually not as conspicuous as that between lruit tree
species. However this difference must affect the rates of
each fruit tree species because the main area of citrus spe-
cies consists of yellow soils whereas that of apple and
grapevine trees consists of brown forest soils.

Table 3. Ratio of application rates of fertilizer to yvield of fruits

Nitrogen

(N)
Pincapples 6.7
Natsudaidai 7.6
‘Hassaku® pummelo mandarins 8.2
Navel orange L
lyo” tangor o7
*Unshu’ mandarins 6.5
Apples 3.2
Japanese pears 6.6
Kiwi fruit 8.2
Japanese persimmons 8.5
Peaches 7.0
Grapes 7.4
Pears (except Japancse pears) 8.0
Plums 8.2
Mume apricot 1.4
Loquats 23.2
Cherries 18.3
Chestnuts 43.9

Potassium Yield

Phosphorus
(P>0y) (K-0) of fruits
(kg/t) (t/ha)
2.2 6.0 52
5.6 5.5 41
52 5.7 39
7.1 7.3 34
6.9 74 33
4.9 48 34
1.8 2.6 36
5.0 53 31
6.3 7.2 22
6.1 T3 21
4.9 6.3 20
7.7 1.7 15
33 6.3 15
6.6 8.0 15
7.3 10.5 15
19.0 18.4 9
11.0 16.1 7
315 36.6 3
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Table 4. Total nutrient uptake of fruit trees

Nitrogen  Phosphorus
(N) (P204)
(ke/halyr)
*Unshu” mandarins 235 R}
Natsudaidai 202 35
Loquats 164 40
Mume apricol 142 34
Kiwifruit 137 77
Chestnuts 123 30
Pecaches 115 28
Japangse persimmons 115 27
Apples 79 3l
Grapes 66 26
Japanese pears 64 19

Output of nitrogen, phosphorus and potassium

The output of nutrients from the orchard fields is
mainly estimated based on the nutrient uptake of fruit
trees. However, there are few ficld experimental data
because it is very difficult to determine the nutrient
uptake of fruit trees in orchard fields. In one field experi-
ment, 2 middle-sized trees were selected at first. One tree
was cul in spring and the other tree in winter. The nutri-
ent uptake was calculated by the difference in the dry
weight between the 2 cut trees and the nutrient content of
cach section. Table 4 shows the total nutrient uptake of
11 fruit tree species that was caleulated based on the
results of the field experiments' "', These results show
that the nutrient uptake of evergreen fruit trees was
higher than that of deciduous fruit trees, while the potas-
sium uptake of chestnult trees was lower than that of the
other trees compared 1o nitrogen and phosphorus”. On
the other hand, the phosphorus and potassium uptake of
kiwifruit was higher than that of the other trees”. How-
ever, it is difficult to determine the nutrient uptake of
each fruit tree species because the age of the sample trees
and yield of fruits were different and the soil type was
also different in each experimental field. A larger num-
ber of experimental data should be collected to determine
whether these differences are associated with the nutrient
requirement of each fruit tree species.

Nitrogen, phosphorus and potassium balance in
relation to chemical fertilizer application

The input of chemical fertilizer to the orchard fields
was calculated by the following formula based on the
orchard area determined in the official surveys'” and the

average value of the rates of chemical fertilizer applica-

Planting

: References
density

Potassium Age

(K.0)
(v {No./ha)

178 16~50 750, 1500 3.4,5.6
150 14 750

182 15,20 300

154 14 300

220 4~11 320 7
56 T~13 160~330 1
97 7~11 180~480 8 14
99 O~25 180~400 10, 11
113 10~23 120 12
74 Je=§ 400 2
98 §~30

T0~200 9

tion compiled from the cultivation guidelines adopted in
37 prefectures.
Input (1) = Orchard area (ha) = Chemical fertilizer
application rate (kg/ha)/ 1000
The input of fruit-bearing irees and trees which did
not bear fruits was 50,600 t for nitrogen, 36,400 t for
phosphorus and 40.700 t for potassium, respectively in
1995. The output from fruit-bearing trees in the orchard
fields was calculated by the following formula based on
the orchard area determined in the official surveys and
field experimental data of nutrient uptake.
Output (1) = Orchard area (ha) * Nutrient uptake based
on field experiment (kg/ha)/1000
However, it was difficult to caleulate the output
because no field experimental data of nutrient uptake
were available for pineapples, Navel orange, Iyo tangor,
Hassaku pummelo mandarins, cherries, plums and pears.
The data of other similar species were used for these spe-
cies to caleulate the output, The data of Natsudaidai were
used for Navel orange, Iyo tangor and Hassaku pummelo
mandarins. The data of peaches™" were used for cher-
ries. The data of Mume apricot were used for plums.
The data of Japanese pears” were used for pears. How-
ever since there were no good data for pineapples, the
outpul was estimated to be half of that of the chemical
fertilizer application, The output from fruit-bearing trees
in 1995 was 39,800 t for nitrogen, 9,100 t for phosphorus
and 35,300 t for potassium, respectively.
The ratio of the input to output was 1.3 for nitrogen,
4.5 for phosphorus and 1.2 for potassium. The ratio of
each fruil tree species ranged [rom | to 2 for nitrogen and
potassium and from 2 to 6 for phosphorus, excluding Jap-
anese pears (Table 5). These results indicate that the bal-
ance of nitrogen and potassium was adequale in 1995
while the phosphorus balance was excessive in the Japa-
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Table 5. Ratio of application rates of fertilizer to nutrient uptake of fruit trees

Nitrogen

(N)
Japanese pears 3.0
Japanese persimmons 1.6
Natsudmda 1.5
Apples 1.5
Kiwi fruit 1.3
Peaches 1.2
Mume apricot 1.2
Loquats 1.2
‘Unshu’ mandarins 0.9
Chestnuts 1.0

nese orchard fields, However about 30 years ago, the
rates of nitrogen and potassium were also almost twice
those of the present ones. The surplus chemical fertilizer
may fow to groundwater. It was reported that the NO;-N
content of groundwater is presently above the environ-
mental upper standard (10 mg/L.) in some orchard fields.
Results from the surveys in orchard fields show that
phosphorus tends to accumulate in soil. In these arcas,
the available phosphorus content exceeds 100 (mg/100 g
dry soil) although the adequate level of available phos-
phorus is 30 (mg/100 g dry soil) based on the official
guidelines adopted for orchard fields.

In Japanese pears, the ratios were higher than in the
other species.
remarkably high with a value of 8. This difference may
be due to the planting density.  We used the mean of
chemical fertilizer application rates and the nutrient
uptake in order to estimate the nutrient balance. The
planting density of mature Japanese pears is the lowest
among all fruit tree species, 70 per ha (Table 4), There-
fore, Japanese pear trees may not be able to absorb nutri-
ents effectively because the root distribution is not very
dense.

Especially the ratio of phosphorus was

Organic matter application and nutrient balance

We must estimate the total input of organic matter to
caloulate the nutrient balance exactly in orchard fields.
However, we could not estimate the input because statis-
tical data were not available. The results of the official
surveys covering 2,757 farmers show the tendency of
organic matter consumption. The standard nutrient con-
tents of 12 organic materials are also listed for nitrogen
(0.6~3.6%), phosphorus (0.2~5.1%) and potassium
(0.3~2.7%). If the consumption of these organic materi-
als, nutrient contents and area data are used to estimate
the input of organic matter, the input to the orchard fields
should amount to 11,900t for nitrogen, 15,600 t for phos-

Phosphorus Potassium
(P20) (K:0)
3.0 2.0
4.8 1.5
6.5 1.5
2.1 0.8
1.8 0.7
3.5 1.3
3.1 1.0
4.2 0.9
4.3 0.9
3.0 1.8

phorus and 12,400 t for potassium, This input ranged
from half to one-fourth of that from chemical fertilizer.
However, organic matter application is common in only
some orchard fields because it is difficult to obtain a suf-
ficient amount of organic matter in other orchard fields.
Therefore these data show that nutriemt input from
organic matter may be the same as or higher than that
from chemical fertilizer in some orchard fields. The sur-
plus organic matter may lead to cluviation of nutrients
around the fields. The results of the soil surveys in
orchard fields show that the potassium content of soils is
excessive in some orchard fields to which a large amount
of manure had been applied for a long time because the
manure has a high potassium content. In thése arcas, the
rate of potassium fertilizer application decreased.

Conclusion

We estimated the input of chemical fertilizer o the
orchard fields based on the results of official surveys of
orchard areas and the standard application rate based on
the cultivation guidelines adopted in 37 prefectures in
1995, The input was 50,600 t for nitrogen, 36,400 t for
phosphorus and 40,700 t for potassium for the main fruit
tree species.  The output of nutrients from the orchard
fields was estimated from the results of field experiments
for the nutrient uptake of fruit trees. The output was
39,800  for nitrogen, 9,100 t for phosphorus and 35,3001
for potassium for mature fruit-bearing trees. Because the
ratio of the input of chemical fertilizers to the output from
fruit trees was 1.3 for nitrogen and 1.2 for potassium, the
application of nitrogen and potassium fertilizer to the
orchard fields is not considered to affect the surrounding
environment presently. But about 30 years ago, the appli-
cation rates were almost twice those of the present ones.
The NOs-N content of groundwalter exceeds the environ-
mental upper standard (10 mg/L) in some orchard fields.
And the available phosphorus content is above 100 (mg/
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100 g dry soil) in some orchard fields although the ade-
quate level is 30 (mg/100 g dry soil) based on the guide-
lines for orchard fields because the ratio of input to
output is still 4.5.

The total nutrient balance was not calculated exactly
because the total nutrient input could not be determined
due to the paucity ol statistical data on organic matler
applications. Morcover, the total output could not be cal-
culated due to the paucity of field experimental data.
However the results of the estimation of the nutrient bal-
ance in relation to chemical fertilizer application indicate
that the total nutrient balance in some orchard fields may
show an excess in nitrogen, phosphorus and potassium.
The surplus nutrients must lead to the increase of the
available nutrient content in soil and result in a load to the
surrounding environment of the orchard fields if heavy
application continues.
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