REsinAH## (INNLT SO ) RiiORGILHAE

History of Reversal Tillage (bottom plow tillage) Technology
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Bl Abstract

Reversal tillage (bottom plow tillage) is not a familiar term for the general public, and it can be a struggle to explain.
Since the start of agriculture, tilling has been a part of cultivating crops. Though the tools have changed with the times,
from sticks to stone axes to hoes to spades to Western plows, the basic act of digging, turning, and harrowing the soil
appears to have remained the same since the earliest of times. Humans have used hoes and plows to till the soil as
deep as they could, making fields in pursuit of soft soil. They have learned through experience over a long period of
time that tilling is necessary to achieve a bountiful harvest. Agricultural equipment has been improved along with the
advancement in sources of power to pull agricultural implements. Equipment has been made larger, more durable, and
more precise, but the principle is the same.

The best soil condition is one that provides a good environment for sown seeds to germinate, then grow—and
preserves that environment every year. This is closely related to soil structure.

For crops to grow, they must absorb nutrients with their roots, and for that, the roots must be able to grow freely. The
keys are for the soil to have its nutrients distributed in a balanced way over a wide area; have ample organic matter;
have enough water, air, and soil temperature to help it decay; and have ample microorganisms which break it down and
make it easier for the roots to absorb nutrients. If the water and air are appropriate, the soil temperature also rises.
Decomposed organic matter acts like glue to bind together the single particles in the structure of soil into aggregates,
promoting the formation of aggregate structures in the soil.

It is also important that not too much chemical fertilizer is used, and that the soil surface is free of weeds and
harmful insects so that they do not inhibit crop growth.

Roots grow freely as they seek nutrients. Accordingly, soil must be kept reasonably soft over a wide area. To bring
this about, the hardpan (impermeable layer) must be broken up, the soil tilled even deeper, and a wider area loosened
to spread the plowed layer. It is also necessary to improve drainage according to the circumstances. If breaking up the
subsurface soil with a subsoiler or plowsoiler is not enough, ditches may need to be constructed to make the growing
environment good for the crop.

The nutrients inside soil decrease as they are absorbed by the crop. Therefore, soil productivity decreases unless
organic matter is added. In addition to retaining the remaining nutrients, more organic matter than was absorbed by the
crop must be returned to the soil. This cyclical farming method is a condition for creating the ideal soil for crops and is
the basis for sustainable farming.

A general explanation of the system of agricultural operations involves many stages: (1) draining (subsoiler,
plowsoiler, trench excavators); (2) fertilization and compost-spreading (broadcaster, manure spreader); (3) plowing
(bottom plow, rotary tiller, driven disk plow, stubble cultivator); (4) harrowing and soil preparation (rotary harrow, vertical
harrow, disk harrow, laser level); (5) sowing and transplanting (drill, rice transplanter, planter); (6) pest control (sprayer),
(7) fertilizer addition; (8) harvesting (combine, harvester); and (9) drying and preparation (dryer, huller, sorter).

The methods for Item (3) plowing in the system of agricultural operations can be loosely classified into (a) reversal
tillage (bottom plow tillage); (b) tillage by stirring (rotary tiller), and (c) minimum tillage (stubble cultivator, driven disk
plow).

Reversal tillage (bottom plow tillage), the theme of this systemization, is an effective method of improving and
maintaining the physical condition of soil, a basis for farming. Deep tilling brings about the expansion of the rhizosphere,
the plowing in of organic matter, the renewal of surface soil, the homogenization of soil, the use and conservation of
potential soil productivity, and the enhancement of work efficiency. It also makes possible the preparation of a suitable
soil environment before the sowing process.

Farming in Hokkaido since its development in the Meiji era had been mainly of crops and livestock by way of animal-
powered mechanized farming in the Western style under the guidance of many Western experts such as Capron. In the
Western world, mechanized farming using tractors was already widely in use before World War II.

In contrast, the mechanization of farming in Hokkaido started to progress only after the war, in the mid-1950’s.
However, the speed of adoption was higher than anyone would guess. The animal-powered mechanical system which
had been in use since its development in the Meiji era was at once abandoned for the system of mechanized tractors,
advancing to the current state of farming in Hokkaido today.

Behind the rapid advancement of the mechanization of farming was a socioeconomic policy seeking to secure food
to stabilize the social conditions of postwar confusion. One goal was to increase the then the insufficient production of
food as soon as possible to get away from complete reliance on the U.S for food. There was the additional anticipation
of using the labor of farming villages made redundant by mechanization to further other industries.

Furthermore, a system with a feudalistic farming-village structure was not suitable for the occupation policy, and
there was a need to reform this and expedite the modernization of farming. The Agricultural Land Act, the Agricultural
Cooperatives Act, and the Agricultural Basic Act were enacted as basic policies. Hokkaido has a vast amount of
agricultural and uncultivated land. In the varying context of the times, improving and developing these and expediting
their preparation as a base for increased production of food was a pressing issue. For this reason, also, the adoption of
large-scale mechanization was an urgent matter.

Chapter 1 presents the start of agriculture. Tilling of the field began with jabbing and digging soil with sticks. For this
reason, most utensils are shaped for easy holding and piercing. It evolved to form an angle for easier driving and
became a primitive hoe. It progressed further and became shaped like a spade to be pulled by human force. This
appears to be the primitive form of the modern plow. The principle of soil plowing and overturning has been the same
since 4,000 years ago.

Chapter 2 explains the wari, a plow introduced from Korea and China that underwent extensive improvement in
Japan during the Edo period. It was the beginning of deep tilling for increased yield. The course of events led to the
research of many such as Genzo Matsuyama and Shinjiro Takakita starting in the latter half of the Meiji period,
culminating in the completion of the modern tanshori (short-heel plow).

Chapter 3 presents the origins of the Western plow and the development which became the basis for the plow of
today.

Chapter 4 describes the introduction of the Western plow to Hokkaido and the changes of the mechanization of
farming. A plow pulled by three animals brought by the Prussian merchant Gaertner to the village of Nanae in 1869 is



said to be the first. The Hokkaido Development Agency imported plows from the U.S. in 1874 as key farming
equipment. Capron established the farming internship program to spread technology and made efforts to popularize the
Western way of farming. The Western style farming equipment introduced at that time is also explained, as well as the
sequence of events regarding the advancement of Hokkaido farming equipment.

Chapter 5 describes the changes in plows for tractors and the tilling of farmland. Agriculture is not so simple that
European and American products can be applied as-is to Japanese soil. The process leading to a domestic plow is
explained, from the period of imitation to the development of a Japanese original curve on the plow and a solution for
the problem of soil attachment.

Chapter 6 describes the improvement of the soil layer and soil of farmland, the tools used—the plowsoiler and the
plow for Okinawa. Hokkaido has much volcanic ash soil, peat, and other undesirable soil, making soil layer improvement
a necessary challenge. Equipment used in improving soil of developed farmland is explained, along with its effects. The
effect of a plowsoiler is also explained—a product of a new idea to make use of subsurface soil. Also presented is the
history of development by a soil tilling machinery manufacturer who took on the heavy clay soil of Okinawa.

Chapter 7 describes the tilling of paddy fields, harrowing, and soil preparation (laser level). Paddy fields in Japan total
2,450,000 hectares (9,459 square miles), taking up about half of cultivated land. Making use of this has been a long-
term issue with the phenomenon of excess rice, but farming technology has certainly progressed. This chapter explains
a new method of tilling using new laser levels.

Chapter 8 explains the tilth of farmland, including what the ideal soil structure for crops should be and why plow
tilling is necessary.

Chapter 9 explains plow tilling and the tractor draft control system. The condition at the completion of tilling greatly
affects the procedures that follow. The draft control system is set so that tilling can be done, adapting to the variations
of the field. This system is explained.

Chapter 10 explains the basics of the types and functions of bottom plows.

Chapter 11 explains how plow tilling technology is applied to construction. Plows which bring up soil, overturn it, and
crush it are often used outside of agriculture. Some examples are presented. Some typical uses are explained, such as
measures against ash from volcano eruptions, lake-bottom plows for laying water pipes on lake floors, laying of
foundations using plow tilling, zero-soil removal burial of contaminated soil.

Chapter 12 presents an aspect of the production of lightweight and durable plows. Plows are mainly manufactured in
the great farming countries of Europe and the U.S. A wide range of tractors from 20 to 200 PS are used in Japan for
farming, from small-scale to large-scale. A wide variety of applicable products are also becoming available in smaller
lots. Plows filling such needs are described.

With broad agreement having been reached by the Japanese government regarding TPP, the paths to be taken by
those who farm as their main or subsidiary business are expected to become clearer. In the category of agricultural
products, the major players are the U.S., Canada, Brazil, Australia, and New Zealand. Japan cannot compete in terms
of size of operations, but is expected to be able to compete in terms of quality and security. It is hoped that this
systemization of technology will become a reference point as successors to agricultural management continue to use
reversal tillage (plow tilling) to prepare sustainable soil to put attractive farming into practice.
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LNze TOT T2 Hv5 EYESIIITITEEITHMR
SNize TN LA ORI ORI 77 >
BREDOHIX, &EFTFTHW LN,

—#75 % (Double-furrow plough) 25#1% TH: 5
NIAERIEW S TRV, 19 RO Lord
Somerville DE-> 72 DB Z DR DED b D & A
5N TWw5, HE Ispwich O { Wt R 5
T EMoT, ZNFTO2HEDOT I IHEERE D
JFretvwbhTwad, 5, Z#7 771319 ibido
HbYIZHho T, ZOHMMIZ LT T A LEEDTEW
SNZDOTIHITHENR T ol
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T OMINIBIT AT L LTHASNR TS, £
72 New Jersey / Burlington @ Chares Newbold .
1797 SEIZX 31T W & 9 HSFkR T 77 2 BEL
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BRI B R AR TH 0 LHED & AT
HEN Tt eEz b5,

51z
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Aatt, P76 1]

2) WM, AR (1968) E Werth B3EALORIE.
N
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&) AP
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W.P.O &H¥, 1966
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ML ©2~3

7) W.H.Cashmore: “Ploughing through the Ages”,
British, 1966
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L—

DT, 2O LIHMEFAEOZEMICHFN TS, ik
RINK LD TEAHOLEH P72 X ) 2 EIHDH 5
(F67.)0 WIRIZ & o TH 1 BIXESRIEAIK, ARE
UYBRBMET L, Y YBRBIUREASHRL T b, A~

RESFAHF (R b LT T 78RN ORGCRE

315



316
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(en) (Hz0) |(Me/100g) | (Me/1008) | (%) FE | (mg/100g)
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I 5.9 42,0 22.0 52.3 1,800 11.0
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£6.10 MLUKEICH T3 0TBEHEIHOLE (20~40cm) OHMRER "

pH i RiEEEE (mg/100g) | Fimktin RUREFN Y > ¥ (me/100g) TRREHX10]g
AR 5 o f1 g |Thog-P Al203| £H¥ | £2% .
H20 | KC1 | CaO | MgO | K20 ) |is/i0tg) | Ca-P | Al-P | Fe-P | (m/i0g) | (%) | (%) |#@ ﬂﬂ’lﬁ
D w» B |65 |5.64(151.4] 28.2) 8.0 | 32.9| 0.3 0.1 | 23.8| 2.6 |305.0| 1.06| 0.10 263 | 34.1
QP X A|[6.63|5.82 | 185.0( 49.3| 9.0 40.2| 0.8 4.2 69.2 5.9 | 175.6 - - - =
(£3DA 350kg/10a)

HHKF 1| QP X B|7.31|6.26|325| 92.7| 6.0 | 70.1| 2.6 | 4.6 [134.2| 8.9 |233.7| 1.4 0.13 | 1369 | 106.3

(gzin]} (&304 750kg/10a)
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dP X C|6.42 | 5.81 | 210.3| 34.2| 5.0 | 45.7| 0.6 1.4 | 59.6( 3.1 [206.4 - - - =
(J:-i 04 l?ﬁkg!lﬂa)

# fi 175kg/10a
G)P [E4 D|6.80|583) 297.4| 48.3| 5.0 | 64.6| 3.4 | 10,5 |157.4| 5.5 [172.4] 1.31| 0.13 | 1362 | 77.8
(l INA 35ng/1(]n)
# F o 350kg/10a
D® W B [X|s585| 466 3585 35.3| 6.0 | 31.7( 0.8 | p.6| 30.0| 6.6 |262.5[10.10( .75 | 950 | 91.2
@Ca X | 6,48 | 5.32 | 776.4| 44.3| 7.0 | 68.6| 1.6 1.1 38.0| 9.0 |156.2|10.89| o 79 | 1348 [124.6
(B 7 11,000k /10a )

THRE S gP |58 |4.78|482.2] 96.7| 7.5 | 42.6| 3.8 | 6.3 | 89.0| 18.3 | 197.5|11.07 | o.50 | 983 | 183.1

(ﬁ;gm) (k994 350kg/10a)

THA U
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(Ef}lb].ﬂ(}ﬂkg."]ﬂa)
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(ﬁe‘ﬁjl«].mkgﬂ{)n)
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(527}1!11,50(“65/’103)
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Vo SRS O/ S CEEHERV KK £ 00 SRR A v
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LDEORRPEZRTHIOE LT, V) Y BRIUREDS
FZLAREWZ L, AR vBEROL BV LR
ERRTFONEH, TOMKELTY) YIREEM D
MIZE2) YBEROWRE, AXKBHICE2Y) V&
DAL WIFFTE B AL-P &A% 70mg/100g LA
ToREE, UV VBROBHAMRPRENZ EAHMSH
Twb, M61613. V) YBOMMHIZL > TALP % b
VA=) YB (E4) PWRLTWSEIEEZRLT
Who K617 EAIKDIERICE > TY Y B R
T AHLEERHC, WET VI =AM Z oN, T
DOAREDPEIREND Z L 2R LTW5S, O HIEH
FHEOWBE, ALFEMED D TR L AW
HREDZHLTWD, DIEMAEDORMARRITE
6.10 DY TH 225, SHEEIE XL VZ L,
WU & BRI H 5 L Vb bt Ei T E A
WIEZ IR L TWd o TEHTREE, W KILK 1A%

(Truog-Pmg/100 g ) (A €-Pmg/100g)
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