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Summary

Studies on Gravel Culture of Vegetable Crops
by
Sakae Matsuda, Takao Watahara, Teruo Matsuda and
Joji Otomo

We entered upon 2 study in 1962 to put gravel culture mnto practical use in green houses and vinyl-

he productivity and extensibility of gravel culture in

houses and later went ahead with our works on £

intensive <rop rotation. 7
of those studies which have been made during a period

{ous points at issue to Le solved regarding to technig-
vel cnlture and

We have tentatively summarized here the results

from 1062 through 1965, though we have still var

nes for increasing yields such as the ecology of plant diseases artendant upon the gra

methods of their prevention and control, manuring, etc.

1. Outline of our Experiments made on Gravel Culture and

Facilites used

Cultivation test was made for one year only in 1861 in a vinyl-house arranged for that purpose with

a space of 100m?=.

A space of another 100m?® was equipped in a green house thereafter in 1962 and experiments on inte-

nsive rotafion of crops were repeated.
Further, in 1964, a vinyl-house with a space of 50m? was ep

trol of plant diseases and manuring have been continued up to date.

{1 Gravel Culture in 100m? Vinyl.House

uipped, in which basic studies as to con-

As is shown in Table 1gravel culture was experimented on two gravel beds to which automatic flow

down type of irrigation system of nutrient solution was applied, but growth and vield of crops were not

successiul enough in which our poor technique of cultivation took no small part.
Table 1

Cultivation in 100m? Vinyl-House
' Period: 1961-1962

~TiateDate Tarvest

N T — = ) -
years t crops E Varieties Sown Transplanted Season | Summerized Results
1961 | Cucumber | Nanaofusanari | Sept. 4 ~ — Iov. | Suffered marked Mg deficiency due
‘ to our poor manuring techniques
Letruce Pen Lake Oct. 18 Dec. 5 Late Feb. | Suffered short vield by failure in

Great Lake transplanting

1962 | Melon Earl's Favourite Late June Suffered poor fruiting, Mg of B
_ Ckitsu, Pear} Mar.10 Mar.20 ~Early July | deficiency. B 8
Tomato Fukuiu 100 ume 1 Ju End of any | Suffered poor fruiting due to high
3 J July 10 g
. 4 i ~Late Sept. ' temperature. '
Lettuce Great‘Lake 366 | Sept.27 Oct.18 Late Feb. . Damaged by Sclerotinia rot.

J S '

(2) Gravel Culture in 100m* Green House

During the season of winter crops in 1962, two concrete beds (No.l and No.2Y} and two beds of Esron
{Vinyl) sheet (No.3) were arranged in the green house for being irrigated nutrient colution by injection
system through an electric pump and having the 3 beds irrigated alternately by means of a water-press- |
ure adjustment valve which was installed respectively at the inlet pipe 10 each bed and was steered by

electro-magnetic power,
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Utilizing efficiently the above-mentioned facility,
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we have incessantly planted vegetable Crops ever since,

as shown in Table 2, and, in the course of such cultwanons, examined relations between techniques of

cultivation, such as method of irrigation, method of planting, etc., and growth and yield of crops. Further,

studies were made as to their extention to the public.

Although growth and yield of vegetabl
their injuries caused by

i!_nproved in the 1965

Table 2

e crops were unsatisfactory during the 1963-1964 penod due to
plant disease (phytophthora) and malnutrition their growth and yield gradually

1966 period when our techniques of cultivation became stabilized,

Cultivation in 100m: Green House

Period: 1962-1966

Date Date Harvest

Years | Crops |L- Variaties | Sown Transplanted Season Remarks
! I Great Lake 366
Lettuce Dec.3 Jan. 20 Late Mar.
1962 Celery g’;inil;k]ég' Dec.15 Mar,25 Late May. Bed No.3
1963 | Tomato | Ogatatoko, Beiju | Jan.10 Jan. 28 182 A8% | Bed Noa, No:2
Arls Favourite Late July Yield of melon was of poor
Melon Okitu, Pear] Apr.20 May2? ~Early Aug. | quality
Ogatatoko other Early Oct. Suffered Ca deficiency ancl
Tomato 5 varieties Julyl5 Aug.15 ~FEarly Nov. | many cracking fruits were found
Cucumber Eiﬁﬁ:ﬁigﬁ; g | Oct. 8 Nov.16 — Damaged by a disease
Spinach Nukusina Dec.16 —  Early Feb.
. ‘Setting of fruits was poor and
1964 | Tomato E))tiﬁ:atra‘t‘lo}ig’rieties Dec.16 Feb, b I\fjidﬁp;ﬁay igig:fd B deficiency in harvest
Melon Pear! Mayl4 may 21 Mid Aug.
. h -
Tomato gagapﬁlé;;sm €T | July.21 Augi19 — Damaged by a disease
Sterilization by Formalin was
Cucumber | Nanaofusanari | Sept.9 Sept.25 EaizteN]%‘;: found indispensable before trans-
" | planting
Cucumber " Dec. 4 Dec.25 Mfatlze]ﬁdar. i 1 "
1065 | Melon Pearl Mar. 1 Apr. 5 Late Tune Quality of fruits was rather
poor
e b i Late July
ucumber | Sachikaze June. 8 July. 1~Early Lep.
Fulnin 100,
Tomato ot‘;le;“ilo vareties Aug. 3 Sept, 3 I‘itfagoﬁec. Setting of fruits was poor
Nanaofusanari Late Jan.
1966 | Cucumber Kurumeochiai H Nov.20 Dec.20 —Late Mar.

(3) Gravel Culture in 50m? Vinyl-House

Gravel culture is being experimented since 1964 in a 50m? vinyl-house in which we arranged a small
size facility of 4 beds and 4 tanks.

Studies have been made here as to the basic techniques of the cultivation, such as control of diseases,

quantities of water and nutrients to be absorbed per period of growth, ete, as shown in the following

Table 3:
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Table 3

Cultivation in 5)m® Vinyl-House
(Basic Experiments of Gravel Culture)

142

Period: 1964-1965

‘ Varieties T Date Date - Harvest \ Remarks

Years \ Crops Sown Transplanted Season
Damaged by a disease

1964 | Cucumber "Kurumeochiai H | Mar.27 —

Studies were made on absorption

N Late June
gy Risomidori May. 7 May.1l T ofe July, | of water and nutrient (NO;-N)
7 Risomidori July.17 July.31)From

Late Aug. Studies were made on control

I kuseinatsu Kyuri| Aug.10 Aug.207, of disease (Phytophthora wilt)

Sept. 9 Sept.25 Mid Nov.

Nanaofusanari
2o Mid Feb. Studies were made on the
Lettuce Great Lake 366 Sept.30 Nov.19 71 1o Feb. | application of CO.
1965 | Tomato | Fukuju 100 Mar13 Mar30 LS8 Tune, | "

Early Sep. | Studies were made on absorption

Cucumb Risomidori, & Jay28 — .
ucumber | iher 3 varieties Y ~Mid Oct. | of water and nutrients

| Celery Salt Lake July.22 Oct.12 Early Feb. | It "
n of Gravel Culture

sed since we commenced our studies to utilize i
o rotate crops in high

9. Studies on Frequent Rotatio
Inasmuch as some 4 years have elap

and thereby promote the merits of gra
we tried here to summarize the resulls of ©

ntensively the facility

vel culture, by carrying on our program

ar studies which are as

frequency for 4 or 5 times a year,

follows:

{1) Techniques for Plant Nursing
s found

Although nursing of plant by gravel culture was comparatively easy and energy saving, it wa
in order enlarge its scale, and carry on them

that fullequipped and exclusive nurseries were needed,

efficiently.
The relation between the size of gravels and the growth of plants was examined and the result was

h at the top part of seedlings and at their roots was most catisfactory in pots of

. that the growth bo
{2 to 3 mm in diameter) compared with those of sand

(léss than 2 mm in diametor)

medium size gravels

and large size gravels (3 to 4.5mm in diameter).

Further, with regard to th the growth of seedlings was found far

e culture fluid for nursing plants,

ution specially balanced for gravel culture,
nd hardly amy influence of this difference in the grow

than when we used liquid
th of

better when we used nutrient sol
fertilizer on the maiket. However, we fou

seedlings upon their growth and yield after being transplanted in the beds.

{20 Changes in Temperature
Changes in temperature of gravels and putrient solution per

experiments on frequent rotation of vegetable gravel cult

season of growth have been examined
during our are at the green house and the vinyl-

house,
It was found that th

winter (December-February), though
with polyethylene films. '

me 10°C in the depth of

e temperature of the nutrient solution dropped to so
ulching the gravels

steps were taken to raise lagging efficiency by m
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Growth of celery and lettuce was satisfactory in the above-mentioned conditons, but steps had to be
taken- for heating the nutrient solution in cuitivation of fruit yielding vegetables such as tomato and
cucumber.

Although change in the temperature of gravels was largely alfccted by the seaeon of cultivation and
the stage of crops growth, it was revealed that, in general, the range of rise and fall of the 1£emperature
of gravels was averagely 5°C larger than. that of ordinary soil.

Our cultivations in wintertime of fruiting vegetables in the green house were carried on satisfactory
without any obstacle by irrigating nutrient solution of about 30°C which was fed from a tank which
bottom was heated by a regenerator in which boiling water cireulated from the boiler. The heated
nutrient solution raised the temperature of gravels to some 20 °C.

Such lagging and heating became unnecessary during the period from April to October, since the
temperature of nutrient colution then rise nealy to. 20°C.

We did not fully recognize the necessity of cooling apparatus during the summertime.

We felt that the relations among the growth and yield of crops, the conditons of suitable temperature
and the change in the temperature of gravels by passage of time according to the frequency and length
of irrigation of heated nutrient solution are points of issue to be solved in the future.

Table 4 _

Change of Temperature and Rotation of

Vegetable Crops
Period: 1965

l]an. Feb Mar.Apr. Ma.y.] une. July. Aug. Sept.Oct.Nov.Dec.IN §§£§efﬂrwz§ﬁt

|
Green house 100m? - . . (ke)
Cucumber (300)3% '————- Oy % 19.7 0.82 -
Melon (300) O % - 1.2 1.01
Cucumber (270 O —m— T19.4 1.65
Tomato (310) Oy w6 ————-— ©o9~12 1~2.0
Cucumber (250) | —— (@R 22.0 1.10
. max 32 33 .30 28 24 24 28 27262124 ----- 3 2 --------------------------------------------
Solution i 53 93 23 21 o1 23 26 25 23 18 18 21
Temperature
Gravels max 29 25 27 33 30 28 2% 29 31 28 22 25
min 1¢ 19 20 19 19 21 24 22 19 14 156 17
Vinyl-house 50m*®
Lettuce ——— (hereeenee ® (head only) 0.7
Tomato Oyeee W ————— - 16.0 . 3.15
Cucumber O—mm— 2634 1.7~2.5
Cel F_ ...... S | {Only parts
S— ° ?Sl __________________ - O for sale) "%
emp. o °“t‘°‘(1gam.) 8 9 — 17 2) 22 25 29 22 19 16 11
Temp. of Gravels
(9a.m.) 7 & — 10 21 22 25 30 22 19 16 10
notes ¥ Number of plants, () Date sown, -~ nursing Season,

% Date Transplanted. = harvest season

(3) Studies on Manuting
As to the manuring of gravel culture, the outline has been clarified by Dr. Yamasaki and Mr. Hom.
However, the same method of manuring is not necessary applicable to all sorts of cultivation when

matters of gravels and water as well as the method of cultivation differ from each other.

i




144 R BERBERE H8E

We have proceeded with our Program of studies on manuring in frequent rotation of vegetables
which aims at 4 or 5 crops a yeer. _

Inasmuch as gravels of our station have a property which absorbs Magnesium and discharges Calcium
and the water we use here natarally has rather abundant supply of Calcium and Pottassium, it was
necessa.'ﬁr for us to apply magnesium sulfate (Mg SO, TH:O) more than usual, while decreasing the
amount of caleium nitrate Ca (NOj)2 4H,0 to be applied.

As a result of our study on the relation between the amount of nutrient (NO4-N) and the amount of
water being absorbed by crops using our standard nutrient solution, it was found that there was some
difference in the amount of absorption by varieties of crops and type of cultivation.

Setting the proportion of NOg-N to water on the basis of 16m.e. of NO;-N per litter of water in the
standard nutrient solution, the difference were as follows:

The Proportion of Absorption of NO,-N to the Ahsorption of Water:
Tomato: Approximately 45%
Cucumber: 502-70%
Lettuce: Approximately 70%
Celery: Approximately 130%

It was also found that the above proportion by each vegetable crop remains constant.

In view of the facts mentioned above we thought that it rna%f be possible to decide easily the amount
of after manure by gauging the amount of water decreased, since if we take the record in depth of the
daily net discharge of water (solution) from the tank, it can be caleulated that 5095-70% of the initial
manure will be the sufficient amount to be added in the tank as after manure, when the daily net
discharge comes up to the total capacity of the tank. (But, actually water will be added to the tank
from time to time to make it flull.)*

* Remarks:

As you know, the irrigation of nutrient solution to gravel beds from a tank in our station is
operated under a going and returning system which works as follows:

(8) Irrigation flow: l

The nutrient solution is pumped up and injected into an irrigation pipe which is ingtalled in each
bed and has many outlets to irrigate gravels of the bed.

(b) Drarinage flow: '

When the adjustment valve will be closed to have the irrigation flow switched over to another bed,
the pressure in the first irrigation pipe declines and the pipe starts working as a draining pipe through
which the remaining nutrient solition will automatically flow back detouring the pump Hy a drainage
trunk pipe which will lead the flow to the tank which is installed lower than the level of gravel beds.

(¢) The above irrigation system enables us to gauge the daily net discharge of water (solution)
from the tank, '

Studies were made on the application of CO; in gravel culture of tomato in springtime and of lettuce
in wintertime. Although the application of CO, was not effective on lettuce, distinct effect was observed
on tomato, Compared with the tomato crops of ordinary area, those grown in the area, in which 3, times
as much of CO, was applied, were not only rapid in growth, in blooming, in bearing fruits and in
ripening, but also were rich in yield and the difference was worth-while to be considered.

It was, therefore, considered that we should further pursue our study on the effects of the application
of CO; by varieties of crops and type of cultivation together with its relation with weather conditions.

In addition to damages by deficiencies of Caleium, Magnesium and Boron, some damages which were
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likely to be from excessive intake of microelements were observed, as malnutritions in gravel culture.

Phytotoxities by agricultural chemicals, such as solution of Morestan, Vageta, were found among young
and feeble seedlings and by formalin among seedlings after being transplanted.
_(4) Distribution of the Spread of Roots in Beds

Differences were found in the distribution and amount of roots in gravel beds according to the varieties
and season of crops. _

It was observed that roots of crcumber exceed those of tomato and melon in quantity and even in
cucumber, quantity of roots were found larger in summer crops than in winter crops,

Roots usually congest at the bottom part of a gravel bed in the skirts of an irrigation pipe, but in
summertime it appeared that many roots were distributed even in the surface part of a bed.

Although 5 or 8 crops are ratated in the same beds without entirely removing their reinaining toots,
no physiological impediment by the remaining roots was found among them.

{5) Relation between Frequent Rotation of Crops and their Yield.

Although yields of our gravel culture were rather poor during our inexperienced period, due to damages
by disease and malnutrition, they tended to increase gradually as years elapsed by the improvement of
our cultivation techniques, such as method of manuring and, though yields of our winter crops of cucnm-
ber inclined to be rather poor compared with those of summer crops, the drop in vields was not consid-
ered as being caused by repeated cultivation.

Yields per plant of our gravel cultur in the 50m® vinylhouse were satisfactory enough, because they
were planted rather sparsely, but it is felt that studies should be made further as to the structure of
beds, density of planting and appliance of CO; and microelements, etc., in order to improve our techniques
for increasing the yields of gravel culture by far than those of soil culture.

The quality of tomato and cucumber f[ruits yielded by gravel culture was not considered as being
outshone by those of soil culture, but as to the cultivation of melon, it appeared that fruits of good
quality could not be cxpected unless further studies such as on their density by season of cultivation and
method of irrigation, would be pursued.

Inasmuch .as the quality of our cucnmber and tomato fruits tends to deteriorate in the latter half of
the harvest season and thereby compells us to relinquish the harvest in a short period, it would be
necessary for us to pursue our study on the cultivation methods which afford prolonged and rich harvest,
with emphasis placed on its profit.

3. Study on Plant Diseases in Gravel Culiure

Diseases in gravel culture are communicated very rapidly as compared with those in soil culture. Since
nutrient solution in gravel culture will be circulated among several beds from a single tank, it is danger
enough to ruin vegetables of the entire beds under the same system within 1 or 2 weeks, should once a
disease develope in a part of those beds,

Unless unfavorable conditions accumutate, it is rare in soil culture for the entire vegetables of a field
to be ruined so rapidly by a single disease, but in gravel culture, a disease will rapidly propagate thems-
elves and be communicated among gravels during the suitable temperature of their development, such as
in early summer and in autumn and thus attack the crops so drastically.

During the period from 1963 to 1964, our station suffered disaster from a blight due to the lack of
our knowledge of such damage, our inexperience and especially when cultivation was undertaken without
having the gravels sterilized with formalin, '

Our attainments ac to the damages by blight, which reculted from our subsequent studies on the

infected cases and on their control are as follows:
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(1) The pathogenic fungi separated from infected cucumbers were found to be Phytophthora‘ when
they were taken to the Chugoku Regional Agricultural Experimental Station and examined of their
etiological cauge,

(2) The trace of their infection has not yet been clarified, but the fungi seem to subsist among the
gravels and their myceliums perhaps act mainly as the cause of infection. When cucumber crops are
attacked of the disease, their roots will be firstly affected to present a brown and oil-soaked appearance
and then their tops will start withering and finaily fall down when their base part of stems turn brown,

Naturally, the remaining roots of such cucumbers are positively pathogenic and seems to te the main
source ol infection ‘while we do not see much chance of infection by air.

(3} The cucumber crops suffered the damage most seriously, but damages were seidom in tomato
crope and no infections were found in spinage and lettuce crops.

Further, in those cases of infection of cucumber and tomato crops as mentioned above, it was common
to every varieties that it took only 1 or 2 weeks for them to be entirely damaged when once symptom
arises among them, although there were some slight differences among _their varieties in the incubation
period. '

(4) It was observed that this disease attacks those crops all year round, but seldom in winter and
frequently in summer and autumn. However, the relation between its attack and weather conditions as
well as the conditions in which it develops remain still to be clarified.

(5) Inasmuch as phytophthora being weak against heat and will be sterilized absolutely by keeping it
in the temperature of 50°~60°c for two hours, it will be safety encugh, it heat. sterilization would be
applied to gravels and pots for nursing plants.

{6) The gravel beds will be sterilized enough by irrigating them with 1/ 100 formalin solution for 12
hours after each cultivation, but sterilization was effective enough by irrigating them with 1/100
formalin solution for 1 or 2 hours, when no roots of previous crops remaiﬁed.

In fact application of this soaking method of sterilization in our station by means of irrigating them
with formalin solution which ranges from 1/ 100 to 1/150 in density, to the 3 gravel beds alternatively
for a single dav in total resulted in a satisfactory growth of crops without any damages from disease and
with a fair yield.

(7 Although the effect of Orthocide solution against phytophthora was recognized by pot experiment,
it proved to be unsatisfactory in cultural beds, The solution of Orthocide 25 pp.m. was irrigated during
the growing period of cucumber crop for prevention of disease, but was found accompanying phytotoxity.

It would be necessary for us to develope fungicides, which will not produce phytotoxity, for our use
when crops happen to be attacked by disease.




