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Abstract 

Approximately thirty years have passed since plastic films 
were introduced to Ja~a~. Durin~ this oeriod, A orotected 
cultivation has much contributed-towards rearing of leadi~g 
farmers while bringing varieties in ?eoples' daily lives. 

An annual increase rate of protected cultivation areas be
fore the so-called "oiJ shock" in 1973 was on remarkable two 
figures. Even after the "oil shock", it s'till was on increase 
although such incre~se became little slack. 

According to the statistics for the year 1979, total areas 
of glasshouses and plastic houses reached 32,000 ha. As fur 
the kinds of crops grown, vegetables occupied 25,000 ha or 79~, 
flowers did 3,000 ha which are 9%, and fruit trees 4,000 ha 
which are 13~ of a little acreage. In the last one or two 
years, an incr~ase ot: protect·~d cultivation areas for fruit 
trees has become very noti.:~ea.::ile. 

Two "oil shock" occurred in 1373 and 1gso triggered a move 
to save oil as heating fuel and also accelerated a development 
of substitutive fuel, both are the most i~?ortant subjects of 
the study in protected cultivation. It contains usage of natu
ral energies, seeking of substitutive energies, an alteration 
of growin~ period, a sharin~ of cultivation areas, an ~X?ansion 
of kinds of the crops etc. A.~on~ of them, particularly for an 
expansion of kinds in ca~e of vegetables, an introductio~ of 
hardy vegetables is worth considering. 

A protected cultivation which currently occupies a~out 30~ 
and 70% res?ectively of the total production of vegetables and 
flowers would pay an important roll still further an increase, 
of a protected cultivation areas, even though it may be slight, 
can be attained. 

Introduction 

As shown in Table 1, the total areas of the glasshouses and 
the plast,ic houses in 1979 were 31,730 ha. 30,229 ha~ equiva
lent to 95% of the total is for the plastic houses, and durin; 
the last 15 years, the ~lasshouses increased by 2.9 times ~~ile 
the ?la~tic houses increased as much as 6.9 times. Lookin~ it 
from a classific~tion of kinds of crQ?S, ve~etables are by 6.2 
ti~es, flowers 4.~ times and fr1.Jit tre~s 10.2 ti?'!es. :·:e~tion
in~ further, kinds of crops c~ltivated in the plastic houses 
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are consisted of vegetables which are 827~, flot.:ers ...-hicZ: are 
7~·~ a~d fruit trees which are 11'·~. 

In our countr}·, majority of the covering ~a terial for the 
plastic houses are made of po:yvinyl chloride film and not much 
polyethylene film. Recent increas~ of the ;:>lastic houses i3 
es;>ecially remarkable for a ~r.:-,.t;~ cf .1.;:-,~1<; t;rees, particularly 
of mandarine oran~es. Secondly, in 197~ tUIU1el covered areas 
were 55,115 ha, of which 53,374 ha w.er-e for vegetables, 542 ha 
for flowers, 557 ha for sweet ootatoes and 660 ha for ootatoes. 
Also mulcfied areas were 105,223 ha in total, of which 22,902 ha 
were located inside of ~lasshouses and plastic houses, 35,97i 
ha were i.nside of tun.."l"le ls and d.6, 360 r.a were in t~e o;:>en fields 
(Tables 2 and 3). 

A protected cultivation in Japan that are developed under 
such a background faces beth saving of oil and establisC..~ent of 
oilless cultivation rather urgently. Tnerefore, I would like 
to explain the future proble~s focusing on these aspects. 

£ner~y savin~ methods 

The proble~s may be classified as follows: 
Basically this matter is devided into two c~~egories--one is a 
oilless method and another is an oil-sa~in~ method. These di
visions are !'=lade on which has the heavier ..-ei~ht on possibili
ties. Therefore, even if the ~ethod is ~lassified into an oil
saving category, it can be treated as a oilless cate~ory depend
ing on the a?~lication of met~ods. 

1. Oilless heating 
A utilization of natural energy(subterranean heat, hot 

spring etc) 
A research for st:.~stiti..i.tional combustibles (waste .::>il, 

saw d~st, rice-hulls etc) 
A utilization of exhaust heat from factories and ?OWer 

olants 
A utilization of dis9ositional heat from urban wastes 
An alteration of gr~wing period 
An introd~·.ction of hardy crops 

2. Saving of fuel oil 
An qdoption of ~ulti-layered ~0vering method 
An ado?tion of fixed do~ble :ayer covering method 
A !"!ethod of therma.l exchange in soil 
A collection of solar energy 
A control of ato~ospheric te~perature during ni3~t 

time 
An im9rovement on efficiency of boilers 
An alteration of growing period 
An introduction of hardy cro?s 

A.Mon~ above rnet:rncs, a utl1.ization of subterranean heat and 
hot sprin~s is b.Jinfj unde!' develo?:nent. It is necessary to 
consider removal of harmful minerals contained in, other~ise 
tr.ey might conta:ninr...te neighbourin~ fielC.s. This means that 
harmful minerals contained in .,;ar:n ;.:a ter used in hea tinq; up 
~las~~ouses and plastic hou3~s ~hich is dischar~ed out ~ey be 
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deoosited in the fields. As fer a utilization of waste feat 
generated in factories and power plants, it appears to have 
remote possibilities to operate a protected cul~-ivaticn right 
next to such factories and ?Owe: plants, because Requiring 
spaces is rather difficult in our country. There are a few 
attempts for the utilization of dis?ositional heat from waste 
oil and urban wastes, but it will not last unless constant 
supplies of materials are gura~teed to be secured. 

At below so~e additional exolanation shall be described on 
some methods of possibilities ln our country. 

a. Kulti-layered coverjng method 
There are many cases of installation ~ith a double 

lavered thermal screen. Zaterials used for these covers 
ar~ made of, startin~ with polyvinyl chloride fiL~, 
polyethelene film. As a chief material, but non-woven 
mesh and polyvinyl chloride agricultural film blended 
with alu."linilli!! are also used.. ?or t!'le utilization of 
this method, it does not require too ~ucn of a cost, but 
creates shortcomings such as reducin~ penetrative sun 
rays and ~aking interiors u~er-hu.~idif ied, because of 
multi-layered covers. 

b. Fixed double layer covering 
This method is to stretch a coverin~ r.'!s.terial on 

outer surface and at the s~~e time fix a covering ma
terial inside of ~lasshc~ses and plastic hou~es, t!'lus 
creating an insulation layer in between in or0er to 0~0 -
vent from loosing heat. 

c. Tnermal exchange in soil 
Air 1,!ar?nec U'.J in >!lasshouses and olastic house~ C2.n 

be stored in 9lastic-9i?es which are-buried in th~ 5round, 
which can be recirculated i-:i thin 5la.sshouses and.plastic 
houses to prevent temperature in houses fr01~ dropping 
do~-m when they start to cool off durins nig!':t ti~P. '.-:hen 
sunshine becomes less in winter seasons w~~reby a suitable 
temperature f~r the gro~tc of the crops is unatt~inable, 
it cannot be helpe~ but to use hot air heater to raise 
tem;iera ture for hardy cro;is si.tch as 3trawberries, a sui ta
ble growth temperature during wint~r sea.sans can be main
tained by this method without burning oil. Also a methoi 
used for maintaining ta~;erature for a cultivation of 
mandarine oran~e in houses ado?ts variation of this system, 

~ben this method was introduced at first, it was feared 
that it may become over-hu:;idified in the housin; facili
ties. But it became clear that this can be ;irevente~.b~ 
forcing ventilation in the nornirlg3. A shortco~in~ of t~is 
r.ethod i~; ~irst--hig~ cast for the mate~ials a~d secon~ary 
--becRuse a constructio~ ~ork is rat~er extensive, it is ad
visable to perfor~ an inst~llation ~ark at the ti~e 0r i~i
tia l cor.struct:an af ~1ass~ous9s ~nd alastic ~~uses. 

The tested ex~mple -i!'1 t":-'.e C9!'1tral :Japll!1 (~"a:i.a3a-~1a 
prefecture) s~o~2 that, if~ c~st of h0t ei~ he2ti~~ is set 
as 10'J, ~ c0st of this ~~t~o1 i~ only 22.3"'. 
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d. Controllin~ ato~os?heric te~pe~at~~~ during night ti~e 
~is ~ethod is to control interior t~~perature of t~e 

housing for a cultivation of fruit vegetables. Eased on 
the result of the test, it is advisable to lower 2 te~~er
ature in a latter half of a night than the one in a first 
half of a night, in order to make 2ssi~ilated substances 
produced cur~e~t d~ring night time. 

e. A:teration of gro~ing period 
With this method, it is aimed to save a const:Inption of 

fuei by shortening a heating period and avoiding heating 
during peak of the severest cold seasons. Table 3 shows 
a calculatin~ of heating degrea-hour for the gro~ing of 
cucu..~bers and to~atoes, classified by locatio~s, gro~ing 
periods, heating periods, and designated degrees of night 
temperature. According to this table, t~e pe~iod which 
requires most consumption of fuel is, natural to say, for 
a f-:>rced h~ating d"..lring the coldest· season. Compared with 
this, a growing to Autumn requires 60;(;, and, if a semi
forcing is used it requires "'.T:erely 20;~ to 40~~- Thus, if 
there is not much problem exists fro~ the point of prof
itability, s~itching from a forced heating to a semi
forced heating or an alteration of a gro~in3 period to a 
growing in Autu.~n becomes an effective counter-~easure to 
the saving of fuel. 

In fact, in southern Japan (i·:iyazaki prefecture) a 
forced growing for tomatoes are much reduced and a co~bi
na ti on of Autu..·nn cuctL"':'lbers and a semi-forced growing of 
tomatoes are replacin~ it. 

f. Introduction of hardy crops 
In cultivation of flowers, there are exa~Jle such as 

switching fro!n carnations to sweet ;:mas ;.;hi ch has more 
resistibility to lower te~perature, or cultivation of 
potted flowers after cycla..~en. 

gere : would like to discuss possibilitie~ of such 
methods in case of vegetables. 

It must be studied carefully about its profitability, 
when so~e new hardy vegetables are to be cultivat~d in 
plastic houses for ship~ent to the markets. 

Gross profits for various vegetables grown by a pro
tected cultivation are shown in Table 4. From this Table, 
lettuces show t~e least ~~aunt of 5ross sales a.~ount which 
is ¥48,100 per a. ~·iith tomatoes, aubergines and cucu."Tlbe::-s 
~ross sales a~ount are ¥210,000 which differ greatly fro~ 
t~e same of lettuces. This means lettuces do not reauire 
as much production cost as fruit vegetables because let
tuces are hardy vegetables. 
Fro~ t~is aspect of econo~ical efficiency, cro?s which 

are not currentl_y grown in ?lastic houses but could be 
introduced as crops to oe cultivated in olastic houses ir. 
future are onions, youn~ corns, edible ?~dded ?eas, garlics, 
garland chrysanthe:nu..~s, ~arden peas, youcig b:-oad. beans and 
a kind of '.':elsh onions(Alliu."'l fistulosum '.:... var.caesr:iitosu."11 
?·:akino) • 

It needs to be checked on profitabilities in actual pro
j~ction, howev~r. Ab~vP ~e~tio~~~ ve~etablAs hgve had a 
rar!l.er small_ :!:'f,'.13 fo:- 3:"~··~~-~ ~2.i.! r.'.)"to:. If t:"e arens are 
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expsn~ed, rsrketin~ quantities ~ill be naturally in
creased, ~nd tne ?rices for the~ ~il~ certai!lly be 
drop~ed accordingly. And also a consu.~ption str~cture 
of are~s where such vegetaoles are to be sold needs to 
be checked, because if they do not agree with cons~ers' 
diet taste, enlarge!"lent of consu.'nption c~!l r:ot be exoect
ed. Fro~ the aspect of !ultivation, requirement of la
bour for ?reduction is to be checked also, because if it 
re~uires extraordinary amount of labour, prodactivity ~er 
labour will drop no :.ia.tter how high a ?r"Of ltability is. 

Sharing of proJuction areas 

Due to a steeo rise of oil prices, produced cro~s from a sub
tro9ical zone Sl":ch as Okinat·:a '·:here heating is not· totally re
auired are shipped to the mainlan~ of Japan, and a cultivation of 
crops in the mainland beco'1es econonically unstable. 

An average te~?erature in Okinawa during winter season is 
a~proxL~ately 18 degrees centigr~de, and requires no fuel for 
h~ating. Thus, a cultivation of crops is ~uch ~rofitable and 
this is t~e very present situation. 

So~e kinds of ve~etables are forbidden fro~ transshi??i~g 
to ot~er areas due to existence of vermin, but if a ~er.feet 
exter:nination or oreventive ::iiet::ods for such vermin are ~er
for~ed and ?roducts are freely shi?ped to the mainland, t~ere 
will be bound to yield crops that are not financially ?aid :o 
gr~w in the mainland. 

Therefore, it is quite feasible to say t~a~ ?heno~ene of 
alloting production areas may occur. 

Concl:.ision 

Com;iarin~ a consu"l'iption ano"..;..."!t of vegeta':>les for one clay o:,
each countries in 1975, accordin; to tne statistics by .FAC, 
Italy ranks at ~he top by co!1S'..l..~in~ 427:s, and. ?ortugal co::ies 
th.e second with 358g, Spai?1 i5 the thi!·d :·rit:: 353:s, New Zeala!l:::. 
the fourth with 351g, and Ja9an is the fift~ with 343~. It 
showa Ja?an as one of the lea.dins ve~etable consu~ers in the 
world, hr.wever, an annual consu.~?tion a~ount ?er one ;:>erson in 
Ja~an was at its peak in 1~63 ~ith 12~.~ ~~and ~!'a.dually on 
decrease ever since. Therefore, it is very unlikely that t~e 
consu."":l~tion of vegetables ..,., i 11 suddenly increase :;.n our cou."1.tr:r. 

~o~ever, as Ja?an extends latitudinally lon; from ~orth to 
South, she can introduce various types of cultivational method3 
and considering re!llarkable tecr.nolo~ical developments both for 
kinds of cro;:>s and techniques of cultivation that she is makin~, 
it may be considered ?Ossible that the continuous supplies of 
horticultural cro?S through o·.it t!'.e yea!' wi t~out in..:errt.:.ption 
plus de!llands for new kinds of their cro;:is !"'.ig:::1t enlarge consur.i~
tions. 

Therefore, t~e horticulture in a ?las~ic ~ouse ~ould pay an 
irr )O!'tant roll f~rt~er. 

I t:-.ar.~( :.:r.!·'..O:.a,:-:in:.stry of .!.~ri~ulture,Forestry a:1d ;:;"ish
eries, and Dr.T.~a~ashima,v0 ~etab!~ and Qrngmental C~o~~ ~ese~rch 
Sta~i0~. f8r t~eir ~el~f~l a~vic~. 
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Tnble 1 

Olsshouses 
Crops 1979/ 

Area 1965 
rntio 

Ve3etablas 635.0 344 
r'lowers 672.7 334 
Fruits 191. 9 143 
Sweet potatoes 
Pota oes 

Total 1,500.4 

Recent evolution of protected cultivation for 
horticurtural croes Eroduotion P~122 1 

Plnsc;ic houses Total 
179/ '79/ 179/ 
'77 Area •65 177 .Area 
ratio ratio ratio 

133 24,201.0 630 114 24,836.0 
106 2, ocn. 4 582 118 2,770.1 
114 3,930.a 1. ~51 112 4,122.7 

30,229.2 31,729.6 

(unit :ha} 

'79/ '79 
165 177 

T'B tio rntio 
f\ 17 114 
493 11 5 

1, 018 140 

I 
~ 
I 

l.l 
I : 

_ _J 
-~ ---- [ 
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Table 2 Recent evolution of protected cultivation for horticultural 
cro;es Eroduotion {1219} 1 {unit. :ha} -

Tunnels Mulches 

Crops In glass- 1979/ '79/ in in in the '79 houses in the 
and plastic Total 1965 '77 glass- Total 177 
houses fields rntio ratio houses tunnels fields ro. tio 

-
· Vegetnbles 9,996 43,378 53,374 217 104 22,878 33,686 33,684 90, 248 101 & 

I 
. Flowers 237 287 524 246 120 - - .l 

F'ruits 
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 

.. 

_J 
.. - r -
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I Crops 

Cucr~bers 

Tomatoes 

-9-

Table 3 Heating degree-hour at the cultivation 9e~iod 
in cucu..~bers and to~atoes (Koba7ashi, 1980) 

Locality 

Central 
of 

Ja~an 

Cultivation 
period 

Forcing 

Semi
forcing 

Southern 

Auttmm 
r'arcing 

Semi-

Central 

Southern 

f orc ing 

Forcing 
Semi
forcing 

A:itumn 

Forcing 
Se:ni-

f orcing 

F.arvest
ing 
season 

Heating 

season 

i·~r.-June Jan.-Hay 

Apr.-June ~·iar. -i·~a7 

Nov .-Jan. lfov. --fan. 

Jan.-Hay 

Mar.-i~y Feb.-Apr. 

Jan.-June Uov.-A,?r. 

:·illy-Jul7 i·2.r. -Apr. 

Oct.-Jan. Nov.-Jan. 
Feb.-i·:ay Nov.-Apr. 

r:ar • - :•!a y ~eb.-:\pr. 

Heati:rig* 
degree
hour 

1 o-?c. hr 

14. ii 

5.1 

7.2 
12.8 

5.7 

14. 7 

3.2 

5.8 
9.9 

4. 1 

?.atio** 
a/ :j 

100 

33.5 

55.9 
100 

44.1 

100 

21.6 

58.8 

100 

Note * ?L:ght temperature 0£ cucumbers ;rowing was set at 13 ~C, 
that of tomatoes was set at 1o~c 

~* Comparison of degree-hour ratio in cultivation period as 
100 forcing growing at the same place 
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Table 4 ?ossibility of introduction of ha~dy vegetables to 
.izlas.shauses and ·olast.ic h.c".lses(OC.9. and !':!!.!le"!'9.~~."!?50~ 

Crops 

Radish 

c~bbage 

Chinese 
cabbage 

Water melon 

Taro 

Onion 
Young corn 

Cucumber 

Wel:>h onion 
Ca::-:-ot 

Spinach 

Aubergine 

Toma.to 

Lettuce 

?t.i.-npkin 

?rices in 
winter 
market 

"f/Kg 

46 

72 

27 
481 
170 

92 
419 

279 

125 

70 

154 
29d. 

275 

250 
282 

Edible burdock 162 

Strawberry 1,139 

Young kidney bean 868 

Edible podded pea 718 

Turni? 
Garden asparagus 

Cauliflower 
Pimento 

Garlic 

61 
1,408 

134 

376 

553 
:}arla .• d chrysanthe-

mum 229 

Garden pea 550 

Young broad bean 1,758 

Allium fistulosum 
L. •rar. caes-:Ji tosum 
1'-:akino · 23~ 

Yield Gross 
sales 

?er a 2.!T!OU."lt 

~/a ¥ 10/a 

541.8 25.1 

52~.6 37.8 

602.4 16.4 
317 .1 152.5 

194. 7 33.1 

543.0 50.1 

164.7 69.0 
SC';.1 224.6 

339.3 42.4 
331.2 23.3 
222.7 34.3 

740.1 217.6 

719. 1 197.3 

792.d. d.8. 1 

394.8 111 • 3 
258. 0 41.8 

185.6 211. 4 
116.3 100.9 

119.0 85.4 
311. 2 23.9 
72.8 103.0 

276.9 37 .1 

935.2 351.6 

'36.5 75.5 

244.7 56.0 

106. 7 58.3 

117.9 207.3 

24g.g 5?.7 

Factors Co:n-

?roduc- .'!i!l. Opt. pa ti-
tivity temp. te::t? "bi i; ... 

for fer ___ ..,7 

grm.;th i;:rowth 

* ** 
** ~-~ 

* ** 
** 

** 
* ** ** * 

·* * * + .. * * 
** ** .. ** 
"'* '!-If 

* 
** ** * * 

** ** * 
*+ ~ ;;. 

* * 
"" lfo * 
+ +* ii-

** ... ** .... .. 
* ** 

** * ** * 
* * 
* 

*' :+- ** ** 

** ** * 
** *'* *' 
*+ iHI- ++ 

it .,. .... "'* * 

, 

I 

E: 

.!l. 
~ 

£ 

" 

=' 
" 

=' 

-
Hate: ?roductivity 

~ln.tem-:J.for 

** ?O 10 ¥/a, + .d.8 1 (1 10 .f Io., ti 7. '.) 10 ¥h. ~ -69.9 
~rrmth . .,.. .. 

5 C, .... 5-10 C, 10 c 
gr-,wth *'"' 15-20 C, * 20-25 C, - 25-30 C 

?ossi':Jility of intr-::>di.1ction #: Cro?S :·r'-ich a!'e not ci..:.r:oentl:r ~:-o.,.,"TI 
in ?lastic houses but could be intro~uced as crops to be cu~~iva~~~ 
in ?lastic houses i~ fu~u~e - - - .• -

~ 

I 

1. 
I 
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