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Abstract

Approximately thirty years have passed since plastic films
were introduced to Japan. During this veriod, A nrotected
cultivation has much contributed towards rearing of leadin
farmers while bringing varieties in »eoples' daily lives.

An annual increase rate of protected cultivation areas be-
fore the so-called "oi) shock" in 1373 was on remarkable two
figures. Even after the "oil shock", it still was on increase
although such increase became little slack.

According to the statistics for the year 1373, total areas
of glasshouses and plastic houses reached 32,000 ha. As for
the kinds of croos grown, vegetables occupied 25,000 ha or 78%,
flowers did 3,000 ha which are 9%, and fruit trees 4,000 ha
vhich are 13% of a little acreagze. In the last one or two
years, an increase of protect:d cultivation areas for fruit
trees has become very noticeabdle.

Two "o0il shock" occurred in 1373 and 1380 triggered a move
to save o0il as heating fuel and also accelerated a develiopment
of substitutive fuel, both are the most important subjects of
the study in protected cultivation. t contains usage of natu-
ral energies, seeking of substitutive energies, an alteration
of growing period, a sharing of cultivation areas, an expansion
of kinds of the crops etc. Among of them, particularly for an
exvansion of kinds in case of vegetables, an introduction of
hardy vegetables is wortn considering.

A protected cultivation whicn currently occupies abdout 30%
and 70% respectively of the total production of vegetables and
flowers would pay an important roll still further an increase,
of a protected cultivation areas, even tnouzh it may be slight,
can be attained.

Introduction

As shown in Table 1, the total areas of the glasshouses and
the plastic houses in 13979 were 31,730 ha, 30,223 ha. equiva-
lent to 35% of the total is for the plastic lLouses, and during
the last 15 years, the glasshouses increased by 2.9 times while
the olastic houses increased as much as 6.9 times. Looking it
from a classification of kinds of crops, vegetables are by 5.2
times, flowers 4.3 times and fruit trees 10.2 times., ention-
ing further, kinds of crops cultivated in the plastic houses
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are consisted of vegetables which are 823!, flowers which are
7% and fruit trees which are 11°,

In our country, majority of the covering material for the
plastic houses are made of poiyvinyl chloride film and not much
polyethylene film. Recent increas: of the dlastic houses is
especially remarkable for a growWta cf Jrart trees, particularly
of mandarine oranges. Secondly, in 1373 tunnel covered areas
were 55,115 ha, of which 53,374 ha were for vegetables, 542 ha
for flowers, 557 ha for sweet potatoes and 660 ha for potatoces,
Also mulcned ereas were 103,223 ha in total, of which 22,302 ha
were located inside of zlasshouses and plastic houses, 35,371
ha were inside of tunnels and 456,360 La were in the open fields
(Tables 2 and 3).

A orotected cultivation in Japan that are developed under
such a background faces dboth saving of oil and establisnment of
oilless cultivation rather urgently. Therefore, I would like
to exolain the future problems focusing on these aspectis.

Tnergy saving methods

The problems may be classified as follows:
Basically this matter is devided into two cciegories--one is 2
0oilless method and another is an oil-saving method. Tnese di-
visions are made on which has the heavier weiznt on possibili-
ties. Therefore, even if the metnod is zlassified into an oil-
saving category, it can be treated as a cilless category depend-
ing on the apolication of metriods.

1. Oilless heating

A utilization of natural energyv{(subterranean heat, hot
spring etc)

A& research for substitutional combustibles(waste 0il,
saw dust, rice-hulls etc)

A utilization of exnaust heat from factories and power
plants

A utilization of discositional heat from urban wastes

An alteration of growing period

An introdretion of hardy crops

2. Saving of fuel oil

An adoption of multi-layered covering method

An adoption of fixed double layer covering method

A method of thermal exchange in soil

A collection of solar energy

A control of atomospheric temperature during nizht
time

An imorovement on efficiency of boilers

An alteration of growing period

An introduction of hardy croos

Among above methods, a utilization ol subterranean heat and
hot springs is b2ing under development. It is necessary to
consider removal of harmful minerals contained in, otherwise
trhey might contaminate neignbouriny fields. This means that
harmful minerals contained in warm water used in heatingz up
glassaouses and plastic nouses which is discharged out may be
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deposited in the fields. As for a utilization of waste fezat
generated in factories and power plants, it apoears to have
remote possibilities to operate a protected cul‘ivaticn right
next to such factories and powe: plants, because acgquiring
svaces is rather difficult in our country. There are a few
attempts for the utilization of dispositional heat from waste
oil 2nd urban wzstes, but it %11l not last unless constant
supvlies of materials are guranteed to be secured.

At below some additional explanation shall be described on
some metnods of possibilities in our country.

a. Multi-layered covering method
There are ma2ny cases of installation with a double

layered thermal screen. ifaterizls used for these covers
are made of, starting with polyvinyl chloride film,
polyethelene film. As a chief material, but non-woven
mesh and polyvinyl chloride agricultural film blended
with aluminiws are also used. TFor the utilization of
this method, it does not require too muzn of a cost, but
creates shortcomings such as reducing penetrative sun
rays and making interiors over-humidified, because of
multi-layered covers,

b. Fixed double layer covering
This method is to stretch a covering materizl on
outer surface and a2t the same time fix 2z covering ms-
terial inside of glasshouses and nlastic houses, thus
creating an insulation lazyer in between in order to odre-
vent from loosing heat,

c. Tnermal exchang= in soil

Air warmed up in glasshouses and olzastic houses can
be stored in olastic pioses which are duried in ths ground,
which can be recirculated within glasshouses and.olastic
houses to prevent temperature in houses froi droppin
do'm when they start to cool off durinzg nignt time. ‘%hen
sunshine becomes less in winter seasons whzreby a suitable
temperature f_r tne growtnh of the croos is uvnattainabvle,
it cannot be helpea but to use hot air heater to raise
temperature for hardy cross such as strawberries, a suita-
ble growth temperature during winter seasons can be mair-
tained by this method without burning oil. 2Also a method
used for maintaining tamperature for a cultivation of
mandarine orarce in houses adopts variation of this systzem,

“hen this method was introduced at first, it was feared
that it may become over-humidified in the housing facili-
ties. PBut it became clear that this can be preventeld b
forcing ventilation in the mornings. A shortcoming of this
rmethod is; first--high cost for the materials and secondar
--because a construction work is rather extensive, it is acd-
visable to parform an installation work a2t the time of ini-
tial constructiosn of =lasshouses and oslastic nsuses,

The tested example in the centrz2l Japan (Fanazava
orefecture) showe that, if o cost of not 2air neating is se:
2s 102, a cost of thig method is only 22,37,




d. Controllinz atomosphsric temperature during night time

This method is to control interior temperature of the
housing for a cultivation of fruit vegetsables. Based on
the result of the test, it is advisable to lower a2 temper-
ature in a latter half of a nigaht than the one in a first
half of a nignt, in order to make assimilated substances
produced current during night time.

e. Alteration of growing period

f.

With this method, it is aimed to szvs a consumption of
fuel by shortening a heating period and zvoiding heating
during peak of the severest cold seasons. Table 3 shows
a calculating of heating degrez-hour for tne growing of
cucumbers and tomatoes, classified by locations, growing
periods, heating periods, and designated degrees of night
temperature, According to this table, tke period which
requires most consumption of fuel is, nstural to say, for
a forced heating during the coldest season. Compzred with
this, 2 growing to Autumn reguires 60%, and, if a semi-
forcing is used it reguires merely 203! to 40, Thus, if
tnere is not much oroblem exists from the point of prof-
itability, switching from a forced heating to a semi-
forced heating or an alteration of a growinz period to 2z
growing in Autumn becomes an effective counter-measure to
the saving of fuel.

In fact, in soutnern Japan (Fiyazaki prefecture) a
forced growing for tomatoes are much reduced and a combi-
nation of Autumn cucumbers and a semi-forced growing of
tomatoes are replacing it.

Introduction of hardy croos

In cultivation of flowers, there arz examnle such as
switching from carnations to sweet peas which has more
resistibility to lower temperature, or cultivation of
potted flowers after cyclamen.

Here I would like to discuss possibilitiec of such
methods in case of vegetables.

It must be studied carefully about its oprofitability,
when some new hardy vegetables are to be cultivated in
plastic houses for shipment to the markets.

Gross profits for various vegetables grown by a pro-
tected cultivation are shown in Table 4. From this Table,
lettuces show the least amount of Zross sales amount which
is ¥48,100 per a. UWith tomatoes, auberzines and cucumbe=s
grass sales amount are ¥210,000 whica differ greatly from
the same of lettuces. This means lettuces do not reaguire
as much oroduction cost as fruit vegetables because let-
tuces are hardy vezetables,

From tnis aspect of economical efficiency, crons whichn
are not currently zrown in plastic houses but could be
introduced as crops to Ye cultivated in nlastic nouses in
future are onions, young corns, edible j>odded vpeas, gzrlics,
garland cnrysanthemuns, garden peas, young broad veans and
a2 kind of Jelsh onions(41lium fistulosum L. var.caespitosum
vakino) .

It needs to be checked on srofitabilities in actuz2l pro-
Juetion, howevzsr., ibave mentione2d vegetables have had a
rarner small areas for» zrvirg £3111 now, If the areas are
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ded, marketing auentities will te na
4, and the prices for them will cer
dropa ed accordingly. And also a consumdt
of areas where such vegetavles are to be
be checked, because if they do not agree with consumers'!
diet taste, enlargement of consumption czn rot be exoect-
ed. From the aspect of :ultivation, resuirement of la-
bour for onroduction is to be checked also, because if it
reguires extrsordinary amount of labour, oroductivity per

lzbour will drop no matter how high a »sroflitability is.

Skaring of production areas

Due to a steep rise of oil prices, produced crooas from z sub-
trooical zone suvch as Qkinawa vhere heating is not totzlly re-
cuired are shipped to the mainland of Japan, and 2 cultivation of
croos in the mainland becomes economically unstable.

in average temperature in O«inawa du“1n7 winter season is
avoroximately 18 degrees centigrade, and requires no fuel for
hecating., Thus, a cultivation of crops is much profitable and
this is the very oresent situation.

Some kinds of vezetables are forbidden from transshipoing
to other areas due to existence of vermin, but if a nerfect
extermination or preventive metlods for such vermin are per-
formed and oaroducts are freely shipped to the mainland, there
will be bound to yield crops that are not financially o2id *o
grow in the mainland.

Therefore, it is quite feasible to szy¥ that phenomene of
allotinz production arsas may occur.

Conclusion

Comvaring a consumption amount of vegetadbles for one dsy by
each countries in 1375, according to the statistics by FAC
Italy ranks at che top by consuming 427z, and -oruu5al comes
the second with 358g, Spzin is the third witn 352z, New Zealand
the fourth with 251g, and Japan is the fifth wlth 363z, It
showa Japan as one of tne leading vegetable consumers in tihe
world, hcwever, an annual consumption anount D2er one Jerson in
Japan was &t its peak in 1363 with 124.3 Xz and gradually on
decrease ever since. Therefore, it is very unlikely that the
consunotion of vezetables will suddenly increase in our countrz.

Zowever, as Jadan extends latitudinally long from MNorta to
South, she can introduce various types of cultivational methods
and considering remarkable technological developments both for
kinds of croos and technigues of cultivation that she is makincs,
it may be considered possible that the continuous supplies of
horticultural crops through out the year without interruption
plus de2mands for new kinds of their crooss mizht enlarge consum--
tions,

Therefore, the horticulture in a plastic house would pay an
im sortant roll further.
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Table 1 Recent evolution of protected cultivation for

horticurtural crops production (1979) 1 (unit:ha)
Glashouses Plasciec houses Total
Crops 1979/ '79/ '79/ 179/ 179/ '179
Area 1965 77 Area 165 77 Area 165 177
ratio ratio ratio  ratio ratio ratio 4
Vegetablas 635.8 344 133 24,201.0 630 114  24,836.8 617 114 '
Flowers 672.7 334 106 2,097.4 582 118 2,770.1 493 115
Fruits 191.9 143 114 3,930.8 1,451 142 4,122.17 1,018 140
- Sweet potatoes - - - - - - - - -
Pota oes - = - - - - - - -
Total 1,500.4 30,229.2 31,729.6




Table 2 Recent evolution of protected cultivation for horticultural
crops production (1979) 1 (it ha)
Tunnels Mulches
in glass-
Crops 3 1979/ 79/ in 179
Dot astic VPP totar 1965 177 glass- P In the qoral 177
n pla ¢ frields ratio ratio houses tunnels fields retio
onses
~Vegetables 9,996 43,378 53,374 217 104 22,878 33,686 33,684 90,248 101
- Flowers 237 287 524 246 120 - - % - -
Fruits - - - - - - - - - -
Sweet potatoes 1 556 557 - - 14 1,606 8,536 10,156 125
~Potatoes 1 659 660 - - 10 679 4,140 4,829 114
Total 10,235 44,880 55,115 22,902 35,971 46,360 105,233




Table 3 Heating degree-nour at the cultivstion deriod
' in cucumbers and tomatoes (Xobavashi, 1930)
s _ iy Eeating*
R Croos Tocality Cultivation Ei;vest Heating degree- .
period season season hour mevs
* 102 hr o
Central Forcing tar.—Jjune Jan.—May 14.4 100
I ol Semi-
asan forcing Apy.—June iar.-—May 5.1 33.5
Cucrmbers
Autuzn Nov.—Jan. ¥Nov.-—7jan. 7.2 55.9
- A - R —\ ) —A
Southern Forcing Jan,—May Nov.—4Dr. 12.8 100
Semi-
forcinz Map,—May Feb.—4Apr. 5.7 44,1
Forcing Jan,—June Nov,—ADdr, 14.7 100
Central Semi -
" forcing ¥ay—TJuly  ¥ar.—ADr. 3.2 21.6
Tomatoes Autumn Oct.—Jan. Nov.—Jan. 5.8 58.8
Southern Forcing Feb,—rFay  Nov.—Apr. 5.9 100
Semi-
forcing Fap,—>May  Peb.—Apr. 4.1 41,7
Note * Night temperature of cucumbers growing was set at 13°C,

that of tomatoes was set at 10°C

** Comparison of degree-nour ratio in cultivation period as
100 forcing growing at the same place
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Table 4 P0ssibility of introduction of hardy vegstables to
a2lasshouses and vlastic heuses(2dz snd Xagewvamz,413§0)
Prices in ;.14 Sross Factors Gom=
Crovps winter sales Produc— 1.  OpT. pati-
marks;" ver 2 agount tivity temp. temp.bllit
1/Xg Xg/a ¥ 10/a for fer 7
growth growth
Radish 45 541.8 25.1 - * * -
Cubbagze 72 52v.6 37.8 - *# e -
Chinese
caboage 27 602.4 16.4 - * e -
wWater melon 481 317.1 152.5 *x - - -
Targ 170 194.7 33,1 - - - -
Cnion 92 543,0 50.1 * * * * 4
Young corn 419 164.7 63.0 ¥ * * * 2
Cucumber 279 8Gc. 1 224.6 *¥ * * »
Welsh onion 125 339.3 42.4 - *4 =% -
Carrot 70 331.2 23.3 - * x% -
Spinach 154 222,7 34.3 - s wx .
Aubergine 234 740.1 217.6 * - - *
Tomato 275 719.1 137.38 ** s * *
Lettuce 250 792.4 43,1 * *# % #
Pumpkin 282 394.8 111,73 *% % - %
Edible burdock 162 298.0 41.8 - * * -
trawberry 1,133 185.6 211.4 *% * . #
Young kidney bean 868 116.3 100,93 “* * ** *
Zdible podded pea 718 119.0 85.4 ** *% ** B £
Turnipo 61 331.2 23.9 - * % -
Garden asparagus 1,408 T72.8 103.0 *% * *% *
Cauliflower 134 276.93 37.1 - * * -
Pimento 376 935.2 351.6 e * - -
Garlice 553 '36.5 75.5 * *¢ *% * z
3arla..d chrysanthe-
mum 229 244 .7 6.0 * *3% * % *» 2
Garden pesa 550 106.7 58.3 * * *% * 4
Young broed bean 1,758 117.3 207.3 *r *e - 4% 4
Allium fistulosum
L.var,caessitosum
Makino 233 249.9 £3,7 * ** % % z
liote: Productivity ** 70 10 ¥/a, * 48 10 -63.9 10 /2, - 47,2 10 ¥/a
Min.temp.for grnwth * 5C, * 5-10C, - 10 C
Spt.temp.four growth ¥+ 15-20C, * 20-25¢C, - 25-30¢

2083

ivility of introduction # : Crops w-ich are not currently zrown
in 2lastic houses but could be introduced 238 crops to oe culiivaze

in nlastic houses in future
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