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. PREFACE

Among the main irrigated orops in the world such as wﬁeat, rice, cotion
and.sugar‘éane, rice is somewhat peculiar in character because of the irrigation
method used and the water management employed, especially terminal facilities.
As is well known, riée ie moétly cultivated in the monsoon area of Asia where,
at present,'fhére is an urgent need to increase the production of foodstuffs.

It was in 1968 that our pépér "Rice Irrigaﬁion in Japan" was firét published
by the Féod.and Agriculture Organization of the United Nations (Fa0) and since |
then much valuable work has been done-in-this line. The data and information
contained_in.thaf publiéation regquired updating and supplementar& information
in respect fo future work neéded to be incorporated.

This secoﬁd edition.was revieyed ahd prepared in order to make the paper
more gfaphic and impressive. We éincerely hope that this revised paper will
help to promote better understanding of Japanese practices for paddy field irri-

gation;

Tokyo, December 1973, Hitoshi Fukuda

Rome, December 1973, Hikaru Tsutsui
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INTRODUCTION

Rlce is the. ﬂtaple food of approxzmately half of the human raoe.- For over: 140 '
mzllion ‘people: in. the Far: Eagt, rice provides the main dietary source of energy. - _
Ninety. percent of- the world's rice production 1/ _/ ig concentrated:in the Far-East,
but there has been a. remarkable expanszon 1n the Western Hemlsphere and 1t 1s rapidly
,:o.noreasma* 1n 1mportance in M‘r:l.oa. R R

. Hoat of the maaor consumzng oountrxes are: subaeot to rapld populailon growth .
whlle ‘the product1v1ty of rice still remains low. ‘Although bright prospects have
recently appeared on. the horizon with the advent of high yielding varieties of rice,
the so-called Green Revolution cannot take place in most of these cowuntries until cer-
tain basic conditions are established. = It has been realized that, among other things,
a bhasic requxrement for the successful cultivation of high- yleldlng varieties is an
assured and controlled water supply, that is to say, irrigation. The world's average
_paddy yield per hectare is slightly more than- 2 000 kg, but the average in many of the
major rice countries is lower. Exper1enoe hae shown that in these comntries & more
gtable and regular water supply is a prerequzslte ‘to any substantial increase in pro-
duotivity or output, as average rice yields as well as the adoptlon rate of high yield-'
ing varietles oorrespond in the maln with the irrigation ratlo.

Japan ranks eighth 1 -/ "/ in the world in total area of paddy field (2 923 000 ha)
and fifth in total rice production 1/ ;/ (16 479 Q00 tons), but is the first in yleld
per unit area 1/ (5.64 tons/ha) among the major rice oountr1es (cultlvatlng more than
500000 ha or producing more than {1 000 000 tons). L :

Some of the possible'factors contributing to this high yield are Japan's climate
and advanced oultural techniques, including complete ddoption of high yielding varieties
_and correspondingly heavy fertilizer application. ' It must be noted, however, that an
assured water supply and conirolled water management at the farm level are the key to the
introduction of advanced farming techniques and a heavier use of farm inputs. . Nearly
100 percent of paddy fields in the country are equipped with irrigation and other water
control facilities so that farmers can adopt improved farming technlques and use fann'
1nputs w1thout fear of drought or flood damage to. crop. -

_ ‘Phis pub11oat10n has been prepared in’ an attempt to 1ntroduoe 1rr1gat10n technlquea
‘widely practised in Japan to those engaged elsewhere in 1rrlgatlon development and prac-
tices. for rice. * It does not include  the dstalled theoratloal ‘basis of. techniques used
and reoent research not yet commonly kmown. . It is hoped that rice cultivation through.
ﬁappropriate ‘water control will be promoted by providing the. people concerned with an
oPportunlty to compare the features of rice 1rr1gatlon 1n Japan w1th those of their own
.countrles. v . . : :

. In preparxng thls publlcatlon, the authors have carefulxy rev1eWed the or1g1na1 FAO
document "Rige Irrlgatlon in Japan"; published in 1968, and considerable modifications
and 1mprovementa have been made, taking into account the comments given by readers.

. Furthermore, new chapters dealing with crop rotation and .case studles have been added,
.and new’ tables, flgures and. photographs 1noluded.

1/ FAO Produotlon Iear Book 1970«
g/ Including China -~ estimated production 100 000 000 tons.
3/ Excluding Chlnaf



The avthors wish to exprese their sincere gratitude to those who have given their.
assistance in the preparation of this paper by contributing material and giving advice
and comments, especially Professor K. Tanaba of Kyushu- Unlversity, ‘Japan, Professor
T. Cho of Tottori University, Japan, the late Professor Y. Pujicks of Kyoto University,
Japan, Dr. N. Yamada, Director of the Tropical Agricultural Research Centre, Japan, R
Dr. S. Nakagawa of the National Institute of Agricultural Engineering, Japan and -

Dr. H. Matsuo of the FAD Regional Office for Asia and the Far Bast, Bangkoks Thanks

for their assistance ave alse due to Mr, L. Booher of the University of California and
Hr. M. Hagood of Washington State Unlverslty, who worked  as FAO Consultants when the '
original version was prepared.



Te.  GENERAL FEATURES OF RICE GULTIVATION AND IRRIGA‘I‘ION

T General ae‘bting and env:Lronmanta.l aoné.:.tions i‘or rlce cul‘biva:tlon

. Japan cons:.ata of four 1arga a.nd. mamr Bmall islands, extend:.ng 15, a sou‘thea.at
diraction for: wer 2 000 km. ~'The tota.l 1and area’ ia a'bout 3?0 000 km~.

:The North Sea Prafeoture, offlcmlly knmm as Hokkaido, reaohes 45 50' north
ang. has a sub-frigid olimate. The southern tip of the coun'try, Kyushu, touches
30°27! north and has a subtrop:.cal climate. - Due to a warm' ocean ourrent from the
south, the oountry is warmer than pla.oes of . tha same la.t:.'tud.e on the Asian Gon‘b:.nan'h.

Japan’ is predom:.nantly a mou.nta.mous coun“bry a.nd ‘che ara,ble land compnses only
17«4 percent of the total area. . This arable land includes gome slopes greater than
15 degrees, - The cultivated lahd is geologically "divided into diluviel and. alluvial
goils; the former are situated momtly on mlopes or hilles whioh are utilized for the
cul‘tiva‘tion of upland crops, whilst the latter, mostly in the river bottoms are cul-

tivated for rice. The total paddy fl_eld areas is about 3 272 000 ha, distributed as-
shown in Fig. 1. ' L o Co _ L

Fige 1. Disptribution of fields
_ \ Although Japan's climatic and geo—
S féAPPoRO ' 4. gra.ph:.cal conditions are complex, rice
A ' is cultivated throughout the country.
. : 9 7 In years of low air temperature the
: ' b‘ northern districts are threatened with
For 47 cold damage, whilst southern districts -

~— AOVORIL/ - often suffer from typhoons. = Table 1.1
//; \ i‘\..l dl shows climatio conditions, ineluding
. - G

: average air temperature, sunshine hours
1 YAMASATA' ) o : and rainfall during the rice growing
- 3 /1 SENDA
Nide R . ND. I%. N period a'b represanta.tive locations,
A\ v .
_MAMN ; : S : Phys:n.oal condlt:.ons of ‘paddy fields
a“#v’ . .. are not uniforms Of the total paddy
WY 3 -area, 3 million ha approximately, well

AN LA 0. ~ and poorly drained fields less ‘than 20
“ff‘.!,:’%h‘ - ' . percent, Paddy fields' also differ with the
gﬂ _ NAGOYA _ \ -locality, For exampla, ‘peat, gley and

AMATSU “volcanic: ash soils are found mostly in

—— % NG, ' !& ' drained fields ocoupy about 60 percent

" WAKAYAMA af ' the northern part, whilst grey soil and

. yellowish hrown soil is distributed from
np&dﬂvﬂaﬁ " " {he middle to the southern part of the’

l _-36 country, Almost all the soils, except

one in the ‘sea polder, are acidic with
oome pro’nlema of a.lkahni’h;f control.
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1.2 Rice oropplng 8835018

The rioce growing meason is usually from April to November, but it differs accord—
ing to the region and the type of cultivation. For example, the season 1n Kyushu
normally starts about one month earller than in Hokkaido, :

Racently there has been a tandency to plant rice earlier than the traditional
prastice. ' This early planting is intended ¢ prevent cold damage during the riperning
stage in the cool region and lessen damage from typhoons which frequently attack the
warm region in August and September. In addition, it helpe to reduce pesk demands for
labour and irrigation water if combined correctly with traditional groving methods.

Por most of the country this season is from March to September.

Attempts have also been made to grow rice 1ater than the atandard period with a
view to 1ntroduc1ng a third non-rice crop. This later period runs from July toc.
November and the following erop rotatlons have been tried:

Wheat "= Fodder - Rlce
- Wheat -~ Vegetables ~ Rice

. Examples of seasonal variations are shown in Fig. 1.2.

- Fig.r1;2-: Rice'groﬁing‘pefiodé'iﬁ Kanagawa Prefecture 1/
:-'.._VIAHI.ETY' . 'Morclh. ._Ap'rn'i' % May | June: 'Ju.lsr | Aug. . Sept, O:.f.' NOV ‘l.JecL' :
 EARLIEST o
- EARLIER
aten |
:”Pﬂ,-LnTEé%" 
] l o
© SOWING: . | T 0

ptam';'nq_-: Hurveslinq '

3/ Lam ;ﬁ'évéiopiﬁéx{t j;u,;_.:_J'é;san,*_Japé.ﬁésg-Na;tib_nal Committee of ICID 1963,



1.3 Factora contrlbutlng,ﬁo h1 rice yleld

For more than 2 OOO ‘years Japan has been called "the rlce—grow1ng land"” and
although rice is the most important crop in the country it is only since the: 1860'
that improved cultural practices have been used,  Even in the 1890's paddy produc~
tion averaged as little as i, 8 tons/ha, whereas today 1t averages 5 6 tons/ha.

The follow1ng factora have contrlbuted 31gn1f1cant1y to thls 1mprovement 1n'
productlon.' : :

1.3.% Irrlggtlon, dralnage and fload control

The completion of flood control prOJects durzng the 1920'3 freed much of the
land from flood damage, ensuTing stabilized and intensive farming." Exten31va work
has been done on irrigation and drainage’ pro;ects, coupled with flood control, wh1ch
enables water to be supplied and drained at the ‘right time, thus eénsuring rational
water management and g1v1ng the opportunlty for 1nten51ve fertlllzer appllcatlon.

~Rice nursery.




From 1950 to 1959, irrigation and drainage works were carried out on G50 000 ha
or about 19 percent of the total cultivated land. At present almost 100 percent of
Japan's paddy fields are irrigated, although some of them still require considerable
technical improvement. It should be noted that proper water management provided by

_irrlgatlon and’ dralnaga progecta is the ksy to the other factors contrmbufing to high
rioe y1eld._- :

4 1.3.2 Varlety 1mpgovement

Szgniflcant achlevements have been accomplished in developlng a large number of
new high yielding varieties, far superior 1o traditional ones. Such new varieties are
characterized by easier. adaptablllty t0 heavy fertilizer appllcatlon and higher resis-
tarce to blast and lodging. The success in breeding early maturing varieties resistant

‘to blast and cold damaga has oontrlbuted partloulariy to the yleld increase in the cool
northern ragzons. ' ~ .

: Up 'to 1969 a total of ‘220 new varieties have been produced by the Natlonal Rice

iBreedlng Inatltute.- At preeent these new varlatles are grown prantlcally all over the
-country. . .

‘1;3.3 Early'seaBOh culture

Early plantlng, mentioned under 1. 2, i8 now ‘widely practised. In 1949, in cold
regiong the use of nurseries was launched; they wers covered with oiled paper ~ later
. this was replaced by vynil sheeting, This practice ensured the production of healthy
seadllngs and made. transplanting possible 10-20 days earlier than by using the tradi-
tional way. Wlth the development of new cold-resistant varletles, it contributed to
pignificant yield increases of 15 to 25 percent. In 1962, this early planting oulture
.oovered about’ 1 000 000 ha, or about one~th1rd ‘of the total paddy area.

: In warm regnona tha method of early season oultura was initiated in 1950. It
"was applied to more than 400 000 ha and has proved its effectiveness in avoiding ty—

phoon and drought damaga and, has reaulted in a 20—30 peroent yleld increase in many
7 1nstanoes- S

E 1 o3 4 Heany fertlllzer appllcat1ons

Japan is noticed for 1ts heavy appllcatlons of fertlllzer in rlce productlon.
Thls is Bhown in- Tabla 1 2. ' ‘

Almost all rlca varletlea are hmghly responsive ‘to applled fertilizer; however,
.some indica varletles grown | 'in the troplos usually lodge under a high rate of N ferti-
lizer applioatlon.” "In the. past farmers geleoted var1et1es and fanmlng practices suited
to heavy doges of. organic fert111zer, 1nolud1ng manures and goyabean cake, but at pre-
_sent more. than 400 kg of ohemloal N F.X. 15 belng applled per ha of paddy fleld. '

Irrlgatlon developmant has ‘assured farmers of a. water supply and enabled them to
_use abundant fertilizer wlthout the fear of drought.



Table_1.2 Fertilizer consumption.per hectare:-
Country *INifrogan-(N)_‘ .'Phoéphééé (?205) Pétaaﬁ (Red)j; -.Tbiﬁl‘ﬁ.;.k-hf 
Japan 160.09 123,04 123,15 406,28
Ceyiop 31.39 3479 2$.25 _6§;35
India 6.15 1.45 0.92 4 6}52“
Indonesia | 13,00 3.86 | 0.11_' 7.5T
Paklstan 11,28 1,76 0.88 "13;92'
_Phlllpplnes 8,29 7.49 4-41‘ 120;19__
Korea 138,56 56,76 36,23 231,37
Ivory Coast - 0.51 0.23 0.82 1,56
Mgd#gascgrj. '_je,zf_ 1.02”_ 1.05' 74?34    .
Nigeria 0,23 '_d;ioff: 0,09 0.62
Ttaly 136,69 e 12,97  s2i07.
spain_ | 29.68 _ _'19.97 f 11.027 *Bo'sfﬂf;
U.S.4. '_j 38é3§ ‘.” ";”23.4§ | 20.75j | 82, 59;1.f,~
Bmzﬂ L 553 Cries 6. 73: g, 21
,[co;omb;acﬁ:f o160 | 0. PICTRR [-31.24[‘7}f,

souicgsl'Anhuai Féffiiizér'néﬁiaﬁ j§7d;-?Ao.;j

The contlnued uae of plentlful chamlcal fertlllzer, Buch as’ ammonzum and auperh
phosphata, for prolonged perloda hasg,. howavar, resulted in hottleneck growth ox "Akiochi",
and has : Jeopardzzed healthy crop growth in warm’ regiona.;
to detenn1ne the cause of this. phanomenon by goil scientista-and plant physiologlata._

It was found that using dressing Boil containing 1ron, ‘calcium; ‘silicate, manganese, mag-

' nes;um and the use of non—sulphate fartlllzers or aplit’ appllcatlon of nltrogen fertilizers,
ia the. moat, effective method of improving "Aklochx" soil, '
' glag, containing ailicate, at’ the rate of 1—2 tons per ha relultad in‘a 10 parcent average

'1ncreasa in productzon..

Efforts were made, therefore,

‘The appliOatlon of ‘furnace




1.3.5 Digeane and inseot control -

The introduction of DDT (dlchlor d1phenyltrachlorethane) and BHC (benzene hexa—
ohlor1de) as insecticides and the subsequent use of organic phosphorous compounds was .
very effective in controlling rice stem-borer and the introduction of organioc mercur1a1
‘compounds %o control.blast. has been widely extended, ~ The ‘egtablishment of . -a disease
and ingect: outbreak foreoastlng serv1ce, togather wlth ‘the devalopment of powsr Bprayers
‘and dustera, ‘and. the, performance of 'a cooperatlve oontrol programme, ‘have contributed to
the ocontrol of dlsaaae and’ 1nseots, uging new chemlcala, slnoe 1955. . The use of hell-
ooptors 15 now a8 popular praotioe.af:t._, :

1. 3.6 Mechanizatlon and weed oontrol

Power and tractor—drlven ploughs have replaoed anlmala ensurlng hlgher 1abour
productivity. The total number of: tractors was about 1.5 million in 1970 1/. - The
introduction of herbicides 2-4-D (2~4-dichlorophenoxyacetic acid) and MCP (2 methyl-d-
chlorophonoxyaoetio acld) has contributed to the control of broad-leaved weeds and the
barnyard grase which emerge at the early stage of rice culture have been controlled by
PCP (pentaohlorophenol) resulting in great labour saving.:. At present, however, new .
chemicals, such as NIP (2.4-dichlorophenyl and nitro-phenylether) and DCPA (3-4-dichloro-
proprionanlllde) are baing popularly uaed in place of PGP, whloh was found harmful to
figh culture. : : : . ;

 .4 Land preparatlon for rloe cultivatlon O

1ed41 Land levellin rad;n and |ha ln ui ;LJ.:.ﬁ

In order to fanllltata uatar oontrol an& maintaln a un1form depth, the field
surface should’ be almost 1ev51 with: only a Bllght alope. This uprk is uaually done by
the farmer with hlﬂ own equlpment. L ) N i 'jf L '

: The Bhapo and size of the plot w111 be determined by topographlc oond1t1ons and
by farm size. '~ Where ocircumstances permit, & ractangular shape from 0.1 to 0.3 ‘ha should
be used,: Plota in exoess of 3 ha are preferable if ‘large—scale maohlnsry is to be uaed
'and 1n tha Hach1ro Lake Reolamatlon Area, for example, 60 ha plota have been constructe&.

.4 2 Pu 1ng (harrowlng uzth water)

Paddy 30113 are ploughad and puddled prior to transplant1ng or' Boulng. - This work
is- carried out for land levelling, loosening soils for transplanting, fertilizer mixing
and - waedlng. T+ ‘must be oarefully oarried “out) eapec:ally where flelds are gubject to
a high peroolation rata, in order to form an impervious mud 1ayer on the field surface to
restrict peroolat1on._ Lack of ‘this practice- sometlmes resulta in large water raqulre-
ments dua to excessive percolat1on.lﬁ - : : :

1,443 Maintananoe of bordar r1dgg_

.. ‘Where fields are not ‘provided thh permanent’ leveea, rldgeﬂ are raconstructed or
ooated with mud to prevent horizontal seepage loss and runoff, This work is carried out
gimul tansously with puddling.: -Concrete: or plastic ‘borders are now widely used to save
labour and to reduce water losses.

1/ FAO Production Yearbook, 1970,
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'1.5_ _ Transplantation
The scad is sown 1n,_ rioe nuraenos where the soadl:mga are groun very: omfully

for. sbont 40. days. ‘before they:are transplanted ‘to the paddy field,: Thia ig common prao—'—
tice’ in. moat of the country a.ncl has the i‘olloumg advantageg- el




- -

(i} . Rice plants can be grown with léess weeds; compared to the direct sowing
: method, provided that the seedlings are transplanted at the correct
time to well puddled paddy flelds.

(ii) More unlform and healthy aeedllngs are produced slnce better care is
: provided by the farmers in the nurserles.

(iii) ‘Bird damage can be decreased a8 seeds are grown under submergence.

(iv) The duration: for the cultlvatlon of the second crop can be prolonged,
© since most paddy flelds ‘are kept free until transplantlng.

(v) it aafeguards agalnst damage in the 1n1tlal grow1ng stage, since re-—
BOwing is easily carried out in nurseries and 1mportat10n of healthy
seedllnga from’ non—damaged areas 13 posBlble--

' Rice transplantation’
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.Rice-transplantation

Thls method requ1res more 1abour than the dlrect Bow1ng one, but 1n Japan rice
planting machlnes are now w1dely used. In- ymost of the other rice-growing countries this
practice is successfully carrled out where abundant or inexpensive labour.is avallable
and where there is. 1nten31ve abrlculture on. relatlvely small areas.

1.6 Hater resources and their development'for irrigation

As annual preclpltatlon averages 1 600 ma . and the area of the country is 3
370 000 km?, it is estimated that the total water avallahle is about 590 x 107 m”, whilast
the total water consufied is about 75 x 109 m3. Th;s means that only 12.5. percent
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of precipitatioh ig utilized. Water used for irrigation purposes forms the major
part of 70 percent of total water consumption. This relation is shown in Table 1.3.

: Eabie'1.3 Proportion of water used for different purposes (1965)
E3
Irrigation ' : 46 x 107
Industry 21 x 109
City Water Supply ' 8 «x 109
Total ' % x 109.m3
Total annual precipitation 50 «x 109 m3

‘Source: Irrigation and Drainage in Japan 1972. Japanese Society of
' - Irrigation Engineering.. - :

Tﬁhla 1.4 sho#s:tha areas -irrigated by different water sources. - There are many
ingtances where certain fields are irrigated by more than two water sources.

Tgble 1.4 . Water source and irrigasted areas (1958)
' Water sources Irrigated area %
_ ~ (105 ha) __
River, lake 2 489 : T4
Regervoir - 563 . . AT
-_Groundwater coe e 134 4
Total 335 - 100

~Source: :irrigé{ion in Jépan 1963; Japaneaé'Natidnél~Cbmmittée“of iCID-'

- The gountry is favoured with abundant precipitation but its distribution is in-
adequate for maximum rice production. . Rainfall during the rice growing period
averages 600 mm; . and-may vary from 400 mm to 1 000 mm, while net water requiremenis
' for suocessful production of the standard: variety of rice average about 1 200 mm.

So: normally rainfall can supply only 50 peroent of the total net water requirements _
aven when it is fully utiliged, which is ‘seldom the case. Due to the very sleep slopes
of the rivers, rainwater is rapidly runoff to the sea. The construction of reser— '
voirs for water storage is therefore necessary and mgreBthan 300 000 dams have been
" constructed with a total storage capacity of 22 x 10 m~. The gradient of rivers in
Japan is shown in Pig. 1.4. ' :
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Fig. 1.4 - Gradient ‘of rivers

_ “Jogonjil 3000 m
~Jopanese Rivers o

T -2000
Tone :
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Garonne {France}

Height (m)

L1000

Mekong (S.E. Asiq)

e

1000 . 800 600 . 400 200
" Distance. from river mouth (km)

Source: Irrigation and Drainage in Japaui, 1972'. Japanese Soo:zety of
Irmga‘tmn, Dra:n.naga and Reclam:s,tmn Engineering. -

1.7 Quality of irri'ga.tion water '

1.T+1  Chenical compos:.t:.on of nvar wa.ter

The a;uahty of 1rr1ga"t:|.on water, eSpec:.a.lly the oontent of 1norganlc substances,
influences crop growth. ‘The quality of water differs grea‘tly with the geological

nature of the water sources and river. balins and, tharefore, the compomtmn of +the
water varies from reg:.on to. regmn. o

The ohemmal compos:l.t:.on of r:wer wa‘ber 1n va,r:.ous countrles as measured. b,y the
analysis of 225 aa.mples 15 shoun :m 'I‘a.'ble 1.5. o

As can be seen. from thla ta.ble, river waters in Japan are cha.ractenzed by
(i) -abundant silica content as volcanic' ash soils widely prevalent in the country con-
tain- abundant silicate; (ii) ‘less: Ca and COy content am limestone is not: widely dig—.:.

tributed; and (iii) ‘high mtrogen content cgmpa.red with rivers in’'rice: growing:.countries

in Asia and the Far East as drama.ge water from pa.ddy flelds traated w:.'th a.bundant
nltrogen fert:.lizer flows into rivers.: : _
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Table 1.5 Chemioal compositions of river water (mg/1) (7) -

Region _cg Mg | Na K |00y so4' ¢l NOy |10, Fe {Total
Japan - 8.8 1.9 6.7 | 1.2 |15.2 [10.6 | 5.8 | 1,15 [19.0 | 0,17} 70
 Taiwan 43.6 |12.4 {13.9 | 1.8 | 71.1 |63.1 | 6.4 |0.09 [10.0] 0.01 | 222

Philippines | 30.9 | 6.6 [10.4 | 1.8 |63.3 |13.6 | 4.9 |0.00 30.4 | 0.00| 162

Cambodia 10.1 | 2.3 3.8 [ 1.4 |23.2| 2.6 | 1.7 |0.04|15.1 | 0,02 | 60

Thailand 19,8} 3.7 |10.7 | 2.5 [40.7 | 3.3 {12.7 |0.35 |16.0 ) 0.04) 110

Ceylon 7.0 2.1 3.7 1 1.4 [18.3] 0.8 2.9 [0.07 [13.1 ] 0.07 49

W. Pakistan | 36.0 | 5.5 | 6.5 | 3.1 | 60,9 |18.9 | 3.4 |0.20| 7.8 | 0.00 | 142

Burope 3.4 56| 5.4 | 1.7 | 47.0 2400 | 6.9 | 3.7 | 7.5] 0.80 | 133

N. America | 21.0 | 5.01 9.0 | 1.4 |33.0 ;20.0] 8,0 {1.0 | 9.0 0,16 | 107
Average for _ Sl R R :

the entire | 15.0 | 4.1} 6.3 | 2.3 | 28,3 |11.2 7.8 {1.0 j13.1 | 0.67 90
‘world o R E s ' o

1.7.2 Effects of chemical substances contained in the water

" me quality of irrigation water affects the inorganic composition of rice plants.
There is a close relationship betiween the silica content of rice straw and of water, as

can be seen in Table 1.6.

T4 is estimated that if the silica content of irrigation water is 19.0 mg/1 and
12 000 m” of water per ha is applied, 228 kg of silica will be supplied to one ha of
peddy field. - - . . Lo . SR U o . :

: _ A pimilar estimation can be made with other substances. For example, potassium
(the content of which is usually related to that of silica) is found at the rate of
4.04;mg/1;in the Shirskawa River in Kyushu and silicate.at 23.5*mg/1. " Therefore, one
hectare of paddy field irrigated with this water can receive more than 60 kg of potas-
sium, which is about the same amount of fertilizer being wpplied in other parts of the

© -country. - : : : . ; . . . _ oo

' ' . In general, however, the nitrogen and phosphate content of most river waters is

-not. appreciable (although'thasa'chemicals are present in a much higher degree in Japan

_than those in rivers in other rice growing countries in Asia and the Far East) except
where city and industrial sewage flows into the rivers. ' : '
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Table 1.6 Silica content of water snd rice ciraw (7)

River sysiem Silica in river water Silica in rice gtraw
. . . s - P2 A

: mggl,
Average of 6 rivers in o ‘ : i IR
Oita Pref. R 45-4 L 6

Ayefage,of:é rivers in S . ' _
Fukuoka Pref. . 24.8 o | :13f4.

AVB?&EGIOf 3 rivers in : :
Nagasaki Pref. _  24.4 12.9

‘Tone-Arakawa River in

Saitama Pref. . 226 o 14.2
Average of 11 rivers in _ o
Shiga Pref. _ 12.4 : _10'6
Ibi River in Gifu Pref, 1.9 1049

1.7.3 Suspanded sllt and plax

In. addltlon to the 1norganlc nutrxents mantlonad pravzously, river water carrlen
soil particles. = The fact that the degradaed Malkkigohi!" soil or permeable-soils ars
usually distributed in the areas irrigated by rivers which originate in granite or
liparite zones (i.e. the water carried little sediment) shows the importance of sus-
pended clay in irrigation water. Muddy water supplied during or after flooding con-
taing weathered products of basalt, andesite shale and the bottom mud of rivers and -
lzkes, .Soil importation or dressing is widely practised in fields cons;stlng of

permeable and degraded ("Akiochi) 90113. Details of soil dTESSIHg technlques are dlS—
cussed in the follow1ng chapter. '

.7 4 Salt oontant _'

Although rice 1s ‘a salt—tolerant crop, its normal growth is hampered when the o
salt content reaches 0.1 — 0.2 percent and it dies with a salt content of 0. 4« 0.5 per—~
cent, espec1ally dur1ng 1ts early growth stage. .

“Various attempts have been made to keep salt content below 0 1 and 0. 2 peroent in’

.the early and late’ growing etages reapactlvely, by addlng fresh water oy conatructlng
salt water 1ntru91on barrlers at tldal rlver mouths. ;

. If water is subaect to mlneral or 1ndustr1a1 pollutlon and’ fresh watar cannot be
brought from other sources, various practlces to ‘minimize the damage caused by such
pollution can. Ye carried. out. Aoorop is greaxly damaged’ when the acidity: of: the ir—
rigatxon water increases and. the pHE becomes: lower than 4.0, In’ sush cages, neutrall-
zation ghould be carried’ out" and among other methods, nautrallzat1on by llmestone is-
w1dely practlsed. . .
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2. WATER REQUIREMENTS AND THEIR DETERMINATION

2.1 Genéral remarks

2.1.1 Definition

There are three factors to be considered in determining water requirements for
submergence irrigation, which is the most popular irrigation method, namely evapotrans—
piration (ET), percolation and eurface runoff. . The latter can he disregarded as al—
most all paddy fields are surrounded by border ridges which restrict surface runoff.
Percolation is the process by which water is absorbed into the so0il or seeps through it
to the underground water level or io the adjacent open water surface, In the trang-
piration process, percolation encourages water reaching the root system. In this -
publiocation, however, the term "percolation" signifies the amount of water penetrating
into the soil, régardless of its direction, without being utilized for transpiration.

In formulating irrigation development projects, the amount of water needed for
the project should first be determined. These water requirements include the field
water requirement, the irrigation requirement and the amount of water needed at the head
of the irrigaticn system, i.e. diversion requirement. The water requirement can be
determined from climatic- data,. using an empirical formula, or from field experimental
investigation. It -is, however, hardly possible to give definite figures for amounts of
water needed for srop growth from planting to harvesting as these differ greatly accord-
ing to so0il characteristiocs, crop growing period and the irrigation method. It is
possible though to determine the relative amount of water reguired for rice crop growth
by direct or indirect measurements if these are properly executed, - When planning
irrigation projects it should be noted that the water requirement for rice grop growth
ig not always the same as that for rice cultivation. '~ In most cases the latter is much
greater. than the former. In thig chapter field water requirements are discussed first,
followed by the irrigation requiremenis and diversion regquirements. -’

2.1.2 The indicating unit of water requirement

The usual practice is to indicate the water requirement by water depih {in most
cages in terms of mm/day) as this unit is also used for rainfall and evapotranspiration.
In some cases the water reguirement is shown by the rate of water discharge (in most
cases litres/second/ha), and,the water volume needed to irrigate a unit area for a cer—
tain period (in most cases m” for a total irrigation period).  The following: equation
and table illustrate the relationship hetween -these units: _—

K = D'xBxB86400 x100 = 0.8Dx Bom - - L eeeesne (D)
pho ™ 8 R : _ : _

where H = Water depth for B days

D = Water requirement. (1itres/sec/ha)
B = Irrigation period (days)
- i :

1 ha =‘ 10 cm2
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Table 2.1 ° . Units of water requirement: .

Litres/sec/ha cnfday - . m3 day/ha
1.0 : 0.864 . ' 86.4
1.16_ _ 1.0 ‘ 100.0

Z2.1.3 Average'field water requiremehts in the country

Field water raqulrements in most parts of the country range from 10 to 20 mm
daily which is equivalent to 1.16 - 2,31 1/éec/ha. This means that 1 m°/sec of water
can 1rr1gate a field of 450 - 900 ha.  Hany experiments show that the average water N
requirement is 17 mm/day, which is greater than that in most trOplcal rice growing.
countries {where evaporation is considered o be much greater than in Japan). It
should be noted, however, that more than half of Japan's paddy ‘fields are located on
rather high land with relatively pervious. g0ils and that under heavy fertiliger appli-
cation a certain degree of percolat1on may be required. The relation between soil "
fertlllty and percolation 13 dlscussed at some 1ength in chapters 3 and 4.

Figure 2.1 1llustrates the’ results of a recent 1nvest1gat1on 1nto the relation
between rice yleld and water requlrements-'

Fig. 2.1 Daily.field water requirement - In view of the faoct that evapo-
and rice yield (9) transpiration can be considered

R o o as almost constant: throughout the

country and that percolation often

exceeds evapotranspiration, per—

colation-ie considered to be. the

‘governing factor in determining -

iy : . ] : water requirementa. -

e Sl Feq . :

g 20 30 40 50 €Q Y0 aL_s[o g .-

Dnily water Requirement eburvad
o "“'"/duy ’

~
. in

. B
o

Rice [Milled) Yield Tory,
-]
(2]

2.2 EVapotransplratlon ("T)

2.2.7 ET VE, dry matter

The amount of watar consumed in the productlon of -one gramme of dry matter (ex-

cluding roots) is about 400 gm in a normal year and may reach 450 =500 gm in: a dny year.
Such a ralatlon is, shown in Table 2 2. _

Pable 2.2

Water needed for p;pduclng one gramme of dgy matter. (3)

marly varletx Medium varletx Late varxetx Averaga o

Nighigawara - Agr. _
Exp. Sta. 392 er 347 gr 395 &r 318 ar

Kyoto Univ. 368 gr 326 gr 457 gr 380 gr
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Assuming that rice yield is 6.0 tons/ha, the total weight of air-dry matter is
14.0 tons/ha and the crop growing period is 110 days, the water needed for orop growth
in a dry year is 14 x 450 = € 300 tons/ha, which is equivalent to. 630 mn in water depth

or abogt 6 mm/day. This value is very close to the BT actually observed, which is
shown in Table 2.3, :

Table 2.3 Tvapotranspiration actually observed (12.2) '
Lype of rice ET from one stooll(cm3) Il in mm
Early : 33 000 640
Middle 29 900 ' 540
Late _ 43 500 645

Remarks; A stool consists of three to five plants at the time of
tranasplanting, This number increases to 14 or 15 plants
at the ripening stage.  The number of stools in an area
of one ha averages as follows:

. Barly rice
Middle rice
Late rice

' 19 500 mtools/ha
18 000 stools/ha
15 000 . stools/ha

2.2.2 Relationship between evaporation and transpiration

Transpiration varies greatly with the climate and crop growth stage and tends to
increase as leavaes grow. Under usual cultivation it is small immediately after trans—
planting, becomes larger towards tillering and reachas its peak at about the heading
and flowering stages, then decreases gradually during the ripening stage. Evaporation
varies with the climatological environment.and the density of the leaves, The maximum
is usually at the time of transplanting, but decreases with the growth of sgtalks and
leaves which create shade in the fields. - This relationship is illustrated in Fig. 2.2

2,2,3 @ under different climatic conditions

_ ET varies gfaatly with climatic conditions. The following table.shows this
relationahip: :

Table 2.4 .ET (mm) under different wéather conditions (9)1/
> -
Avergge-/ " Sunny Clougx; : Rainy
24 stools/u’ 5.1 7.5 4.8 2,9
16 stools/w® 5.1 6.9 4.6 3.7

Remarke: 1/ Conducted by Saga Pref. Agr. Station.

g/ Avarage of 59 days congisting of 31 fine days,
15 cloudy days,_13.:ainy:days.

_ 3/ Includes daily rainfall less than 5 mm,
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Fig. 2.2  Evaporation and irangpiration (9)
. mmf;lay " Late Cultivation

"I -, . -
6-.

54 Evapo-transpiration . - -
44 - Transpiration . . S\ S :
=====r Lyaporation I N

Normal Cultivation

77N
1 7 ROV
‘0 . -

123 123 123 123 123 112
. May . Jum Jul o Aug Sep . - Oct
+ * Conducted in Shikoku Agri station : '
. **1,2,3, means Lst'10 days; 2nd 10 daysand

third 10 days respectively e
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2. 2 4 Hourly change in TT

The hourly change in ET . is shown in ®ig, 2.3. As can be seen from 1t, about
80 percent of total ET ocours in the daytime from 8 2., to 6 peils

Fig. 2.3 Hourly changp in &7 (9)_J{J/
_ ' _ - _ Remarks:
0.6 o 1/ Conducted at Hiratsuka Agr.
) : Eng. Bxp, Station, August

0 51 _ 1958 :

°04" 2/ E‘T13463m/day

~EO3*

£ 021

= 0.1 . _
0.0 t

"4 6 8 10 1214 16 18 202224 2 4
'_hour '

2+2.5 Geogranhlcal variation in ET

The result of a countryw1de 1nvest1gat10n using 1ys1meters (a typical device is
" ghown in Pig. 2.7) set in the middle of paddy fields is shown in Table 2.5.

Table 2.5 Actually measured ET in various localities (9)
g {ref. to Table 1.1) ' . mm/day
June July  hugust September October -
F W L|E M L|[E ¥ L|IE M L[B M L- Average

Hokkaido |3.4 4.9 4.114.3 5.0 5.25.0 44 43 ] |46

Kanto. - - 3A3J4J646£645£45454ﬁ.a; '-._u5&

Tokai | 3844305 = |s537as800 0 0 49

Sanyo 4.1 5.0 7.016.7 6.6 6.3} 4.9 4.4 4.7] 5.5
Nkyusha | 3.7 5.9 6.1{6.0 6.5 6.3 5.1 5.4 5.1]5.0:4.8 | 5.4
- Countny—'. EETTR  l' - S e RN :

wide | 3.6 443 3.9 4.2 4.8 6.0[5.9 5.95.4 5.3 4.7 4.804.94.8 . 1 4.9

: Wrom Table 2.5, the follow1ng results are obtamned.

- Average daily =T ranges from 3.4 - 7.1 mm,
~ Peak ET occurs between late July. and mid-August, and it appears that IT

ig influenced more by climatic conditions than by crop row1ng stage.,
- Geographlcal variation in ET is very little. It is only 1--2 mm daily
at the maximum.
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~ The standard daily ET in the country is 3.5 to 5.0 mm in June, 4.0 to 6.0 mm
in early mid—July, 5.5 to 7.5 mm in late July to mld—August 6.5 to 4.5 mm
in lats August to early Sepiember, and 5.5 to 4.0 mm af'ter mid-September,

-~ Total ET during the whole irrigation pariod for 100 days ie 440 to 550 wmm,
and ahout 500 mm on average.

2.2.6 Changes in ET due to d1fferent cultxvatlon methods

Among the varlous oultlvatlon methoda, ET ig affected by early or late aseagon
cultlvatlon, dlrect gowing and water saving oult1Vat10n.

2.2.6.1 Early or late cultlvatlon

Ap ‘shown in Pig. 2.2 and the following Table 2.6, maximum ET is slways ohserved
from mid-July to early August, regardless of cultivation patterns. - Thig confirmsg that
ET is mainly influenced by olimatic conditions. The fotal ET during the whole irriga-
tion period (averaging 105, 100 and 80 days for early, normal and late oultlvatlona re—
spectively) is usually smaller in late than 1n early cultivation.

Tabls 2.6 . ET under d1fferant oultivation methods (mm/day)—/(q)
Culti- . " MNay June . July August September Octcher
vation 'E M L|E M L|BE M L|(E M L|{E M L[E M L
Early - 326 3.5 448448 542 4271548 541 5.8|5.6 5.3 SRR T
Normal . o 3.7(6+0 5.6 6,015.8 5.9 5.2{5.0 5.9 4.9]4.7
Late _ | . © 5.3]5.3 4.9 5.3[4.5 4.9 4.6]4.5 3.1

1/ 1956-1959 at shikoku'Agr..Exp. Station.

2.2.6.2 Dzrect sowmg va. transplantation

There is no appreclable dlfference between ET under dlreot aowlng snd that under
transplantation. A=, however, the- irrigation period for direct sowing on dry fielde is:
10 days shorter, and for direci sowing on:wet fields 20 daya longer, than for the trans—-
planting method, total ET ia smallest under direct sowing on dry fxelda and greatest i
under dzrect aowlng on wet flel&s. _ o

2,2.6.3 Water gaving cultlvatlon-

Under 1nterm1ttent aubmergence, ET tends ‘to become smaller as evaporatlon from -
the soil surface during the non-submergence period (which is sometimes notsaturated) is
less than that from the stending water surface. Water requirements under different. f
irrigation practices are disoussed separately in Chapter 3 but the following. table . illu-
strates the point.
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Table 2.7 Evapotranspiration under different. water management (9)
_ : ~-Deep water . Hormal Shallow water . Water saving
Total ET (mm) =~ 387_' o394 7 s'378' .'”-:; _ 345
ET/Ep T S 15 '_-“1.10 Lo

Remarks: - Measured at leatsuka Agr. Exp. atatlon from 26 June to
9 September (85 days) - 1963._ '

2.2.7 Evapotransplratlon (ET) and pan’ evaporat1on (Ep)

A recent countnywlde 1nvest1gat1on ‘shows that Em/Ep varles from 0 9 ta 1.7
(averaglng 1.3) and tends to increase towards the late growing stage, showing the maximum
value in September, ... The result of Buch an 1nvest1gatlon is seen in Table- 2 8.

Table 2.8 '  .Evapotrénspiration/pan'evaporatioh_(Q}
_Juné __ ‘July | August. . | September . "October

Hokkaido | 1.1 - 1.3 | 1.3 = 1.4 | 1.4 = 1.6
Kanto - | 1.3 | a3 - 1.5 | 104 - 1.5 ERE
Tokai 0.8 1.0 = 1,2 | 1.2 = 1.6
Sanyo 1,2 - 1.4 | 14 =16, | 1.5 - 1.7
Kyushu 1.0 - 1.1 ] 1.2 - 1.4 1.4 - 1.6 1.5 = 1.4
Avera.ge 0.9 -."1.2. 1.0 = 1.4 1 P 1'6 g 1-3 - 1.7 . 105 - 1'4

2.2,8 HMeasurement of evaporation

Glimatic conditions are assumed to be similar within an area of 1 000 ha, and
evapotranspiration is measured in every 1 000 to 2 000 ha,

2.2.8.1 Pan evaporatlon .

A standard pan g/ (20 om diameter, 10 cm depth, tin-plated 1nslde, standardized
by the Japan Weather Bureau), which is 1llustrated in the following with 20 mm deep water,
is gei horlzontally on a lawn without hazarﬂs, and measurements of water loss are taken
at 24 hour 1ntervals.'

_/ In est1mat1ng evaporatlon from a large water surface such as a reservoir, a coeffi-
 gient of 0.5 is used, but 0,7 is used 1n the Unlted States Weather Bureau Pan
“(40 £+ dlameter, 10 in daep)
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. Standard evaporation pan ..

Evaporation value is commonly ‘used ‘to estimate orop water reqiuirements, However,
the value varies greatly with water surface'conditions.and the outcome of a survey may

not be accurate. Nevertheless, using a pan is a_practlcal_mathod of ‘measuring evapora-

2.2.8.2 Field evaporatlon

The evaporatlon rate in. a. paddy fleld im usually megsured uslng waterproof boxes
as shown in Fig. 2 5.. The ‘water table 15 measured by a scale or hook gauge.

Fig. 2.5  Field evagoration measurement
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In measuring evaboration, attention should be paid -to the following points:

“—_The height of the waterproof- box should not exceed 20 om ‘B0 aa to
~aliminate any: wall effect on mloro-cllmaie."

B The §0il should be spread over the bottom at a depth of 2—3 cm.
2,2.8.3 EMplrloal approach (11)

Evaporation may be caléﬁlated'from oertain'weather data when no actual evapora-
tion data are available by using the following equation:

Ep = 0.8 + 1,18 Tat.sin ‘ :
100: o o : . 0000-011(2)
where Bp = mean daily pan evaporatlon in the glven month (mm/day)
' "= ‘mean monthly air temperature in the given month ( °F)-
t = ‘mean daily. sunshlne hours in the glven month

. = .mean monthly solar altltude"

2.2.9 Measurement of evapotrangplrat1on (lysimeters)

2. 2 9.1 Traditional method

A Bet of wooden raceptacles, as shown in Fig.'2 6, is traditiocnally employed and
this method can also be uged to measurs percolation. Part1cu1ar attentlcn is paid teo
grOW1ng rlce plants evenly in and outside the. raceptacle.

Fig. 2.6 Wooden receptacles for BT measurement

- 25ca | |-26am.

2. 2 9 2 Modern method

: A watertlght box, ‘a8 sketched in Flg. 2 7, is’ uaed, thh oare belng glven to the
follow1ng pointe:
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. ~ The size of the box should not be’ smaller than -1 m2. -

~ In order %o provide the goil in the’ hox with the same rate of percolatlon
as in the actual field, water should occaslonally be sucked up from the
lower part and meaaured. :

- The box should be set more than 1 m | away from the hordor rldges. ‘

Fig. 2.7 ' apotransplratlon measurlng x—lxglmeter :

Hook g\‘ge

§. .,
N
1 N~
Drain niﬁg. S
rainoire Ll 60
Gravel .' g R - <5 110em

2.3 Percolation

2,3.1 Vertical and horizontal peréolatibn

Percolation is d1v1ded 1nto two types, namely horizontal and vertical. Their
percolation rates are governed by many factors, such as texture of goil, depth of top
s0il, grounduater level, etc.-- - ; e S ;

Horizontal or 1evea parcolatlon usually predominates in terraced paddy fields
where the elevation of each field differs considerably. Some studies on horizontal
percolation, with special emphasis on potential ‘flow-lines, show that horizontal per-
colation is 3 to 10 times greater Ahan vertical. = However, much of ihe water "lost'"
in horizontal percolation is available for reuse because it is either collected in
the drainage ditches or flows into an adaacant field, It is estimated that actual -
logses from horizontal percolatlon average two: to five times thope of vertlcal. In
prineciple, percolatlon should be: detenmlned by actual measurement. : :
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2.3:2 Variation due to different soils

The average vertical percolation rate in various soils after careful puddling

work in very fertile paddy fields consisting of more than 50 cm of top soil is shown
in Table 2.9- )

Table 2.9 . Vertical percolation in mm/day (1)
Soil ' Percolation
Sandy loam 3-6 mm
Loam 2-3 mm
Clay loam o _ 1-2 min

2.3,3 QGoverning factors

In general, percolation rates are governed by soil characteristics and hydrau-
lic conditiona. The former mostly refer to permeability which varies with soil tex-
ture and cracks and holes created by plant roots or small worms. The latter concerns
the dynamic hydraulic gradient which is governed by the ground water table or water
level of nearby canals. The relationship between these two factors is shown in Table
2.10. '

Table 2,10 .  Classification of paddy fields in accordance with percolation
: " elements (9)

" Permeability _ %
Hydraulic head 10 3 Kx=10%2 k<fo
Large-nearby. surface water table is below :A " p é
1.0 m : _ o
‘Medium-nearby surface water table between B 3 .
0.3-1.0m o o | - -
Small-nearby surface water table 0 - 0.3 @ c 1 F 1

. - From the field survey conducted, B, D-an& E can'bé'roughly classified as being
guitable conditions, while ¥, H and 1 belong %o the inferior category from the point
of view of natural drainage. ' .

. 2344 PreiiminarxAinveafigation for meagurement

" In most fields percolation accounts for the major part of the water requirement
and the rate varies considerably with natural conditions. It ‘is therefore a prere-
quisite that”thé'various_factors affecting perpolation; such as SQil;_groundWater and
topography should be investigated. _
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The following maps are usually prepared or made available for this purpose:: ..
Topography: . topqgraphical_survey maps, 1:50:000 or 1:25'000; "1:3 000 if

" needed. - T T O T R
Groundvater: watar table map ihdicating the depth of groﬁndwatér.

S0il and stratificstion: soil profile map, ahow1ng the thickness of -the:
top s0il and the texture of the subsoil.

2.3.5 Measuring points and selectlon of-test fields:

2.3.5,1 MNumber of measuring points

As mentioned pefcolation ratésfvanyraccording'to s0il and groundﬁater conditions,
Grouwping of lands and measuring points arae, therefore, determined based upon soil and
groundwater invesiigations, and in most cases, the rates shown in Table 2.11 applys

Table 2.11 " Number of meaaﬁring'pbints'

Irriggtibn.blbck.(hg)' N Nuﬁber.of-maasuring pointé'
.0_20.." DA o e 3
o i . R .
40 - 60 5
60 - 80 6.
80 - 100 7
100 - 150 : o8
150 = 200 - : 9
200 - 250 . R
250 - 300 . n
300 -350 . . 12

400 - 500 ' . 13

2. 3 5. 2 Selectlon of test flelds c

Although the 1ocat10n of test flelds varies with the percolatlon measurlng
method to be adopted, fields possesslng the follow1ng condltlona .are. usually selected.s

Complete border rldges

Characterigtics typical of- the 1ooa11ty : R
Availability of’ water directly from 1rr1gat10n dltches in' a ahort tlme
‘Existence of conslderable hydraullc head (15-20 cm) betueen ditch and
fleld surface.. : : :
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2.3, 6 Meaauremanta (vertical percolatlon)

2.3.6. 1 leznder method

"'As oan be seen in Fig. 2.8, a pipe (iron or plastic) 10 to 1% cm in diameter
and 50 om long is driven into the ground and the depth of water in the pipe is measured.
The plpe is oovared w1th & cap to prevent evaporation.

Fig. 2.8 K Czlinder

2.3,6{2“'Quick méfho
o - Dally percolatlon rates (om) can be obta1nad qulckly using the instrument shown
in Pig. 2. 9 ‘and the followlng equation: o
(cm/day)-== (_) ( 2.3L )x log(h1 +_L) x B6 400.
e Al ' . ' -

t? - .t1l h +{_L'

5 esovanea(3)

2
sectlonal area of glasa plpe in cm

where a

”¥A \'"ﬂsectlonal area of metal oy11nder 1n cm2

";_L7‘é Length of metal cyllnder under 5011 aurface (cm)

| ‘_:hﬁ'é;fhydro-statlc head. (cm) in the glass pipe at time t

L_Operatlon-

~ Drive the metal uyllnder 1nto the ground to a depth. of 30~ 40 om,

- Pill the metal cylinder with water: until it overflows. - : :
. =-lowge with a 1id having a glass plpe and a rubber tuba connected to

" a water tank.

‘Let. tank water flow 1nto the metal oyllnder through the entrance (B)
“until the water level in the glams pipe reaches ite upper part (a).
Stop water supply to the metal oylinder and.measure the decrsase.in
water level (cm) in the glass tube within e glven time (seconds).’
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Fig., 2.9 Quick methed 2.4 - Direct field measurement of. .water .
requirements (evqporatlon plus
percolation R

Glass plpe
o]

2.4.1 - Meagurement. of daoreased water depth

The daily deorease in water depth '
ghouid be measured, in principle, through-
out the entire irrigation period. In some
cases, however, water measurements are only
made once or twice in every ten days. The

" water level is measurad with a hook gauge
. or scale {see Flg. 2.10) once a day, uaually
at 9 a.n.

Grourd | ¥ surface

Fig. 2.10 Decreased water depth msasurement This measurement indicates the
o total water requirement, i,e, the

RIGE PLANTomm~ = - - o mmmm v sum of evapotranspiration and perco-
HOOK GAUGE-~~-- : lation (both horizontal and vertical).
M As the former is oonsidared conatant
TANK--__hﬁ: 3o some extent, and can be determined

by various methods, the percelation
rate can be obtained easily. This
method is widely practised to deter-.
mine the field water requirement.

2;4.2- N;txge'lxsimetér.

2.4.2,1 Advantages of the device

In the paat Water requ1re~
ments wers usually-determined Yy me&—
: . T aurlng the water level with a cyllnder,
§ . : _ pipe or box, which was placed in the
T A gsoil. ' However, the disadvantages of
this method, given below,. often caused
. inaccurate results:

- Soil structure and plough pan .are. often dlsturhed vhen: plaolng plpBB in soile
and the 3011 permeabllity could be: affected. ;

- Subsurface flow may oecur ‘due to tha dlfferenoe 1n the watertable 1n and out-
sm&e the. plpe. :

- ir water is poured into the p1pe after the 3011 has been drled for a oonslder—

able period, the percolaxlon rate may be affected by air conta1ned in the soil
in- the pine. : : B : :

- It is not easy to remove the pipe.
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Tigs 2.11 N-type lygimeter The N-type .device shown in Fig. 2.11 was
invented to overcome the problems mentioned
above and gives accurate on-the-spot weasure—

Hook gauge mente of water requirements (percolation plus
o evapotranspiration).
Frame .
\\ {]Rummrm@ 2.4.2.2 Operation

.

taddy r.'cmjl W N

This device is lightly inseried into
the soil at a depth of about 5 om. A rubber
bag is attached to the wall to maintain equal
water levels in and outside the device, The
size of the device (box) is determined by the
capacity of the rubber hag to control the water
level; it has been demonstrated that two bags
can regulate the water level within 2 cm for a
24 x 28 om box. The sequence of operation is
as Tollows: S -

Insert the box into the soil and attach rubber bags,
Raige the rubber bags so that the water in them can be poured

‘into the boxr.
‘Measure the water level in the box,

After a certain period of time, usually 24 hours, raige the rubber

- bags again 80 thai the water contained in . them is poured into the

box. :
Measure water 1evel in the box.

2.4,2.3 'Features bf.the device

Water requirements {in depth) measured with this device exclude horizontal
percolation (seepage through border ridges) which can ba obtained by mea~
puring the water requlrements outside the dev1ce.

s Waxar raqulrements can be measured in the field. when flow;ng irrigation.

" takes place.

The positional change of the percolation rate'kithin'a'plot can be measured

) by moving the_device to the required spot.

2. 4 3 Dlsohagge ‘measurement

* The
orifices,

total quantlty of water irrigated is measured with Parshall flumes, weirs and
This method is usually done in districts where flowing irrigation is prac~

timed and-is used to determine the puddling water requiremeént. . The flume for this -

purpose is

designed to ensure the delivery of a constant quantity of watsr to the field

through the orifice {constant hydraulic head is malntalned) and the total quentity of
water delivered to the field can be determined by knowing the duratlon of the irrigation

time,
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2.5 ﬂydrological balance (outflow*inflow) method

This method is applled 1o the field or to a group of flelds on whlch surface in-
flow and outflow can be measured.

2.5.1 Plot water requlrament

In.a chosen plot the follow1ng relatlonshlp exists?

-'IS+Ig+R=ET+PV+Ph+Os+S ) o;----'---(dv)
where Is‘ﬁ_surfaoe 1nf10w—1rr1gat10n ' '

Ig = subsurface inflow

R = rainfall '

ET = evapotransplratlon

Pv = vertical percolatlon (below top soil)

Ph = horizontal percolation (through the top soil and border ridges)

Os = surface outflow

§ = storage in or on the soil

Is and Os can be measured with weirs or‘flumeé._ R is usuélly'oﬁtained from a
nearby weather station. When measurements are made during the dry spell and the plot
is already being irrigated with standing water, R can be ignored ‘and S can be cobiained
by measuring the change in the watertable., ' The sum of ET, Pv and Ph is then obiained.
Ph can be estimated by comparing the water loss of an untreated field with that of a
field in which a metal, concrete or plastic barrier has been plasced in the centre of the
levee extending down to the impervious layer. In the absence of an meerv1ous layer, a

characteriastic observed in heavy homogeneous soils, & barrier depth of 60 c¢m may be ade-
quate. Pv can also be measured by uslng the method descrlbed undar 2. 4 2e 3._

2.5.2 PrOJect or area. water requlremants

The water requlrements for a. glven area or 1rr1gat10n system can be determined’ if
the surface inflow and outflow in the area are measured. The terms in the followlng
equation are either quantltatlvely dBflan, estlmatad or Bolved._

Is + Ig + R = ET.+S+Os+Og_. T e (B)
where Ig = surface inflow'irrigation
| Ig = subsurface 1nflow
R:_='ralnfall _ '
. ET ;4évapotransp1rat10n
‘ S':=.storage in or on. the 5011"‘:
Os = surface outflow

Og = subatrfaoe outflow
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The water actually congumed {ﬁ) in the’aréa*ia therefora:

. w=m+S—R+(og—Ig) =IS—OB+R'—S ll.l.'..'(é)

.. The terms R, Iam gnd Os are readily measurable as rain, river or canal, and drain
flow.?eapectively. 5 is measured from the depth of the static water table and soil
porogity or from the depth of water on the soil surface.

o ?urface;inflow.and ocutflow are measured, in principle, on a dﬁily bésis. In the
irrigation period during a dry spell, however, measurements are taken 3-~5 times (3-5

days for each time). In most cases, water is measured with flumes or weirs that have
water level reoorders.

In the case of intensive measurement for a short period; R and S can be ignored-
and the_following relation is obtained: :

Ia-—os =0g—'Ig+ET . . . . o .l..l.‘l..(s)

 -‘The-total water consumed in the area is the sum of evapotranspifatioh and ground-
water increased or decreased, - As part of the percolated water can be reutilized for

irrigation purposes {whils the rest flows out from the area), the following equation is
establighed: '

(Og —Ig) = Pe - Pr . ‘. . .;o-ovo‘--(?)
WP, -Pr+Bl=D-Fr |
whefe P, = percolated water lost outside the area

Pr = peroolatéd water being reused for irrigstion purposes within
* the area '

D = water requirement in depth in the fields

The water requirement for a large area, W, is usually smaller than the water re-
quirement indicated by the decrease in water depth (the largsr Pr, the smaller P_ -~ Pr,
and W approaches D). _In the lower streiches of the alluvial plains, where rice is
usually oultivated, thers is little groundwater movement and W is almost equal to ET
which, in momt cases, ranges from 5 to 10 mm/day. i B '

..In the.upper part. of an alluvial fan area or in terraced land, the greater part
of percolation flows out from the area, and total water requirement, W, becomes greatsr
than: EP approaching D-(this tendency is more noticeable if the.area is smaller). In
such a.case consumed water ranges from 10 to 30 mm/day. . .

Thefe?éfe inétancés wherezo 'is;amallér_than 1 ,.usﬁ@llyfﬁhera groundwaﬁar springs
are present and cases where W is glialler than ET thus”forming waterlogged or poorly
drained land., - : : S - -
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2.5.3 Relationship between the sum of plot water raqulrementa and area water require-
ment s

The relationsghip between the water re¢u1remant for a emall area and that for a
large area is-very complicated and varies with topography, gaography and hydrologlcal
features. ' However, the following tendencles are found:

(i) The rate of reuaable grOundwatar varies. w1th the gize of the area bezng
- irrigated — the smaller the ‘area, the lower the rate.  The amount of
water required for all the 1nd1v1dual plots is aqual to that. requlred for
an area smaller than 100 ha.

(ii) In areas (such as an alluvial fan) where most of the percolated water runs
: out from the area as subsurface flow, reusable groundwater should not be
taken into account unless the area is larger than 1.000 ‘ha. -

(1ii) In areas whers no groundwater movement exists, the system of-rautiliﬂihg
drainad-op percolated water should be investigated in the first instance.
It is therefore necessary to divide the area into smaller blocks in-which

a detailed hydrological . study can be carrled out and the hydrologaoal re-.
lation of each block 1nvest1gated. ) . .

2.6 Combined method:

Although field measurement uaually gives the most rellable result thls ‘requires
much time, labour and cost.

Slnce evapotranaplratlon can be calculated without serious dlfflculty or error
from weather data (see previous section) the water requlrement can somatlmes be deter—
mined by actual measurement of pereolatlon only. :

2.7 Grosa water requlrements h

2.7.1 Irrlgatlon requlremant and effactlve ralnfall

The: 1rr1gat10n requlrement is . determlned by deductzng the effeotlve ralnfall from
the net water requlrement (dlscussed in the prev1ous sect1on). '

2Tl Ba51c year for plannlng

“An’ 1rr1gat10n project is planned and designed on the basis of & drought: year.

~ In order to:-determine the amount of water 'to be supplied to a field and to design the
irrigation systems, a- ‘basic year must be chosen., ' Precipitation data for the past 40-
50 years should be carefully examined and a dreught year which:ococurs.once during a ...
.15-20 year span-is usually selected, 1f enough data are not avallable, rainfall in the
basic year is estlmated by a super-probablllty calculatlon or other statlatloal methods.

2.7.1.2 Irrlgatlon requlrement for a bas:o year

When the amount and d1str1but10n of rainfall in the basic year differ greatly
from those in the year when actual measurement takes place, the 1rr1gat10n requirement
in the basgic year is’ calculated in the following way:
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II‘ = EL‘I' X r) + P - Rej o . o g ‘ - lo‘c‘.cl.---(a)
where Ir = irrigation requirement . ' '
- ET = evapotranspiration actually observed
P = percolation
Re = effective rainfall in the basic year
T =

Pan _eveporation in the standard planning year
pan evaporation in the actually investigated year

‘ ?he inveetigation is carried out on a 10-day bvasis. " Assuming that the %otal-
irrigation period is 110 days, the equation {8) becomes:

‘n = 11

B e S I —

n = 1

2_.7,1.3- “ffective (available) rainfall

.Effective ralnfall ig the amount of rain falllng and belng utilized during the
crop gr0w1ng peraod to meet the water requ1rementa. As crops are not able to’ utilize
fully the total amount of rainfall available in the growing period, effective rainfall
cannot be exprassad in terms of total precipitatinng -In most cases T0-90 percent of
the total rainfall during the irrigation season is assumed $0 be effectlve. Effective
ralnfall ig calculated from the basic year as followa:

_4r'Dally rainfall of more than 50-80.mm, dapendlng upon the conditions,
ism consldarad as non-effective since this may overflow the border
‘rldge of the paddy fields and cannot be stored in the fislds.

- Da11y ralnfall of leas than 5 mn is cons:dered as non—effective. _/ _

.7 1 4 Maxlmum seasonal 1rr1gat10n requlrement

“As Hater requlrement varies with weather cond1t1ons and crop growth stages,
daily net water requirement is not constant throughout the irrigation season, In
‘order to determlne the capacity of canal sysiems, the ‘maximum: irrigation requirement
‘must be decided, ~This requirement occurs when evapotranapiration is highest, with
‘no effective rainfall and thie may be calculated ag follows when the mean daily eva-
potransplratlon ig known: .

~ RI max = .7 ET mean + P mean - R meari’ - - T essesesse(10)
where  RI max
- BT mean

P mean
R mean

maximum seasonal 1rr1gat10n requlrement
mean dasily evapotranspiration

mean daily percolation

mean effective rainfall

o od u"'-

1/ The authors, however, consider this effective.
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2.7.1.5 Total irrigation requlrements

It may be concluded that total irrigation requlraments in Japan range from
550 mm tco 1 500 mm, based upon the following: T

Unit water requirement " 710-20 mm/day
Puddling water requirement  150-200 mm
Irrigation period . . 90-100 days

Effective rainfall 500 mm

9.7.2 Puddling requirements

2.7.2,1 Puddling (Shirokaki) work . .

Transplanting is most popularly uaed in Japan's rice oulture. Paddy fields are
ploughed, harrowed and supplied with water in order to goften the soil for transplanting.
Puddling by harrowing saturates paddy soil and makes it muddy , which,. to some axtent,
pravents excessive percolation. . Puddling work, oustomarily followed by transplanxlng, is
carried out in the rainy season whiqh usually prevails throughout June.

2.T.2.2 Puddllng quxrement

.. The quantity of puddling water can be determ1ned by the BOil depth to be satu-
rated and the 5031 porosity. Puddling water varias from 100 to 300 mm in "depth
(1 000 = 2 000 m” per ha), Assumlng that the thickness of top soil (which im to be
saturated) ig 30 om, its porosity is 50 percent and submergence depth ‘af'ter puddllng 13
5 om, the amount of water raqulred for puddl1ng 1s. {30 em x O. 5) + 5 = 20 om._

2.7.2.3 Maximum water rqulrament during the puddllng'perlod

Puddling ususlly: requlres ‘a conslderahle amount of water varylng from 100 m to
300 m. The maximum water requirement is during this’ perlod if there is no rainfall or
the whole area is puddled within & very limited perlod of time. In practice, however,
puddling is carried out -over a considerable period ranging from 3 to 10 days depending
upon the availability of water and labour. Generally, the peak demand Br water occurs
on the last day of the puddling period, if the daily puddling area and daily. irrigation
requirements are constant, The water requlrement for the puddllng period can be cal~
culated as’ followa.,?--" Toon : : : e

Wp = [%s + Ad (n—1)/é] x.10 (m ) B  2... !'_-7' ;:t .‘2; .{i;;;;.;;é-:;(ij)_

where. jwp = water requlrement durlng the puddllng perlod H

number of puddllng days

.'1;.

puddllng water depth (mm) -~

BoRaon S
]

unit water requlrement (mm) (evapotransplratlon + percolatlon)
area to ba puddled (ha) o

T
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Daily water requirement for the xth day ia:
A .

Wpx = n En+ (x-‘t)dJ x 10 m vreennsees(12)
Example:

n=74days; & =200 mm; d =15 mm/days; A = 2 100 ha
Total water requirement during the puddling period:
Wp = [2 100 x 200 + 2 100 x 15 (7-_1)/2] x 10 = 5 145 000 o

Daily'gater requirement on the Tth day which is considered to be the maximums
100 ’ ' '

Wpl = 7 [200 + {7 -1 x 15]x 10 = 870 000 m3/day

The maximum daily water requirement tends %o increase as.the durafion of pﬁddling
work is being reduced by the introduction of agriculiural machinery. :

2.7.3 Diversion reguirement

2,7.3.1 Qonveyance losses

The diversion requirement is the sum of the irrigation requirement and the
water losses in an irrigation system, Such losses include gvaporation from the water
purface, percolation from canals and operational losses, Among thesse componenta eva-—
poration is negligibly small (5 percent of total loss) and further restrioction is not
practicable. Lose by percolation, which forms a major portion of conveyance losses,
is greatly reduced by lining canals. Since moat of the irrigation canale in the country
are lined with concrete or stons, conveyance lose is relatively smsll, varying from § to
20 percent. :

o Canal lining techniques applied. in Japan do not differ from those in other coun-
tries, so the subject is not digcussed in this publigatiqn. :

: 2.7;3,2' Datermination of canal capscity under intermittent irrigation

‘ As discussed later in Chaptar 3, there are two major irrigation methods, namely
the continuous method and the intermittent one, The former is the more popular where
plentifu) water supply is available, whilst the latter is applied in areas subject to
water shortage or where the cost of water is relatively high. The continuous method
usually requires less canal vapacity than the intermittent one, which demands concen-
trated flow to the field withir a limited time. o

' fhere are twWo basic patterns in intermittent irrigation. Ths first is when
the whole area is irrigatéd intermittently and the second is when the whole area is
divided into several blocks which receive water rotationally within a limited time.
In the latter case, the canal capacity is decided by the following equation:
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Q=MxNxA.3rcDmax 1+ (a/sec) Lo "‘.'.'...'..‘..(13)

Q = canal capacity m3/sec ' ' o
where T = time’ needed for dellverlng water (seconds)

M-:Inumber of plots commanded by one canal

N = 1rr1gat10n interval (days)_ '

A = area of one plot (mz) '

o= water conveyance 1oas varylng from O. 05 to 0.2

Dmax = maximwn daily water requirement m/day)

2.8 Some factors affectlng water requlrements

2.8,1 5011

As already dlscusaed, water requlrements dlffer from place to place according- to
environmental conditions. Such difference is mainly due to soil and groundwater
characteristics and drainage conditions which are the factors governing percolation. .
The following table, the results of which were obtained by experiment, shows this point:

‘Table 2.12 - Soils end average net water requivement mm/day . -
. Sand . IR S
- Sandy loam C . 23
. Loam S . 11
" Glay loam - . R
Clay ' 10

2.8.2 Water source and cost

Water requlrements also vany ‘with the 1rr1gat10n methoa and 0perat10n of 1rr1gat10n
systems. " These problems are discussed under a separate chapter. ' It should be noted,
however, that the amount of 1rr1gat10n water actually used differs: greatly agcording to
the source of. the water and the cost, " the h1gher the water coat and the smaller the
available aupply of . water, the lower, will, be the amount of water consumed. - Thls fact is
111ustrated in the followlng table' TR :

Table 2 13 '  Avergge water used and type ‘of water sourcea (3)
. _ ' _' Number of - Watgr requlred R
dater source : surveys - - /sec/ha mmfdéﬂ
‘Reservoir . o . 103 -_;5:_0 00140_-1\-7 Sz
River ... 86 . 0,00295 .. - 25.5
. Groundwater S 12 ' ‘ 0.,00300. o 25.8 .
Pumped water - 101 = 0.00129'.' . 11.6
Combined sources 6 0.00197 17.0

Total/average . 308 0.00225 19,4
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2.8.3 Water reguirement for newly reclaimed fields.

. In newly recla1med paddy fields, especially those in mountalnous areas, the
groundwater table is generally low while soil permeability "is relatively high, thus
cau31ng a hlgh rate of percolatlon. Percolation, howaver, decreages gradually year
by year ‘a8 the field matures with the development of an 1mperv10us soil layer (plough
pan) Results of 1nvest1gat10ns in thls regard are seen in Table 2. 14

- Table 2.14 : Change in percolation rates
| Normal paddy field Pervious paddy field
' ’ percolation rate - percolation rate
Year after reclamation 1. 40—1 66 l/seé?ia 2.02-2.77 1/sec/ha
. + 5.0 tlmes _ _ -
1 2.0 times 3.5 - 4.0 times -
2 1.7 times . 2.0 - 2.5 times
3 1.2 times . 1.5 - 1.7 times
4 1.0 times 1.3 = 1.5 times
5 1.0 times 1.2 times
[ 1.0 times 1.0 times

" It can'be Baid that percolation rates will be reduced to 1/3 =~ 1/5 within a

few years of the paddy Ffields having been reclaimed, Particular atfention should

‘be paid to this phenomenon when estimating water requirements and determining the
capacity of water delivering gystems, Irrigation requirements in newly reclaimed
paddy Tields should not be over—estimated and land under irrigation should be extended
systematically in order to utilize fully the limited water resources, avoiding the con-—
gtruction of 1rr1gatlon systems with an excessive capac1ty when the fields reach
fmaturlty. .

The same conceptlon is appllcable to paddy flelds reclalmed from tldal land
as abundant water will be required during the first few years to leaoh ex03591ve
- salt. 1/

_/ The. usual praotlce iz to submerge flelds to a depth of 4~6 ol every three out of
four &ays and then draln. . .



- 40 -

3. WATER MAWAGENENT AND REQUIREMENTS UNDER DIFFERENT TRRIGATION METHODAS.
3.1 Life h1story of the rice plant

In general the llfe span of -a rice plant is 120 to 180 days ‘which can be divided into
two per;oda < vegetative and generative growth, The most salient feature of the former is.
the inorease in the number of fillers, whilst the Iatter is oharaoterlzed by the formation .
and growth of the panicle, . The life history of a rice plant in relation to water management
under the usual cultivation praotlce in warm regions is shown in Fig. 3.1.

Fige 3.1 Water management and crom growth.stgggg {2)

Juna July July Wiy Aug, fug, Aug, Sept, Sept, Sept, Oct, Oct,
boie 2010 2 110 20 v 1070 1T W0

WATER  Detp waler Shaliow sater Makaboshy Shallow water Mpwamr&n|m Water

CCONTROL . water  drained
GROWTH  Transplamtaticn Fillring Yausg panicle-Coming ity Riparng
_ PERIOD  rogtage perwd period formation  panicle pericd period
EHective  period Heading &
sillering  Pesk . flowering
it Ullering pariod
feriod peried

3.1.1 Vegetative growth period

This period- is divided into two stages, namely the nursery and tillering.:. The latter
is divided into rooting, valid tillering and invalid tillering. The rooting stage usually
lasts for several days after transplantlng and when the plant has rootsd, many tillers develop
rapidly. At the next stage the number of tillers reaches the maximum, but those developed
after this valid tlllerlng staga cannot bear panxclea-' thus, this last stage is called the
1nva11d tlllerlng Btage. , _ Lo P T

“3.1.2 Reproductlve ggowth Btaga

TDuring this period the young panlcle develops, heads and rzpans. " The development stage
can be divided into two: formation and booting.  When the young panicle develops at the lower
part. of the valid tillers, there ik a swélling in that portion; = this is. called the hooting
'stage, which is followed by heading (ear shooting} and flowering, - Ripening is the ‘lasi period,
consisting of m1lky, dough, yellow rlpe and full ripe stages. LT : IR

3.2 Hater needs and management under dlffarent_ggow1ng stages

3.2.1 Tranaplanting and rootlng period

In order to secure healthy growth of trans 1anted seedllnga and to avoid wind damage,

vater is kept at a con91derable depth (1.e. 10 cm for a period of about a week after trane-
planting., o o

3.2.2 Tlllering‘period

In order to keep the soil temperature warm, Water is kept as shallow as possible
(3-5 em), In view of the fact that the reSplratlon function of the root is at its. maximum:
during this perlod, the intreduction of air inte. the soil following dralnagn gives favourable
conditions for root growth. During the invalid tlllering period the rice plant can reslst -3
water shortage and mid-season dra1nage (Nakaboshi) is ususlly practised.
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'3.2.3 -Nakaboshi (mid-season drainage)

.. Fields are drained for a pericd of about 3 to 7 days, 30 to 40 days before head-
ing. The obgect of thla praotice is:

(1).'To supply soils with oxygen to ensure healthy root growth

{ii) To remove hydrogen sulphzde and other harmful substances which .

are produced by m10rob1a1 action under reductive condlt;ons of
submergence.

{iii) To cut off the excess supbiy:of amnonig-N and %o renew it after
: irrigating to induce favourable sar formation conditions.

(iv) To harden soils for the coming farm operations, including harvest-
: 1ng, and to prevant 10dg1ng.

It should be noted, however, that this practice is only successfully carried out
when soils are impervious, containing a considerable amount of organic matier; and rice
ig grown under heavy fertilizer appllcatzon.

Fig. 3-2 .- Miming of Nakaboghi and Rice Yield
kg Nakaboshi must be com—
© 48D pleted 30 days prior 1o head-
o w450 ing, The relation between
-’5;:'; 420 " the timing of Nakaboshi and
=7 390 the rite yield is shown in
2 & 330} . ¥ -
= € g0 3.2.4 Panicle formation
N ) . . ) _ and heading periods
a4 N/ 2 ' . et :
- ¢ . S ' _ Drought during these

periods causes seévere damage
and an adequate water supply

is needed for healthy crop
growth,  Oxygen consumptlon
by the root system increases
_and_reaches the. maximum during
this perlod. In order to make
the root absorb wWater and nu-
trients effectively, water

- “temperature must-be kept as cool

;o aB p0331ble, say not higher than
35 °c. Flowing irrigation is

. -sometimes .practised to control

. water temparature.

3.2.5 Ripéhing_periéd

Towards the end of thxs period the flelds are gradually drained. : Untimely drai-
nage, however, adversely affects the crop yield, For late rice varieties in warm
' rexlons it ie the usual practice to drain the fields completely about 40 to 45 days.
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after the heading period. This relation is shown in Fig. 33,

Pig. 3;3 Timing'of-drainage and yield
'951
110
105
100+

951
90 ' . ] !

T

Yield ratio

5 10 B 20 % 0 ¥ 4

Days after heading

3,3 [Flowing vs. stagnant irrigation

It is wéll known that irrigation efficienscy under flowing practices is lower than
that under stagnent methods) particularly tail water frém a field cannot bve efficiantly
utilized either by an adjacent field or by one situated downstream. There.is also a
danger of 80il nutrients being carried away by flowing water. Therefore, generally,
continuous flowing irrigation throughout the irrigation period is not practised in the
country. o ' ' -

Nevertheiess,~there are instances where flowing irrigation is applied, for the
following main reasons: ' ' : : o -

(i) Where paddy goils a;é subject to the creation of hamful substances and
no proper percolation exists or drainage is impracticabls, renewal of
the water can give some relief. : C S

(i1) ”Sdilztemperatﬁré:can_befdohtrolled'tp'some extent by flowing water.
(iii} Labour for water management can be saved, particularly where land parcels
' “are relatively small. and there is no access to watering pointa. _
(iv) In newly reclaimed fields, flowing irrigation has been practised in order
. - 1o reduce the'qqunditure on land_level;ing which ip abmolutely necessary:
" in ‘the case.of stagnant irrigation to maintain a certain water depih.

Fléwiﬁg or-gtagnant-irrigation is practised in accordance with orop growing stages,
s0il and water temperature and other farming techniques, such as fertilizer application
(flowing water is completely stopped when fertilizer or chemicals are applied).
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3.4  Continuous versus intermittent irrigation

3.4+7 Continuous submergence

.Gontinuous submergence with occasional interruption is the most widely practised.
Water is drained at least during the late tillering period (Nakaboshi) unless soils are
too pervious or poorly fertilized., ° It should he noted that this practioce completsly
differs from the uncontrolled continuous aubmergence prevailing in some rice growing
areas ?hlﬁh do not have adequate watering systems and artificial control of irrigation
water is neither feasible nor practicable.  Although most paddy fields are provided with an
adequate water supply and means are available for regulating the water, continuous sub-

mergence is practised for the following reasons {water depth varies with the crop grow-
ing stage and related farming practices): ' ‘ '

(i) antinuous flooding is a traditional method and Bétiafactory plant
~ growth and rice yield are atiained.

(1i) Submerged fields give a.beiter response to timely application of
fertilizer. ’ “

(iii) Continued flooding saves labour for water management.

(iv) Flooding may pravent physical damage to the crop, especially in
) the early growing stage.

(v) Submergence helps to eliminate some waeds.

3.4.2 Intermittent irrigation

3.4.2,1 Definition

. Tn some localities where no irrigation system exists and rainfall is not adeguate
or timely during the orop growing period, fields are often provided with water intermit-
tently through natural causes (floods, eic.,) regardless of the farmer'se intentions.

In this publiostion intermittent irrigation, however, means the water supply to paddy
fields which is controlled intermittently by water users. Intermittent irrigation is
most popular in the areas that are often subjeot 1o water shortage or where there i# no
abundant supply of water for contimuous irrigation. -In carrying out successful inter-.
mittent irrigation, an important factor is the crop. growing stage in relation to the
relative tolerance of the plants to water shortage or to those periods when sufficient
‘water supply is an absolute necessity. - ~As alreasdy mentioned, an abundant water supply
is absolutely essential for matisfactory crop growth during the periods of rooting, pani-
cle formation and heading; ' R = : :

3.4.2.2 Effeot of water shortage on rice yield

. Many studies have been carried out on . this subjeci.  An example iz illustrated
in Figc 30:4. . . . ' .

The experiment was conducted with water kept at & depth of 5 cm and percolation
was disregarded as water consumed. ‘Water shortage during the rooting, panicle formation
and heading periocd resulted in a significant decrease in yield, whereas at the later
tillering stage it favourably affected the rice yield, This is the stage when mid-
geason drainage (Nakaboshi) is preoctised. o



Fig. 3.4 Rice yield affected by non-irrigation in various growth stages (13)
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3. 4 2. 3 Water requlrements

Water requlrements for intemlttant 1rr1ga.tlon are much lower than those for
continuous su‘bmergence. . ‘I‘he main ‘factors, rasponsxble for this saving are the’ restric-
tion of percolation losses and an increame in effective rainfall durmg the non—-submer—-
gence perlod. Table 3.1 ahows the results of J.nvest:.ga.tlons. :

-"I‘able-}ﬂ Water requlrements under contmuous a.nd 1nterm1ttent 1rr1gat10n (3 2)
o : 8 Nat water S Dall,y wa.ter dapth
' ‘ ' Number of _ rag irement - decreased
2rrigation method . areas co.m u-hza. NI ; mm
Continuous - - I .0'.002?8 R

Intermittent - 172 00197 a7
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The following Table 3,2 shows that the most successful result was achieved with
a water saving culture in which the field was only submerged afier the young panicle

formation stage, VWater requirements under this practice were 20-~30 percent lower than.
those under continuous irrigaiion. . :

Table 3.2 ‘Water requirements — grain yisld under differant
o irrigation methods (13) 1,2/

Water o Orain -

requirements - : x;%lg
e %
: Gontinuous irrigation ' 100 : 100
 Intermittent irrigation 3/ g 46
‘Heading stage submergence &/ : © 60 - 15
. W&ter saving_irrigdtidn . 75 . , 110

Professor Fujicka recommended {3.3) the following water saving irrigation methed,
- based upon an extensive study of the transpiration intensity of paddy crops and soil
moimture, - o = C '

“After the usual puddling and transplanting, fields were supplied with water in
order to keep soil moisture in the root zone at not less than 75 percent of full satura-
tion throughout the crop growing period, and submergence was practised for only 30 days
before and after heading time, It was observed that, compared with continuous submer-
gence, this method could save a quarter of the quantity of water used by evapotiranspira-
tion; in fields subject to vertical percolation, a saving of half the quaniity of water
could be expected, This saving should, of course, be much greater where both vertical
and horizontal percolation exist. . : ' '

3.4.,2,4 Particular farm management under water saviqg cultivation

In practising the watler saving cultivation methed, rice'variety and fertilizer
application techniques become very important. . Varieties of the panicle weight type and
intermediate type with resistance to rice blast disease are preferable. ‘

" Nitrogen applied as a basal dressing is chahged into KO N and is easily leached
away by rainfall during the non-submerged period. . A small amo it of nitrogen is there-—
fore applied from time to time and a more abundant quantity . just beforé_suhmergence.

3.4;2.5 Characteristics of intermittent irrigation

 ”Intefﬁittent'irrigétion festriétﬁisurféqe'ﬁuhoff and 1essanéwpgfc§14£idﬁ losses
(both horizontal and vertical), which are greatest when fields are submerged and soils
are saturated. S '

In addition, the amount of effective rainfall is increased by adopting the
method. - - This amount.can be greater if the moil moisture is more fully depleted and
the non-irrigation period is longer. - Tn this connection, the waterholding capacity
of- the poil plays a key role in determining the water application pattern. - .

1/ Irrigation period ranges from 188 days to T2 days, but on average 110 days,
g/ Conducted at Yamaguchi Pref. Agr. Exp. Station.
i; 3 days submergence and subsequent 10 days without water supply.

Submerged only for 20 days prior to heading.
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- In actual field conditions however, it is difficult and troublesome to maintain
goil moisture above a certain limit (i.e. 75 percent of saturation), especlally where
soils are sandy .and pervious, necessitating a frequent supply of water.

3.5 Irrlgatlon for dlract sow1ng culture

Direct sowlng is practlsed elthar 1n'submerged_fiélds or in moist soils. In sub-
merged conditions a field is usually kept under relatively deep submersion (i.e. more than
10 em in depth) for about one month after seeding, in order to avoid damage by birds and

to control weed growth,. .. Subsequent praciices are the same as those for transplanting
culture. : R

After direct seeding on moist soil, fields are kept in an upland state and are
submerged when seedlings develop about 5 leaves (in about 30 to 40 days). Sudden submer-
gence of upland fields ofien creates toxic effects on rice plant growth because when soils
are suddenly changed into the reductive state, plants which have rooted in oxidised soils
during the drier period cannot adapt themselves %o the reduction process, It im, there-
fore, betier to convert from the upland to ihe submerged state when soils are wet after

rainfall, or to increase irrigation gradually unt11 the eompletely submerged state is
reached., : .

it should ‘be noted, however, that dxrect sowlng on dry 1and oftan raqulres more. .
water than the usual cultlvatlon method, especially where soils are pervious and water
holding capacities are low,. as the puddllng work . (whlch makes paddy soils 1mparv1ous) is
not carried out, : .

Mthongh the. toial water requirement throughout the irrigation period is decreased,
the seasonal peak water requirement is increased because of the higher’ peroolatlon rate
at the beg1nn1ng of submergenoe periods, As the capac1ty of irrigation systems is deter-
mined by the latter water requirement, special attention must be paid ‘when introduc1ng thls
technique without amendlng the capacity of irrigation. systems.

3.6 Control of water and 5011'temperature___

3.6.1 thlmum temperature_ﬂs'-

Accord1ng to the ph351olog1cal studles on the’ 1nter—relat10nsh1ps between water,
goil jemperature and rice plant growth, the optimum temperature for plant growth i = -
30-32°G.  Thig has been further confirmed by investigation on the photoplasmic streaming
in ‘the root—halr of rice crops én relation t6° temperature. o Velocity of photoplasmic

treamlng is'at & maximum at:33 ¢ and becomes zero at 40-45°C, - Optimum temperatura ob~" -
viously varies with rice varieties, 'The. crltlcal temperature for varieties: grown in
: troplcal dlstrlcta is hlgher than those 1n cool zonas.._

Temperature effeot on. crop growth also varies aocordlng to the latter 8 stage.
Bigh temperatures adversely affect crop growth at the tlllerlng and headlng at&ges,
especially from young panlcle formation to ‘head shootlng. P

3.6.2 Flow1ng 1rr1gat10n_

In arder to prevent hxgh temperatura damage, flowxng irrlgatlgn ig. prastxsed in .
warm districts where stagnant water temperature sometimes reaches 40 C in.mid-gummer. : :
Aocord1ng1y the difference in temperature between the water’ 1rrigated and -the water stand-.
ing in the field becomes a domlnant factor. As the plant den31ty increases, incoming -
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solar'energy.ia_inte;yupted by the plant leaves and field water temperature becomes com-
paratively lower, sc. flowing irrigation becomes less significant and sometimes acts ad-
versely, The experimentws conduoted at the Niigata Agricultural Experimental Station
showed that flow1ng 1rr1gat10n carried out prior to the plant heading period resulted in
a 7 percent increase in the rice yield (compared to that obtained in normal submergence
1rr1gat10n) whilst an 8 percent deorease in yield was found under continuous flowing ir-

rigation throughout the whole irrigation period, TFig., 3.5 shows the effect of flowing
1rr1gat10n on soil and water temperatura.

Tig. 3 5 ‘Effect on water/soll temperature by d1fferent 1rr1gat10n

methoda (14) 1/

— Submerged lrrig.
—~==~ Flawing Irrig.

o Kyushu Agri, Exp, Sta, August '1949

3,6.3 Cold water improvement

It was found that a water temperature lower than 24—25°C results in a serious de-
crease in rice yield as heading is delayed and ripening is obstructed. A cold water
damage ratic iz used io estimate the extent of such damage.

The ratioAAy is shown by:'

Ay-.n. .AY

Ymax x A

-n-o_loo-O|(14)
whe:e&ﬁ? o decreased yleld

-~ Ymax maxlmum yield per unlt area

'll-

"A = area under command of one 1nlet of 1rr1gat10n watar

When more than One plot is irrigated succ3331vely by one 1n1et the above equation
can ba daveloped to:

AﬁXy = Ya + Yb + esa__¥n ‘ L o S _ o
Ymax x (a. + b + .--n) . . . oo.l_n-o-‘to‘.(15)

whers Ya....fn é'yield actually measured,

& +ee n = ares of each plot

1/ Ky’ushu Agri. EID. Stas August 1949' ’



In cold areas the.lrrlgatlon method affects the rice yield remarkably. - As is.
seen in Flg. 3. 6 much hlgher rlce yields. are obtalned from standlng water, '

Fig. 3.6 Irrzgatlon method and rlcagyleld :
R {cold region) (8) 1/
g/ M : : : S o : _ C L
15k ‘ S ' ' In oold regions zater is -
i : ugually kept deeper than in warm
Matured gram weight ones, especially during the stage
of young panigle formation and

0r - | UHMTUI'Ed gram we;ght thereafter.

3,6.4 Hater temperature at
Various sources

3.6.4.1 HRivers
Temperature depends on
0 o ' water discharge and depth, air
Standing Fkx&ing o . temperature, wind velocity and
: 1ncom1ng golar energy.
irrigation jrrigation

Table 3.3 shows the result of waler temperature maasurements in 81 rivers at the
points where the rivers flow into plains from mountain areas.

Table 3.3 Number of rivers of various temperature

Monthly mean -

temperature gggg' o July August
- 10°% 1 o 0
10 -15% 13 2 L
15 - 20° 88
20 - 25°¢ T il _ 41
25°c__-' ' o 4 23

3 by 4 2 Lakes and reservoirs

Temperature rapldly decreases at a certain depth whlch varies from 3 to 10 m,'
though in most cases-it ranges between g and .7 m.  The averagg temperature of the sur-
face layer is 10 - 20 c 1n May, 15 ~ 25" C in June, “and 20 - 30 C in July and August.

3. 6 5 Praotlcal methods to ralse water temperatures'

"Various pract1ces are used to raise the water temperature in cool dlstrlcts. " Dne
of the most popular and effective is the restriction of excese pereolatlcn from the field,
because it lowers the 5011 and water temperature.= ThlB praotlce is discussed in dataxl
in Chapter Se

_/ Kyushu Agr. Exp, Station.
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3.6.5.17 Ciroulating waterway

"In order to reduce cool water damage near a turnout, a circulating waterway is
sometlmes used in which the water temperature can be raised to some extent. The length
“of this waterway varies from 2 to 40 m and the width is about 60 cm,

There are various
patterns, some of whlch are shown in Flg. 3eTe o

:“_Figaj3.7:3, shapes of clrculatlng waterways
zjﬁﬂ//v '
A 4
ﬁ Y,
/ 1
A

3.6, 5.2 Water warming canal

In cold dlstrlets canals are designed to raise water temperature and the fol~
lowing major factors must be taken into acoount: -

~ Canal route:  preferably it should be kept out of woode, away from
sprlnga or other intruding: cold Water sourees and strong. w1nd. 5

- Mater1ala~ ‘concrete 11n1ng coated wlth black palnt sueh as asphalt
_ ig: preferable. . L

- Shape and veloclty'ﬂ water depth should be shallower than 50 cm°'
' tha bottom widih of the canal- should be more than 5 m, the veloclty
ahould be 1033 thnn 0. 5 m/aec.

3.6.5.3 Water Warmlng ponds

_ ThlB faolllty is pcpularly used in cold parts of - tha country._ Table 3.4
ghowp the effeets of such raaervolrs. ' o
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Water warming canal
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Table 3.4 Water warming ponds _ .
: ' _ _ : » Flowing water Rige in
Name and place of Hater surface area m {in.and out) temggratura-
-.regervoirs o wWater depth m _ m”/sec . G :
Yéphiéawa_aklma o 4 445= : . 0,113 R
B _ 152 (max) 0.312 - (June-Aug.)
Tozan - TOYAMA . 3151 _ 0.061 : 1.2 = 5.3
: P © 1.32° (mean) ' _
Maruyama TOTTORT 13 Q00. 0.112 3-7
' _ ' 2.80 {(max) 0.196 .
Hosono  NAGANO © 2,10 {mean) 0,070 1.6 - 4.0
Kosaka  NAGANO 410 000 0.420 3.5 = 6.0
. 14.0 (ma.x)

_In designing reservoirs the following factors should be taken into account:

- Water will have to be stored for between 12 to 36 hours.

- In relatively warm districts, but only if the water is cold,
it will have to be stored more than 24 hours and the water
depth should be 2.0 - 4,0 m, :

- Outlet works must be designed to fake water from the surface
layer.

- Water ghould be taken out in tha afternoon.

3.6.5.4 Warming plot in paddy field

s ‘As shown in Fig. 3.8, a warming plot with as'large an area as possible is
egtablished around the turnout, : ' o

Fig. 3.8 . Warming plot in paddy field

(@) _ b
hd -
WY T . i
)*“.'. . - . - : ﬂ—’

In Fig. (a) water is spread on the field through notches constructed in a small
bund or plate. In Fig. (b) small bunds are constructed on opposite sides of a big
warming plot; water flows in and out over these low bunds and is warmed in the plot.

In sdmé localities water is delivered into a plot through meny holes drilled
on a long board, which is set in the plot parallel to a levee. Recently plastic has
been used as a material for such a board (50 m long per 0.1 ha) .
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3.6.5.5 Water application practlces

Intermlttent 1rr1gat10n can. Bolve cold water problems %o gome -extent.  I%: is
the usual praotige in cold districts to Tun water into fields in the early morning
(when there is no difference between air, irrigation water and field water temparaturas)
and to keep the water standing during the day. This is done during the inltlal grow—
ing stage and the paddy fleld ‘itself acts as. a water warmlng reserv01r. -

Evaporatlon control, dlsoussed in detall in Chapter 5, 13 also an effective
method of keeplng the water temperature high. : :
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A.. DRATNAGE

There are tWo reasons for dralnlng paddy flelds- the first is to0o remove excess
water and the second %6 control soil fertility. 1In this chapter water control prac-
tices for the removal of excess surface water are called surface drainage, whilst

;h:se §elated to the control of soil fertlllty are called subpurface dralnage (perco-
ation/s. - SR . _

4.1 _ Role af subsurface drainage in waterlogged ilelds

As quoted 1n Chapter 1, waterlogged (poorly drained) paddy fields occupy about
40 percent of the total paddy area. Until recently improvement in drainage did not
keep:pace ‘with irrigation practices sinece quite high rice yields were oblained from
waterlogged conditionss ~In these fields, ihe groundwater level remained high through-
out the year, sometimes reachlnﬂ ground surface, with no downward movement of water.
Under such ¢ircumstances, organic substances in the soil are decomposed by micro-
organisms when the soil temperature rises., With the progress of decompogition, most
of the free oxygen: d1ssolved.1n the water and some parts of oxygen combined with iron,
'manganese eto., were dlso consumed, thus hastening soil reduction. Consequently, soil
Bh value- decreaaes and various toxic substances such as organic acids (1.e. acetic,
butyric), CO,; CH, and H,S are produced. These substances hamper the healthy growth
of the root and 1ﬁh1b1t nutrlent absorption and normal aerobic respiration.

It w111 be seen, therefore, that subsurface dralnage can play a Yey role in
supplylng oxygen to the nlant through the water and leaching away toxic substances.

o With regard to the oxygen supply problem, recent studies have proved that dis-
solved oxygen supplied through percolation practices is mostly consumed. in the upper
so0il layer (0-2 om) and only a small amount is transmitted to the deeper layer. It
was also foind that the amount of CO, is proportionally decreased by percolation,
whereas H,5 is markedly oxidised by percolatlon practices when it is present in a
-large quantlty. :

4.2 g S0il fertlllty and fertilizer application

"4;2.1 Soil fertlllty and percolatzon

ﬂlth an 1ncrease in the percolation rate, NH -N and K,” whlch are kept 1n soils
although they. are. catlona, tend to be leached away.'--On the other hand, the o
mineralization of organic nitrogen in waterlogged goils is promoted, Consequently,
soil fertlllty appears to be raised initially but is reduced after a few years.
Pergolation should,. therefore, be maintained at a rate:that will not progressively
leach away mlnerallzed nitrogen., ~However, if the rate of percolatlon exceeds &
certain limit.so that the leaching away of mineralized nitrogen is hastened, ferti-
lizer will have 10 be applied a few tlnes, this is called split fertlllzer appllcau-
tion.
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It can be said, therefors, that the practice of subsurface dralnaga has the advan-
tage of removing toxic products and giving a favourable environment to roots, but, at the
same . time, 1t has the. dlsadvantage of leachlng away plant nutrlents. _ S

4. 2 2 Fertlllzer appllca$10n

_ The" relatlonshlp between the amounts of nltrogenous and organic fertlllzer applled
and the yield of rice in "dry fields" (with good drainage conditions) and “wet fields" or
waterlogged fields {with poor dralnage condltlons causing root decay) is ahown in Fig: 4.1.

Fig. 4.1  Rice yield and fertilizer applied _/-

Y L - b : As can be seen from Fig. 4.1,
: the curve a-b shows that -the rice
yield in the dry field increases
to correspond with the amount. of
_ Tertilizer applied, whilst the-
d .. . ourve c~d indicates that ferti-
T . lizer application beyond certain
Q-b:Dry field , limits doea not £ive, favourable
. C-d.: Wet field . effects on rice yield in wet
. . fields., ' The left side of the
a o cross point "x" of the two curves
. Amount of fertllizers ‘ shows that soil fertility is the
: _governing factor in rice produc-
tion and that rice yield in the
R _ L wet field is higher than in the
dry one under slight application of fertilizer. The right side of point "x" indicates
that a higher rice yield is secured by heavy application of fertilizer in the dry Field
and that the drainage condition is the dommnant factor reapnnslble for hlgh Tice yleld
under heavy fertlllzer appl:catlon. '

X

Yield of paddy rice

The pogltlon of the cross point "x" is governed by the quantltatlve influence of the
soil fertility and oxygen in the soil on erop yield, In other words,: the left mide of
point "x" indicates that the soil Fertility is the governing factor, whilst the right side
implies that the ava1lab111ty of oxygen plays a key role .in crop production, As a result
of the study, it is recomiended that the line a~b be aimed at if hlgh ylald under heavy
fertlllzer app11cat10n is to be attempted.

This hypothe51s was proved 1n the experlment conducted by Sh1r05h1ta, the results
of which ara shown in Flg. 4 2. '

In Flg. 4.2 the tendency for ‘an’increase in yleld shown in Flg. 4.1 is conflrmed
although much organic fertilizer (manure) was applied for the studies shown in Fig. 4. 2.
Table 4.1 shows the amount of fertlllzer applled - correspondlng to the horlzontal aIlE'
of Flg. 4.2, ; IR _

1/ shiroshite, T. Agr. Exp. Sta. Report, Japan, Vol. 1, No, 1, 1962,
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‘Experimental results of rice yields and fertilizer gpplied
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Table 4.1 . . Amount of fertilizer egglied,
. Bass- ' additions 2
: . o . .. N Ko o
Ploughing i : ' : ftillering uanlcle
Pattern | depth om [Manure #/| W P205 K0 .| stage - formation | p.f;_i:/

1 12 | o ] 0.75 | 1.125 | 0.938 * |- 0.188 | 0.188. | 0,188
2 12| 187.5 | o.50 | 1.125 | 0.938 | 0.188 '| 0.188 | 0.188
3 18 187.5 | 0.750 | 1.125 | 0,938 | 0.188 |- 0.188 ‘| 0.188
4 18 | 375.0 ] 0.750 | 1.125 | 0.938 . | 0.188 |- 0,188 | 0,188
5 18 562.5 - |.-0:750 | 1.125 | 0.938 - | 0.188: .| 0.188 | 0.188
6 18 562,5 1.125 | 1,125 | 0.938 | 0.188 0.188 0.188

*/ Compoeifiqn‘of manure  {%) : o : _

Water - N . P05 - K0 ¢ c/N Si0,  Ca0  Mg0 . Hn0 Fe203‘ N
73.5 0,52 0,56 0.60 5.19 10,0 9.16  0.31 - 0,33 0.03 . 0.13
*f Panlcle formatlon S ‘ L A

It can be eald that vegetatlve growth is v1gorou3 but generat1ve growth is slow
in wet fields; in dry fxelda, with a small application of manure, vegetative growth is
inferior but generative growth is superior compared with wet fields. In other words,
quicker decomposition of manure and more effective absorption of decomposed nutriente
are the advantagee of dny flelde over wet fl&ldﬂ.

. Drainage (percolatlon} ‘practices are especlally required. in fields under heavy
fertilizer application in order to control fertilizer effects in relation to climatic
‘conditions, crop groving: gtages and soil" c0nd1t10ns (part1eu1arly the ‘degree of soil
reduction), - On the other hand, they are less important where crop growth is mainly -
dependent upon ‘the nutrienta available in the soils and’ 1rr1gat10n water and llttle fer~
t111zer is applled..' ThlB is mostly the case in South Easgt Aele. 1/

4,3 Optimum percolax1on rate

The optzmum rate of percolat:an varles w1dely wlth the amount of toxic auhatancee
to be leached, goil characterlstlcs, crop growing stages and related farming practices,
especially fertilizer application, - -I% is not practicable,. therefore, to daf1ne the _
standard (optlmum) percolatlon rate, whlch 1s appllcable in every case.

A recent etuﬁy in Japan (4), 1ndleateﬁ that the opt1mum percolatlon rate in well—
drained fields was’ about 5 mm- dally, whilst that in’ swampy Tields containing abundant -
toxic substances was from 15 to 25 mm daily. - Attention should be paid ito the fact that
these are average- Valuas $hroughout the whole rica grow1ng perlOd, and that abundant
fertilizer ie applled in the countny.

_/ Most of the rice varzetles cultivated in thls reglon are "tall 1eafy and lodglng-
eusceptlbla types" and their fertlllzer responses are very low.
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In most of the high yielding paddy fields {more than 7.5 tona/ha) the average per—
colation rate is 10 to 15 mm. This fact is shown in Fig. 2,1. 1/ It was also found

that where percolation rates were less than 5 mm/day or more than 40 m/d heavy appli-
catlon of fertlllzer did not result in hlgh rice yield. / ad v arp

The above facts mlght not be applicable to an area where rice is grown with light
fertlllzar appllcatlon or is cultlvated ‘rotationally with other upland crops.

_ 4.4 _Relevant factors in dasxgnlng dralngge gystems

4.4.1 Surface drainage -

4.4.1.,1 Allowable suhhergence

The provision for . perfect drainage is, in most cases, not economically feasi-
ble, so it is the usual pra:tice to allow for a certain submergencs depth when designing
drainage systems.  The allowable submergence depth and time differ greatly with the crop
grovWwing siage. For example, the greatest flood damage is most likely to occur at the
panicle formation atage and submergence for more than iwo days seriously affects crop

growth, - Table 4.2 shows the relationship between 2 decrease in yield and flooding con—
ditions. . : : .

. As the heaviest rainfall usually occurs between July and September, by which time

the rice plant hae reached a height of 0.4 ~ 0,8 m, allowable submergence would be C.3 m
deep and should only lagt for 1-2 days.

4. 4.1 2 Des1gn ramfall

Deslgn raznfall ‘is detenulned not only from tha technical viewpoint, but also for
sconomic feasibility. :Usually, heavy rainfall which ocours at a frequency of 1/10 -
1/30 years is taken into account; large-scale flood control projects usually take a
frequency of 1/50 - 1/100, ~ Rainfall is taken into account daily, or sometimes hourly,
where the area is subject to temporary submergence for short parlods, but continuous
_ ralnfall is considered as prolonged floodlng. .

4 dole3 Runoff and: runoff coefficient

In. c0nslder1ng drainage schemes there are twa: types of runoff coefficient,
_namely 1) the ratio of rainfall to coerSpondlng runoff; and (2) the ratio of maximum

" rainfall to maximum flood. The former is generally used for relatively large low-lying

areas, “whilst the latter iz used %o estimate peak flood caused by rainfall concentrated
in a short pericd of time. An. erample of the former ig shown in Table 4.3.

1/ Tha flgure shows the water requlrement (sum of evapotransplratlon and percolation)
in which evapotransplratlon is considered to be constant averaging 7 mm/day.’
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Table 4.2 - Flooding and the rate of yield decrease

Crop growth stage

Type of submergence

Flooding period (days). .

-2 | 3-a | 57 T+
o th % %
20 days after transplant- Completely under clean | 10 20 0 35
ing young panicle formation| water '
Yourig panicle formation Partiy 1/ under clean 1 10 30 ] 65 90-100
: o water N . i
Partly _/ under muddy 20 - :50'. 85 90-100-
Water ) : . - )
‘Completely under clean | 25 45 80 80-100
water '
Completely under muddy -| .70 80 85 90-100
water . A o
(50% in cage of half days
submergence)‘
Heading -:Lompletely under muddy | 30 80 90 90~100
' water o : o IR
Completely under clean | 15 | 25 | 30 .70,
_watar R L SO
Ripening Cﬁmpietély under'muddy 5 20 P T ERT I ' I
o water o D T
1" Completely under clean_ 0 s 207 20
Lwater o S : .
L :

1/  "Partly" means lsaves (9-15 cm long) Temain above Water surface. .
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Table 4.3 Runoff coefficient in rivers in Japan
Topography of rivers unoff coefficient (%)
‘Steep mountains' 15 - 90 '
Forest : o 5 - 75

Flat upland 45 = 60

Paddy field under irrigation 70 - Bo

Small rivers in plain 45 - 10

‘Large: rivers in plain 50 - 75

Table 4.4 shows an example of runoff coefficient and length of time for drai-
nage in paddy fields. ' : : :

' Table 4.4 Runoff coefficient of paddy fields uged for the formula.
: : D = 10FR A/ 3 BOOT (m”/sec)
Area (paddy field) n . - f
About 50 ha (terraced land) 4 4  0e4 - 0.7
Smailer than 100 ha 24 24 0.5 ~ 0.8
Smaller than 500 ha-: 24 24 0ed = 0.7
Smaller than 1 000 ha _ 24 48 0.6 - 0.8
where A = catchment area (ha)

£ = runoff coefficient

T

maximum rainfall during 'n" hours

length of time for drainage (hbur) '

4+4.1.4 Estimation of runoff in low-lying areas

In estimating runoff in low-lying paddy field areas the following tables are
usaed: - B ' ' . o . .

- Table 4.5 - Total rainfall and runoff

‘Total rainfall (mm) - 0-10 10-30  30-50 50-100 100-200  200-300 300+
Runoff coefficient % o 10 3o 50 8 - 90 - 95
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Table 4.6 S1ngle ralnfall and its runoff- pattern ( )

15t day 2nd'day 3rd dey  4th day - Total -
Under 30 mm 100 .~ - R 1<
30 - 50 mm 7 3 - = 100
50 - 100 mm 60 30 10 - am
100 mm. and over 50 30 15 5100

Table 4.7 shows an example of a calculation using the above tables, agsuning
that rainfall during 5 days amounied to 300 mm, :

.stle 4.7." .ﬁaily.rﬁnoff céuééd bﬁfﬁoﬁfiﬁubué rainfgll (éxamplej -
. R ' ' ' 6)
(1) 2 | (3 (4) (5) . -
Day Ra%nf?ll Accumulated | Runoff | Runoff Daily runoff (mm)
mm "~ rainfall - coeffi~ | caused by ) |
| oo | Saingre | tev | 2| axe) g | o o
rainfall

18t g0 | a0 {0 30 | 120 8.4) 361 ={ .={ -{ -
2nd 150 190 _ -+ 80 ©120.0 =~ [60.0 [36.0 | 18.0 | 6.0 -
ird 15 205 o9 | 135 = -113.5 - - -
4th 70 215 | 90 | 630 | - -] ~|37.8[18.9 6.2
5th 25 300 |7 95|23 - - -1 a8 -
Total| 300 | IUEEER TR 232.3. | 8.463.6[49.555.8 | 48.7 | 6.3
(4) Obtained from Table 4.5
(5} = (2) = (4) Che e
(6) = (5) x rainfall paﬂem (%) shown in Table 4 6

4.4.2 Subsurface dralnag_ (percolatlon)

Sozl permeablllty and: hydraullc gradlent are anong several factors governlng water
movement in. 3011.
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4.4.2.1 S0il permeability

- Recent 1nvest1gat10ns showed that soil permeability itself varies with the sea-

son and is usually high during the non-irrigation pericd and low when solls are irrigated.
Table 4.8 shows thé result of recent lnvestlnatlons.

Table 4 8 B Maxlmum and minimum K_ﬁln Darcy g law) and date
5 . . of 1nvest1gatlon {14)
Soil pggfile Wlnlmum k and observed date ; Maxlmum K and observed date
Top soil . .. 6. 6 x 10 xR cm/aec, 12 July o 4.2 xj1o“2Jcm/see;~éo'March
- Plough pan _fjﬁ1 .2 x 10 e cm/sec, 12 July ; '_:1.0 x310_3 em/sec, 15 November
. Subsoil . - -‘_12.4 x 10 cm/sec, 12 July 20 x 10"1,cm/séc;.3'March

This’ fact should not be overlooked in Btudylng the relatlunshlp between soil

permeability and percolation rate, as 1n most caaes 5011 permeablllty 15 observed during
the non—lrrlgatlon perlod. .

Sodis ? 2 Hydraullc gradlent and 8011 uermeaballgx :

Darcy e law is also applwcable to. percolatlon in paddy flelds._ 'The'follow1ng
table shows the’ relatlonshlp hetwenn ‘soil permeablllty and. percolatlon rate when the hy—
draulie head 13 assumed at 1.0, . . : :

Table 4.9 i:: Permeab111ty and’ nercolation rates e

Permeabllltx .3' 7 . o thercolatlon rate

nx 10_6 cm/sec'; o 0.86 = 8.6 mm/day”__ -
:ﬁXfOSPWmmq.f‘f7‘n‘8@f'f.;86MM%kr?r, o
_'n X 10?43dm/53cf;; R ;i;  86“‘f1;. 86O mm/day;.*%-fir":”"
Cnx 103 enfeee . 860 -8 600 mu/day. . -
nx 1072 omfsec *’a 640 .5.*,.35_ 40_0_m_1n/day S

1In pene§a1 hydraullc gradlent ig much smaller than 1 .0 and 1ta order ranges
from 10 to 10 'Thig means. that a change’ im hydraullcsgradzent 1nf1uences perceola—
tion rates only' where 50il permeability is larger than 10 cm/sec, and " that . the4perco—-
" lation rate would be affected greatly if. the soil permeablllty Was more. than 10 cm/sec
{(i.e. if change in’ hydraullc gradlent is. 0 1 the correspond1ng change 1n percolatlon
rates would reach 10 mm) S S .

"It can Be said. that ‘soil permeablllty ahould ve in. the range of 10 4 to_10_5 om/
gec for efflczent control of percolation.
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Installation of a drainage pipe
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5. ' PREVENIION OF WATER LOSSES IN THE FIELD

Fogr factors are involved in the loss of water in paddy fieldas trangpiration,
evaporation, percolation and surface runoff. Surface runoff can be controlled by field
dykea,_thelqoysyruction_of which is not usually determined by technical knowledge but by
economic feaglhllity; ~ Transpiration is physiologically required for crop growth and
its oontrol is practically impossible, In-this chapter, therefore, the control of eva-
poration” and percolation is the main point of digcusaion, .

5.1 Evaporation control

Altbough.evaporatidn is mainly a climatic phenomenon, it is varieble during-the:
crop growing season. . As.discussed previocusly, evaporation from the field surface is.
at its maximum in the early stage of plant growth and falls to a minimum during the
period of panicle formation.

5.1.1 Mono-molecular film method

_ Evaporation is greatly reduced when the water surface is covered with a thin film
of certain organic compounds such a8 higher alcohol (i.e., Mono-oxyethylene Docosanol
Ether). It has been proved by experimenis that the application of 34 grammes of this
compound for every 10 ha prevents about 60-80 percent of evaporation.- In addition, it
restricts the growth of some kinds of duckweed and increases water temperature congider—
ably, thus ~eliminating damage from cold conditions. ‘Thig implies that theme chemicale
ahould be used carefully in hot areas. This method is, however, ineffective when the
wind velocity exceeds 2-3 m/mec. S o ' C

5.1.2° Shﬁllow:wafer'depth

) _*'It'is3known that the rate of evaporation decreases when the watér depth is shallow,
The result of experiments on the relations between water depth (1.0, 3.0, 6.0, 9.0 em),
soil moisture (30, 50; 75 100% of saturation) and evaporation -is.as follows, . Evapora-

.tion from:pnddy:fia1ds'Hith & water depth of 9.0 om is at a maximum and it decreases in
proportion to water depth.and soil moisture. For -example, evaporation from paddy fields
with 9.0 cm water depth was one and a helf times more than that of a saturated field.

In Japan, it is generally preferred that the water depth be kept as shallow as
possible, provided that rice growth is not jeopardised by such a practice. '

5.2 Percoldtionucohtrol‘,

5.2.1:”ﬂofi£ohtﬁ1 and vertical percolation and their ra{es_~-

Percolation is divided into two types, namely horizontal and vertical.. = Horizon-
tal (lateral) or -levee percolation is usually dominant in terraced paddy fields where the
elevation of each field differs considerably. - Recent studies on horizontal percolation,
with spécialfemphasis.on'potential~flow lines, show that the rate is.three to ten times.
that of vertical percolation. . However, much of the water "lost" in horizontal percola-
_tion is available for re-use because it is either collected in the drainage ditches or
flows into adjacent fields. On an average, it is estimated that actual losses from
horizontal percolation are two to five times those of vertical percolation, The follow-

ing table shows the rate of horizontal percolation.
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Table 5.1 Horizontal percolation from;padd&:fieldsftﬁroﬁgh.the;
surface soil and levees in various parts of Japan (14)

- 'Corresponding lo8s as

| S - Horizontal percolation ~ depth of water in
Soil conditions . . . litres/day/lineal metre. . relevant pad@x cm?day‘_
Loam, 75 cm deep . o o5 o0 ”000075
stepped paddies - SR o R L .
Sloping old paddy ‘”; . ;' SN B L - B - 0.022,“5.
Sandy loam, 135 om R 18 0,027
deep stepped paddy . - T e o : R
Sandy soil : ' _--'_ jl.'. 62 - . S 0,093
newly developed paddy T _ Col S e
Sandy loam o ee302 05
Alluvial topsoil, vulcanlc o f-h'_';380“ f,' PR JREPRIS 0.57.:

ash suh3011

A paddy fxeld, subgect to excess pencolatlon, can. he QlaBBlfled 1nto one of
three groups, namely (a) presence of high verticel percolation, (b) presence of hlgh
horizontal percolation, and (o) existence of" both typea. . SR

Group (a) usually ex;sts ‘where no plough pan is formed and the Tower 8011 layer
consists of pervious. materlals such as sand, gravel or volcanlc aah.. Pexcolatlon rates
of ten reach 10 cm/day.-“ B IR L

Paddy flelds belonglng to group (b) usually conalst of flna 5011 or sandy loam
with a developed plough pan.: . “Such.fields. are ‘often gitnated: alongalde a rlver in
terraced land.:_ Percolatlon rates sowetlmea reach 4 to 5 cm/day.

The most laaky paddy fleldB belong, ‘more or: less, to group (c) wh1ch is SubJECt
to both vertical and horlzontal percolatlonjﬁ‘_ _ _

5.2.2 Puddlzng work

It has 10ng been a tradltlonal practlce to stlr paddy goil w1th water prlor to
 seeding or transplantlng to ‘make a rather’thick mud, - This. mixture, aotlng as a water—
proof layer, is spread on the “field. surface and along ‘the border ridges which circum-
vallate the fleld.-; Thls work is: sometlmes carrled out 1n the followmng way.--\~

After remov1ng the top 5011, the sub301l'1s ploughed to a’ depth of 6 to 10:cm
and puddled with water, the top 3011 13 than put back before,; crmcks develop in the
subaoil aurface. : .
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- PMige 5.1 . Impervious levee:

5.2.3 Impervious levee

Concrete or bentdnite

o - . - The building of an impervious
' PO‘Ydor : levee to restrict horizontal percol-
~ Cut-off wall iation (an example of which is shown

| . = in Pig. 5.1) is widely practised with

BuCCea8s8. Clay, corncrete and bento-

Soil for cultivation nite are most commonly used as imper—
77777 wvious materials. ~In some localities
e wooden- and plagtic plates are also

Plough'—p’an used and in others prefabricated con-

_ orete blocks.
5.2.4 ‘Soil compaction

o This method has been practised widely for centuries. -~ At first, the top fertile:
goil is removed, then the subsoil layer im compacted by man, animal or mechanical powers
After compaction the top soil is returned. o ' :

Apart from various methods of creating impervious strata in paddy soils by compac—
tion by man or animaleg, the use of a special diek roller is common. In practising soil
compaction special attention should be paid to the depth of consolidated layers. Imper-
vious layers formed by traditional compaction methods are usually at. a depth of 10-12 cm
and are easily destroyed by oultivation or other operations, Special machinery consisting
of a 380 kg disk and a 3.ton roller pulled by a 4 ton tractor is utilized with satisfactory
resulis. The 1ower: layer is compacted by the former and the:layer at 30 em depth is
treated by the latter. - The moisture content of the soil is importent and compaciion is
usually carried out before the water is removed or drained completely when the paddy still
has a certain degree of moisture, SURNRIREE AR R T I

Many experiments. show that the rate cf percolation decreases remarkably (from } to
1/10) by practising soil compaction. . Attention should be paid, however, to ithe effective
period of this ﬁracticg,_wh'ch_varies‘from'g:féw_tq-about-teh-years;”ﬁaftEr_this period
compaotion will have to be carried out again,: ool o SRR e T

In cold districts 1% has Geen observed that soil and water temperatures increase as
the percolation rates decreases ~For example, an-experiment at Nasunchara where soil was
very pervious as it_Qr%ginatbd'from_vbldénip'aah,jQhowed}thaththe,jempebaﬁurg rose by
2.7 C in water and ,2,0.C in soil, and water regquirements’ decreased to:halfthe amount ob-

served'hefore'théﬂSOilﬁtréatmenﬁ,_thus'rgaulting%ip“highepjfidﬁiyigldsj{10 to 30 percent).
5.2.5 Soil dressing ' '
5.2.5.1 Usual praotice "

. . .7 801l quality is improved by importing ‘soil of a differen¥ nature, i.es clay soil .
40 gandy soil and soil with minerals to humus soil. This method is usuelly practised in
sandy paddy fields where satisfactory results are difficuld to obtain by soil compaction.
Fgr example, after removing the top soil, clay soil - sometimes with. humus (about 200-300
m°/ha) - is brought to the field, mixed with the original scil and compacted to a thickness
of about 3-6 cm, after which the previously removed top soil is returned.



The volume of so0il to be imported depends on' the characteristics of the original

801l to be improved and the soil to be carried in, and on the depth of the orlglnal goil
to be improved, :

The depth of s0il to be carrled in can be calculatad by the follow1ng formula°

h=Hw1 (p T P1)

weipz—P:js . - . . . ._ - . ou-.....oo-o-oo-(16)
where h is the depth (em) of 3011 to be carried in, H is the depth (cm) of original soil
to be improved, H1 is the apparent specific gravity of original soil, W, is the apparent

specific gravity of imported soil, P, is the clay content (wt.%) of 1mported soily Py is
the clay content (wt 9 of 1mproved soil. = - '

In this’ formula P,y P, and W y ¥, are determlned by soil analysls, P and H are
expected to be 25-37.5 percent and 10-15 Gm respect1ve1y. -When h is found t& be more
than 10 em, dressing work should be carried out over the period of 2 to 3 years, because

& big and sudden change of 3011 characterxstlcs might cause an unfavourable effect on crOp
growth, : _ .

- Soil dressing

An economlcal mathod of Boll traneportat1onlshou1d be detarmlned, taking 1nto S
consideration moil nature, volume and transportation digtance.  The mogt popular way is
to utllize transportatlon equlpment, lncludlng that drlven by man: or: animal powar.
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5.2.5.2 Soil importation by warp -

S0il importation by warp (alluvlal sediments deposited by water) merits careful
attention. Clayey s0il  from a pit is conveyed to paddy fields in the form of muddy -
water through existing or newly constructed irrigation systems. Although3the amount of
clay is determined by the lack of it in the field tc be treated, 150-230 m”/ha is commonly
applied. In this treatment two points require attention: a) the slope of the canal must
be such that correct flow velooity can be maintained in order to avoid mud siltation in

the canal systems, and h) the soil content in muddy water ahould be about 5 percent in
weight which is oousldered to be the optlmum.

5.2.5.3 Effecta of soil importation

Table. 5 2 shows the effectis of soil importation on certain paddy fields, covered
by very pervious top soil {15 em deep sandy loam). Imperv1ous loamy moils were itrans-
ported by truck to - the paddy fields and spread at a depth vanyang from 10 to 30 mm,

" Soil importation by warp

. It should ba noted that soil 1mportat10n not only 1mproves the pharamal charaoc— -
_teristics of @oil but also its chemlcal features. So—called AKIOCHI soils are greatly
improved by importlng fertlle soils.
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Table 5.2 Effects . of 501l dreaa1ng on pgrcolatlon, water and 3011
: . temgeratur :
Depth of . .} Daily increase | - Waler 1 -"Seil -
imported - of water depth: | temperature C - temperature C
soil. — . — o ; :
e mm/day ratio | 10 a.ama) 4 pems _10 e -] 4 pelis;
standara 1/ | 82.5 | toof | 23.3 | 26.4 | 21.6 | 24.6
0 mm - .| 32.7 39.6 | 24.4 27.2 | 22,1 25.3
20 mm S a7.4 | U575 | 243 | 27,0 2201 | 251
10mn - | 66.0 | 80.0 | 23.6 | 26,7 | 22.3 | 24.9

- Source: TOYAMA, ?REF Muddy Water Irrigation Progeot along the hurobe
River, 1957 ICID Transactlons, Vol III. ’

1/ w1thout soll dr3331ng o

54246 Bentonlte applloatlon

Yhen clay for dresslng ig’ not read1ly avallable bentonlte is recommended ag a
dressing materlal. "‘Bentonite'is a clay helong1ng “to the. montomorlllonlte family and
is characterlzed.by awellzng ‘on. ahaorptlon of “water. - .On applxcatlcn, partmcles of
bentonite fall among. grains of* pervious soil- ~and’ swell, precluding water movement. It
is reported (10) that percolation rates in paddy fields decreased remarkably (% to 2/5)
after bentonite was applled, ‘bt no: ooncluslve resultd were: obtalned on.the effective
life of thim treatment. However, 1t should last“a 1ong tlmesas hentonlte does net dis-
solve and cannot be leache R

: be ton1te appllcatlon-' one.is to mlx 1t w1th upper—tOp
so0il (10-15 om thick): ‘and’the. other iz 1o embed it between. top-5011 and subsoil,  The
former is w1de1y practlsed 1n'exlst1ng leaky ‘paddy fields,. whllst the latter ins mostly

5.2.6.1 M1x1n5 method

' Bentonlte;powder spre € pld is. nloughe‘, harrowed ‘and smoothed
by puddling Operatlons in: accordance w1th the usual. rice’ .cultivation. praotlces._ The
amount of bentonlte to be applled varies according to 5011 texture and profile, but a
rough standard is 7 000 -.10 000 kg/ha, . This method is wldely practised: because (a) the
method is very. simple and no- Speclal labour is needed, (b) mixing it ‘with the topsoil ..
layer (10-15 em thick) makes i% p0351ble to apply an additional amount at a 1ater time: 1f
necessary, and (c} cultlvatlon year after year ensures overall mixing
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5.2.6,2 Bedding.method

Bentonite mixed w1th comparatively fine—grained soil is placed between the top

_and aub5011. ‘The ‘amount applied is almost the same as mentloned abova.,  However, this
method creates the follow1ng problema- '

- An ingrease in earth—wark costs as top-3011 must be removed before
apnlloatlon of bentonlte.

- The layer of bentonite must be. placed at a certain depth (1.e. 30 om)
to gv01d belng turned up or damaged during ploughing operations,

5.2,7 Plastic film sheeting

In paddy fields percolation can be greatly suppressed with vinyl sheeting because
it allows very little water leakage. The vinyl cloth is spread all over the fields at
a depth of 30-40 om; it.comes in strips which are usually 0.05 e¢m thick, 1.5 m wide, and
is buried about 10 cm overlapped in width,

Thls method is often practlsed in newly reclaimed paddy flelds, in Sand dunes or in
volcanic ash goils,

Vinyl film setting

. Whan usang thls method, attentlon should be pald to the amount and tlmlng of ferti-
lizer application in order to avoid 1ncr3331ng Bulphlde and organlc acld in the 3011, which
are’ both detrlmental to root systems, :

5.2.8 bontrol of rel1ef wells in subsurface draln g systems

Subaurface drainage systems are constructed to promote field dralnage, thus improv—
ing- waterﬂogged fields. They can-be used to change the percolation rate during the erop
growth period-by controlllng the water level in the rellef well.
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6,  WETLAND AND UPLAND ROTATION 1/
6.1 Definition |

‘Rice is cultivated every year and paddy fields are usually aubmergad durlng the
rice growing period. - In well drained paddy fields land is drained in the off-season
{rice) and planted with wheat, barley and vegetables, However, there are cases where
paddy fields are drained for several consecutive years and -upland crops are planted.
Then the fields are submerged again for the summer months of several consecutlve years
to grow rice. ThlS pattern. 13 called lowland and upland rotatlon. :

6.2 Bffects of wetland and upland rotatlon

6.2.1 Upland crop;yleld

In most cases upland ‘and wetland rotation is practlsed with a view to 1ncreas1ng
land productivity and diversifying agriculture, and at the same time saving irrigation
water in the irrigation systems. Where wetland is converted to upland,-if the. water is
drained completely; most upland crops can be planied. There is no decrease in crop
yvields compared with those of permanent upland, except in the case of extremely heavy
clay soil paddy fields. In fact,: crop yields in converted uplands are often hlaher than
those in permanent upland, In the first year of the upland period, the introduction of
tuber crops ig not advisable as soils tend to become hardened.  -As indicated in Tables
6.1 and 6.2, the potato yield in the first year is less than that in the ugual upland.

The ¢crop yield, however, may 1ncrease as the 3011 takes on the usual characterlstlcs of
upland soils. '

Table 6 1 Lrop yleld in converted uplands (8)

Number of years after . e g Crop yield Index (6wop yield in
conversion to upland™  'Crops o kg[ha - permanent upland = 100)
1 " Vhite potatoss . 12500 . . . 67
3+ Wnite potatoes - .21900. ' 109 -

. “{BéfnYQfd:ﬁiliéﬁ_:t 2 160    *?i"'1"'¥1ﬁ33'

Table 6.2 i[tﬂérop"i;éldé{iﬁfébﬁﬁe}tédiﬁﬁlandsj_. ;{’:
. Crop ylelds per hectare  % ﬂéﬁid’talcfép yieids:in
Crop PR _ s '/ha TR B ordlnany ug;ands
F- 1 -Crop- ; T 0 s _ : :
_[pequence | ©- 1948 ”1949;' 1950 Average—1948 1949 | 1950 | Averag
Soybeans | Soybeans |2100 1820 2240 o050 | 150 | 130 | 1se | ase |-
~barley | Barley - 14540 | 3980 | 46707 4400, 98 | 96 128 1° 108
aize I S IR PR ETER T ERETDTE RV RN PSS
(corn) Maize - 2890 {3820 | 3820 | 3500 | 102 101 | 116 106

-barley‘ ‘Barley . {4800 | 4260 | 4490. -—_4520--'101 07 | a4 |11

_/ This chapter is introduced partlcularly to prov1de 1nformat10n which nght be useful
when considering crop dlveralflcatlon in mcno—rlce culture areas. '



6.2.2 Rice yield

are far more vigorous than those in continuous rice cropping fields.

_71

Rice- plante grown in the first year of a paddy field reconverted from the upland

Usually the root—- .

", ing of meedlings after transplentation is very rapid and subsequent plant growth is good.
The yield generally shows a considerable increase over that in continuous rice cropping

fields.

The rate of increase in yield varies with the soil properties, duration of up-

lend period and the kind of upland crops grown. In general, the rate is higher where

soil contains much organic matter, the upland period is longer and deep rooted Gcrope or
crops requiring deep ploughing are planted.

reconverted paddy field is highest inh the firat year after reconversion and ghows & de-
The results of experimental studies (8)

. creasing trend in the second year and thereafter.

are shown in Table 6.3,

The increage in rate of rice yield in the

Table 6.3 Brown rice yields in reconverted ldwlénds 8
' ' (kilograms per hectare)
Years for upland
; . cropping ) years 2 years 1 year
iP}dt Upiana ' ' Yea:ﬂ €F ' - - ' —1—
crops during reconver- | qg¢ 2nd ird | 18t 2nd ird | 18t 2nd | 3rd
upland period . aion
Soybesans-Wheat 546.0 | 496.5 | 441.8]496.5 | 425.3 | 410.6]480.8 | 432.0[391.5|
Sweet potato-Wheat 569.3 | 482.3| 436.5(525.0 | 453.8 | 404.6}459.0 | 414.8]389.3
Fertili- | Red olover. 544.5 | 504.8| 453.81536.3 | 453.0 408.0 - - -
zar Soybeans-Rape seeds 576.0 | 483.5| 438.8(538.5 429.5 | 408.0]493.5 | 410.3| 37441
pplica~ jSweet potato-Horse beans 566.3 | 490.51432.6(544.5 | 457.5 [ 401.0 522.8 | 400.5(390.0
tion 1 Soybeans-Barley 579.8 | 489.8| 433,8{513.8 | 453.0 39?.5 - - -
Soybeans-Wheat 436.5 | 332,31 247.5[353.3 | 261.8 | 217.2{293.3 | 238.5[196.5
Sweet potato-Wheat 509.3 | 324.0| 263.3{397.5 | 279.8 | 230.6 316.5 246.0] 209.6
Non - {ped elover 20a.0° | 350.3 | 296.7 [417.0 | 257.3 | 212,31 - B
fertili- | oo beana-Rape séeds 353.8 | 327.8 | 255.8.1356.3 | 272.3 | 216.3}334.5 | 238.5) 194.1
Zer Sweet potato-Horse beans  |510.8 {°314.3[.259.0 1426.8 | 258.8 } 198.5 404.:3. | 234.8]209.7
| 2?gi‘°a“ Soybeans-Barl ey a2.5 | 314.3] 270.3 [353.3 | 268.5 | 210.8] - I R
Plot . 18t f{2nd. . 3rd
déntin- Fe&tiliéér éppiied ﬁlot‘ 474.3_ 427.5 |404.6
wous ‘rice| Hon-fertilizer applied 213.8 [252.0 |217.5
oropping | -plot, . : S
Lowland
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6.2.3 Vield of winter crops grown in reconverted lowland

Wetland and upland rotation also favourably affects the ylald of wheat and barley
crops grown in reconverted paddy flelds during the winter season.
healthy crop growth is observed in: the converted lowland than 1n the contlnuous rlce crop—

ping lowland.r ‘Table & 4 glves an example.

Table 6,4

~In-most cases more .

" Yield of wheat crops (as succaad1ng_w1nter crope to rlce)

grown in reconverted and continuous lowlands (8) .

In the first year (19517 of In the second year (1952) of recon-
reconversion version -
- Number. - : o Number
Lowland . w4 of Seed _ of Seed
Plant [panicles |Weight | Plant '{ panicles i weight
height|in 50 om- per 1 Index| height | in 50 om per - :
em |distance |10 ha ' cm distance | 10 ha Index
Continuous 83 71 - 264: 100 67 . g6 ;244' - 100
Reconverted BT | ,7_3 _ 370 { 140 | . 64 121 25t 103
- Wotes: 1. Upland cropplng cycles lasted 3 yearsr

2.

In the case’ of the reconverted 1owlaﬂd soybeans and wheat crops were

grown dur1ng the upland’ ner1od.-

6.2.4 TDecreage in’ weed emercence

Another effect of land rotatlon is the decrease in weed emerpence.

Ponver31on

from wetland to upland and vice-versa implies a- great change in environmental conditions.
The decrease in weed emergence is caused by ‘the death or weakening of hydrOphytlc weeds
during the upland uerlod and mesoph1c weeds durlnv the lowland nerlod..:

6.3 ‘Boil and water manggement

When wetland is converted to upland. and kent 1nka state of dryness during the sum-
mer, the deliydration of soil colloid'is: accelerated. . Usually, the land would not return
to normal wetland even if irrigated;  the:goil ‘becomes ‘less: sticky ‘and its moisture hold—
ing capacity is decreased. Tven after reconversion to wetland, the soil’ will ‘tend :to-
dry if the water is drained. .= Table 6. 5 shows the 3011 mo1sture after dralnape has taken

place. :
Table 6.5 Y0il moisture content one month:éfter'drainage'(B)
Continuous lowland : _ 44%
Reconverted lowland 1 year upland period 42,07

2 year uoland period

39,905
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If the upland period lasts longer, small pore spaces or cracks will. be created in
the soil with the result that goil permeability is increased and downward movement . of
water in the soil is encouraged. This has favourable effects on the transmission of
‘heat, but adverse effects on water requirements. Consequenily, the change in soil per—
meability plays & key role in-determining water use patterns and irrigation practices.

A 'study on the decrease in permeability of soils converted from permanent .upland
to lowland showed that: the percolation rate was reduced from 1/3-to 1/5 within a few
years. = During the first year after conversion to lowland paddy fields, the decrease

in percclation rate was estimated at about 40 percent, so that after 4-5 years it would
reach its original value.

B Prom the water economy viewpoint, the maximum duratlon for converted upland should
be three tg five Yyears, - Thig means that if wetland paddy flelds were converted to up-
land fields for less than three to five years (dependlng upon soil properties and ground-
water eondltlons) there would he no- drastic’ 1ncrease 1n water requlrements for the follow-
ing rice cultivation.
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Te LAanwSPALE PADDY FIELD RECLAMATION. -
CASE STUDY: HACHIROGATA REDLANATlON PROJECT

Tl General remarks

The Hachirogata Prosect is sltuated in north—eastarn Japan coverlnc an area of ahout
15 700 ha, of which some 13 0Q0 ha are used for paddy fields. The- dyke construct1on was
initiated in 1957 and dralnage was carried.out in 1964. At preseni more than 50 pergent
of the total reclaimed area is equipped with. 1rr1gat10n and dralnage fac111tlea and other :
infrastructure for modern mechanized rice cultivation. . .| S

The elevation of the land varies from O to -4 metres. Annual'ralnfall is about
t 800 mm. . The area is snow-govered from early December io the.end.of March. The ave-~
rage annual _temperature is 10°c, During the 1rr1gatlon period fgom May to. Augubt the
average temperature ‘is 19.2°0 {the maximum temperature being 36.4 C and the minimum-
-1.47C).  Turing the four month 1rr1gat10n period the average evaporation is .about

500 mm, while the average ralnfall is 600 mm, Details of climatic cond1t10ns are showﬁ
in Table T. 1. - :

T.2 Farmlng plan

T.2.1 Basic consmderatlons

The Hachlrogata Reclamatzon Project was planned for the purpose of 1ntrodu01ng
modern agriculture to farmers so that they could increase apprecxably their incomes
through high land and labour product1v1ty.

Some of the characterlstlcs of thig large scale planned agriculture are as follows:

a) Large scale rice cultlvatlon - 10 ha of reclalmed land is ngen to a
farmer. :

b) Cooperative management - Small famlly units cannot carry out agrlcultural o
“activities on such a large: scale, therefore operations are planned and '
exeduted on a cooperative basis, e.g. mechanized direct seedlng. Goope~
rative and coordinated Tarming operations are also necessary for systematlc
- water appllcatlon and management.

¢} Mechanization: a_plan for machine utilization — For the time belng only rice
is being cultivated. in a fully mechanized way utilizing iractors and. comblnes.
The following machlnes are avallable for every 60 ha -of paddy fleld.-;-

-3 Crawler tractors (30—40 HP)
1 Combine {100 HF)

1 Truck ' ;

1. Set of farmlng equlpment

The harvested paddy is transported to the local elevator where the paddy is:
dried and stored, - The paddy is husked before being put on the market.
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‘Mechanized harvesting

Te2a2 Present 51tuat10n

Actual farmlng was started in 1968 and by 1970 there were about 320° settlerﬁ.
About 3 300 ha of paddy fields ‘have been dlstrlbuted to 56 agricultural COQperatxves,'
and the average yleld in 1969 Was about 4 5 tons (husked rlce) per ha. -

T 2. 3 Tralnlng

Those who w1sh to settle in: the reclalmed area are requlrad to pase an examina-
tion given by the Central Government whlch is followed by on-thelspot- tra1n1ng for 12 °
months. In 1970 143 farmers recelved special. tralnlng and’ commenced farmlng in 19771,

T« 3 Plot shaEe (refer o Flg. 7 2)

Fach plot is a rectangular shape of .1 000 m x 600 m (an area of 60 ha) and is
equipped with irrigation and drainage facilities (1nclud1ng subsurface drainage) to
facilitate complete control of the water. & length of* 1 000'm was chosen to reduce to
2 winimum the embankment work of the canal, whilst the 600 m length was decided upon
taklng 1nto account the effectlve catchment area of the’ subsurface ‘drainage network
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A subsurface drainage system consists of a collecting conduit and a water absorption con-
duit. * A= a result of practical eXparlments, it was found that the length of collecting
conduits should not be more than 150 m, ‘This means that the secondary drainage canals
(which receive drained water) should be get up at intervals of not more .than 300 m. As
the secondany dralnage canals collect drained water from the fields situated on both sides
of them, it was decided that the short side of the field should be 600 m.

7.4 Irrigationxplah _

7.4,1 Water source ’

One-flfth of the lake (which is about 4 500 ha} has not been reclaimed and its
~saline water has become fresh water. The water level in this part of the lake iz 4 m
higher than the reclaimed land surface. ' ' : '

7 4 2 Irrlgatlon Bystem

Twanty intakes were constructed along the embankment. The main irrigation canal
rung along the short side of the farm (see Fig. 7. 2) commandlng both sides by branch ipr-
.rigation canala set up orthagonally to the main canal.

Te4.3 Irrlgatlon_perlod

Fields are submerged without puddllng and direct seedlng is dons with hellcOpters.

The 1rr1gat10n period is as followa:

Table 7.2  Lrrigation period
Apfil .. May June July - August September
mid~|. . .- begiﬂ— mid-]  {begin-|mid-} : |begin—-|mid- begin-jmid-| . {begin-jmid—
dle. |and| ning | dle |end{ning -|dle end|ning - |dle |end|ning |dle |end{ning dle |end
Tnitial irri- |germina~} = General irrigation period ' Final drainage
gation period | tion pe- T N : :
S | ried.

_7;4;4' Waier‘requiremeht

_7;4.4.1 Uhlt water requlrement

The water requlrement in depth surrounding the polder, havlng gimilar characterlsa
tlcs to the raclaimed area, is shown in Table 7. 3.
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Table 7.3 ' Un1t water requlrement mm : o
T JULY | AUGUST
.begun- mid—{ - beg1n— mid- | " begln— mld—
Ining {dle | endlning ‘|dle end nlqg dle ;|- end
Muddy Lmaxe | 7.3 | 9.3} Bui) 10.0 [11.4 a6l 9.8 B.5l7.8
soil - [min, | 3.9 | 3.5]3.5] 3.6 [ 2.3]3.6}" 4.2 | 4,01 2.5
: mean | 5.7 | 5.7] 01} 6.3 | 6.7 7.6} 6.4 6.315.3
sand | max. |11.5 {15.0[16.4] 22,2 |27.8 23,00 25,3:128.6]10.0
min.. | 4.6 | 6.0[6.0] ;4.8 ] 5.0 7.1 -5.0] 5.0]2.0
mean | 8.0 § 9.4} 9.9] 10,1 ]10.8 111,31 710.4 110.4 643

_ The water requlrement is 8 mm/day for soft sllty so0il and 10 mm/day for sandy
goil., 90 percent of the land con51sts of soft, 911ty s0il and is formed as followa' -

" Glay (less than 0,005 mm) . . 40 = 704
811t (0,005 — 0,05 mm) ... .30 - 60%

Send (more than 0.05 mm) ' . almost nil

T4 4 2 Inltlal water r_gulrement

More water is requlred at the beﬂlnnlng of the 1rr1gat10n perlod than at other
periods, i.e, about 122 mm, - One irrigation system is divided into 10 blocks and. they
are 1rr1gated within a 10 day perlod. :

T.4f4.3 Nater requlrement in the germlnatlongperlod

In tha early . permlnatlon perlod the flelds are dralned twice a week durlng the
day time to- encourage’ healthy ‘growth of roots and to supply Oxygen to the root zone,” “but
deep water is left-overnight’ o -protect seedllnaa from late frost and cool WPather damage.

" Later 1n “the germ1natlon perlod th1s 1s done once’a week.

?,4.4.4 ﬂater requlrement for weed and pest control operatlmns '

One or two daye’ after chemlcals have been apolied to the dra1ned fields, they are
submerged again. Tor this purpose each 1rr1gat10n system ia divided into 7 or 10 bloocks;
each block is drained for two days, chemlcals are applled in one day, and two days later
the field is 1rr10ated for ‘one day.

7 4 4 5 Hater requirement for post mld—summer dralnage

. Mid-summer dramnege takes place after max1mum tllllnr. The watér redulréhent
after this operation is estimated at a rate of 20 - 30 mm/day and the rate of. percolatlon'
is 15 ~ 20 mm/day. : ‘ :

The water requirement during the various periods 'is shown in Table_7.4. 
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‘Table T.4 Various water requirementa
A | Water ap— | Total jWater . Arranged
‘Division .. | plication |water }re- Formula - or mean Remarks
: days - |appli~ [quire- ’ water re- -
cation | ment quirement
. . ‘days/s . | mm . [mm/day ' ' 1 mm/day
Tnitial water 10 122 8 | (122 + 8 x 9) x 1 1 19.2
requirement _ _ 70
After germ1na~ Once every| 60 ' 60 x 1 x _24 25,0 Recovered in
tion (at begun—_ four days 4 14.4 . - | 14.4 hrs.
nlnﬂ).‘ S e : B ' T D o '
After germina~ . Once every] 100 100 x'l x 24 25.0 Recovered in
tion (at end) - | seven days| - T 135 13.5 hrs.
burlng germina—_ o S 410 | 10x 3x_24 18.8
tion (at beglna. : 4 9.6 -
ning) .
During garmina— L 110 10 x 6% 24 . 19.6
tion (at end) = : : 7 10.5 L
Pogt wesd and -y .. | N
pest control 7o oo 1o [ (100 +10x6) x| 2209
operations .. ' |- o S cern
Post mid—summer | | 28 R - | es.0
rairage .. | S - o o ' : '

7 4. 5 Gross water requlrement

In order to determlne the gTOsB water requlrEment, ‘the’ eonveyance 1osses ahould be
_added to “the net water. requlrement mentloned above. < 15 percent of conveyance- losses in
design: crlterla (10 percent 1n the maln canal =5 percent 1n the 1atera1) 1s used for the
progect.&—-, R BRI : . ' :

.The largest 1rr1gat10n system among the 20 in tge proaect‘afea'éomﬁands'ah area of
2 090 ha and its deslgned water requlremant dia T.114 w5 . :The smallest 1rr3gatxon gys—
tem " oovera an area of" 51 5 ha and.: has a deslgned water requzrement of 0 181 m /s. '

7. 4 6 Intake facllltles

The 8 intakes from the west catch canal are of the conduit type and the 12 intakes
:from the reservoir and east cateh canal are of the syphon type. The locations of the in~
take facllltles are shown in Fig. T 1.



T.4.7 HMain 1rr1gat10n canals

Ag most of the soil-in the reclalmed area is very soft- and has a low bearlng ca—
pacity, consclidation of banks had to be continued and corrugated materlal, which is
comnaratlvely light in weight, was used to line canzls. - However, where the soil has'a
high bearlng oapaclty the usual concrete blocka were used for canal llnlng.

The water level at 8- dlveralon p01nt from a maln canal to a trlbutany or. braneh
canals 13 planned 50 that 1t remains at more "than 0 6 m above the fleld level.

Cofruggfed fluﬁe Banél‘

7. 4 8 Trlbutarv canals

Tributary canale 1. km long run from the main canal along the long slde of plots
and command an ares of 30 ha. Their capacity is 0.133 m /s, which is sufficient for
initial irrigation over a 4 day period. The water level at a diversion. point from a
tributary canal to a field is planned to remain at more than 0.7 m above the fieéld level..
The canals run alongside farm rOadB made of UQtype concrete flumes,
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7.5 Drainage plan

7.5.1 Basic oonsiderations

As the water level of the reservoirs surroundlng the reclaimed area is much higher
than the level of the reclaimed land, the use of pumps is indispensable for drainage.
However, complete drainage of such a vast area {15 700 ha) during a short %time would re«
quire huge investments for pumping facilities and for operation and maintenance..

Furthermore, the water . drained from the upper reaches of the ares would tend to accumulate
in the lower part and cause serious flood damage.

_ In order ‘to overcome -these - two problems, runoff ‘control conduits were built in each
drainage unlt/block to control . runoff from the higher areas and. to. spread flood water -
evenly over the entire area._

TeHa2 Dralnage sxstom

The water dralned from the flelds and small dralnaga oanal flowa 1nto a lateral
dralnage ganal through a control conduit. The drained water then flows into the main
dralnage canal leading to pumplng statlons spituated at its north and south ends, .

Te5.3° Runoff

Te 5 3 1 Deslgn ralnfall

255 mm/3 days rainfall {15 mm/day) was used for the dealrn ralnfall. ,”Tho pro—
babllxty of euch ralnfall is once 1n 30 years.

Te543. 2 Runoff from a unit ares (oo ha)

Assumlng that the desi ralnfall ‘per day falls evenly and the runoff ratlo is
100 percent, the unlt dlsohargeﬁg hours is as fOllOWS

15 x.2 hrs x 60 ha x 100 =37)0m/2hrs_
24 hrs . ;

As the diameter of the runoff control conduit is 55 om and its length is 2 m,
the maximum flooding depth in fields is estimated at 15.9 cm, which does not cause any .
gerious damage to the paddy. - The floodlng time is also short. The maximum runcff is -
estimated at 0,379 m’/s.

“1.5.3. 3 Total runoff
: Total runoff is calculated from the above figures for ‘the unit area taklng into
account the time lag for runoff. The maximum runoff from the entire area was thus cal—.

~culated to be 621 674 m~ per 2 hra.

" TaSe 3 4 Runoff retention oapa01ty of canals

In view of the fact that the maximum discharge capaozty of pumps is 40 m /sec, a
part of the runoff should be stored in drainage canale. .1t is.estimated that the accumu-
lated flood water to be stored in the canals is 418 737 m /s which would cause the water
lavel in the canals to be raised by 3? Clty
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T.2.4 5Small and lateral drainage canals

Small unlined drainage canals are situated along the long sile &f 2. unit area’ at
intervals of 300 m. '

Lateral dralnaﬂe canals run along the short side of a unit area 'at intervals of"
2 000 m. - : Coon e

T.%.5 uain drainage canal

In addition to its chief function - to drain runoff at the rate of 40 m3/séu -
the main canal, which runs through the lowest: part of the reclaimed area, serves: 1n a
flood retention canaclty. : i

7.5.&6 Pumping stations

The 1ocatxon of the uumplnq statlonq was chcsen taklnv 1nto account these alter-~
native objentives: . .

a) to draln runoff from the whole area throuph the main dralnaﬂe canal, or .

-b) to draln the area senaratelv gl.e. the hlﬂher and, the 1ower part\

The first had the advantage of slmnllfylna tho dralnawe network and svstems, but
would necegsitnte the pumps having a larger hydraulic . head. The second hat the advan~

tage of reducing operation and maintenance costs for pumping due to. the oomparatlvely low

hydraulic head, - but very compllcated dralnapa networks. would be requxred._  fThe former.
was selected.- ' .

Two pumblnp stations were constructed at the ngrth and ‘south ends of the maln'
canal. Fach statlon has a. dralnage capac1ty of 40 R /sec.

The specifications of_the gumps,are_gs’follows:)

Two. mixed £low.pumps :_“ﬂ:diamétef.f:"; } ':5,¥f2:200'mh3
~ (vertical axis) I T R
dralnape dlscharge‘_:_: 12 m /s.:
"11ft1ng head T e 7 8 m e
Two mixed flow pumos ':."fdlameter .75;: “’ ,;_1 800 hm-;
(vertlcal 3313; S LT e o
. dralnawe dlscharvezw‘t?.,_Jﬁme/ék

3 llftln{g head . . ... T.8'm
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“ . Drainage facilities
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Fig. 7.1 General Plan of Hachirogata Reclamation
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Minal remarks

.. During a long history of irrigation development, anpreciable progress was made in
the last 100 years and partioularly-in the last 30. However, pgreater efforts’ were
directed towards engineering aspects and less attention was paid to. the agricultural
gide, i.e. irrigation praciices and water managemeni. - In fact, .the design and construc-
tion of major civil engineering works, such as dams and big canals, raceived great atien-
tlon, while water management at the farm level for farmers — who are the. dlrect benefl—
ciaries of irrigation prOJecte - -was overlooked. : :

During Japan a 70 year hlstcry of -research and experlmeutal work, efforts have been
focused on variety improvement and fertilizer application, whilst water management has
received less attention.  Though it is very necessary, a precise and detziled study and
measurement of water requirements would be meanlngless, unless farmers use the water
properly. o

The fact that water manaqement is now receiving worldw1de attentlon 1ndzcates an
awareness of the importance of and need for effective and intensive use of water at the
farm level, without which farmers cannot benefit from the maseive investments in irriga-
tion- development. It should be noted that parallel with the’ prov191on ‘of physical faci-
lities for water management farmers. must be trained to carry out proper water applica~
tion to their flelde - when, how much, how and why water is applled.

Those 1nvolved w1th rice irrigation in Japan haVe been teckllng thls 1mportant :
problem for years, bui there is still much %o be done, . This publication, therefore,
describes the efforts made so far 1n Japan and the preaent etatue of water manapement
for rice in the count:y.-

As is well knowm, - the prlnc1ole of 1rrlgai10n is universal and can be applled t0
arid and humid zones. However, ifs application should take into account local charac-
teristics. The authors wish to stress that the application of technigues introduced
in this publication requires careful comparative consideration with local features and
that a comprehensive study of past: experience in irrigation and existing parameters in
irrigated areas is eseentlal in: order to- develop”new techniques suitable for respective
localltles. : SRS . ' S L :

Irrigation is a means to an end ~ not the end in itself. It is hoped, therefore,
that readers will foresee the end’ ‘which ig most suitable under the 01rcumstances and
develop new and realistioc technlques 1n order to achleve the voal. '

Flnally, we would like to empha51ze that 1rr1gat10n and dralnage are the farmer's
means of influencing the: availability of water for crop ‘production and preventing harm-
ful effects from drought and excess water, and that an intimate coordination must be
maintained in a well balanced manner between:’ 1rr1gat10n and drainage,’ ThlS is the reason .
for our proposing a new word IRRENAGb on the TGID conference in 197% in Bulgaria.
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