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ABSTRACT

Agricuitural water management systenr aims (o provide ¢rop water requirements o sustain
optimum yield. Some of the factors influencing oplimum “wrdp vield are drainage design
parameterss in water logged soils. Hence, the impact of drainage design parameters on optimim
crop yield was examined. ield experimentation was for 12.weeks which includes land preparation
nlasting to maturity of Corchorus olitorius {t wedw’) on' a poorly drained sandy loam tonsoll of
Mationa! Horticultural Reseorch institute ibadan ‘fadamao’ field. Hourly rainfoll ond doily minimum
y

uram termperature data for 32 vearsi{(1963- 1994] for Ibadan was obtained from Nigerian
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(
Meteorological “tation as DRAINMOD input data. Aluminum draincge pipes at 110 oo droin
spacing, 60 cm dramn depth and effective radius of 5.08 cm was installed. Depth from dram to
restrictive layer was 204.3 cm_while drainage coefficient was 1.3 cm/day. Drainage system
ndrameters, such as drain spating, draim depth, effective drain pipe radius were varied and effects
on crop yield observed. Hield evaluation was conducted at 60 cm ond 110 em drain depth and’
spacing respectively, apd relative crop yield of 35.60% was observed. Predicted results showed
that peak values of simulated relative yield of 36.39% was attained ot 40 cm, 45 cm, and 55 ¢m
drain depth, (17/?!‘“,/71111(1‘//)(] to 120 cm, 115 crand 109 cm spacing respectively when dram depth

wos voed with dram spacing at constaat drain pipe effective rodius. it was concluded that f land

availabiiity s Baviting and there s avaidabidity of cheap labouwr typicai o} develioping counltries. drain
depth ofhs cmy, and drain spacing of 105 cm and droinage pipe effective radius of 2.54 cm (1.0 1
inch pipel cortesponds with the optimum yield of Corchorus olitorius. However, shorter drain

spacing requires more drainage pipes and land reformation; hence increase in production cost.
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INTRODUCTION

Piramage in agncultural land is needed to remove excess water fromgin onon
the soil. The design and management of drainapge systems to achievie Bath' crop
yield production and water gquality goals will be a challenging taskan thet coming
years (Luo et al, 2010). Methods for evaluating the efficacy ofwanotis drainage
design and management practices penerally include hield expeérimentation and
computer modeling. Both of these approaches are cnitigal to improve ous
understanding of which practices are most efficientUnder different conditions.
The need to have puidelines for drainage design.andowater management fos
different senls and climates has driven both thewesgenmental field research and
computer modeling (Wang et al, 20060 “Brevious studies emphasiza the
mmpaonance of drainage system layoub and wanagement 0 reducing water
quality impacts while satisfying agricultbral production requirements (Skaggs..
2007) Sail, being the medium for watér and solute movement and crop yield,
being the target of irngation and” drainage, makes both plant and sol
determinant factors in watef Management (Oosterbaan, 1997).

Few models are availablefor evaluation of drainage water management systems
for seils with natural.griinduced high water tables. DRAINMOD, a hydrologic
model which simulates the performance of drainage systems, is one of the most
widely used models developed specially for drainage applications [Singh et af,
2007; ale et ol 2009). Comparative studies have shown that DRAINMOD has
equal or better accuracy with greater efficiency than similar models, 5|.|;I1' as the
Agricultural Drainage and Pesticide Transport [ADAPT) and  Soil  Watei
infiltration and Movement [SWIM) models (Barkle et ol 1998; Sands ef al,
2002, Randall and Goss, 2008).

Surface and subsurface drainage improvements along with controlled drainage
and sub-irrigation can be considered by DRAINMOD. Simulations of 20 years o

mire enable system compansons over a range of weather scendanos
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DRAINMOD model has been updated a number of times o extend s
capabilities (Skagps et al, 1938; | ernar;ﬂez. et al, 1998; Vepraskas and Calwell,
A008; Kwon and Hudson, 2010]. The model conducts a water balance on a day
by day, hour-by-hour basis for a soil column exiending from the impermeaable
layer to the surface as observed in He et al. (2002). However, it was evident
from these preliminary analyses of DRAINMOD results that the modelis very
sensitive to tirming during the day in which the rainfall event ogcurs [Konyha et
al, 1988] Several objective tuncltions such as Working Days, Sum of §xcess
Water (SUW], Dry Days and Relative Yield are calculatef™m DRAINMOD to
ul_:.'mlth.l the performance of the system that was simllated {Skapgs, 1992) °
Three of these c:lh]ucli.ve functions were used in s Study. Stress due to high
water lables was guantified by the SEW30 value. W45 the summation of the
depth & water table encroachment to withined0€m of the surface expressed in
cm day. The most direct and meaningfubdway of testing the reliability of
DRAINMOD 15 1o compare model predictions with results measured in field
sitwations (Ciziker et ol 2004), “EH_L‘E,'thih study was carnied oul to simulate the
effects of va.wlng drainage syslem design parametefs to provide optimum crop
yield intropical ‘Fadama’ soilgin suutﬁ-weslem Migeria.

MATERIALS AND METHODS

dhe field experiment’was carried out at National Horticultural Research Institute
(MIHORT), badandMigeria. A 12 m =6 m plot waler-logged through irtigation
was used, dhefpodrly-drained sandy loam soil field had a 2% slope and the field
was ploughed dsing a disc plough. The field was then prepared iato ten beds,
cachooflim = Im = 0.2m dimensions, with 20 cm spacing between each bed
Sulpsequently, about 65 cm deep troughs were dug in the 20 cm spacing
between the beds, in order for the 11 drainage pipes to be laid  Afterwards,
thpehes of area BO cm = 45 cm =30 cm were dug at the tail end of each trough to

colleet the drainage water as shown in Figure 1.

Holes af Smm diameter were drlled along the length ol the pipe al
approxmately 61 cmontervals, making a total of 49 holes along the lengths of
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cach pipe, At each of the mine points along each pipe, fouwr hales were alsa
drilled across the crcumfberence at approximately 8mm spacing ljbln;’: a hand
drill. Cochorous olitorius, 'Ewedu’, was selected @s the grown crop due e its
ability to survive on waterlogged soils such as the ‘Fadama’ held; "apd also
because of its short maturity duration period.

The saturated hydraulic conductivity was measured in the field Gsing the auge
holes method [Boast and Kirkham, 1971) and using smallundisturbed core -
samples i a constant  head permeameter o0 the laboratory.  Saturated
conductivity measurement and values used in DRAINMEBD are summarized n
Table 1. 501l water characteristic data are tabulated in Table X for the soils
considered in this study. Drainage system input includes drain depth, spacing,
depth of impermeable layer, depth of surface depression storage, effective pipe
radius, drainage rate of ponded surface conditions and depth of water in the
outlet as a function of time. The water’ management system consists of
underground drainape pipes spagld, 110 cm and buried 60 cm deep. Dramage

systom parameters are given inTable 3.

RESULTS AND DISCUSSION

fesults from simulations at drain depth of 60 cm and drain spacing Of 150 cm
but at varying éffective pipe radii are given in Table 4. The results predicted
maximum reld@iivewyield of 36.39% for pipe radius of 2.54 cm and 5 08 cm, while
there was i sigmicant difference in the value predicted for other pipes of
effectivisrdding preater than 5.08 cm as shown in Table 4. However, it }ﬁ.rnf:lr‘. b
ol economic benefit 1o select a pipe of 2.54 cm radius because it is cheaper
whien compared to a 5.08 cm radius pipe. Also, a 2,54 cm pipe will gradually
remove drainage water at a non erosive velocity when compared to a 5.08 cm
pipe, since the volume of drain flow increases linearly with pipe effective radioas,
In conclusion, the 2.54 cm pipe will be appropriate size in terms of cost and

power requirement for frequent irngation apphications,
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Figure la: Gravel Envelope material and Pipe Discharge End
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Figure 1b: Prepared Field before Planting.

Simulation results at 110=em drain spacing and 508 ¢m effective drain pipe
rsthius were used in thesficld evaluation but at varying drain depths (Table %)
BRAINMOD predicted closely the yield when compared to the measured yield.
At 60 cm drain depth; and relative crop yield of 35.6% was obtained by summing
the averapge pe{cénlages of yield for the number of beds cultivated.

Analysis\, showed tremendous vegetable crop  yield reductions  upon
sirmultanesus increase in drain depth and drain spacing as shown in-lable 5,
DRANMOD predicted s yield at 80 cm to be 33 10%, mdicating 8 predeion
prror of 2.3%. However, reductions in relative yeld were recorded at higher
drain depth values than 60 cm, and no yield was predicted at values ol a0 cm
and above. This is an indication that water table would have reduced below the

cultivated vegetable crop root zone,
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Table 1: Hydraulic conductivity (K) measurement and input values for

. DRAINMOD
il Pratile Depth (cm)

0 - 2%

2D Eh-'"u

G255 LD

Table 2: Soil water characteristics [values in volumetric water Le

Klcmfhr)
185
010

16

Loil Water Pressure HE.‘ld_IEﬂ'I- of wa

iea'j

Depth

v

0-25

z@k

Qaz.a 625-120

0 (314 334
38 a 0 299 0331
68 Q_am 0296 0 309
B3, O | 404 0.296
1348 0.404 0.295 0.308
238 ) 4 0.400 0292 <
138 & 0392 0 289 0,260
A8 R \ 0.37h 0284 -
f:.’.,'-: % 0.368 0. 280 0263
THR . % 0360 D279
1038 % 0.351 0275 0.235
154 8 A 0343 0267 -
20 0.334 0.260 ‘0211
% ; 0.326 0,253 0.200
ér&_ ) 0120 0120 0084
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Table 3; Drainage System Parameters

Parameten

Values
“Drain Tube T Aluminum draining tube 4 e
Brain Spacing 110cm
Drain depth * Blcm
Drain diameter Scm
tffective drain radius 5 08cm
Depth from drain to restrictive layer 204 3cm
Dramage coefficient . 1.3cm/day

If avallabahty of land is limited, it is adviSable to use smaller drain spacing. A
deain spacing range of 80 cm to 90 cm and drain depth range of 40 cm ta 50 cm
can be used as optimum drainage design t'.l'able &), Using a drain depth of 40 cm,
which corresponds to a spacing-of 80 cm will reduce the cost of human labour
iman hours} needed in digging the depth, also increase in the farm land area
and ultimately reguiring mare drainage pipes and hence, increase_the material
cost. Hence, land and labowr availability shoule be considered in selecting
oplimum drainage spacing to be used, while the drain depth s related 1o the
cost and energy éxpended in digging.

Also, shorterdrairespacing requires more drainage pipes; hence the number of
pipes uséd sficréases the project cost. Bofh drain spacing and depth also affect
the height of water table, i

CONCLUSION

From the analysis: it can be concluded that in trepical enviranment wWith <irmlar
water-lopgged ‘Fadama’ field soil where thas exponiment was condacted, the
drainage design engineer can go for the 50 cm drain depth which implies more
labour requirement for land excavation at the expense of shorter drain spacing,
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requiring maore drainage pipes for the same hectare of land. This is due to the
availability of chieap human labour in developing countries.

Fronm Lhe above analysis. it can b deduced that in developing countries sic s
NIJ:””.-J with avarlability of cheap human labotr, 50 cm o dram depth afgd Steem

drain spracing Can berecommended for use

Table 4: Simulations of Effective Pipe Radius and Corresponding Yield

['.lffrt_;l"._rr.- Rads {om) Relathes Wield [(Va)
{6l 1%
1.21 W76
254 3639
SO08 36.39
ez 15.35
1,16 15:25
127 15.35
15.24 15.35
17,78 15.35
PTa g 15.3%
by 14,35

A 15.35

4
=



PV DR it

Table 5: Simulations of drain depth and the corresponding yield

I'.lr.;n_n f_'.'lPF;lll.fi_m] _E;_:ia}_:?._- f:ﬁd {0}

Al 16.39 .
45 36.39
50 36.35
a5 36.39
£:0 33110
b5 27.08
M L.63

Iy 545

B0 5.66

85 1.06x10
() . 0.00

Table 6: Response of Yield to increase in both drain depth and spacing

! [11::!;\ Dl*-;'r#i:l h'rr'-l}_ Drain Spacing [r.rrli_ Relative ‘;IE|I|.|5"---:I
30 70 3310
14 ih 36,35
40 &80 36.39
45 85 36.35
S0 S0 36.39
54 95 3310
60 100 3310
B 105 27.08
70 114, 7.63
% 115 545

80 120 1.11
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