9.4 ¥Water Economy

According to the report on Rahad Irrigation Project prepared in
1975, the total cost of the said project with an area of 126,000 ha

amounts to US$239 million inecluding contingencies.

The main crop produced in Rahad project is cotton, while in Abu
Gasaba project, rice. The net production value of both crops can be

approximately estimated as below;

Net Production Value per ha of Cotton and Rice

Ttem ' Cotton . Rice

1. Anticipated yield (ton/ha) 0.4 (lint) 7.0 (milled)
2. Pinancial price (£s/ton) 500 267
3. Gross production value (£8/1a) 200 ' 1,869
4, Ratio of production velue and

production cost (%) 40 {assumed) 41 {proposed)
5. Production cost (£s/ha) 80 766 |
6. Project cost (£s/ha) 700 6,000 (proposed)
7. Amortisation of project éosf(ﬁl/ha)jo 256
8. Net production value t£s/ha) 90 847

3.- (5 + 7)

As clarified in the above table, rice is decidedly superior to
cotton in view of land productivity. The above calculation also
indicates that an intensive investment in rice cultivation can corres--

 pondingly yield appropriate project returns.

Futhermore, net production value per unit water congumption of

both crops can be evaluated as bolow;

Item Cotton Rice
1. Net prddﬁctibn value (£s/ha) 90 847
2. Water consunption (m°/ha) = 9,300 21,2000%
3. Net production value per uni b, 9.7 40,0
water consumption {(£2/1,000 m”)

/1: Net annual amount of irrigation water/15,600ha = 0,33 milliard m3/15,600 ha

IX - 10

'&%.:,



i

In water economic viewpoint, rice production is more feasible

than cotton production as shown above. In Abu Gasaba project arves,

" & large smount of water resourcws (0.25 milliard m) can be additionally

saved by lend reclamation as mentioned in 9.3. Therefore only 0.08
milliard m> or 5,100 mB/ha equivalent will be consumed for irrigation,
Consequently, instead of £s.30.0/1,000 m3 in above table, the net
production value per unit water consumption can be estimated at about
£8, 163 ,/1,000 ma, about 17 times eq_uivalent to the value of cotton.
Hence,;in.Abu'Gasava area, rice production is numerically superior to
cotton production in view of water resource productivity as well as

land productivity.

IX - 11
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Fig 93  Probable Distribution of Effective Rainfall

-Annual
Year Effective
: Rainfall{mm)
1956 | 2618
57 1 66.4
58 . 311.0
59 .| 2997
60 1449
IR 3774
62 275.2
63| 233
64 2617
65 3269
66 1609
67 172.7
68 238.6
69 220.9
70 igl2
71 1390
72 —
73 826
74 —
75 184.9

20

/ : 30

40

ic —t Hs0

'j 70
A

50

IX - 17

100 500 {000

Effective Rainfall in mm

Yo

in

Period

Refurn



Fig9.4 Probable Distribution of Daily Rainfall
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Fig.9.5 Frequency of Consecutive Drought Day

Frequency of Qccurrence

&% 8% 22 % 22 % 42 %

DE2days 3:2DZ4 55D=6 703510 | ldays3D

Consecutive Drought Days

Note : The Daily Rainfalis from 1955 to 1975 are Used.
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X. ENGINEERING STUDIES

10.1 Alternative Study of Irrigation and Drainage System

10.1,1 Alternative Plan

~ As mentioned in Annex XII, two basic alternative cropping patterns,
viz, the Single rice cropping pattern and double rice cropping pattern,
are introduced in the project area from the agronomical viewpoints.
Coupled yith the introduced cropping patterns, six alternative plans are
described hereinafter are.prepared for the alternative study on the

irrigetion and drainage system in each tract of the project area,

Alternative—~l {for single rice cropping)

As far as the pattern of single rice Crdpping is proposed in each
tract, a gravity irrigation system is technically feasible from the
annual.waterulevel fluctuation of the White Nile and the topographic

condition in each tract. The Alternative Plan is subdivided into two
sub~Alternative Plans as illustrated in Fig. 10.1.(1) to (2) secording to
the major irfigation system. Both sub-Alternative Plans can be briefl&
deseribed as follows;

- Altefnativefl.l Gravity irrigation system, single {ntake;

o ' - cum~-single main canal aystem

~ Alternative-1.2 Gravity irrigation system, multi-intakes- -

cum-multi-shorter main canal system

The major components to be propesed for the both Alternatives-1.1

and -1,2 comﬁfise land reclamation with dikés, grhvity major

irrigation system, pumping drainage system and onfarm development

vork.

Alternative—2 {for double rice cropping)

In addition to the hajor components of the AlternativeQi, a ?umpiﬁg
station {with a dual purpose, namely, irrigdtionzand drainage) is
facilitéted_in each tract, fo irrigate.the first_cropping rice during
the low water season of the :White Nile. The Alternative-2 is sub-
difided into two sub-Altérnutives which will be similar system with the
Alternative-1, as illustrated in Fig: 10.1(3) to (4). HLoth sub-
Alternatives cen be briefly defined as follows;

& - Alternative-2.1 Gravity and pumping irrigation'system;
single intake-cum-single main canal,

- Alternative-2,2 Gravitiy and pumping irrigation system;
multi intakes-—cum-multi shorter main canal

X-1



Alternative-3 (for double rice cropping)

The system of Alternative-2 will require sizable main canal to

convey irrigation water with a gentle hydrsulic gradient, due o the
limited available hydraulic head for gravity irrigation and considexr-
ably large roughneszs of the unlined canals to be proposed in each

tract.

.Alternative—3 is prepared io improve such & hydraulic dis-advantage
of Alternatives-1 and -2, Alternative-3 has a year-round pumping
irrigation system to reduce the size of irrigation canals. The major
components of Alternative-3 are the same as for Alternative-2, as
schematically illustrated in Fig. 10,1.(5). 1Its specific feature is

briefly described as follows;

~ Alternative~3 Year-round pumping irrigation system;
single intake-cum-single mein canal

Alternative—-4 (for double rice cropping)

Alternetive-4 is prepared to improve the Altérﬁative-l

In the Alternative- 4, & number of small s1zed purnping stat1ons is

provided on the polder dikes so as to curtail the Iengthy main canal
as shown in Fig., 10.1.(6). The masor components are the same as for
Alternatives-2 and -3, Its specifiec feature is briefly described as
follows; -

- Alternative-4 Year-round pumping irrigatioﬁ:sjstem;

multi intakes—cum-multi shorter major
canal.

10,1,2 Study

(1) Cost estimate

Construction Cost

Main features, quantities and economic cost of mejor construction
works in the six Alternatives are roughly estimeted es summarized in

Table 10,1 to 10.2.



Operation and Maintenance Cost

i

The 0 & M cost of pumpiné station is estimated based on the actual

data on the'exiétihg pumping station in Ed Dueim.

The 0 & M cost of canal system is assumed as follovs, gonsidering

the cansl size and grndient;

~ Alternative-1.2, =3 and —4

1% of total construction cost of canal system

- Alternative-2.2

2% of total construction cost of canal system

—-Alternative=1.1 and -2.1

2.5% of total construction cost of canal system

The 0 & M cost of pumpihg station and canal system is swumarized
as follows; ' '

(Unit: 10°£s)

Alt,~1.] Alt,-i.2 Alt.-2.1 AlY,.--2.2 Alt.--3 Alb.-4

Pumping Station 220 220 . 580 580 930 1,000

Irrigation

rigaion 1,000 390 1,090 870 440 590
Total 1,220 610 1,670 1,450 1,370 1,590

Replacement'Cost

The useful 1ife of pump,; rice mill and farm machinery are shown

below, .
Useful Life
{Year)
- Pump 25
Rice Mill | 20
Farm Nachidery '
~ Double Cropping -8

- Single Cropping 10




The replacement cost is shown follows; (unit: 103£S )

Alt.~1.1 Alt.=1.2 Alt.-2.1 Alt.-2.2 Alt.-3 Alt.-4 4
Pump 1,820 1,820 3,720 3,720 3,720 9,380
Rice Mill 6,500 6,500 13,000 13,000 13,000 13,000
Farm 5,120 5,120 5,120 5,120 5,120 5,120
Machinery

{2) Benefit est1mate

~The following assumptlon are made to estimate the net benefit

per haj;

-~ The yield of single cropping rice is tentatively assumed at
4 tons of paddy rice per haj

~ The yield of double cropping rice is assumed at 1O tons
paddy rice per ha per annum; 4 tons of paddy riece per ha at
first cropping snd 6 tons of paddy rice per ha at second
cropplng,

-~ Milling ratLO is estlmated at 70% of paddy rice;
- bBeonomie price of mllled rice is estlmated at Lbl?b per ton

less loading and port charge, storage charge, insurance
premium and transPortation cost from FPort Sudan F.O.B.;

~ Rice production cost is tentatlvely assumed at £5130 per ha
for 31ngle cropping and £3310 per ha for double cropping; and

- Negat1ve beneflt of grazing and vegetable cultivation are
neglected. .

The net benefit is assessed as follows;
Bn = Y.m.bg - Cp

. where, Bn: net beﬁefit (£5/ha)
Y : yield of rice {ton/ha)
m: milling ratio.(TC%)
Pg: mill gate price {£35/ton)
Cp::.Production cost (£S8/ha)

. Single cropping: Bn = 4t/ha x 0.7 x 176Lb/t

Double cropping: Bn = lot/hax 0.7 x 176£b/t - 310

£5/ha £5/ha

- 130 = 363

£3/ha _ ,,E5/ha




The gross benefit at the full development stagé is estimated

as shown below.

CAlt.—1.] Alb.—1.2 Alt.-2,1 Alt.<2.2 Alt.-3 Alt.—4

liross | _ _ _ . _ .
Benefit 5,380 5,720 13,660 13,950 14,380 14,530
- (103£8) :

(3) IRR of ¢ach Alternative

_ On tha'Basis'of'the ecduomic condtruction coet and benefits
estimatsd'ébove, economic internal rate of return of each Alternative .
are- calculated for the project life of 50 years after complétion of
the project constructed works. The period of implementation is 8

years,
The estimated IRR of each Alternative is shown below;

Alt, -1.1: Alt.-1.2 Alt.-2,1 Alt.~2.2 "Alt.-3 Alt.-4

IRR less than 1% 1% T10.9% 11.6% 12,.4% 9.,2%

10.1.3 Conclusion

‘Based on the outcome of the alternative study, Alternative—B is

recommendable as a definite plan of ifrigation and drainage system for

‘the project area. Irrigation and drainage plan hereinafter will

discussed on the basis of Alternative—3.



10.2 Flood Protection _ _ .

10.2,1 .-Estimation of High Water Levael

The polder dikes will be constructed along the boundary of each
tract to prevent the project area from submerging by the flooding water
of the White Nile during a period of 7 months from eary August to mid-

February.

With full 6peration of the Jebel Aulia Dam; the high water lavel
of the reservoir was initially mainteined at EL. 377.20 m above MSL in
1942, and then tentativeiy adjusted to EL, 377.40 m above MSL from
1954.to 1956, The water level was temporarily raised to EL, 377.80 m
above MSL from 1960 to 1964 and since 1965 initial operation criteria
has been applied again, Therefore, the maximum high water ievel is
estimated at EL., 377.74 above MSL using the data at the Ed Dueim astation
since 1966, (réfer to Annex III) '

10.2.2 Alignment of Dike along the White Nile

=

Four alternativés are prepared to finalize the dike alignmeht dlohg o

the riverside of the White Niie as shown followso

Ground Elevation Average Height Reclaimed

Alternatives proposed of Dike Hectareage
(m ML) — (m) ey
1 374.20 4.5 3,210
2 375.20 3.5 3,180
3 375.70 3.0 2,850
4

376.20 2.5 2,300

The embankment cost and the anticipated benefit of each Alﬁernative
are roughly estimated and the bsnefit-minus-cost is compared as shown in
Table 10.3. fpe correlation Between the reclaimed hectareage and
the (B=-C) are illustrated in Fig., 10.2,. Frem +the above reaults, the.
polder dike along the riverside is aligned on the contourline of EL. 375.20

above MSL as far as poSsible.
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10.2,3 Preliminary Design of Polder Dike

The extre smbankment above the meximum high water level is indispen-
sable for the mettlement. of dike foundation and the somsolidatien of embankment
materinls, and, furthermore, for some clearance to protect dikes from

wave action in the White Nile.

The extrs embankment for the setilement and the comsolidation is
estimated at 0.40 m, viz. above 10 % of net requlred height of the dlke,

from the result of 3011 mechanic test.

The scramble of wave to the poldar dike is calculated as follows,

based on SMB formuls:

hw = 0.00086 Vl'l. F0°45
where, " hw: scramble of wave (m)
V: average wind speed during 10 hinutes'(m/sec)
F: fetch (m)

The average w1nd speed during 10 minutes is estimated at 15 m/sec
from the climatic data recor&ed at tha Ed Dueim station and the average
distance to opposite river bank of the White Nile is estlmated at 800 m
‘on the topographic map. Therefore, the scramble of wave is calculated

a8 below:

hw = 0,00086 x 157 x 800%% = 0.34m

The total extra embankment of 0.74 m is required at least for the
settlement, the consolidation and the scramble of wave. The crest elevation
of dike proposed is EL. 378.70 m above MSL (about 1,0 m above the maximum

high water), inrcluding a further clearance.

The crest width of 10 m is proposed, not from soil mechanic viewﬁoint

'bﬁt'from traffic function of the main road installed on the top of dike.

The polder dikes are classified into three types, according to the
height of dikes.

Type of Dike ' Height of Dike

A I A4S m
B 3.5m
c 2,5 m



Internal and external side slopes of each type are'proposed 1:2.0, -
based on the result of stability analysis as described in Annex IV, &
Berms with a2 width of 10 ﬁ to 12 m for the both side slope of the £ype
are proposed from the stability viewpoint of dikes. (Referx to.Annex IV)

The typical cross section of each dike is illustrated in Fig. 10.3.

10.2.4 Embanlument Materials and Borrow Pit

The materials have to be secured in the immediate vicinity of the
site to reduce the embankment cost as much as'possible. The soil fiom
‘the borrow pit and the feeder channel, which are excavated along the
‘dike alignment, is used as embankment materials of the polder dike. The

borrow pit will be used as the main drainage canal.

10.3 Intake Structure and Pumping Station

10,3.1 Intake Struchure

According to the hydrological date kept for the past 10 yeafs at
Ed Dueim, the lowest and the highest water levels of the White Nile
‘are EL. 372.68 m above MSL and EL. 377.74 m above MSL, respectively.

e

<%

An inlet channel for intake structure with a depth of 3.5 m and
a bottom_width of 4,0 m is excavated to divert irriggtion'wafer=from'
the main cburse_bf'the White Nile %o the intake ponds during the low
water season. 'Therlbw water section of the channel is lined with wet
rubble masonry from the operation and maintenance standpoints. The

entire length of each channel is around 200 m on an average.

- Intake structufe is equippéd with 2-barrel rectangular boxculvert
of reinforced concrete and a regulator with steel slide gates each at
"inlet and outlet, as shown in DWG. O7 to 08. (Referr %o ANNEX XX)

10,3.2 Pumping Station

(1} Delivery discharge

As already mentioned in the foregoing section, the pumping station

in each tract is installed for dual purposes, namely, irrigation and

drainage. The delivery discharge is estimated from the diversion
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requirement and the net irrigétion heciareage of each tract, assumed
pumping operation of 20 hrs/day; the irrigation water excessively
pUmped“ﬁp:&ﬁe to the shortening of operation hour is regulated within

the fregbbard of main canals.

(2) Type of Pump

A pumping lift required in each tract varies from 2.5 m to 8 m,
due to the seasonal fluctuation of the water level in the White Nile.
The mixed flow type is fecommandable from ﬁechanical, geological and
economical viewpoints. There are two types of mixed flow types of pump,
vertical and horizontal axis. In view of the pump opérg@ion, the
forwer type is advantageous to the latter, whereas from economical
standpoint, the horizontal type is superior to the other. The mixed
flow type wiith a horizontal axis, therefore, i8 proposed as the suit-
able pump type for each tract from geological conditions and economic

standpoihts.

(3) Arrangement of pump unit

Arrangement of a single unit of a large size is economically

advantageous, whereas disadvantageous for emergency in the aspect of

pumping performance.

The bearing cagpacity of foundation estimated by figld peneﬂration

" test is less than 20 t/mz. The loading of the pumping station, there-

fore, has to be reduced by the arrangement of multi units, as far as
possiblé; in this viéw, three pumping units each for Tract 1, 3 and
4, and five.(ﬁ) units for lract 2 are arranged,

(4} Bore

The bore of.pump unit is estimated based on the folloﬁing formula:

D :. pump bore (mm)

¢+ delivery diSCharge (mjfmin)



(5) Pumping 1ift

The maximum and minimum actuanl 1ifts of pump for irrigation are
estimated at 6.5 m, 1.6 m, respsctively, based on the water level
fluctuntion and the hydraulic head required to convey irrigation

water into the terminal plots.

While, the maximum actuel lift for drainage of 3.5 m is required
during high water season of the White Nile; durihg the low water season,

a gravity drainage is technically feasible.

The total lifis proposed are éstimated by baking into account. the
hoad losses of pump unit with an actusl lift,

{6} Prime mover

In general, the slectric motor is more adventageous than diesel
engine in every respect such as, initial cost, operation and maintenance
cost, vibration, and influsence on fundation, etc. As mentioned in
Annex VI, however, no electric power is avﬁiiable in the project area
at presént; The use of electric motor in the project will require the
extéﬁsion.of transmission line of a large capacity from Rabak, 150 km
away'ffoﬁ the project‘éite. ~Diesel engine is, thefefore, recommendable

as prime mover of pumping unit in each station.

{7) Horsepower of engine

Horsepower of engine is calculated on the following formula:

Pe = 0.222 1.H.Q.
Pm = Pp(l +X)/M%

]

ﬁhera, Pw: water horsepower (P.S.)
' r: specific weight of liquid, 1.0
H: - total 1ift (m)
QO delivery-diécharge (m3/min)

P_: pumping horsepower (P.5.)
'Qp: efficiency of pump

X « 10




Pm: mover horsepower (P.S.)

oL allo_wance

Ht: efticiency of transmission

(8) Main features of pumping unit

Salient featﬁres"of pmnping' unit mentioned above are estimated

for ea'ch station and summarized in Table 10.4,.
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10.4 1rrigation Canal gnd Related Structures

3

10.4.1 Irrigation Canal Layout

General layout of canal Sysﬁem and layout of each tract are shown

in DWG. 01 and 02 to 00 respectively.

The proposed canal system consists of Main irrigation canals,
Irrigation laterals and Onfarm ditches. The irrigation vater which
is pumped up from the White Nile is delivered to the Onfarm ditch
through Main irrigation canal and Irrigation lateral. lrrigation
lateral branches off from the Main irrigation canal with approximate
intervals of 2.0 km. The required water is distributed to the farm
unit-of.40 ha threough Onfarm ditch which is diverted from Irrigation

lateral with approximate interval of 400 m, as shown in Fig. 10.4.

Main irrigation canal and Irrigation lateral generally command the
area which range from 700 to 3,200 ha and from 200 te 900 ha respec-
tively. The conmand area of these irrigation canals in each tract are

summnarized a3 follows.

Command Arca (ha)

Tract Main Irri. Canal Irri. Lateral
1 890 ~ 3,000 280 - 510
2 910 - 6,400 - 280 - 770
3 1,230 - 3,000 330 - 910
4 710 — 3,200 : 200 - 730

The lengths of . 1rr1gat10n canals for each of the reapsctive tracts

are eqtlmated as follows,

Length gml

Tract Main lrri. Canal Irri. Lateral Ohfarm Ditch
1 15,450 18,970 150,000

2141 12,350 | 21,680 160,000

2201 15,150 24,540 160,000

[1l: Project area of Tract 2 is divided into 2 stages necording to the
implementation sSchedule.
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(Cont'a)

Tract Main Irri. Canal irri. Lateral Onfarm Ditch
4 4,640 31,900 160,000
Total 51,790 120,790 780,000

The irrigation canal system, commend arees and proposed design
discharge of each of the irrigation canals ere shown in ?ig.10;5.(1)
‘50 10‘5. (4) s

10.4.2  Preliminary Design of Irrigation Cansls

Irrigation canals in the whole project area are designed as unlined
canals with trapezoidal section. The preliminery design of the irriga-
tion canals has been made based on the besic design criteria described

as foliows,

(1) Design discharge

Design discharges for Hain irrigation canals provide the maximum

high water levels in the canals at the full pumﬁing operation period.

'Accor@ing to. the assumed pumping operstion method of 20 hrs/day, the

excessive water should be stored in the Main irrigation canal d&ring the
full pumping operation period. The stored water should be used to cover
the shortage. of water delivered from the fumping gtation during the par-

tially operated period of the pumping station.

Dééign discharges for Irrigation laterals and Onfarm ditches are

celculated, based on the unit discharge of 1.85 [/sec/ha.which is
mentioned in aAnnex IX. -
Design discharges for irrigation canals are schematically shown in

Figs. 10.5.(1) to 10.5.(4), Irrigation Diagrams.

{(2) Permissible velocity

The maximum permissible velocity in unlined canals is decided in
order o avoid the scouring’ of canal surface. The minimum permissible
veloeity is defined as the lowest velocity that does not cause silt

depositing,’

é%i The permissible velocity of irrigation canals is in the range between.

0.2 and 0.6 m/s, as summarized below,

X=-13 .



Canals 7 . Designed Velocity (m/sec)

HMain Irrigation Canel : 0.2 to 0.4
Irrigﬁﬁion Leteral ' 0.2 to 0.6

Onfarm Ditch 0.2

{3) Longitudinal siope

Considering the allowable watér velocity and natural gradient of.
the ground surface, longitudinal slopes of.Main irrigation canal and
Irrigation laterel are designed to be within the range of 1/20,000 to
1/70,000 and 1/5,000 to 1/30,060 respectively. Longitudinal slope of
Onferm Ditches is estimated at 1/5,000.

(4) 5ide slope

The bank stability is analyzed baséd:on the soil mechanical test
to determine the stable side slope. The side slopes of 1:1.5
and 1:2.0 are applied to the design of Main irrigation canal. When the
canal depth is less than 2.5 m, the side slope of 1:1.5 is safely
used in the design of Main irrigation canal. -1n case of lrrigation g

lateral and Onfarmtlrain, the side slope of 1:1.0 is applied.

(5) Freeboard

Preeboard is decided so as o absorb the fluctuation of water sur—
face due to the variation of actual roughness coefficient, conversion of
velocity head to the static head and wnve‘actidn caused by wind or

canal structure operation.

The following empirical fomula is used as the base for determination
of the freeboard.. o | |
. | 2
2g .
vhere, D: Basic freeboard ({m)
d: Hydraulic depth = {m)
V: Velocity ~ (m/s)

g Gravitationél acceleration (m/sec?)
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kS _ The propesed freeboards for Main irrigation canal and Irrigation
laterals are estimated by asdding tﬁe additional clearance of 0,5 m

and 0.3 m respectively to the Basic Freeboard (D).

The freeboard for the Onferm ditch is estimated at 50 % of the
hydraﬁlic'deptha '

(6) Hydrauli¢ formula and roughnesé coefficient

Manning's formula is dpplied for hydranlic calculation of all eanals.

ve 2 11/2. g3 g o pev
where, V: Velocity (m/sec)
n: Roughness coefficient
I: Hydratlic gradient
R: Hydraulic radius (m)
Q: Discharge (mB/agc)

A: Flow area (m?)

_The_roughnésa coefficient of 0.020 to 0.0307is generhlly used for
tﬁe'hydrnulic'cglcuiation-and design of unlined canals. In this‘prqject;
the“design roughneés coefficient of 0.025 is recommended for the_irrigae
tion canals in consideration of the canal maintenance to be carfied ouh

periodically in the future.

Depending on the above criteria, monographs for the hydraulic calcu-

lation of irrigation canals are prepared as shown in Figs, 10.6.(1) to 10.6.(3)

Mpin features and typical cross sections of irrigation canals are

shown in Table 10.5 - and Fig.10.7, respectively.

10.4,3 Preliminary Design of Related Structures

The irrigation canals run across the roads at many points in the
projectraréa. Accordingly, many crossing structures like culverts will
bé néeded.r in.gddition to the culverts, turnouts and check structures
§§ will also belneeded to disiribufé watéf_ﬁnd to_seéure gteady.watet manage-

ment.
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The number of gtructures required in each tract is summarized

below.,
Structures (Nos,)
Tract Turnout Irri, Culvert Check Structure
1 164 34 17
2_1£- 202 41 19
2«2L1 182 L 43 - 19
3 173 24 8
4 215 47 21
Total 936 _ 189 84

(1)  Turnout

The  turnouts are providéd to distribute the required water from

the parent canal into the offtake canal,

In'this-praject, the turnouts in the irrigation canal in which o5
the water discharge is more than 0.4 m3/séc are to be provided with the
Parshall flume as a measuring device. ‘The turnouts should bg‘designed
for:écchrate delivery with minimum head loss and for avoiding silt
depnsiting.. Accordingly, the permissible veleoecity in the turnout is,

limited to be in the rénge of 0.5 m/sec to 1.0 m/sec.

The turnouts are divided into two types, Types-A and B, -to
g8implify and standardize the structural features for easy and quick

construction.

'Txpe A turnout

The Type A turnout consists of a slide gate with steel pier, an
in~-situ concrete conduit with rectangular secﬁion, a Parshall flume and
a transition with gradually varied section at the downsiream of the

?arshall flume.

11_: According to the 1mp1ementat10n schedule, the proJect area of
" Track=2 is divided into 2 stages.
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Type A turnouts are provided in the. Main cenals in which the
design discharge delivered imte Irrigation latsvral ranges from 0.4 ma/ﬂec
to 1.5 m3/asc.

Type A turnouts are divided into six subtypes depending on the
discharge of the tmkeoff canal and the length of concreate conduit.
The hydraulic and gtructural features of the regpective type of

turnouts are summarized below.

. Conduit Width of Parshall

Subtype Discharge {0, m>/sec) length {(m) flame {m)

A-1 1.5>0>0.6 ) 20.0 1.22

A2 ) " 18.0 "

A3 " 7.0 "

A-4 0.6 >0>0.4 200 0.49

A-5 o 18.0 “

A-6 " 7.0 : "

Type B turnout

The Type B turnout consists of circular gate, & precast concrete
pipe and a transition with gra&ually varied section at outlet of the
concrete pipe. Type B turnouts are provided in the Irrigation laterals
and the water discharge deliversd into the Onfarm Ditch 2T
is-0.04 m3/s.. Type B furnouté are divided into 3 subtypes depending

on-the length of concrete conduit as shown below.

Subtype ‘Length of Conduit (m)

B-1 | 19.0
B-2 17.0
B-3 6.0

Detailed dimensions of each type of turnout are as shown in Dy,

14, and the number of the each type of turnoui is summarized below.
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Type Subtype Tract-l1 Tract-2-1 Tract-2-2 Tract-3  Tract-4 Total

v
Bt

A A~1 R 7 - ' - 2 a3 '_4
A-2 4 5 4 - - 13

A-3 1 - 1 2 2 6

A4 - - - - N 1

A-5 3 1 3 - - 7

A6 - - - 1 1 2

B B-1 6 - 7 18 20 51

B-2 72 90 68 102 100 432

B-3 78 106 99 48 89 420

Iotal 164 202 182 173 213 936

{2} Check structure

Check structures are proposed for the main canals and laterals to
maintain the water level necessary for diversion of irrigation water,
The design of the facilities is generally dependent upon the

gradient of canals and the seasonal fluctustion of water requirement,

The_standardized interval between two check sfrﬁcfures is 4 km for the

main canal and 2 km for the lateral.

Check structure compriﬁes & reinforced concrete flume and transitions
with grﬁdually.variéd;section at ‘both up and downstream of the flume;
the flume is equipped with steel slide gates to check water surface in the
irrigétion:canal. The inlet and the outlet of the structures are protected

with dry rubble masomy, These structural features are shown in DWG. 15.

‘The check structures are classified into two types accroding to

the design discharge of the structure.

Type A; This type is designed for a dischaﬁge greater than 5.0 mj/sec.;
it is provided with a double section concrete flume and two
steel slide gates. This type is mostly installed in the main

irrigation canal.

Type B; This type is smaller than Type-A; it has a single Seétion concrete

flume, equipped with & steel slide gate. This type is installed

in the irrigation lateral.
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Required number of the check structures in the project area is

‘summarized below,

Numbers
Tract Type A Type B Total
i 2 15 17
2=1 2 17 -19
2.2 1 18 19
3 - - ' 8 8
4 : - 21 21

Total

v

79 84

(3) Irrigation culvert

The culverts in.the project area are provided for road crossing.
The ifrigation culvert consists of an in-site concrete barrel with
rectangular section or a precast concrete pipe and transitions with
guadually varied section at the inlet and outlet of the conduit.
The @ry masonry is installed on the upstream and downstream of the

culvert structure to protect the canal surface from scouring and erosion.

" In designing the ifrigation culverts,:fhe velocity in the conduit’
which is less than 1.0 m/sec is adopted to avoid silt depositing in the

conduit.

The.irrigatioh culverts in this project are divided into three types
to reépond'to the wide variation of the desigﬁ diSch&rgé dgd_also to
simplify and standardize the structural features for:easy'aﬁd quick
construction, Application and the characteristics of each type of the

irrigation culverts are described as follows.

Type A
. ) 3
The design discharge for Type-A ranges from 2.5 mj/sec to 6.0 o /sec,
The concrete conduit with a length of 8 m is proposed for the Type-A
culvert., The culvert of this type is mostly arranged in the main irriga-

tion canal.
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Type B

The conduit of this type is designed to have a concrete box

]

barrel with single rectangular section; its conduit length ranges

from T m to 10 n.

This type is further divided inte six subtypes as shown below,

dependent upon design discharge and conduit length;

Sub-~type Discharge (m3/sec) Conduit length (m)
B-1 2.520=21.5 10.0
B-2 " 8.0
B-3 1,52 0=0.8 10.0
B4 " 1.0
B-5  0.8>020.5 | 10.0
B.b " | 7.0

Subtypes B-1 and B-2 are provided in the main irrigation canal

and other subtypes in the.irrigation lateral.

i

Type €

The conduit of this type is prdposed to have s precast concrete
'pipe; the propdsed length of which ranges from 7 m to 10 m, Dépending
upon the design discharge and pipe length, this type is subdivided into

three subtypes as follows:
Diameter

Sub-type IIDisbﬁargé'(Q,.mB/sec) Pipe length (m) {mm)
c-1 10.5>0>0.25 10,0 1,000
C-2 o 7.0 1,000
c-3 0.25>0 1,07 700

The dimensions of each type are as shown in bWG. 16. The

number of the culverts in each tract is summarized below.

Type Subtype Tract-l Tract-2 Tract 2-2 Tract~3 Tract—=4 Totial

A - 1 1 - 1 2 5
B B-1 - - 1 1 2 4
B-2 - - - 1 1 2
B~3 - 1 1 - - 2
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' o o {Cont'd)
W Type Subtype Tract-1 Tract-2 Tract 2-2 Tract-3 Tract-4 Total

X
;I 2 14 8 2 11 37
B-s . - . - . - 1 . —- . T ] 1
B-6 4 5 4 1 5 .19
¢ C-1 - 4 3 - - T
g2 o 5 9 8 12 45
C-3 16 11 16 10 14 67
Total 34 41 43 24 41 18
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10.5‘ Drainage Canal and Related Structures

{Bamtipis

10.5.1 Drainage Canal Layout

General layout of the drainnge.cahal system is shown in DWG. Ol

and the drainage canal'layout of each Tract is shown in DWG. 02 to 06,

- The proposed drainage canal system consists of Main drainage
canals, Drainage laterals and Onfarm drains. These drainage canals -
ghould be aligned at lower elevated portion in the project aresa.
“Accordingly, Main drainage canals in Tract 1 and 2 are aligned on the
periphery of Um Jerr Island. In Tracts 3 and 4, the portionsradjacent

to the White Nile are selected to align the Main drainage canals.

Drainage water from farm unit of 40 ha caused by maximum daily
fainfall of 79 mm and irrigation operation losses will be discharged
“into Onfarm drains and led to the pumping station by Urainage laterals

and Main drainage canals, and then pumped out to the White Nile.

" Onfarm drains branch off from the Drainage laterals with intervals

of approximately 400 m and the Drainage laterals branch off from the

o b

Maih drainage canals with interval of approximately 2.0 km by turns
with the irrigation canals. The typical drainage system is shown in
Fig, 10.4,

The length of the drainage canals in each tract is shown below.

Length (m!

Tract Main Drain, Canal Drain. Lateral Onfarin Drain

1 17,000 19,690‘ ' 75,000
2-1 15,200 16,900 . . 80,000
2-2 11,900 22,250 80,000
3 15,500 : 20,500 . 75,000

4 ' 13,700 N 24,500 80,000

Total 73,300 103,240 390, 000
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Catchment areas of Main drainago canal and Drainage lateral range

.from 736 ha to 7,770 ha and from 150 ha to 1,070 ha:respectively, Fhe

¥
el

catchment area of these drainage canels in each tract is summarized

as follows,

‘Catchment Areca (ha)

Tract Main Drain. Canal Drain. Lateral
1 780 - 3,450 190 - 540
2 -990 - 71,770 220 - 930
3 730 ~ 3,600 240 - 1,000
A 920 ~ 3,800 : 150 - 1,070

The drainage canal system, catchment area and proposed design
discharges of the drainage canals are shown in Figs. 10.8.(1) to
10.8.(4). |

10.5.2 Preliminary Design of Drainage Canals

Drainage canals in the whole project arca are designed as the

' unlinéd canal with trapezoidal section. when the canal depth is more

than 5.0 m, berms 3.0 m wide are provided in the canal section.

The pfelimingry desigﬁ of the drainage canalé has been made

based on the basic design criteria described below,

Decision of the canal capacity

The rain water should be stored in’the.paddy fields and all
‘drainage canals and then pumped_but to the #hite Nile:as_méhtioned
in Annex IX. Tﬁéfefore, the capacity of the drainage canals is
.desighed as storages nccording to the amount of surplﬁé'watér which
"cannot be stored in the paddy fields., The storage capacity df drainage

canals in each iract is shown below.

Storage Capacity (10> w’)

Tract 1 = Tract 2 - Iract 3  Tract 4 Total

997 - 2,245 - 1,040 - 1,098 5,380
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Design dischargg

In designing the drainage structures, the delivery diééhﬁrge due
to the drainage pump opermtion is assigned as the design discharge.
The delivery discharge at each pumping station renges from 8,1 m3/sec
to 17.0 m3/sec which has been studied in Apnex IX.

Longitudinal slope

Considering the natural gradient of the ground surface and the
‘role of the drainage canals memtioned ambove, longitudinal slopes of
Main drainage canals and Drainage laterals are designed to be in the
range of 1/3,500 to the level and of 1/3,000 to 1/15,000 respectively.

Side slope

‘The bank'stabiiity'is analyzed'haséd on the soil mechanical test
t0 determine the stable side slope. Accordingly, the proposed side
slope of 1:2.0 is adopted for Hain_drainage canals, In designing Main
drainage canals, berﬁs;B.O m wide shoul& be provided in the canal sec—
tion when the canal depth is more than 5.0 m{ In case of Dreainage
Lﬁtefals and Onfarm drains, the side slopes'of'lzl;s and 1:1,0 are

applied respectively.

Egﬁerldepth and Canal bese width

To safisfy the required storagencaﬁacity, the water depth of 2.5 m
snd the canal base #idth-of 5.0 m to 10,0 m are proposed in designing
the Main drainege canals, From the same view boint,'the water depths
of 0.5 to 1.5 m and 1.0 m, canal base widths of 1.0 to 5.0 m and 0.3 m
are employed for the design of Draibage laterals and Onfarm drains res-

pectively.

Main features amd typical cross sections of'Drainage canals are

shown in Table 10.5 and Fig. 10.7 respectively.

10.5.3 Preliminary Design of Related Structures

The drainﬁge'éaﬁals run across the roads and the irrigation canal
so that the many crossing structu;es like culverts will be needed. In

addition to culverts, the junction structures will be previded to
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prevent the_canal surface from scouring and erosion at the connecting

point of two drainage canals.

Required onumber of those structures in each tract is summarized

below.
Structures (Nos.)
Tract : Drain. Culvert S Junction
1 47 83
2141 45 107
2_al1 45 ' ' 98
3 .52 59
4 52 | 88
Total 241 435

(1) Drainage Culvert

The drainage culverts are provided for the férm road and cﬁhal
crossing, The drainage culvert consisis of an in-situ concrete
barrel with rectangular section or a precast concrete pipe and con-
erete wing walls at inlet and outlet of the condﬁit. .The proﬁection
with dry masonry should be installed at Both up and downstream of the

culvert,

To avoid silt depositing in the conduit, the design velocity in

the conduit is #ssumed as 0.5 m/sec.

The drain culverts in the project are divided into four types,
A, B, Cand D, because of the wide variation in the design discharge
of the drairnage canals and for simplifying and standardizing the

structural features for easy and quick construction.

The application and the characteristiés of each type are des-

cribed as follows.

/1: Project area of Tact 2 is divided into 2 stages according to the
implementation schedule.
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Type A : ' : 5
This type has two or three in-situ concrete barrels with a large
rectangular sectlon- the design discharge of this type is greater than

5 m /aee,

Type B
Type-B dra1nage culvert is arranged to cross the irrigation canal

and the farm road; this type is designed for a discharge of 3.4 m /sec.

Lype C

The design discharge of this type ranges from 0,6 m /sec to
3,0 m /sec.

It has the in-situ concrete barrel with a sihgle rectangular
section. This type is divided into three subtypes, depending upon
the de31gn dlscharge' the design dlscharge of types C-1, C-2, C-3
varies between 2.0 m /sec and 3.0 m /sec, 1.0 m /sec and 2.0 m /sec,

0.6 m_/sec and 0.6 m /sec, respectively, These types of culverts

sre mostly arranged in the Drainage laterals to craoss farm roads and

onfarm roads.

Type D _
" The desigu discharge, ranging from 0.2 mj/sec te 0.6 mj/sec, is
éﬁplied'for'type-n. This type is provided with a precast concrete
pipe’in the Onfarm drain. Type D culverts are divided into two types
_aééording to the design discharge; design discharge of Types D-1 and
D-2 range from 0.4 mj/sec to 0.6 mj/sec and from 0.2'm3/sec to 0.4 m3/sec 

respectively.

The dimensions of each type are as shown in DWG. 17, The.

number of the required drainage culverts is summerized es follows.
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Typo  Subtype Tragt—l Tracte2-l Trectw2-2 Tract-3 Tract—4 Total

A 1 2 - - o 4

B - - - - 1

c 1 I 1 4

" 2 13 18 16 6 11 64

" 3 7 4 7 4 3 25
D 1 8 . s 5 5 3 26

. 2 18 16 15 3 17

(2) Drainsge junction

To protect the c@nal surface aghinst scouring and erosion, ihe
drainage junction is installed at the Qonnecting pbint of two dfainage
‘¢canals., The drainage junctions ere divided into three types, A, B end
C, acéording to the_water disﬁharge'in the minor ¢anal, the difference
of canal base elevation at the connecting point and the relationship

with other structures. Application of each type is as shown below.

Type  Sub-type | Application ~ Note
A a-1 0 2 0.5 m3/sec,lI< 0.5 m -
A-2 Q0 < 0.5 m?/sec,HZ 0.5 m -
- 0 < 0.5 m¥/sec,H< 0.5 m -

¢ ~ 0 €0.5 m¥/s connected with

a culvert
Note: - _
Q : Discharge in the minor drainage canal

H : Difference of canal base elevation

Mein features of each btype are described as follows.

TXEE A

The:10ngitudinal'slopéwof the minor canal at the connecting porfion'
'is made steeper to decrease the fall at junction. The modified longi-
tudinel slope of 1/100 is used in designing Type A junctions. Thus,

the base of the minor canal is kept &t the same level as that of the

‘base of the main canal in the design of subtype A=l junctions. In case
of subtype A~2, the fall is kept within 0.5 m.
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The surface of the'main drsinaga cenal wﬁarn the normal wgﬁor fiow
ié disturbed due to the connection of two canals is protected with dry
masonry., And the portion of the minor cenel where the velocity is ine
creased due to the steepened longitudinal slope is alse protected with

dry masonry.

ExBe B

The_minbr canel is comnected to the mein canal without eny struce
tural modifieation. The surfece of main and mipnor drainage canals
vhere the normel water flow is disturbed due to the comnection of iwo

canals is protected with dry masonry.

- Type C

The drop structure is provided at downstream of the'culveft to

-avoid scouring and erbsion.- The energy of the drained water in the minor

drainage canal is dissipated at the drop structure and then the water

is led into the main drainage canal.

The structural features of the junctiom are as shown in D¥WGy.18
and the required number of drainagefjnnutions in‘the project area is.

‘pummarized below.

Number
Type Type A-l Type A-2 Type=B Type=C Total
1 - - 75 8 8
2-1 14 7 86 - 107
2-2 7 7 784 - 98
3 8 T 35 9 59
4 24 9 59 - 88
Total 53 26 339 17 438
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10,6 Rosd System
10.6.1 .Layout of Farm Hoad

. Roads in the project ares are classified into the main road, farm
road and onfarm rosd based om the respective function in the project.
All weatbher road networks are required %o provide farm-to-market and
market-to-farm sccess to allow the truckage of project 1npuf§'and

outputs and, furthermore; to facilitate the operation and meintenance

of the irrigation end drainage system. The main road and farm road

are paved with well compacted laterite gravel materials.

The main roads are aligned on the top of polder dikes and feeder
channel dikes} supplementally they are planned to be constructed at

somewhere near the dénter of each tract.

The farm roads are aligned along the irrigation laterals arranged
at 2 km intervals, provided with inspection roads for the operation and

mainteﬁance of the said laterals,

7 Onfarm roads are arranged at 400 m iﬂtervals'by'turns with onfarm
draiﬁs to be_directly connected with the farm reoads for the convénience
of mechanized farming; farm machihery can be éonvéyed directly to each

terminal plot without crdssing other plots.

10.6.2 Préliminary Design of Parm Road

(1) Width

The width of the road is'uhually'determined by taking into account

the types of vehicles, traffic volume, construction cost, meintenance

cost and future prospect of widening. The total widths of the main road,

farm road, and onfarm road, inciusive of the shodlders on both sides are
standardized &s 10 m, 8 m, 7 m, respectively on the basis of lafge scaled
and intensive mechanization plan propbsed in the project (refer to ANNEX
XIII)} the affecive widths of the main road and farm road, 7 m, 6 m,
reépectively. The width of the inspection read of 3 m in total is proposed

for small scaled vehicles to inspect the irrigation laterals,
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(2) Height - | - i1
The main road, except the one proposed om the top of dike

has an embankment of 50 cm sbove the existing ground surface including

extra embankment for éﬁtidipated settlement of foundstion the farm road

and the onfarm road have an embem kment of 30 em, due to the access of the

farm machinery to the farmland.

(3) Profile

Roads must be cambered to-provide the surface dréinage. The per=—
centage of camber of 3% is proposed for all roads in view of the pavement

method mentioned hereinafter.

Nb side ditch for drainage of rain water is provided on most of
the roads except for inspection roads, since irrigation and/or drainage
canals are aligned along both sides of theAroads;'.Thﬂiinspection road
has a side-ditch on the side where the farm road is saligned,
_ . =t
(4) Pavement o - | | A
The pavement maferiai has to be chosen‘Béséd on the local con&itibn
6f_thé.pf0jéct'si£e. The laterite pavement.with a ihickness of 20 cm
is}proposed for the main road snd the farm road,'taking the size of
véhicles, traffic volume and construction cost into accunti no pavement,

on the onfarm road.

The typical cross section of each road is illustrated in Pig. 10.9.
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10.7 Onfavm Development

10.7.1 "Layout of Ditches, Drains and Roads

dnfarn ditches and onfafm drains are separately aligned from the
viewpoints of operation and maintenance of the terminal syétem and of
water manegement. The ditches are propomed for construction along on-
farm roads by {urns with onfara drains, and the onfarm drains in parsllel

with the onfarm roads.

Such slignment of the terminal system as mentioned above hss definite

advantages as described below,

Irrigation water_is fully controlleble snd equal amount of irriga-

tion water can be supplied to each terminal plot;

‘= Excess water in each terminal plot can be released guickly

into the main drainage canal: and

Each:plot is directly‘linked with the farm road which has a major

function 6f-transporting the farm inputs and outputs.

A typical layout of paddy fields proposed for the pfbject is illus-
trated in Pig 10.4,

10.7.2 Gize and Shape of Plot

The size and shaps of plot exert much'influence on the farming
practice, pesf control, farm management and the pfojept cost in a long
run. Careful attention should be paid to the items below when deciding

the size and shape of the terminal plot:

- Uperational efficiehcy of farm machinery

- to minimize the 6onstruction cdst of onfarm deveiopment a8 little

as possible; and

~ to minimize as little as possible the land reduction fatio'to be

estimated from the size and the density of onfarm facilities.

To determine the optimum size @nd shape of the terminal plot, an

elternative stﬁdy is made hereinafter.
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(1) Alternatives

In due conmideration of loecal conditions of farming menagement,

farming practice and labour sources in thé HSuddh, the pife #f plét of 0.4

ha to 1.0 ha i® recommendsble.

In this view, four Alternatives are prepared for the study on the

"optimum size and shape of plots,"

Alternative Size Shape
(ha) (m x m)

1 0.4 30 x 133,

2 0.6 35 x 171

3 0.8 40 x 200

4 1.0 45 z 222

(2) Construction cost

The work volumes of onfarm development, such as the construction
of ditches, drains, roads, onfarm structures and the 1evelling work
are figured out as shown in Tﬁble 10.6. The construction cost is
estimated as shown below. ..

| O Alt.ol  Alt.-2  Al4.=)  Alt.-4
Construction Cost {US$/ha) 1,490 1,390 1,340 1,370

(3) 0 & M cost of farm machinery
Unit operation cost is tentativeiy estimated as shown below.

- Unit cost per hr of 75 P.S. tractor

Fuel 7.8 f/br x 0.095 £5/{ = 0,741 &S
Miscellaneous 3% of fuel | = 0,222
Operator 0.189 x 3.00 = 0.567
Labour 0.083 x 1.00 = 0.083

Tota 1.613 £5/hr
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- Ploughing hour per ha
T P E e .
Yhere, T ¢ operation hour per ha
T': basic operation hour per ha, 1.6 hr/ha
E : operation efficiency at length of run 200 =
Ey: soil coefficient 1.30
E2= cperation coefficient 0.99

Eha. shape coefficient 1.00

T = 1,60 hr/ha x 1.30 x 0.95 x 1.00 = 1.976 hr/ha
-Therefore, aperation cost = 1,613 £S/hr x 1.976 hr/he = 3.187 £5/ha

Unit depreciation cost is also estimated as'shown_bélow.

- Deprecintion rate of machinery 0.033 %/hr
{75 P.8S tractor)

- Maintenance rate : ¢.0092 %/hr
- Delivery cost at project site 5,050 &8
{75 2.5 trgctor) -
- Bepreciatibn'édst per hr 5,050 x (0.033 + 0.0092) = 2.13 &£8/hr

.

Depreciation cost per ha = 2,13 x 1.976 = 4.209 £8/ha
Basic 0-& M cost of farm machiﬁary for double cropping comprises

the operation cost and the depreciation cost as shown helow.
{3.187 + 4.209) x 2 = 14.792 £8/ha

Based on the "land consolidation criteria for paddy field in Japan,"
the ploughing efficiency for each Alternative is estimated as follows,

on the assumption of the length of run-width rate.

Alternative *. Size : Bfficienc
ihas i%i

1 0.4 75
2 0.6 85
3 0.8 ) : 90
4 1.0 92

The relative efficiency is converted from the above table as shown
below, sSince the basic operation hour is estimated on the basis of the

length of run of 200 m.
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Alternative Length of Run Relative Efficiency

i

e

(m) (%)
1 133 83
2 171 94
3 200 100 (basic)
4 222 102

0& H cost of farm machinery is finaily calculated by multiplying
the ploughing efficiency by the basic 0 & M cost, as shown below.

Alt.-1  Alt,-2  Alt.-3  Alb,-4
0 & M cost of Parm Machinery (&5 /ha) 17.8 15.7 14.8 14.5

- do ~ (Uss/ha.)é-l- 45 40 38 37

(4) Comparision of esch Alterpgtive -

Alternative -3 is the cheapest in alternatives on constructibn

cost. Alternative -3 and -4 are cheaper than the other alternatives
dn 0 & M cost of farm machinery. Prom these #iewpoints, Alternative -3 Cd
is recommendable. But if has a considerably iong lerigth of run. Thé'plof
recommended, therefore, must be mansged by subdividing it into two or-
threes,sﬁb_plo‘hs with tentative ridges, to achieve precise water control

at early growing stage of paddy crops.

16.7.3 Land_Levelling

The hilly area at 377.2 m above MSL or more are excluded from the
levelling work. The farm surface undulation in each terminal plot
should be within 10 em after completion of the onfarm development

work,

10.7.4 Rotational Irrigation Practice ab Onfarm level

The onfarm operations such as pre-irrigstion, 1and preparation and

sowing have to be completed within 45 days.

Zl ¢ Exchange rate of £8 = US$ 2.55 is téntsfively'used. o &
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Bach minor turnout commands ares of 40 ha (50 plots x 0.8 ha)
as illustrated in Fig. 10.4. One tractor with relevant accessories
is able t¢ carry out the above mentioned operations on 400 ha within
45 days. The said operations on 40 ha commanded by each turnout,
therefore, will be completed within 4.5 days. 1In this view, 4 day-
rotational irrigation practice is prbposed at onfarm level; 10 ha or
12.5 plots, out of the respective 50 plots will be irrigated day by
day.

10,8 Compensation for Existing Schemes {Feeder channel)

S50 far, 246 pumping schemes all together have been developed in
the area along the boundary of the project area, out of which 28
schemes are being operated by the public corporation, and the remain-
ing 218 small scaled schemes by private sectors, it preséub, total
irrigation water drﬁwn into the said schemes is about 18 m3/sec {or

120 million m3 annually in total capacity) from the vast Gasaba swamps

"inundated during high water season of the White Nile. In order to

divert the irrigation water from the Hhite Nile to all the exisﬂing
schemes after the completion of the project, dikes of feeder chanﬁels
2.5 m high'on an aéergge Are proposed at the site sﬁifted back to
appropriate.distance from the éxiﬁtiﬁg'pumping'station a8 shown in
Fig.-lO.lOl Two.inlets for the chaﬁnels are proposed in the vicinity .
of Araki lsland and Gollii villages, reapectivély. From the hydraulic
viewpoinﬁ, west side inlets may not function sufficientiy to provide
stable water supply to the existiné:schemes, since the channels are

extending'moré than 50 km from north to south,

In order to dispel such a hyﬂraulic uncertainty, two inlet

channels are supplementally proposed to divert the irrigation water

from the White Nile into the feeder channelé, in connection with the

demarcation of Traicts-2, -3 and -4.
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Table.10.9 Benefit and Cost of the Dike Construction of Each Alternative

- Alt.-4

Alt.-1 Al%.-2 AYE LD

1. Elevation to be located :

(MSL) : 374.20 | 375.20 375.70 376.20
2. Average height of Dikes

(m} 4.5 3.5 3.0 2.5
3. Reclainable acreage (ha) 3,210 3,180 2,850 2,300
4. FEmbank. volume per m (ma) 73.94 47 .44 36.15 23.50
5. Total Embank. volume 739,400 474,400 361, 500 242,100
6. Embank. Cost (&£s) 1,109,100 711,600 542,300 363,200
7. Yield of milled Rice _ :

(ton) 22,500 22,260 19,950 16,100
8. Total Net Benefit (£S) 2,407, 500 2,381,800 2,134,700 1,722,700
9. (Benefit) - {Cost)(£S) 1,298,400 1,610,200 1,359,500

1,592,400

¥ote: (1) Unit yield for milled rice of 7 ton/ha and net benefit of 107 £s/ton

are tenfatively assumed.

(2) Typical cross section of the dike is assumed as illustrated below.
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k4 Table 10.6 Main Features and Construction Quantities
ok S : far Onfarm Development

Yorks Unit Alt. 1 Alt. 2 Alt, 3 Alt, 4

(1) Irrigation Lateral

Excavation m3/ha 1.4 1.3 1.3 ~1.3

Embankment m°/hs, 22.6 22.1 21.9 21.8
(2) Onfarm Diteh , _

Excavation m3/ha 2.9 2.4 2.0 1.8

Embankment m /ha 225.4  181.5 154.0  140.6
(3) Drainage Lateral |

Excavabion m-/ha 43:7 42.8 42.3 42,2

Embankment w’/ha 5.9 5.8 5.7 5.7
{(4) Onfarm Drain

Excavation m3/ha 104.6 79.6 67.5 67.2

Pmbankment m> /ha 41.8  31.8 27.0 26.9

(5) Farm Hoad _ _
Embankment m /ha 10.3 10.1 10.0 10.0

(6) Onfarﬁ Road
Embankment m>/ha 94.7 69.5 57.3 57.1

(7) Land Leveling
Barth Works m/ha 332.0 428.0 500.0 555.0
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Fig.10.4 Typical Layout of Farm Unit
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Fig.10.6 {I) Determination of Canal Dimension
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Fig.10.9 Typical Section of Roads
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XX, IMPLEMENTATION SCHEDULE ANBR CORSTRUCTION PLAN

11.1 Construction Plen snd Schedule

The implementation aschedule for the whole project is gi%en in Fig. 11,1,

The implementation of the whole project is divided into four phases.
Phase 2 is further subdivided into two stage. The area to be developed

in each nhase ix summarized as shown below:

Schedule of Construcfion

Phase-1 3,000 ha (7,143 fedds) Apr. 1980 Dec. 1981
Phase~2 ‘ |
stage-1 3,200 ha (7,619 fedds) Apr. 1981 Jun. 1983
stage-2 3,200 ha (7,619 fedds) Aﬁr..lgsz Jun. 1984
sub-total 6,400 ha (15,238 fedds) S |
Phase~3 " 3,000 ha (7;143 fedds)  Apr., 1983 Jun. 1986
Phase-4 3,200 ha (7,619 fedds) Apr. 1984 Jun. 1986

Wheole project 15,600 ha

The time requ1red for all constructlon vork of the nroject: is estimated
at around eight (8) years including the time necessary for the preparatory

works, The consiruction of ithe vhole works could be completod by the ond
of June 1986,

The annual workable day for the enrthuémbankmeht is limited to about
100 days from the vater surface fluctuatlon of the White Nile {(Table 11.1).
About 320 days are assumed for the earth-moving work inside the polder,
based on the rainfall data covering the Derlod of past ten years, “The
workable dnys for concrete work are limited to sbout 260 dmys, excluding
two months during the hottest season (April to Méy). One month is ex-—.

culded from the workable deys on account of the Ramadon every year,

Table 11.2 shows the detailed estimetion of the workable days.

XI =1



1) Prepaf@tbfy works

Prior to commencing the main construction works, it is recessary
to complete such preparstory works as serial photo mapping, detailed
design, procurement of constiuction equipment and materials, land
acquisition and buildings etc. . The topographic maps of 1/50;000 with
0.5 m interval reﬁised in the feasibility stage are still insufficiently
sccurate to proceed the detailed design. Shooting and'éubsequent mapping
of the project area on a scale of 1/5,000 are required to be prepared
before the commencement of detailed design. Pro#iding that the shooting
will be commenced from June 1978, the maﬁping will be completed in March
1979. Detailed design works including canal and road alignment survey
as well as preparation of tender documents will commenced immediately
after completidn'pf the mapping. DBecause of the limited field survey
peried, the design works will be carried out in stage wise. It is
planned that administrative facilities such as office, quarters and
leberatories will be ¢onstructed in parallel with the engineering works

for the first phase.

The procuremeht'bf construction machinefy, pump equipﬁent.aqd con—
strucfion meterials for the first phase will be started in August 1979
in due consideration of the anticipated manufacturing ﬁnd delivery:terms.
Land acquisition should be made before the_commencemeﬁf of the main‘civil

works,

2)  Major consbruction works

The construction of polder dike, main drainage canal and feeder
channels for Phase-1 will be initiated concurrently from ihefmiddle of
April 1980 when the area will have been dried from the flooding. B
bankment materials for the poider dike are mainly employed from ékcﬁvated
matgrials of drainage canal and feeder channel. The dike will be com-
pleted within 5 moﬁths. The earth works will be carried out ﬁainly-by

bulldozers, backhoes, excavators.

As soon as the major works of polder.dike were finished, the con-
gtruction of main irrigation canal and main drainagé canal will be

commenced and followed by drainage leterals, main road and farm roads.

XI -2




The works for msin irrigation cdnai‘and laterals for fi;st phase

will be completed by end of Februsry and March 1981 respectively, those

for the drainage laterals by snd of August 1981 and these for the main
and farm roads by end of April 1981,

Construction of foundation works for pumping station for the first
phase scheme will be commenced in May 1980 and followed by building works.
Installation of pump equipment will be made after the delivery of the
equipment and it will be completed by the end of June 1981,

Phase 2, 3 and 4 will follow after the completion of Phase-]l under

a similar schedule as shown in Fig. 11.2 to 11.5.

3 gnfarm development works

: Onfarm works including works for onfarm irrigation ditches and
dralns, onfarm roads as well as land preparation will take critical

pass for the implementation so that the construction works will be, carr1ed
out continuously from the beginning, Msy 1980, to the completion of the
projéct, June 1986. Oﬂf&rm works for fifst phase wili be completed by

the end of December 1981.

After completion of the major civil works, the most of the earth
moving équipment will be transferred for the use in construction of on-
farm facilities for both Phase-3 and 4 which will be completed by the
end ‘of June 1986 accordingly.

4)  Processing and storage facilities

Construétion'works of buildings for rice proceésing ﬁlant and
siorage f@r tHe fifét phase scheme will bé_st@rted from SeﬁtemberIIQBO.
Installation of rice mill equipment and other facilities will be made
after the completion of Buiidings and be c@mpletéd end of August 1981,

Those of Phase-2, 3 and 4 will bé.instnlled in stage wisge according to

the progress of major civil works.
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11.2 Construction juantitien, Materials wnd Bguipment - ' _g

The major construction quantities and materials required for the
construction works sre summarized in Table 11,3 and 11.4, The pumber
of major construction maéhinery tc be needed by contractors are roughly

estimated as listed in Table 11.5.

X1 -4



Table 11.1 Vorkable Deys for Dike Embankment

Beginning of Low End of Low Workable
Water Season Water Season Days
1976 Ath May 4th Aug. 92
75 23rd Apr. 6th Aug. 105
74 20th Apr. 5th Aug. 107
73 19th Apr. 8th Aug. 111
72 ~ 17th Apr. Tth Aug. 112
71 23rd Apr. 5th Aug. 104
70 22nd Apr. Tth Aug. 107
69 24th Apr, 31st Jun, 98
68 6th May 1st Aug. 87
67 - 6th May 5th Aug. -9
Average : 101

Note: Data on water surface fluctuation of the White Nile

during past ten years.
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Table 11.2 Workable Days for Barth-moving Works

Conditions for Estimate

1) Daily rainfall (mm) Owd 5-15 16-30 Over 31

2} Duration of rainfall {day) : 0 0.1 0.1 0.3
3) . Waiting time after rainfall (day) 0 1.0 1.5 2.0

Estimation of Workable Days

1) Rainfall (Frequency/month)

Daily _ : ,
Rainfall J F M A M J J A S 0 N D Total
5 - 15 mm O 0O ¢ o 0 1 2 3 i 0 O 0 7

16 — 30 mm 6 0 o o 0O 0o 1 1 1 0 0 o 3

Over 31 mm o 0 0o 0O 0 0 1 1 0 0 0 0 2

2} Duration of

~rains {days) 0 O O O 0 0.10.60.70.2 0 0O O 1.6
3) Waiting
- time (day) 0.0 O O 0°'1.05.56.525 0 0 O 15.5
4) Duration of
suspention 0.0 0 0 0 1.16.17.227 0 0 O 17.1
{day) :
5) Fast month _ 28
{Ramadon)

6) Workable .
~days (day) 31 28 31 30 31 29 25 24 0O 31 30 31 321

Note: Workable days for concrete works are limitted to
260 days, excluding two nonths during the hottest
season (April-and May) .
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Table 11.3 Construction Quantities

Works

Clearing and strip?ing

Excavation common

‘Embankment

Backfilling
Concrete for structure
Concrete pPipe

Gate and hoist

Reinforcement bar

Laterite pavement

‘Land levelling

Installation of pump

Table 11.4 Construction Matefials

Ttem

Portland cement
Reinforcement bar
Structﬁral_steel
Gate and hoist
Gravél.For conerete

Sand for concrete

Laterite materials for road

Fuel

Lubricant

I -7

Unit

P.C.S.(50kg/p.c.s)

ton

ton

Quantitx'

4,600
14,047,000
13,538,000

54,000
19,900
13,720

360

1,530

551,000

3,900,000
14

Quantity
131, 600
1,530

110

360
17,900
9,000
551,000
26,000
740
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19.
20.
21.
22,
23.
24,
25.

26.
27.
28.
29.
30.
31.
32.

oI SRR T, N S WV R

Table 11.5  Construction Machinery

Machinery
Buildogzer
1

1"

Rake dozer
Backhoe

"

Tractor shovel
1t
PBragline
t
Clamshell
Motor ecriper

[}

Motor grader

n

Type roller
" .
Crawler crane
Diesel hummer
fruck crane
"
Concrete plant
Agpgregate plant
Screening plant
Agitator'truck
n
Dump truck
Ordinafy truck
n
Fuel tanker
Grease car

Vater tanker.

XI - 8

Bescrigtion

21
15

11
1]

10

ton

1

t.on

Required Number

20
10
2
.
18
12
10
8
20
10
i
3
10
5

i
o
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e
o O oM

R RN
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Machinery : Description Regquired Number
Generator with diesel engine - 5
Drainage pump . - 10
Miscellaneous equipment L.S.

{Welder, Concrete mixer, Concrete vibrator,

Compresser, etc.)

T -9



Fig . 11.1 Implementation Schedule . for ~ Whole Project
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XII AGRICULTURAL DEVELOPMENT PLAN

12,1 Propossd Land Use Plan

Baned upen the resulis of soil survey sand land capability clase
sification {Hefer to Annex V), the projeet area is selectsd out of

the total survey &rea.

Thus, the land graded at Class 52 (Moderately suitable land) with
area of 13,180 ha (31,400 Feddans) and the land graded at Class S3
(Marginally suitable land) with sraa of 3,920 ha (9,300 Feddans) are
demarcated as the net irrigabls area whose total area amounts to
15,600 ha {37,100 Feddans). Besides, the partial lands of Cless S2 and
Class S3 with {total area of 1,500 ha (3,600 ?eddans) are allocated for
the installation site of flood control, irrigation and druinagé, road,

vind-break and other facilities.

Then, the project ares is totaled to 17,100 ha (40,700 Peddans),
and the land graded at Class N1 (Currently unsuitable land) and the
land graded at Sc (Condition;lly suittble.land) with totaled ares of

- - 2,900 ha (6,900 Feddans) are excluded from the project ares.-

The proposed land use plan is shown as follows,

Proposed Lsnd Use Plan

Kind of Land Use Ares Proportional
_ {(ha) Extent |%)

Preject Area .
Net irrigable land 15,600 78.0

Site for major instaii@tion _ _ 400 | 2.0
Site for on-farm installation 1,100 5.5
{Sub-total) (17,100) (85.5)
0ff-Project Area 2,900 14,5
Total Survey Area ' ' 20,000 ' 100.0

12,2 Proposed Cropping Pattern

As for the présent rice cultivation in the Sudan, only one cropping on

‘& year is being conducted during the season from July to November.

Xi1 -1



In the objective area, it is generally accepted that the rice can grow
" throughout the year, although some of the climatic¢ constraints, such.
as low relative humidity and low itemperature in the winter season, etc.,

will disturb its favorable growih.

Taking into account the local cllmate, phys1olog1cal character15t1cs
of rice along with irrigation farming practlces, three alternative croPm
ping patterns are prepared as shown in Fig. 12.1. Among the alternatives,
alternative I is single cropping in the flood season on a year. While,

cropping pattern II and III are of double cropping of rice on a year.

12.2.1 Alternative Plan

1) Alternative'l-

Alternatlve Iis the cr0pp1ng pattern which 1s prepared malnly
in due consideration of cost saving for 1rr1gat10n practice. In order
to successfully 1rr1gate by gravity system, the croppxng pattern is
set up in the flood season from mid-September. to n1d—Apr11 In
this cropplng pattern, it is unavoidable that rice is grown in the cool

winter season especially in December and January. Consequently, the

growing period of rice will become longer than usual.

As for the rice cultivation in the coal winter season, one trial
- was made in 1973/'74 at Ed Dueim, where the soil and eco-climatic con-
ditions are very similar to those of the objective area, by the Agrl—
cultural-Serv1ce Office, White Nile Province. In this trial, some 17
variatiés'dfréfrains of rice, which introduced from the International
Rice Researchzlnstitute'(IRRI) in Philippines, were planted. ; .
In this trial cultivation, IR-8 and IR-5 varieties'ﬁere:&ble'to E
ripen and to produce 4 tonq and 3 tons of y1eld per ha, respect1ve1y.
The other 15 varieties or streins, however, failed to rlpen or barely
rlpened and then, the ylelds vere lover than those of IR-8 and IR«S
The growlng period of ‘the said two varieties took for 180 days or ‘so

which is much longer thap-thgt'of the vearieties ordinarily grown.

According to the above results, it can be ekpected that the rice

cultivation in the cool winter season will become practicable to some

XIT = 2



extent by introduc¢ing such varieties as’ IR~8 and IR~5 or further suitabls

varieties having low photo-sensitivity.

2) Altermative II

- Alternative I1 is the cropping pattern in which two«time cultivation
of rice on a year is programmed. The first croﬁping is conéeptionglly same
to the pattern of the Alternative I, Following the first cropping, the
second cropping will be done during the hot éﬁmmer season.from May to

Septembor.

As for the second cultivation of rice by the annugl double cropping,
there are rather deep experiences in Gezira area where agronomical
conditions are similar to those of the objective area. In these ex-—
periences; it is_recpgnized that the growing conditions and yield of
rice are relatively normal, thoughithere a-i_'e some s'light disturbances
caused by high temperature and lowrﬁumidity at the initial stage of

rice growing.

According to the "Report on Rice Trial-Planting in Gezira Area

in 1973" by the Chinese technical working team, 5 varieties were used
for the trial cultivation conducted at the Agricultural Research Cooper-
ation and the yield ranged from 7.6 tons to 4.0 tons per ha, or 5.8

ton/ha on an average.

These results would be acceptable in the present project area in

general.

From irrigation engineering view point, gravity irrigation system
can be adopted for the first eropping, while pumping irrigation is
required for the second eropping. In this connection, some technical
difficulties caused by different.irrigation systems may limit the ir-
rigaﬁion efficiency. or it may be un@voidable 0 require expenséve in-

stallation of pumping facilities.

3) Alternative III

The Alternative III is the cropping pattern revised from the Al-

ternative IT on the bagis of the besgt results of_thé crop experiments

XI1 - 3



in the Sudan. - In this pattern, the coolest season of December and
January is left fallow from the cropping programme, in due consideration

of ill~effects on rice growing caused by low tempersture.

The first cropping is programmed after the coolest seagdﬁ from
February, and then, will be able to well ripen by early June. TFollow-
" ing the first cropping, the second'crdpping'will be operated during the
senson from July to November. In this cropping pattern, rice will be
gréwn uﬁder the most favourable climatic condifions, particulariy the
critical growing period, such as reduction division stage, flowering
stage and most active ripening stage may coincide with relativelv high

bumidity, rather mild air témperqture and éufficient sunshihe anergy.

According to the rice cultivation.trials.in the Gezira by’fhe
Chinése;technical.dorking’team in 1973, yield by the regular croppihg
in seasén, which is similar to the second cropping prefﬁred herein,
ranges between 4.0 and 7.6 tons/ha and the highest yield in 1976 attains
8.4 tons/ha. Yield by the second cropping is also confirmed at the
Surebaa_agricultural station in 1973 as the level of 6.6 tonsyha to
5.3 tons/ha.

Many f&rmers'aré-now-plaﬁting rice in Gezira, during the rainy sea-
son and the yield is estimated at 7.1 to 2.4 tons/ha . (3 tons to 1 ton
per Feddan) in general, and skillful farmers are said te produce more

than 6 tons pér ha in a wnormal year. -

Furthermore; as can be seen in Table 12. ] , the results of rice
cultivation trials at the project site condﬁcted by Japanese Team prove
that most varieties can produce more than 6 tons per ha, éxcepting
Japanese and Américan'varieties, and the prbductive_varieties Arc pas-

sible to'yield_Q tons per ha without difficulty.

There is no data available in the Sudaﬂ”concerniﬁg to'the’y@eid
by croppihg to be similar to the first cropping progrummé.' However,
it can be definitely forseen at 4.0 to.S.O tons per ha in yield on the
basis of the trial cultivation made in Nigeria where eco~climatic con--
ditions are quite similar to those in the growing period of the first

cropping.

X1y - 4




12.2.2 Rscommendable Cropping Pattern

Three alterndtive.cropping patterns and yield in each cropping

are gtudied mainly from the agronomic point of view.

In general, high temperature and low relative humidity sometimes
tend to exert unfavourable effect on the reproductive growth of rice,
resﬁlting in a decrease of the percentage of ripened grains and con--
sequently in a remarkable reduction of yield, and an instance of which
is shown in Pig. 12.2. It can generally be pointed out that the maxi-
mum temperature in May and June is rather hlgh over the upper limit of
temperature regime for favourabié growth of rice and felative humidity
is very low except for the period of July to October, ﬁs shown in
Pig. 12.2 and Table 12.2. The present rice cultivation in the Sudan
is, thevrefore, Mﬂétly practiced during the season from July to October

when relative humidity and temperature sre mild for rice growing.

¥Whereas, in the trial growing at BEd Dueim the said two varieties
ripened during March and April when the temperature was:quite high and
the humidity was at the lowest, and still they'prbduced 4 tons and 3
tonz per ha,°respectivé1y. Unfortunately, the stérility percenthge
was not observed in the trial growing, so the exact effect of too low
hum1d1ty and too high temperature on the ripening of rice grains could
hardly be clarified, but the ili-effects of too low humidity and too
high temperature did not appear to be exerted so serlously_on the ripen-
ing of these two vafieties as we estimated from the results of experi-
ments in phytétrons_uéing Japonica type varieties in Japan. There are,
: furthermore,:big varietal differences emong varieties in the tolerance
against too high temperature and too low humidity, which has already

been proved under natural conditions,

¥hen sultable varieties are used in the first cropping of the
Al‘bernatlve II, rice plants will be able ‘bo rlpen in April and May,
even though it is rather low hum1d1ty and very high alr-temperature
in this season. However, the maturation period will become So_long
a3 180 days or so due to the plant-stunt and cobl injuryICaused by
low temperature., In this case, more labour force for erop management
and more irrigation water will be required as compared with that in

the rice cultivation in other s2ea’3ons.
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In comparison with the cropping'programme in each alternative,
prospective maturation period and crop yield are foreseen in the s
followings: ' : ' é%;

Prospective Maturation Period and Yield

Cropping pattern Maturation'period ' Crop. yield
(days) {(ton/ha)
“ Alternative T 180 ' 4.0

Alternative 11
1st cropping 180 ' 4.0
2nd cropping 120 5.5

Alternative III
l1st cropping 110 4.0
2nd cropping 135 _ . 6.0

In due consideration of the agronomic constraints, crop yield
as discussed in the above and the results of the eéonomic'examination

stated in the Annex X , the cropping pattern of the alternative III

o

is recommended on the future production programme in the objective'area.

"12.3 Selection of Variety

Serutinizing the data obtained from the experiments in the Agri-
cultural Research Corporation in Gezira ahd.ﬁiée Trial-Planting in
Gezira by the Chinese techmical working team, and further referring
to the results of variety trial in the project site conducfed by the
Japanese team and those of variety tests conducted by the Nippon Koe:
team in the pilot farm in Nigeris, the following varieties are selected
as recommendable varieties to the projeet area for the present. ‘These
varieties w111 be re-examined for further selectlon and be confirmed,
and moreover, other 1mproved v&r1etles will’ be newly introduced in

future through the experlments 1n the. prOJect site.

IR-28, Tos-103,  C=l11, C=-15, IR=-22, 1IR-5; IR-298, BG-34
BG-90, IR-8, C=6.
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12,4 Proposed Farming Practices

In the rice cultivation recommended in the future crop productibn
programe, full mechanized farming is proposed in due consideration of
the very hard soil conditiohs, suitability of rice for mechanical farm

operation, necessity of labour force saving, etc.

12.4,1 Land Preparation

At the beginning of January, 1gnd preparation vwill be started by
the use of tractor with mounted disc plough having 4 bottoms in regu~
lar, The pre~irrigation will be practiced to edvance the ploughing.
In this.ﬁork, some crawler type tractor will be also required in cer-

tain extent where the soils are very hardly consolidated.

Harfowing will be required at least twice after the ploughing
in order to make the land levelling. Disc harrow attached to the
tractor will be used fdr this practice., The crawler type tractof
with dozer brande.will'be helpful for this work, particulariy in the
area where the soils are véry hardly éonsolidated; In this work sched-
ule, the rice straw.will be incorporated into the soil for improving

the s0il conditions.

_ Following the harrowing works, temporary ridges wiii be prepared
by the use of ridger and will divide the field plot into 2 or 3 small
sﬁb—plots, in order to achieve final land levelling for contfibuting
to better water management and protection of young seedlings against

" wavelets.

Applicétion of the basic fertilizers will be practiced by the use
of broadcaster atfached.to the tracfor. After the basic fertilizaﬁibn,
rotar - harrowing by rotarvaﬁor and/or finnl land Ievellihg.by land
leveller will be carried out fqr'prepafation of the ‘good seed bed.
This ig very important practice particdlarly 40 ensure noi only a good
water spreading but alég to promote the uniform germination of seeds

as well as the growing of small seedlings.

As.for'ﬁhe second cropping of rice, the land preparation will be
carried out immediately after the hafvesting of the first crop. All
the practices except appiication of rice straw are same as the programme

on the first crop mentioned above.
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12.4.2 Seeding

At.preseﬁt theré are three types of rice cultivation methods
broadly characterlzed by the seeding practlce. One is the ord1nary
tranaplantlng method in which seedllngs ara prepared at the nursery
bed and thereafter are transplanted into the main field. ThlS method
is being widely'practiced in the world and it is generally accepted
that the yield can be expected hlgher as compared with that of the
direct sowing method, particularly in poor fleld condltlons, while &
large labour force is required for the transplanting of seedllngs.
Recently, transplanting mgéhinary.(sc—called transplanter} have been
developed in Japan and being popular among farmers. However, those

still have a narrow suitability with the field conditions.

The gecond is also the transplantlng method which has been re—
cently developed in Japan., Seedlings are prepared by the use of seed-
ling boxes and thereafter those seedlings are broadcasted at randam
spaces. In this method, labor requirement for transplanting is saved
substantially and'yield can be expected more than that by transplanting

method. However, it will reqdire rather.big initial investment for

preparation of scedling boxes.

The third is the direct seeding method. This method can be easily
mechanized with shorter labor requirement than others. While, it is
reguired to pfepate the.land 1evéling.with.more Tigorous condit{oﬁs
as compared with that for others. The yield by this method is less
than others in general, but it can be expected nearly as same as others
only when germination of seeds is successfully achieved, weeds are well

‘controlled and leodging of.plants is nicely prevented.

Generally, the following seeding methods are practicéd'depending

on the soil and field conditiops.

1) Drill seeding on dry field conditions,
2) Broadeasting of seeds on dry field conditions, and

3) Broadcasting of seeds uﬁder Submarged field conditions.

The method 3) is not recommendable in the'objecﬁi?e‘aréa, in due con- .

sideration of the s6il conmditions, The seed germination will bé largely &
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5

regtricted by clay coéting in case of the method 3).due to vefy.fine

clayey soils in the objective area, Besides, under submerged conditions,

trafficability and workability o f faym machinery will be low in éfficiency
and in certain extent, it will be diffiéult to use the mechinery, because
the ground contect pressure decrease at less than 3 kg/cmz, according to

our field observation.

The following are the summary of comparison on the different con-

ditions in each method.

Defferent Conditions in Each Method

Planting methods _ Labor _ : Field prepara— Yield
requirement.ﬁl tion cost '
(mandey/ha) - {Us$/ha) :

Ordinary trans-—
planting method 60 13,00 6.0

Transplanting method
with broasdcastable
seedlings = _ 20 13.00 6.0

Direct seeding
me thod : 1 15.00 5.0

Taking into account the merits and demerits as seen in the above
table, the direct seeding method in the dry field is mainly proposed in
this preduction progremme, but in some cases broadcast transplanting

method is also recommendable,

Operation of seeding practice is that the seeds will be sown in shal-
low:depthrby the use of seeder (wide level disc harrow with seeder) ate
tached to the tractor. The seeding rate will he at 80 kg/ha. Prior to
the seeding, seeds will be selected by a Salt—solution with 1.13-specific

gravity snd then treated by e chemical (Benrate) to control diseases,

The seeds used in this_progr@mme[wiil be prepared_thrpugh seed multi-
plication programme. to be.proceeded:in the pilot farm which might be in-

plemented soon nearby the Project aresa.

/1 : Labor requirement is only for initial stage of rice cultiva-
tion i.e. land preparation, seed preparation and transplant-
ing or seeding. '

/2 : Cost excludes depreciation cost of farm machinery.
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12.4.3 Water Control and Management

After the seeding, operation of irrigation will be started and it will

S
i

be continued until 10 days before harvesting. Regarding the irrigation
operation, the following water control and management will be properly

practieed with the growth of rice piénts.

1) Sprouting stage

As stated in the sub-chapter 12.4.2, germination of seeds will be
largely restricted under submarged conditions. Thus, at this growing
stage, the irrigation water will be applied only for sustaining the
s0il moisture at the field capacity or little over in level. In the
second cropping, when rain-water is stagnant on the soil surface at this

stage, it should be drained out comﬁletely'from the nursery field.

2} JYoung seedling stage

. In order to ensure the successful establishment of seedlings, it
vill be necessary to keep the'nursery field with only saturated moisture
in soil or little less and this conditions will be continued until the

plant-age of 4 to 5 which is-expresséd by the leaf-number on the main

5
ke

stem. PEven in this stage, if seedlings are completely submerged, they
are seriously damaged. Therefore, an excessive, irrigation vater and/or
rain-water should be elminated, as soon as possible, from the field.

3) _Active tillering stage

At thié stage, shallowly ﬁatef—logged'condition is required to
effectively increase the number of tillers, and it élso serves for
contrqllihg weéds. During ithe period from the stage of last emergence
_of bearing tillers to the stage of spikelet differentiation which roughly
corresponds to 40 days to 27 days before heading, the water will drained
ovut completely. This practise is called as "Mid-Season drying practice", and 1t
is quite useful especially in ill-drained fields for controlling the non-
bearing tillers and réductivé soil conditions, but also increasing the

resistance in ledging of plants and the percentage of ripened grainﬁ.-

XII - 10



4) Spikelet initiation stage to full ripening stage.

After finishing "Mid-Sepson dryiﬁg:practice“,‘th§-watering will start
again and the field will consecutively be flooded until the Pfull head-
ing stage buf upon occesion vwater is also drained out for 2 or 3 days,
at intervals of 10 days for encouraging the root mctivity. When rice

. plants attain to maturity and 10th day before harvest, all the water
will be drained out from the field for facilitutingrthe operation of

combine harvesters.

12.4.4 Fertilization

As recommended in the Annex V, proper applicatibn of fertilizers
is essential for the realization of the agricultural potential in the
objective area. Accerding to the results of the detailed s0il chem-

| ical analyses, the nutrients necéssary for proper rice productidn are
no% alwéys sufficienfly contained in the soil. Accordingly some nit-
rogen and phosphorus and organic components‘are necessary to be supple~

Iﬂentﬂd .

On the basis of the chemical propertiés bf sdi1s, requirement of
nitrogen and phosphate is estimated at‘about 70 kg/ha of N and 35 kg/ha
of Pyl for the first cropping and 90 to 95 kg/ha of N and 45 kg/ha of

P205 for the second cropping. These are respectively corresponding
to about 150 kg/ha of urea and 75 kg/ha of triple-supper phosphate
(T.5.P.) for the first cropping and 200 kg/ha of urea and 100 kg/ha
of T.5.P. for the second cropping. According to the results of the
dosdge fest méde in Gezira, good response on these fertilizers is

clarified technically and economically.

In addition o the above, some 5 to 10 tons/ha of rice straw will
be applied into the soil not only for improving the physical conditions
of $0ils but also for supplying the nitrogen, humus and other minor

elements in the soils.

As for the soil fertilization particularly by urea, split-applica-
tion method is recommended, because its effective response will be largely

ristricted by diammonification due to alkali-soils in.the objective area.
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Out of the total doéage of fertilizers, about one third of urea

and all the T.S.P. will be applied ns the basic fertilizer. Applica-

tion of these is done by the use of broadecaster, and thereanfier, these
ave effectively mixed with soils by the practice of rotérnharrowing as

degcribed in the above.

In the first cfopping, the first top-~dressing of urea will be ap=-
plied with about 30 kg/ha just before the most active fillering stage
(30 days after the seediﬁg), and théieufter, the second with about 45
kg/ha just before the most active reduction division stage (20 days
before heading, 70 days after the seeding) and the third with about
30 kg/ha at the full heading stage (90 days after the seeding).

Similérly, the secoﬁd erop will grow under split—fertiliz&tion-by
urea, respectively, of 40 kgfha jﬁst before the ﬁost active tillering
stage, 60 kg/ha just before the reduction division stage and 40 kg/ha
at the full heading stage.

The applicatton of these wrea will be done by the use of power

dusters with 40 m léng of pipe applicaters.

7§
=L

The yieid of rice straw can be expected at about 5 tons/ha in the
first cropping and at about 7.5 tons/ha in thé second croppiﬁg. Out
of the total_prbduction of rice straw, some 5 to 10 tons/hn #ill be
returned into the soils and the remaining straw will be able to use

for enimal grazing as a kind of quority hay.

12.4.5 Plant'Proﬂection

'According to the experience in the rice cultivation in Gezira; no
remarkable damage is observed, at present, Hoﬁever,.owing to the certain
enlargement of rice production programme and continuous rice cultivation,
insect, disesses and other pests will difinitly develop and iﬁcrease
damages in the Puture. Therefore, the plant protection schedule must
be providéd in fhis rice production programme. For this purpose, about
30 Rg/ha eaéh of insecticides and fungicides arc estimated in thé res-~

pective crop season,
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12.4.6 ¥eeding

A production decrease caused by weeds is the most serious obstruc~
tion in the rice cultivation in general. Particularly the rice produc—
tion by direct sowing methods is seriously affected due to far difficulty
on the mechanical weed control. In this production programme, therefore,
 chemical weed control will be introduced, taking into account the availe
ability of labour force and the effective farm operation. The harbicides
will be applied at about 30 kg/ha just after the seeding and bhe second
application vith 30 kg/ha for abéut 30 days after the seeding. In the
application of herbicides, Chemical'toxicity against fishes, animals and
also human-being is carefully taking into consideration, and then, harm-
1335 varieties of chemiéals sugh.as MO, X-5-2, SWEP and SATURN will be
selected and introduced. The harbicides will be aﬁblied by the power

d&éters with same practice of fertilizer application.

12.4.7 Harvestihg

_ Harvesting of rice will be conducted by the rice combine harvesters
" with 4.0 - 4.5 m cutting width and helf crawler type wheels. Prior to
the harvesting, the field will be drained up completely. '

The 1st croﬁ will be harveste&.in June and the 2nd crop in the
middle of November to middle of.December. The optimum time of harvest-
'ing in each c¢rop will carefully be decided in ordér to aveoid grain,los~
ses by lodging, shattering and spoil of the grains due to the clack

(sun check} etc,

In the harvesting, rice straw will also cut down by the straw

. chopper attached to the combine harvester.

Details of the farm input requirement is summarized in Table 12:3
and detailed application schedule is presented in Table 12.4 and Table
12.5. The selection of ithe type of farm maehinefy'to'be used for this '
production programms will be made upon due consideration of the local
climate, soil conditions-in'thé objective area and the proposed works
ﬁnd thogse prectices. Detailed’study on the farm mechinery will be
stated in the Ampnex XITI. R ' ' ‘
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12,5 Anticipated Rice Production

As discusscd in 13,2, Alternative Cropping Pattern target yieid 3§
of rice will be estimated at 4 tons/ha by the first cropping and 6 tons/ *
ha by the second cropping. With the implementation of the project, the
anticipated rice production will increase year after year through improved

field conditions and farming techniques.

The first crop will grow in the hot dry season. The rice cultiva-
tion in this scason has never been commonly conducted in the Sudaﬁ ma i -
ly due to fhe availability of irrigation water. So far as we are avare,
only one cultivation trials on the hot dry-season cropping have been
conducted so far in this district. Io this trials, some of the varieties
showed rather high potential on the productivity ranging pretty good yield
of 3 tons/ha and 4 tons/ba. From the results, it can be safely estimated
that.if more suitable vafieties are selected and prow with proper iriiga—
tion, the yield of 4 tons/ha will successfully be obtained even in the
initial stage of the development. Besides, this anticipated yield would
be able to confirm by the yields of the first cropping which had been

operated in our pilot farm in Nigeria, whose season and duration of crop

growing vere quite same as in this case.. For instance, some 4.5 tons to
5.5 tons/ha were constantly obtained by using the varieties of IR-28 and

T05-103, whoéé maturation period are.for 100 1o 110 days.

The socond crop will grow malnly in the rainy season. It is very
mlld climate for the critical grow1ny stape of TlCP, i.e. reduction
d1v151un, flowerlng and dctive r1ppn1ng. Tho most of experiences on
rice cu1t1vat10n in Sudan is, therefore, hexng concentratod in thrs

season and the ylelds ranged between 4 tons and 7.6 tons/ha are harvestcd

in elther trial cu1t1v3t10n or commerc1al basis. In case of ‘the trial
cﬁltivatidn with C~6 in Gezire, estimated yield.of 8.3 tons/ha has
‘been reéorted. 1t is sujested. that if mofe advanced farming tech-
nigues and sclected varieties will be intréduced; mére than & tons/ha
of yield can be expected on this crop season. Some 6 tons/ha as the

prospective yield herein estimated will be conservative.

On the basis of the cstimation of the anticipated rice yield, and .
also estimation of the construction schedule, total rice production at ﬁg.

the full development stage is foreseen as below:
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.Tract

Rice Production at Pull Davelopment Stage

11
11
1T
Iv

Total

e

Phase

Wi N R e

Planted
ATea

Aha)
3,000
3,200

3,200
3,000
3,200

15,600

Hervested Paddy

1st Crop
{ton)
12,000
12,800
12,800
12,000
12,800

62,400
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2nd Crop Total

(ton) {ton)
18,000 30,000
19,200 32,000
15,200 32,000
18,000 30,000
19,200 32,000
93,600

156,000




Table 12,1 Resulls of Rice Cultivalion Trials in the lroject Site (1977)

Sowing Hesding  Maturity  Panicle  Culm No. of o, ol Ko, of F";"'_E."" “ :li‘w"r Yield
Trisls dute date dute langth length panicles  grainx graing ut sipene Y ———— —
. sor hill sr panjele 1T ¢ pruins graiug Ton/ha Ton/fed

- {can} {en) v per ¢ S (xloou} (%) /

1. Cullivation Method Trisl (Varioty used; [H-298-12-1.3.1.)

Direct sowing (Drilling} Jun. 23 Sep. 21 ook, 19 3.2 5 w.e 122 13.0 83 19.6 7.0 2.9
Direct soving [Aroad casting) Jun. 2} Sep. 21 oct. 19 .6 69 - 99 34.9 B4 19.8 5.8 2.4
Transplanting [regutar) dun. 15 Sep, 21 Bat. 0 w2 69 12.6 150 1.9 90 19.9 7.5 1.2
Teansplanting Broud cast) Jun. 15 Sep. 15 Qi 4T 2.4 71 11.1 120 ' H. 3 0. 1.9 L3

2. Muriety Trial

Fujiminori (Japan) Jun. 7 Aug. 15 Sep. 9 213 72 14,5 73 25.1 78 ’ 2.5 4.8 2.0
Re i Clapand w7 Aug, 22 Sep. 9 0.3 B ) 15.1 i3 . 25.1 82 2.7 5.3 .2
Toyenishiki (Jopan) T gun. 7 Aug. 22 Sep. 9 8.6 &3 16.1 56 3.3 a 26.1 5.6 2.3
Kogunerishiki (fapan) dul T Aug. 3 Sep. 1 6.5 53 1.2 10 8.0 73 20.6 1.2 o.5
Asominori  (Jopan} Jun. T Aug. 1 Frp. L 16.3 32 12.6 16 2.8 73 3.6 c.9
Toitsu (Koren} Jun. T Sep. 4 Uct. 8 21.8 55 14,5 114 . 7.0 33 2.4 7.5 3.2
Taiclkung-65 {Taiwen) Jun. 7 Aug. 28 Get. 3 217 a3 0.7 93 23.2 56 5.6 5.1 2.1
Taichuikadyn {(Taivan) Jun. 7 Aug. 2T et. 35 20.% 71 12.5 150 EEN| 69 n.o 7.0 z.9
Dovn (U.5.4.) June 7 Aug. 28 oel. 11 7.0 2] 3.2 298 4.3 63 0.3 4.5 1.9
Blue Boanel (U.5.A.} Jun. 7 Sep. 12 et 17 76.8 87 1.6 199 20.3 79 2.4 3.4 15
Dasmati (U.B.A.) Jun. 20 Sep. 15 Oct. 1t 7.2 T o9 122 10} 8.6 7 0.0 4.z &
Covad Mali {U.5.4.) Jun. 20 Oct. 14 7.6 114

IR-127 [Philippincal Jun. 7 Sep. 4 Cet. 1% 23.1 68 [N 133 52.0 70 15.6 6.8 2.9
1B-2493-12-i. 1.k, {Fhilippines) .

(Broudeast transplanting) Jun. 13 Sep. 15 Gei, 1T 22,4 T4 BL1 e ] 885 0.0 7.9 3.3
Th-3" {Philippines} . .

[Broadessl Lranspianting) Jun. 15 Sep. A Det. 12 23.0 E_,O 15,4 9y 35.6 &7 23.6 T.3 3.1
18-2053  [Philippinas) Jun. 15 Sep. 21 0et, 20 247 66 11.8 17 - 8.4 77 3.9 6.8 2.9
1B-22 (Thilippises} Jun, 13 Sep. 21 Cct. 1§ 2:.8 59 173 20 3.7 a8 2.1 6.3 2.9
1#-2133  (Fhilippines) Jun. 15 Sep. 37 dct. 1B 3 3L 62 20.0 73 13.3 86 2.0 6.3 2.7
Te-i514  (Phitippines) Jua. 15 Sep. 24 oct. 22 24,1 b2 20.0 126 36.0 74 8.1 7.5 3.2
1R-t561 (Philippines) Jun. 13 Sep. 9 Oet, 12 230 53 220 91 1.4 Y 1.1 7.7 3.2
1-298-12-1.1.1. {Philippines) Jun. 15 Sep, 2% Cot. 22 22.2 G2 2.4 150 EHALS 0 19.9 T.3 3.2
1R-20 irzxilippixxes) Jun, 20 Bap. 27 Oct. 22 6.0 01 3.9 1t 15.0 T4 19.1 6.7 2.
19-3  {Philippines) Jom. 20 Sap. 28 Naw. 1 23.0 58 1.3 - 6.8 B.T 1.7
£a11  (China} Jus. 15 Awg. 27 Oct. 2 az.y 56 15.7 88 0.t 1 4.8 6.3 N
€-15%  (Chinx)

{broedcast trensplanting) Jun. 13 Sep. 1} Oct. 15 237 23 16.45 128 496 90 2.4 9.¢ 3.8
B-34-8  {&ri lanka) Jun. 20 Sep. 9 Det. B 235 66 0.2 159 43 7 1.9 . 6.6 2.8
BG-34-8 {Sri Lanka) Ful. 7 Sew. 25 Get. 30 79 12.0 81 2.7 8.0 3.4
SIM-1B [Surinus) Jun. T Sep. 4 Bot. il 23.6 77 i1.6 55 15.8 #) 35.2 5.3 2.3
Native Variety {Nigeria) Jul. 7 ot 8 18 .

IR-298-12-1.1.1. Jub. T det. 4 8 - 16.9 80 8.7 (] 3.4
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Table 12.2 Temperature and Humidity Conditions

I, Temperature (OC)
JAN, FEB. MAR. APR, MAY JUN. JUL. AUG. SEP. OCT. NOV. DEC. Mean

Khartoum  22.5 23.8 27,2 30.7 33,1 33.3 30.8 29.4 30.9 31.4 27.5 23.7 28.7
Enugu 26.8 28.0 28,9 28.7 27.1 27.1 26.2 25.8 25.7 26.3 27.1 26.3 26.8
Kumagaya 2.8 3.5 6.6 12.3 17.0 20.7 24.6 25.8 21.7 15.7 10.3 5.2 13.9

1T. Relative Humidity (%)

Khartoum 31 26 20 19 24 28 34 56 47 31 31 34 32
Enugu 63 62 71 75 78 80 80 81 84 77T 66 73 174
Kumagaya 59 58 61 .68 74 79 83 82 82 79 72 64 72

Note: Enugu'is in Nigeria, in the neighborhood of Enugu Nippon Koei Co.
is now establishing a pilot farm having an area of 1,000 ha, and
Kumagaya is located near Tokyo.

o
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Table 12.3 DProposed Farm Input

Crop Inputs Quantity Amount _ Amount
- (Kg/ha)} {tons /400 ha)} {tons/15,600 ha)

" 1st crop (Feb., — Jan.) *
~ Seeds . 80 - 32 1,248

— Urea - 150 60 _ 2,340
~ Triple-super phosphate 75 30 1,170
- Fungicideil 0.1 0.04 1.56
- Insecticides 30 - 12 : 168
~ Rice strow 2,500 1:,000 39,000

2nd erop (Jul. -~ Nov.) _
- Seeds _ _ 80 32 ‘ 1,248

-~ Urea 200 80 3,120
-~ Triple-super phosphate 100 10 . 1,560
- Fungicidest! 0.1 0.04 1.56
- Fungicidés' 30 ' 12 468
— Insecticides 30 ' 12 468
~ Herbicides’ 30 12 468
~ Rice strow 5,000 2,000 78,000

/1: to be used for seed treatment.
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Table 12.4 Rice.Growing'Stugesg Farming Praciices
and Timing of Works Required by the Stages
{1st cropping)
Sowin Max. tiller number
g Stage Spikelet
L : ' dlfferentlatlon st&ge
Growing Stagel_ _ppeeo_o. S U e S S ]
Sprouting Most Neclt Bootlng Headlng Full ripening
active nodo {(Reductive
tiller- differ— division stage)
ing entiation
Leaf Number 30--40 16478 8890 190
index
Farm operation .
(2)(4)(6). A , L .
(OGN (9) (10} (1)(rz2) (13)
(8)
. Major ..
Farm Operation Equioment Farm Inputs Timing
' qupme {(days before or
after seeding)
(1) plowing Dsic plough - —-45
(2) 1st harfnwihg Offset disc harrow - 45
" (3) 2nd harrowing — do - _ 15
{4) Basic fertilizing Urea: SO kg/ha -12
' T.S.P.: 75 kg/ha
{(5) . Rotorvating Rotorvater - ~10
{6) ‘Ridging _Ridzer - -7
(7) Tinal levelling Grader - -5
(8) ‘Seeding Drill seeder Seeds: 80 kg/ha 0
{9) 2nd fertilizing Power duster Urea: 30 kg/ha +30
(10) 3rd fertilizing - do - Urea: 45 kg/ha +55
{11} Plant protection - do - Insecticides: 30 kg/ha +65
{12} 4th fertilizing - do - Urea: 30 kg/ha +80
(13) Harvesting Combine harvester - +110



Table 12.5

Rice Gfowing.Stages, Fﬁrming Practices
and Timing of Works Required by the Stages

i

(2nd cropping)

Max. tiller number

index

Sowing Stage _
Growing Stage e qepoem—mn ety : Serlﬁt dﬁffgrenﬂlﬂfEﬂljiﬁﬂﬂiq )
' Sprouting Most ~  Neck-node Boot- ‘Heading ~  Tull ripening
dctive differen-  ing
tiller—- tiation (Reductlive
ing " division stage)
"Leaf Number . 30-40 76-78 88790 1QO
- FFarm operaiions
H{2)(4) (6} : e : —t % |
(1)) G799 (10) (11) (12)(13) (14) (16)
o . Ma jor N .
] ! ; T
Farm Qperatlon Eauinment Farm Inputs iming

(1)
(2)
(3)

(4)

(5)
(6)
(7)
(8)

(9)

(10}
(11}
(12)

(13)

(14)
(15)

Plowing

1st harrowing

2nd hérrowing

Basic fertilizing

Rotarvating
Ridgihg

Fiﬁal levelling
Seediﬁg

Weeding o
2nd fertilizing
st protection
3rd:ferfi1izing '
2nd protectioﬁ
4th fertilizing

Harvesting

Disc. pldugh
Offéet'disc harrow
- do —

Broadcaster

thafvater
Ridger
‘Grader

Drill seeder

Poﬁer:duster
" do -
- do -
- qo'_
—.do —
— do -

Combine harvester

X1 - 20

(days before or
after seeding)

Urea: 60 kg/ha
T.S.P.: 75 kg/ha

Fungicides: '1 kg/ﬁa
Seeds: 80 kg/ha

Herbicides: 30 kg/ha
Urea: 40 kg/ha
Fﬁgicides: 30 kg/ha
Urea: 60 kg/ha

Insecticides: 30 kg/ha

Urea: 40 kg/ha

~45.
—45

_45
42

=15
~10

+10
+40
+60
+70
+80
+100

L +135




Fig 12.1 Meteorological Conditions and Cropping:Pattern
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Fig 12, 2 Damages in the Reproductive Growth Period Caused by a
High Temperature Treatment
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Note: 1. The experimeni was conducted in a phytotron in Japan,

using & Japonica type variety.

2. Difféfent symbols in the figure indicate significant _
‘differences. between them, while identical symbols show no
significant difference with each other.

3.  Source: S . Matsushima's "Crop Science in Rice" pp.180.
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XII1 AGRICULTURAL MECHANIZATION

13.1 Soil aﬁd Parming Conditions

13.1.1 Soil Condition

The soils in the project area are very deep, cracking, selfmmﬁlting
with high~water holding capacities but low permeabilities. Under dry
conditions, the soils are hard and deep cracks permit very rdbid initial
intake of water. When wet, however, the sdils swell and seal the cracks,

become very sticky and almost impermeable.

They can be effectively cultivated only when their moisture content
is within a nerrow range and cultivgtion under irrigation required special

skills and careful water management.

Very fine clayey soil is another constraint on the seed germination,
As shown in Table 13.1, the germination of seeds will be seriously re~
stricted by clay coating under submerged conditions due to the soils

having high_swélling characteristies.

13.1.2 Ground Contact Pressure

According to the test results.on the ground contact prQSSure'in.the
ekis£ing soil cphditions in the project area, cone resistance values at
five testihg_pqihts are at more than 5 kg/cmz in dépth of 50 em of soil
prdfile,. Tﬁis_conaitions indicate'that even the heavy'machinery can
intkoduce into thquroposed hechanizatidn progrémme, su0cessfuliy.

Under submergéd ébnditions, however, the g%oﬁnd'contact'pressure de--
crease at less than 3 kg/cmz. In this cohdition, traficability and
workability will become low in efficiency, and sometimes, it will be

difficult to use machinery.

Through the experiences in Malaysia, where is distributed by -

‘alluvial soil group with same characteristies as in the project area,

the submerged soils will be get more than 5 kg/cm2 after 7 or 10 days
of draining up the paddy field.
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