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ABSTRACT

M.Sc. " Patrick Cambridge Agricultural Engineering

v
An Bvaluation of the First Production-Scals
Subsurface Drainage Systea ‘
in Trinidad and Tobago

Some physical, bilologlcal and chemical paramsters sssociated with
the drnmo- system were investigated. In two SugroRne fields, the
dreins were in their second year of op-}ation. In the third ﬁ.m. there
was no cultivation and the drains were opérating in their first yesr.

In the subsurface drained areas, the water table was lowered by

‘about 30 om during the Tirst 24 hours after heavy rainfall compared with

about 5 em 4n an adjacent non-subsurface drained field. Drein outflow
rates responded quickly to rainfall and receded rapidly after ratnfell,
A curvilinear relationship was oggumd Mmdningannt;cndddﬁ ;
spacing water table height. ’ | |
Hean dry stter millable sugroans stalk yisld from § plots on
s subsurfacéd drained field was 52 p-r cent greater thl.n from an adjacent
non—lublm« dreined ﬁ.n]d )

A

L . Negligible quantities of ohuiuh wanated from the subsurface
drains. Generally there was little difference in the water chemlstry

betreen the cultivated and non-cultivated arees.
~ & - ' \ .
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© ' "Patrick Cambridge _.Génie rural-

Evaluation du premler systeme
de drainage souterrain i grande échelle a
Trinidad et Tobago

‘ .
! ’

1

Certains parametres physiques, biologiques et chimiques assoclés
a 1’implantation du 'syst’éme _de drainage, furent 1'objet d'une étude, Dans
deux champs( plantés en ca;.nne a S}xcre. un systéme de dralnage souterrain
) . " fonctionnait depuls deux ans. Dans un jt,roisiéme champ en jachere, un sys-

\\ » rd ”
teme de drainage ‘souterrain n'avait eté installé que depuis un an.

Dans les partie\s drainées souterrainement, le niveau de la nappe
pb:réatigue balssent d’environ 30 cm durant les premieres 24 heures suivant

i‘, . une pluie intense. Par contre, dans un champ adjacent, sans drainage

souterrain, le rabattement de la nappe ne fut que d'environ 5 ‘cm. Le
débit des drains at;gmentait rapldement lors d'une plule pour diminuer
trés vite apres la ’fi;x' de celle-ci, Une relation curviligne fut obtenue
entre le taux de drainage et la hauteur de la nappe phréatique au d:emij
espacement des dﬁfins- ) ‘ o

Le rendement en matiére siche raffinable moyen obtsnu sur 8 par-

celles établies sur un terrain drainé souterralnement dépassait de 52%

+ celul du champ adjacent non drainé souterrainement.

la 'i;uantité de substances. chimiques émanant des drains souterrains
était négligeable. Cepelndant. on peut affirmer qu'en géni)ml la compos- _
ition chimique des eaux était peu différente entre champs cultivés et '
non cultivés, . ' L T '
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* CHAPTER I ) o
mnonudnox- . o

Subsurface drainage is the removal and digposal of water which
will seep out of the root sons due to gravity. This is contrasted to

surface drainage which is the removal of excess water from the surface

of the land. ,

In Trinidad and Tobago, like other tropical regions, there is
s period during the year vhen ratafall grestly exseeds potedtial
evaporation and infiltration rates. Thus in flat areas, wvhere nstural
dreimgs is slow, mgl-onmm is dosirod; Traditionally most
dmmummrm hasbunpravidodbysurfm

u‘thod:dblddin‘.ditcmmdnndmding

Tthoncupt.cf mbcufuodnimqnis ‘not oxrhirn]: new to
Trinided and Tobago, ’nucamdﬁodmtu, which has been used

mwmw.wmmmmmm:m«,u

techrically & partial subsurface system sincs water not. Suly dreins
oﬁmMmmmo,WW%:dlwdﬂoto'tﬁdud
fnrrw- rmmmmmmdmnnpamum
t.oihormm Itmodtwunhrmcuthmdhndw
m;ﬂut;oqmoottbomp tpuotlhnupbythorurrmand

'emaﬁm. llohdrun::ndmbaoimmmobmudto

brukuplaadmquhmdcucmwmdm These methods

. * -mmwwmmunmum-mdm.rnm

Cha'tuq mpmhmmmm «nwuﬂ.duthobonoﬁ.u
otpu-nixm mmmm«mmdwmum.
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In the past, plastic drainage tubes have been installed on small

. experimental plots at the Fiem Station of the University of the West

Indies and other locations. The subsurface system that has bead installed
at the éuprel.no Feeds Cantre (SFC) in Trinidad is the prototype of a
production scals system in Trinidad and Tobago and possibly the entire
Caribbean, ,

Subsurface drains werse installed st the\‘SFC in an attempt to
boo%tyicldsotswwdothcrfudqyopconthopoernihintho

. ,

area. _The .performance of the system w:L‘D?bq important to crops other
than sugarcane in Trinidsd and Tobago. Many ideas are presently being
expressed far the diversification of agriculture in the nation. Most
of these plans call for the production of crops tl;ttm less tolerant
to imndation than sugarcans. Thus onounrmombhupoctthstif
there are benefits to sugarcans produstion that thers will also be
benefits to other crope. ‘

From an agricultural engineering viewpoint, evaluation of this
first system i3 of great importanece. Pu;fmodtm 8]\’!1'."111
inflnence future decisicas on the installation of similar systes in
other aress of Trinided and Tobago. Drainage system desigiers wish to
imow to what extent, if say, thudamMmu
nodiﬁodwhnndui&d.ngn«duingp systems in Trinidad and Tobago. ° )

The ultimte aim of subsurface drainage is to help improve the
overall ofﬁ.c:lmy of crop pz'odnc;‘.ion. Thus the agricultural engineer,

ospecially on pioneering projects like these, shares the Agronomist and

Eooncedst's concern for higher yields and better field utilisation in
order to offaet additiomal cost; the muager's concesrn for timeliness

\
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of operations; the soll physicist's concern for modification of soil

characteristics and extent of root penetration and distribution; and

the soil chemist's concern about the quality and quantity of mutrients

that are lsached from the soils. The agricultural engineer's evaluation ‘

should therefore inclnde investigations into all of the above factars

since they all should be taken into consideration when maldng future

decisions and designs. These factors were all considersd in this evaluation,
The system at the SFC was designed primarily as a production

system, This cnl:n“.tion was conceptualised after the drains were laid.

As 2 result the svaluatlon was carried out under production conditions.
Thus the measurements were designed to suit these conditions. This meant
that the dats ;olloctod and its subsequent analysis was not as
statistically rigorous as if the drains were laid specifically for a
scieutific experiment, Eowever, n.ny assunptions made were consarvative.
Therefore the designs used should produce results which would give s good
indication of the performance of the subsurface drainage -system.

Objectives
The objectives of the study were: ~

1, To momitor the rates of flow of water fram the subsurface dreinsie
system after significant rainfall events.

2. To determine the rates of fall of water table m fields that are .
mwmcmth-ymmmudnmm&
flads., . \

3. Tpinvnti’.toth-wtmotthpphnuucmxjfnn‘mm
and compare with thecretical predictions. /

/

, .

/
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4., To use the data obtained in 1, 2 and 3 to calculate drainable S,
porosities and to compare the results with those obtalned by N
laboratory Mthods.

5. To measure hydraulic conduetivities of the scils in the ares and
to relste them to dsts obtained in 1, 2 and 3, , |

6. To compare sugarcane root distributions in subsurface drained areas - :‘
with thoaa tn land without subsurface drains,

7. To coqu-o YFields of sugarcane from subsurface drained and non-
subsurface drained areas.

8. To compare the quality and quantity of nutrients emanating from
subsurface drains in fertilised areas and non-fertilised areass.
9. To make qualitstive observations of the drains and drainage areas
before, during and after rainfsll events.
10. To use all the cbsexrvations and data obtained above to perfarm an
overall evaluation of the dnimgs systems and to make recommendations’

with respect to the design of subsurface drainage systems for Trinidad
and Tobago conditions.

Scope

mmu;um”mu&.mmhtomnﬁ.m“ |
drains locatsd in the areas studied. The series to which these soils N
belong are noted fwMMo variation of physical charscteristics.
Thus drains located in other areas within the same soll series my
perforn differently. 3imilarly, performence on other flatland soils
in Trinidad and Tobago way vary. If, however, adequate spil data are
obtained for other spscific areas, the performance of this drainage

~
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=
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system should serve as & useful aid in future subsurface drainage design
1 - o .
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CHAPTER II °

REVIEW CF LITERATURE -

Agronowlc Benefits of Drainage
The growth of most agricultural crops is sharply affected by -

conti;mod saturstion of any substantial part of the root sone (U.s.
Soili, Conservation Service 1973). The agronomic benefits of drainege
have been well documented by Bernstein (197%), Broughton (1972),
Irwin (1979b)g Reeve and Fausey (1974), Wesseling (197%) aud ?thcrs.
Soms of tho.:,.bonofita that are seen repeatedly in the literature are:
(2) air diffusion is increased. This encourmges biclogical activity
in the ro?ti gsone, Thus, more beneficial bacterial activity and deeper
root penetration is encourasged,
(b) some plant diseases and parasites are discouraged,
(e) goﬂ structure is improved, ‘
(d) salts and alkali, if present in the soil or ground water, tend

\

to be hcchod sway from the root sone and soi.l surflcu,

(h) tu- opsrations can bo nors ti.nly and more uniform cultivation
and phntin; is possible. Therefore, tboro s nore efficient use of
mchinery, " v ;

\ {t) a ﬂdor range of orops and varieties may be growm on, well-
duin.dsoilthnunpoorlydrlinodsoﬂ .

(8) better crop qulityﬁ& MhiGVOd and

{h) greater overall yidds are obt;imd .

Several reports in the literature have 1ndimttd that subsurface

drainage is beneficial to sugarcane production. Barnes (197%) stated




a0 NN,

that although sugarcane will withstand flooding for psriods up to thres
weelcs in some conditions, & well-dreined soil is essential for the
i
production of the crop. Carter and Floyde (1373) also reported that
* Ee

L

drained, yet moist. soil conditions created by water mnagement treatments

\
are very favourable for sugarcane production. They found in areas that

were subsurface drained, yields were from 24 +o 62 per cent higher than
check plots, Maclesan (1977) concluded that poor ylelds are more closely
related to frequent high water tables than are good ylelds to“ low wvater
tables, and that yleld differences of at lgast 30 tonnes per hactare
can occur in the same area as a result of differences in water table
height. He also said that short-term ﬂnctmting high water tables
where aerated water 13 involved have less adverss effect on cane than
static high water tables with stagnant mter. Ridge (1978) reparted

- that ylelds under subswface drainage for three cane varieties ware

increased by 32.2, 22.3 and 19,0 tonnes per hectare above the yields
of 70.5, 7%.8 and 82,2 tonnes per hectars which were obtained ca -
nearby plots without subsurface drains. _
rhoincmodyicldsroportodnyhyob\nndnototbooccmm-
of u&ro healthy and extensive root systems in subsurface drained areas.
Barnes (1974) stated that prolonged wetness of the soil in the root
tone of sugarcane favours the attack by rogt-doaboying organisms,
Rickel (1977) stated that the csne plant is highly aeroblc. He found
that there were much reduced sugarcane root systeas when tho orop was
grown in nutrient culture without air compared to those with air
bubbled through contimously. Yang et al (1977) concluded that the
Wuutioninthnr%ot sone resulting from subsurface drainage

/ , \
/
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promoted root growth and increased cane yield,

Flow to Drains

Theories to desoribe the flow of water to drains have been
developed by several authors, Excellent reviews of these thearies
havs been mde by King (197%), Wesseling (1973), Kiridam et al (197),

Van Schilfgsarde et al (1957 and 1974) and others. There will be no attempt
to duplicate the details of mathemstical developments made in all of

the theories. Rather the mjor underlying principles behind the thearies
will be investigated, Pertinent mathemstical equations will be quoted
whenever required in the body of the thesis,

_Both steady state and non-steady state drainags formulas have
beon developed. Steady state formilee sssume that the recharge
intensity equals the drain discharge and consequently that the water
table ressing in position. The nc-steady state formulse consider the
flnctuations of t.hs vater table with time under the i.nﬂ.uonco.ﬁt a
non-steady recharge (Wesseling 1974), Uost of the equations used in.
dooeribinsthuﬂwurn{ortodn‘;\mmbuod on one or & combination
of the Dupuit-Forchheimer (D-F) assumptions, Darcy's lsw, Potential
theary and the equation of comtimity (Kirkham et al 197),

The D-F assumptiods and potential theory have hﬂnmt;xud
in developing'formulas for flow to drains. Differing views have been
axpressed on the questiom of whethar the D-F assumptions or the
potential theory give m scourate results, Weeaseling (1975) reported
that although equations based on tho D-F assumptions give appraximate

2

- solutions, they are generally accepted as having such a hgh degree of

PO RIS o
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accuracy that their application in practice is completely justified.
However, Kirkham et al (1974) at&ta; that for tile drainags D-F theory
should not be used for spacing design; potential theory should be used -
“ since D-F thecry gives a spacing wider tha.n it should be. Van
Schilfgaarde (1974) who compared several non-steady suta equations
concluded that equations derived from the D-F theqry will yield
substantially the same results as those derived from potential theory.
Theorists and fisld researchers have ascribed different shapes
to the water table between parallel drains, Glover and Dum (Dama 1964)
sssumed an initial flst water tabls, Moody (1966) assumed a parabolic
shape whils Van Schilfgzaarde (1965) assumed an elliptic shaps and also
suggested that fisld experience could be used to make aprropriate,
minor corrections to account for the initdal conditions, . In the fleld,
Skagas ¢t al (1973) found that the water table was relatively flat and bad
essentially a constant st.'n.pa during the entire psriod of drawmdowm ‘
cbservation. Dumn (1964) reported that field cbssrvations were most
nearly approximted by & fourth degree pu'l&i!:/- Kirkbam and De Zeeuw
(1952), Broughton (1972) and Gibson (1978) all observed elliptical shapes.
The maximom water ttblohdaht\bohnonapsu of tubes or ditch
drains will generally be of more importasce than the watar table
elsewhere (Kirkham et al 197%), ;n 81l the shapes mentioned above the
water table is closest to the aurfwa at approximtely midway betwesn
parallel drains. As a result, the relationship between the mid-plane
water ubhandth-drsintlowrgt-htnboontho subject of many fleld
investigations., Goins and Tagylar (1959) stated that under field

conditions, the mid-plane water-table heights varied almost linearly
/
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found to exist between the mid-plane water table height and the tile
flow for & stratified, anisotropic soil. Van Horn (1973) used s series
5 11lustrats thet the relationship between vater-table
discharge may vary fram curvilinear to rectilinear

‘ : g.on the soll physical properties

Van Schilfgsarde (197¢), commenting oo the "mresent” situation
as regards "Flow to dnina' investigations, said that it would be

. ccutortins if more extensive fleld data were available for evalustion

of theory. Homosutodthtitappmdthltntthmtoboaimd
from further improvements in flow theory, sinceunyuftbqutim
thtthndbundmlopodmonrmmcmtot}nnnndodindnd
the uncertaintiss in the evalustion of the necessary paraseters. He
saw the need for further research to be threefold: . 4

(1) Better methods must be developed to charmcterise the pertinent

_s0il paremsters. L. }

o

(2) Quantitative criteria must be developed, ospocully for huaid

‘u-eu, to describe requirements,

(3) Methodology must be developed to incerpmu cnutoloclul
data and drainage theory into workmble design scluuu

Yy 10
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! Drainage Requirements

Drainage Requirements ( or Drainage Criteria) axpress the total
&\uirod drainage intensity for a given field or region. They should be
distinguished from the design requirements (or design criteria). The
design t;oquiremont expresses the drainage deficiency of a field to be

absorbed by the drainage system, Drainage critsria can be evaluated

" for a steady-state condition, a falling water table, a fluctuating
3

#
water table, salinity control, or trafficability of the soil, depending

~ on the min function of the drainage system {Bouwer 197%). xouhr\

(1973) stated that the appropriate choice of drainage criterion will
depend on the hydrological, sgronomic, soil and economic conditions.

Broughton (1972), Souwer (1974) a.nd Kessler (1973) have mmde
(oxtmivo reviews about the drsinage criteria that are frequently used
in various parts of the world. Some of these criteris will be exaxined
later in the ‘text (Chapters V and VI).

Brmghtc;n (1972) states that from the standpoint of determining
the required rates of removal of excess water, it would be good if
agronomic rqni;"-nnts could be stated as the number of hours of root
sone saturetion & orop can stand, @mnu-borotnillinmorroot
sone depth that shodld never be saturated and the number of millimeters
per day of additional root sone dopth\ that should be drained below the
saturation water content after a precipitation event. From an economic
standpoint, Bouwer (1974) states that the design requirement. should
cprou‘tho"optﬂnn\'-‘ intensity of the dreinage system whereby the
difference between the inocresse in financial returns due to drainage
tndthooutctthodnimysmgmm;

-
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Bouwer (197%4) suggests that it may be advantageous to express
all drainage criteria in terms of one équivalent criterion regardless

of the primary purpose of the drainage system. The stgady-state

criterion is one possible base since it is the simplest criterion to

use, For example, Van Schilfgaarde (1965) showed that if the steady-.
state criterion is known for a soil of a certain poroait_y (soil A),
it can be evaluated for a soil of different porosity (s0il B) by
caloulating the frequercy of high water table pesitions for both soils
using analog 'or digital models, The drainage criterion for soll B ls
then selected as that ylelding the sane frequency of high water table

positions as the known ocriterion for soil A. . ‘
Adequate information about ge design criteria 1s lacking
in mny places of the warld (Bouwer 19')'4) Thus the drainage oriterion

sho\ﬂ.d be adjusted to matural dnim.@ intensity since fields within the
same soil or climatic region may have different degrees of natural

drainage. | . -
Schvab et al (1966) states that the selection of a drainage
cosfficient is besed primarily on experience and judgsment. They -

recomsended dreinage coefficdents for tile drains in humid regioas
'hd.ehmroprodugld in Table BS5 in the Appendix. A summary of some
suggested drainage criteris in humid aress based on depth and rate of

. drop of the water table is presented in Table B6 of the Appendix,

The above criteria were all based on Narth American sad Buropesn
conditions, thus thoy‘ny not be applicable to the Trinidad and Tobmgo
sitoation. lroh'r .(1976) reporting on investigations doﬁ on a clay
soil in Trinidad (Beclesville Clay) concluded that peak subsurface

BEN K e W AR A A B PRt 10 Tk S A M 1 4 ST T AT 17T
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(.\« drainage rates ct|12 to 18 mm per day would be needed to maintain the
/ water table at a level which would permit utiuffctnry crop growth in
the wet season. Peak drainage rates would occur when ‘the water table
"is at or above the soll surface. Drainage rates will decrease as the
. water table drops below the soil surface. Archer (1976) arrived at his
recommendations by mking day by day calculations of expected witer )
table heights using a water balance model which took into account the
daily precipitation, mpotrmpintim; subsurface drainage outflow and
ntu- held in temporary storage in the drainable pore space,

Seil ies and Their Effects on Flow to Drains
‘ Soll texture can play an important part in the design of drainage
systams since, in some aress, it is possitle to rohtf .t-x;.nrc to soil
{ permeability (Luthin 1973). It is also knom that sodl structure has a
significant effect on drainabdlity. The two soll properties required for

a\

‘most of the depth and spacing equations are the saturated hydraulic

3 .

conductivity X and the drainsble parosity f (Broughton 1972). Hence

these properties will be concentrated on in this revisw.

' Satureted Hydreullo Conductivity : . i
The term hydrsulioc conductivity ia ganerally defined as the i

codficiontxinnarcy's 1aw ¥ = K4, mvuthnnlmityd seepage

7 through the soil and i is the l\ydnulic a-ldiont.. Tochniquu for
measuring hydrsulic ocndundvity my be divided into those where tiw
soil 1s tested "in place” and thoss where soil samples are transported
‘to the labaratary to be tested, Tests wade "in place* (field tests)
mMemid&cdtobosWuituihmmﬁhto
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obtain samples and transport them to the laboratory witheut disturbing
them to some degree, thereby altering theiru permeability (U.S. Soil
Conservation Servics 1973, Hoffman and Schwab 1964),

Field determinations of hydraulic conductivity ;ln bodivldod
into those which messure hyliruulic conductivity below a water tabla
and those which measure it above a vater table (Boesrmna 1965). Below
vater table methods include the Auger hole method, the Piesometer method
and the drain line method. Above water table methods include, the
Double-Tube Method, the Shallow-Well Pump-In Method and the hmtor
method. Th\o auger hole and the drain lin; methods were used inqthis
stud& and ‘are examined below,

The Auger hole method is th; simplest of all methods in
conception and in field practice (Van Schilfgaarde et al i952). | It
ntilizes the prinaiple that the rate of rise of water ,}zl\.n an emptied
auger hols, from a surrounding saturated soil, is proportionsl to 'the B
hydraulic conductivity. Historical reviews of the method are given
vy, Boersms (1965) and Bouwer and Jackson (1974), Today the equation
most used with the method is

K=C (ay/at)
Where,Ay is the changs of the water level in the hole duriag

the gives time (At). C is & functicn of the luvel of y, the depth of ~ - .

the hole below ground wter level, the radius of the hole and the distance
to the impermeable layer., A thorough description of the method is given
by Van Beers (1976). Handy nomographs from which C can be obtained are
also presented in Van-Besrs' bulletin. Good descriptions are also
presented in Boorsms (1965), Bouwer and Jackson (1977), U.S. Soil
Conservation Service (1973) and Van Schilfgaarde et al (1962),

Yo
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‘ K'vllnoa as determined by the Auger hole method may differ by
as mch as one hundred per cent between holes only & few fest apart
in s0il classified as a single typs (Boersma 1965). Similar variations,
tens of percents (Van Beers 1976), sixfold in mgnitude (De Boer 1979),
have alsc heen roportu;l. Because of the great difference among holes,
approximste values on a ‘number of holes are more valuable for practical
drainage problems than ars preciss measurements on one or two holes
(Borsam 1965, Vaa Beers 1976). ,

Van Schilfgsarde (1962) states that the Auger hole method camnot
be used effectively in liyarod solls unless the layers have nearly equal
values of K. - However, Vaa Beers suggests that if there are appreciable

"differences in hydrsulic conductivities, the E-value of each layer can

be determined by working with holes of different depth.

Broughton (1972) suggests that more realistic values for field
scals hydraulic conduotivity for use 4in design of drainage systems shonld
be cbtained by measurewent of water table positions at.successive times

on some fields in which drainnge systems are established., Hoffman and

<
Schamb (1964) used Van Schilfgaarde’s falling water table drain spaciig:-

oquation to caloulste hydraulic conductivities. They concludéd that
hydrl-n!.ic conductivity as computed from drain outflow is & better
estimte for drainage design than that d;tom:l.nod from core and auger~
hole measurements. Howsver, Johnston et al (1963) reported that the
auger-hole hydraulic conductivity vnluos compare ravonnbly, from &
praotieal viewpoint, with t.}ho hydranlic conductivity values determined
rrcn design theory applied to tile drainage systems outflows. Thay
used iir_khnnﬁ ponded water theory in their investigations. Perrier
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ot al (1972) reported that the values of hydreulic conduétmty obtained
by or the steady-state equation (Hooghwdt’s) or the unsteady-state
equation (Van Schilfgarde’s) are approximtely the same. \

\ /// Van Horn (1973) used graphs of the ratio of drainage rates to
?{ssmutu; table heights against chserved water table heights to
/otlcnhto hydraulic conductivities. Examples for different layering
conditions were worked out. He suggested that each location should be
analysed separstely and that general conclusions based on these amlyses
should be avoided.

| Drainable Porosity |

Th-drlimhloé;ruity,thounpddmimbhpmma
specific yleld, I, :fsdotinodbmermd Jackson (1974) as th-volmn
d-wtutﬂnbom-dpeunitwlm,otuﬂbylmmcth :
wter tabls. It 48 an essential factor for the use of falling water
table equations to estimte required drein spacings (Broughton 1972).

Several laborstory methods for determining drainmable parosity
‘are described by Childs (1957), Avery and Dascomb (197%) and Vamocil
(1965). ALl of these labaratory methods entail the measuring of moisture
retention charssteristios of “undisturbed” soil samples. Field estimstes
my be obtained by: Y{)wnﬁnstboumcmntoftho\soilintho
ﬁ.:lt.! when the soil is saturated, then again ocne or two days later when
tiie water table has fallen (Broughton 1972) or (2) measuring the volume
of outflow from & subsurface drainage system for a measured water table
drop (Hoffwan and Schwsb 1964, Dos Santos and Youngs 1969). Field
valnes of drasinsble porosity are gensrally lower than thoss measured
in the lsboratary (Bbattscharys 1977, Lesacé. 1977).
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Taylor (1960) asid Broughton (1972) both stated that the
dreinable porosity in a soil profils may vary with depth. Hence the
asssumption of a constant drainable porosity my leed to simﬁicant
errors in estimting drain spacing. lowever, Skagss (1973) reported
that the concovt/at a constant drainable porosity can be used to predict |
witer table drswlown with an ssourscy which is probably sufficient for

design purposes.

is of Sul ace Water

MacKensie and Viets (197%) stated timt agricultural drainage water,
vhether surface ar subsurface, sometimes cortains mutrients and
chemicals in sufficient concentrations to be of significance to
subsequent users of the vatar or to the aguatic environmsut. Drainage
wters in hmid climstes charscteristionlly lan’ la mlt concentrations
m;mscfamumdtothmmm.dclmm(nm
1974). 1

Bunoff waters even in irrigated aress always have lower solute
contents than percolated mters (Bower 197%)., However,Nicholls & Maccrimon (1974)
conclnded that the contribution of nutrients to downstream main F:hannels
by the base flow of subsurface water, from fertilised and cultivated
aress, is considered negligihle during the asrowing season, ‘ ‘

MacKensie et al (1971) stated that nutrient movement in the soil
profile should invelve mainly inorganic nitrogen. Phosphorous moves to
& vary limited extent in soils. Fertiliser Calcium and Magnesium may

| move into the soll profils, but these movemsats are masked by the large

A}

uouutapgnunbinnﬂttd.h.
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Boltlon ot al (1970) reported a relative order of gutrient losses
MMtﬂOdmmbOCa>Mg> N>EKE> P, They stated that
nutrient loss was influenced predominantly b'y the amount of water thlt
flowed through the soil on : particular cropping treatmsnt. Kowalenko
(1978) reported that movement of fertiliser Nitrogen was greatest in N

periods of high precipitation and low evaporation.

Soil properties ave a definite effect on mutrient leaching
losses according to Brady (197%)., Hanway § La Fleur (1974)in expeiiments with
t4e outlets found that there was o relaticn between the amourts of

fertiliser applied and plant nutrient losses or concentrations in
drainage mater.

: Iron Ochre in Subsurface Drains
Ford (1978) defined Ochre as a red to yellow, filamentous,
gelatinous, amorphous, sticky mass of ferric hydroxide plus an erganic
-Mxtmtuyclogdm;nnopemamddninomlopn. The red
slodge in drain lines is often called iron deposits. In anocther paper
Ford (1979) added ths(koen:&fmtiou 1s more complicated than stwple

!

iron deposition. Bacteria are necessary for coplous quantities of ochre
that form rapddly and stick tenmoiously to drain 1ines, The ochre
problnismprononncodonpowl}dnimdundysoi‘hmnoncm
soils (Irwin 1979b, Ford 1979a).

Two main types of Ochre have been ideatified (Irin 1979b, Ford
197a). Thess are referred to as 1. basterial clogsing and 2. chesical .
sTogging, These two types often occur simmltansously. Chemical clogging |
is more evident in soils with substantisl irom and filamentoms red ochre

|
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both econcmically visble and compatible with farming the land.®
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deposits. These scils will continue to form iron clogging indafinitely.
Where the H is above 5.5 the ochre problem is likely to abate some
time after the drains have been installed particularly in sa\.ndy and
loam soils. l’I'h‘.l.s iron ochre is due to becterial origin.

Invarson and Sojak (1978) atute that the crystallisation of"
the amorphous ferric axyhydrexide (ochre formation) is inhibited by
the paucity of dissolved ferrous and tmi.m;h‘on, the presence of
organic matter and adsorbed anions.

Ochre may be deposited when concentrmtions of roduco;'l soluble
iron are as low as 0.2 ppm (Ford 1978). Hundal et al (1977) reported
thet iron sludge accumulation in drains would be greater during prolonged
periods. of low flow rates. They also stated that the proulea will be
more serious if & period of low flow 4s followed by & long period without

flow, In this situstion the sludges may dry irreversibly thus

permnently blocking drmin tube openings and filters.

Several methods have heen tr_ied to combat the ochrs problem.

These include (Ford 1978), promoting axidation and precipitation of .

iron in the soil before it reaches the drain line, surface liming,
].hingofdnintr-ncm. copper phcodinﬁltor-mlopu and
D.tt‘ptinc %o retard clogging within drains by physioal and chemical
means, None of these methods have proven to be err-etu;- sconomical
propositions, Irwin (1979b)summerised the problem by séatins that

‘on present knowledgs, there are no cbvious comprehensive solutions
worthy of field trial, The probles mey be insolvable in terms of being

&

<
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CHAPTER IIT
A ‘ ’ -
o THE EXPERIMENTAL SITE

All of the field work for this stﬁympufw?dattm

e

Sugircane Feeds Ceutre, near Longlenville, Trinidad,

-

The nglrcino Feeds Centre

The Sugsrcane Feeds Centre (SFC) is a joinmt venture betwesn the
University of the West Indies and KcGA1l University, It vas established
in 197 with funding from the Canadian International Developweot Agency \
(CIDA), The centre is a research, demonstration and training wnit. It

. 1s involved mainly 4in the investigation of the use of sugarcane as &

mjor feed ingredient ia the production of beef and dairy cattle.

~

\ Location
mmhtitutdm_61hntmadhnémmhmmm

Hstrict of Trimidad, mm.d-diatu.mmarth-muhndn;um

of Trinidad and Tobego. Trinidad is approximstely 4,57 -qué-

iilomsters in area. Tts geographic centre is located at 10° 31° narth

latitade and 61° 15' west longitude (Pigure 1). The southern and

nnmcmtg&mhtmt\ioﬂufrmtbSanthMm

cosastline, It is the southermmost of the West Indian islands.

is a rural village in the ceatral region of

is approximately 32 kilometers from i‘.ho\ ca;it.;l .

and 16 kilometers from Piarco Intermational )

Mrport (Fignre 2). Access is gained to the village by & modern '~
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Trinided hes & tropical climate. There are two main seasons; k
f.h. dry ssason and the rainy season. The dry season typlcally lasts
5 frow Jamary throngh May and the rainy season from June through December.
There is, h \, no clear out division between the seasons. There is
smomdnbﬂityﬁrmmtoyurandmnthtomth. Thus there my
 be one or more dry spells during the rainy season and a few showery.
. days in the dry season. The amual reinfall in the Longdenville
district is about 1780 millimeters. Usually precipitation is in
excess of swmporstion in the rainy season, but there is molsture
deficiency in the dry season. A table of monthly rainfalls (Tabls B7)
for the past 11 years is given in the Appendix. Estimates of mean
. monthly pountm evaporation are p;nn in the Appendix also (Table 37).
& 4 In centrsl Trinidad the hottest somths ave usully May and
4\ September with the monthly mean of daily maximm tewperatures being
about 30°C. The momthly mean of daily winimun temperatures far the
coldest month is about 20°C and occurs in Jamuary, The radle of mean
monthly temperstures is from 25°C in the early part oft;z'ysgl;on
(Jamary) to 27.2°C in the early part of the wet season (Jume).

T ey g e,
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Rellef and Soils
The topography of the ares in which the SFC is located is
gonerally f1at with less than & 5 per cent slope for 36 of the 61
bhectares. There are 4 steep-sided valleys in the other 25 hectares.
The scils show some variability., In gsneral, however, they
are characterised by Migh aciditiss, high bulk densities, samll
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( drainable pore spece and low to moderate water holding capacities,
o ' Atmmd and Guabs (1978) identified Plarco fine sand (Aquiax Tropudult-
(Ultisol)) and the Ias Lomas fine sandy loam (Orthoxic Tropudult- .

(Ultisol)) as the soils covering most of the SFC property, The. ' ;
' Cunupia fine sandy clay (Aquic Eutropept-(Inceptisol)) was also
identified in an aree of a.b?u_t\z ha,

The Plarco fine sand is essentially structureless, in the
l.sricnltml\. sense, at all depths., The surface fine sandy to silty
material is densely packed and & very comwpact hy'sr results. The olay
subscil 18 also very compact. These factors are associated with very
low permesbility and infiltrability,

The las Lomas fine sandy loam has & fine sandy loam texturse

throughout the profils.. The profile s not very compact and has
£ relatively better permeability than the Plarco fine sand,
. mmmmmommmmm-atocmm‘
“but the profils alvays gets finer taxtured with depth. At depths of
greater than 45 cm the s0il mterial is essentially structurelesss,

sticky, piastic and compact (Abmed and Gumbs 1978).

The Fis
Figare 3 shows the general layout of the SFC. The areas
labelled as Field 1 (subsurface drained and non-subsurface drained)
Field 2 and Field 3 were used in the study, The complete plan of
subsurface drains and buried irrigation pipe for the entire farm is
l Pv.noin Irswing 1 which is onclosod‘tn the pocket of this thesis.

Most of the ares under study had been cleared for shifting
() sgriculture and sbandoned, after soil productivity became too low,
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smetize before the establishment of the SFC, Further land clearing

(vhere necessary) was carried out by SFC staff and contractc;rs.
Subsurface druins were installed in fields 1 and 2 during the .

dry season of 1978 in sccordance with the attached drainage plan.

The drains in field 3 were installed in June, 1979. The spacings for

the different field;l were based on the ma'arsd hydranlic conductivities,

Corrugated polyethylene drain tubes, wrapped wi£h a k:}ittcd polyester

fllter mterial, were used at all locations. They m mm.u-d with

2 chlin type -mw- trenching machine under the guidance of

Professor R. Broughton of McGill University,

. During the periocd of field work for this thesis (June, 1979 to
January, 1980), fields 1 and 2 were under sugarcane production. The
canes were planted in Hovember, 1978. The cropc‘mphnt'od on row
ridges rather thtne‘nbcrodbodz.. Row ridges were prefsrred becanse
they facilitate easier mechanisation of field cperaticns and also because
» higher plant demsity can be achieved, Ground limestone was applied to

Jboth fields befors fiml cultimtion operations at & rate of S metric

tons per hectare, in arder to raise the pi of the soils. The plants
vere fartilised at planting and at & months with 15:5:10 fertiliser.
Bates at planting and 6 months were 1.12 and 0.45 metric tons per
hectare respectively. Two applications (23 mi1lineters per application)
of liquid waaure were made on both fields between the mnths of July
and September using a travelling gun irrigation system. ‘

No crops were planted in fleld 3. Vegstation ws limited to
low grasses, secdges and shrubs. There were several bare patches o the
terrain, No limestone, inorganic fertiliser or liquid mmure was
applied to this field. ‘

-
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CHAPTER IV
QUALIIAT VE OBSWAT\{ONS

Qualitative obumtions vere made on'\the entire ares under
study throughout the poriod of fisld work., These obssrvations were
meait to supplsment the quantitative data in the evalmtion of the

subsurface drainsge system. The more relevant of these observations
are reported belor, '
Seil Water Recime

The soils at the Sna.rctno Faeeds Centre had a tcndoncy to forn
& hard cmut on drying. 'l'his crusting vas more evident amid the sparse
grass in field 3 but it was observed even on some of the cane ridges of
fialds 1 and 2. Generally, however, fhe cultivated ares of fields 1
and 2 tended to be characterised by good soil struoture with fairly
large aggregates being cbserved. Aggregmation was leiss evident in
field 3. )

There -;rc severt] small depressions in the predominantly flat
£161d 3, especially in the area between the upstreem end of the dradns
and &hout 50 m downdrein, In this ares there was mor'e vegetation,
primrily low sedges and grasses. These formed a very thick mat of
roots that vas concentrated within tho/tmt few centimeters from-the
surface, The combination of roots and orust was almost inpenetrable
when dry. During the installation of the water table pipes a crow-bar
had to be used to start the holes because the augers could not penetrate
the m:rt'acy. G:l‘mtiau during the rainy season of 1978 had revealed
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that this aresa had resained u_aterloggod for most of the period between
June and August. Therefors it was very likely that this mat was formed
over & period of time because of the presence of a MMM@
water table., Another indication of prolonged mfnns, in thif area,

in the past ws the heavy iron mottling that was obcorng in the profile,
especially between the depths. of 20 and 60 cm .' Thess cbservations were

. made viile cbtaining soil samples from pits which were about 60 cm deep, ”

Mottling was also observed in the 30 to £0 cm Sones dth.qt'homhl.lf
of field 3 and in fields 1 and 2 but not as extensively as in this ares
of f1eld 3. Whenever thers was appreciable rainfall, the depressicas
in this part of £ield 3 (the updrain ares) were quickly filled with
water, Thess surface ponds remained for several days even though the
ldjaocntuua (the eastern ares) ad regained a crust and flow through
the subsurface drains had become negligible, The drying up of the
pondings within 3 to 5 days vas & considerstle improvement to the
conditions ol?aorved in 1978, No doubt this vas p.rtul],y due to
increased evaporation caused by the tinc down of the higher sedges
and gresses in the ares. However, the [Fesence of the subsurface dredns
may have also contributed. o ’

' The eastern helf of field 3, widch ws closer to the outlets of
the subsurface drains, did not retain ponded vater as Long as $be ares
discussed a.ban. During and aftexr rainstarms, much water ran off the
sarfage and into the nerby wmilley, vis the.top of ‘the drain trenches amd

‘over the land surfsce. . The surface pendings dried up quickly, mest likely

due to the. combtned influence of the drains, the valley, evaparation and
2 norrpui.nblo surface layer,

i°
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( - . Field 2 displayed excellent surface drainage. Very 14ttle
? water was seen in the furrows withinmhma.ft;rthohuvintnins.
; - What water was seen was trapped by trash and fallen cames and was quickly

‘ absorbed into the soil. . '

| In fi61d 1 the situation was differemt. The two irrigation l
. traces were laid out perpendicular to the direction of the thrrows ) f
rather than parallel as in field 2. Thess traces created & dyke effect '
and caused pondings in the drain furrows upstdeam of the traces. These '
pondings did not remsin for more than one day after rainfall in the
subswrface dr-.m-d area. In the non-subsurface drained area, however,

there was considersble ﬂo;dh;g after heavy rains. Flood conditions

were more pronounced near the tﬁoothutmclnnrtothoouthis.

In some loostions water stood in the furrows for as far beck as 15 m
from the trace. This stagmnt water remained for more than two weeks DA
even though hot and dry atmospheric conditions prevailed. 'Thus tltéon@‘
ntor in.the subsurface drained and the non-subsurface drained regions

hndthnno'nstrictimfrwthohuo,thonurmodoﬂmh
quicker in the subsurface drained reglon. Furrows that were not in
mmmtydmmumotmdumummfuc/uw.

v nthonm-cmufwomngm‘mmntwnlonw \j
period of time than those in the subsurface dxumd\r;goic.“h combinmtion
of trash from the canes and silt, uhiohmwododrro-twarﬁpa
‘ into the furrows, msy have been partially responsihle for these
i ‘ o e .

;mugulpcndinp in both the subsurface drained and non-subsurface

dxﬂ.mdar-l t

(k) Surface pondings were also evident on the compacted treces of
,’ ' ) ’
¥
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field 1. Most of the p}mdings on the traces wgro uuaod‘ by depressions
left by the tractors which had worked in the field under wet conditions.
~The tcru' occurrences of these depressions in the subsurface drained
section suggested that trafficability was mch better in this region.
However, even in the subsurface drained areas, the soil wgs too soft
and muddy to support traffic of tractors and trailers for periods up
too.bozxthl.nmthd draimable water had been removed. 3oil
wm capacity is normally partly due to .the removal of excess water by
subsurface drainsge and to the particular soil texture and structure
avatlable, Thus although the sxcess water was removed relatively
quick]yintbombaufmdmingdm, the fine ai:ilt.éturom
responsible for the very low bearing strength and the relatively saoft
mddy consistency that were in axistence when the soil was at s ni:ntn\rc
content of about field capscity. The bearing strength increased rapidly
a3 the soil dried to water contents less than field capacity. Other
solls in Trinidad and Tobago, which have better surface bearing strength
thmthoaom;tthcﬁ'c, muwMMWMith
a stonier texture, ‘

s \ \ N
Daring the initial stage of the field ocbservations, access to

most of the drain outlets in fields 1 and 2 was very difficult. Thers
was o Lixuriant growth of weeds which were tall enough to hide the
1.5 » high identification poles that were placed beside the  outlets.
Clesring of the wesds revesled that some of the drains were martially
blocked by silt and moss. This blockage was more evident in field 1

\
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\\

, \ !
where the outlets were at about the\same level as the bed of the ravine.
Poor maintenance of these drain out. iis certain toJroduco the 1ife
ottlusubmrfmdnimg‘nayatm. Thc\ystonuudin&mduuf
collcotingthoﬂwfrmsmnlhwmigtoommmimﬁthl
single ontl.t,mhbgmob.n«icmmémnmm
systeas in Trinidad and Tobago since it reduces the number of outlets
needing meintemance. In this part of the SFC farm, collector drain
lines were not used becsuse 1t was desired to chserve the flow from
individwml laterals. )

None of the drains flowed at their full capacity. Smeller
diameter pipes could convey the flows, but smller pipes would have
bad less entry ares, and this would have caused a lower drainage rats.
Pipes of 80 ms I.D. such as those used at the IFC, would cbvicusly be
satisfactaory \tor longer latersls in this soll.

The water flowing from the dreins in flelds 1 and 2 was normlly
caolourless and odourless, In field 3, however, the outflow was light
reddish-brown in colour, particularly at heavy tlm This was probably
due to the fact that the soil in the trenches above the drains had not
cospletely settled ad very fine soll particles were still being forced.
throagh the filters. During and soon after liquid manure irrigtion
wu@riod out, tho,\ontﬂovfro-ﬁoldsi‘dem generally dark
coloured a.nd had a pnﬂgmt manure odour. This observation s@utod
thet some water entered the drain directly through the backfill rether
than being filtered tircugh the seil profile. This reality emphasised
the potential danger of pecple drinking the water thet flowed from the
drains even when it wes apparently very clean. (ns farm worker boasted

14
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that he bhad drunk it more than once and it was very good, Feats plib
this shounld be discouraged by signs and other commmnication, One meter
of compact fine sandy soil may filter out solids but it certainly will
not eliminate dangercus becteris and chemicals adequately.

Growth of moss and/or other forms of plant life was observed

*»

“at the outlets in fields 1 and 2. It was much more noticeable during

the days following the application of manure when the flow rate was
reduced to a trickle. More growth ws observed in field 1, probably
due to better oxygen contact with the water since field 1 outlets taced
the prevailing wind and there was little air current in the vicinity af‘
the. field 2 outhl:s Very littls growth of moss was observed in' f1eld
3 which was even more expossd to wind currents than field i, This
suggested that the application of the 1iquid mamre and other. '
fertilization played a key role in the growth of the aquatic plant life..
Significant deposits of ixron ochro ware nai:icod at the outlsts of
the drains in field 3. Concentration of the gelatinous mass was greatest
in the periods when there was only a trickle of outflow, Drain H4 (Chapter
VI) had oonsidmbly higher deposits than the surmnd;.ng drains, Suspicion °
thet a higher proportion of :I.ronmboinsdilcharpd from this drain
ws later confirmed by chemiosl analysis of dmin n.tcr samples. The
deposits did not remain in their original forms for a long time. They
were either washed out by drain water if there was a rainstora or
altermatively they shrank into a fine coating of & reddish trown )
mterial soon after the flow of water from the dreins stopped campletely.
This wes consistent with documented cbservatioms of Ford (1979b) and
Iretn (19798) Ho such depagits were cheerved n f1eld 2, “Trace
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deposits ware seen in field 1 although bigger dopoaitg were observed:
during the Mainy sesson of 1978, This suggested that there was either
a decrsase in the iron content of the soll or orthobtct,o:‘ruand
growth conditions which are rosponsigle for ochre formation.

Crop Conditioms )
. .
In general the sugarcane in the subsurface drained: areas of

fields 1 and 2 appesred to be thriving bhetter than in the non-

h

~ subsurface drained aress. Thers were better stands and the plants

appeared to be taller and healthier looking,

“ Lodging was muﬂ.dont.intho subsurface drained areea of
f4eld 1 than in the non-subsurface drained aresa. This may have been
due to the presence gf heavier canes. Heavier canes could have resulted
from better soil conditions ror._roat growth and mutrient uptake,

Amohhimiincidmo of weeds was observed in the non-
subsurface drained areas, This is an often documented benefit of
‘subsurface drainage. Detter ability of\\ the weeds to compets with the
min crop under poer draining conditions is generally accepted
as the resson for this sitmation. The weeds have become sdapted over
the years to the matural poor drainage conditions e& the fields.

Most. econcslic orops perform better when the subsurface drainage is

improved. . .
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CHAPTER V
WATER TABLE OBSERVATIONS

Methods and Equipment

The depth of the water table bslow the surface was monitored
using water table pipes. The pipes were generally placed at the mid-
points between drains in fields 1, 2 and 3.\\ Pipes wera also placed in
the undrained section of field 1 at the same distance apart as in the
drained sectiox'l. In fields 1 and 2 which were producing sugarcane, .
Ehe pipes were located in the middle of the sugarcane ridges. This
minimized direct contact with surface water which may have b\een present
in‘ the furrows during and ix;mediately following rainstorms. At randomly
selected locations in all three fields, the phreatic surface between
drains was observed using water table pipes placed at each 1/6 spacing.
The exact position of all the pipes used in the study is shown in
fi/gure Al. The water table pifes used were made from 20 mm I.D.
(25 mm 0.D.) Polyvinylchloride (PVC) pipes into which 5 mm diameter
hole.': had been drilled at approximately 25 mm.intervals in the 10@1?1'
100 ma. The ares containing the holes was wrapped with spun bonded
polyester filter mtexjial to prévent soil entry. The tops of the pipes
were fitted with rubber stoppers. ‘

, The water table pipes were inStalled by augering a hole of
about 150 cm depth and 50 ma diameter and inserting the tubes. About
10 cm of pipe was left exposed at the surface. The cavity below and ‘
around t};o pipes was filled with fine gravel which was available at
the building site. A mould of local clay soil was made around the top

‘of the pipes to
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prevent water from flowing directly dom ,the pipes from the surface.
An engineer's level was then used to determine the h@ of the pipes
above ground in field 3, In fields 1 and 2 a hand rules was used to
obtain this distance because of the presence of the sugarcane plants,
The depths of the furrows, in the vicinity of the ridges om which the
pipes were placed, were also noted, A graduated blow tube was used to
measure the depths of the water in the pipes.

The rainy season of 1970 was very erratic as far as suitability
for water table data collscting was concerned. There were intensive
rainstorms durinq the month of June and early in the month of July.
This study was started early in July when the soil profile was
ap@-a.ching saturation. Observations started on 4th July had to be

in fields 2 and 3. After early July there were only two series of

events that osused appreciable rise in the water tables, The fixst o
these occurred dwring the month of September and the other in thé mo
of December. Data from these two events were recorded, These two
will subsequently be referred to as event 1 and event 2 respectively.
Readings were taken as soon as practically possible after the
rainfall events, and continued at convenient intervals until the water
table lsvel in the subsurface drained regions fell close to the level
of the drains (sbout 1 m). This leval was not reslised during event 1
because the liquid manure irrigation system was turned on before it was
attained. Observations were made in the same sequence, both within and
between fields, for all data colleoting sessions., Thus the time between

readings for each pipe was apprarimately squal.
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The height of the pipe above the ground was subtracted from
the reading of the blow tube to obtain the depth of the water below
the surface. In field 3 this represented the depth below the natural

ground level while in fields 1 and 2 it represented the depth below

the ridge.
N \

Results and Discussion

)

Wat;er Table Observatior;s at Mid-Spacing
and in the Non-Subsurface Drained Field
The depth of the water table below the surface was plotted

against time after the first reading. The total rainfall between
readings w‘as also indicated on the graphs. The plots of the individual
pipes are shown in Figures A2 through A7, Figures\ 4 and 5 show the plots
of the mean values for fields 1, 2 and 3. Because of wide and consistent
inter-row differences in field 3, the means of the i‘ows rather than the
mean of the field has been shown. From the graphs it can be seen that '
almost all of the pipes, in the subsurface drained regions, responded
appreciably to rainfall. The mid-spacing water levels rose after

rainfall events then fell rapidly in the hours following if there was

‘no further rainfall. The exception to this was the pipes in row 3 of

-

field 3. Because of the lack of continuous monitoring equipment, it

is not known how soon after the rainfall that the water level began

to fall, nor is the exact peak height known in ctases where the water
N

table did "OE reach the surface.

When the water level was closeto the surface (40 c¢m or higher)

the level in fields 1 and 2 fell approximately 38 and 22 cm respectively

in 24 hours. In row 2 of field 3 which was taken as being representative

i £ Y
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of the field (discussed later), the drop was about 50 cm also in 2

hours. At lower levels in the prafile (60 cm or lower) the fall in
the same tims pericd was reduced to 14, 12 and 10 cm in fields 1, 2
and 3, respectively. A much used criterion for adequate subsurface
drainage is that the water tabls should drop from ground surface to
at least 30 c:?/in‘% hours (Kidder and Lytle 1949), The subsurface
dreined areas of field 1 and field 3 easily met this criterion even
though the water level did not reach the surface. The rate in field
2 fell short by only 8 cm. This was enough to take tho,.nter' level

to lower than 30 cm ‘b-causo the level in field 2 never came to within
8 cm of the surface, Thus it is likely that field 2 would have also

met the ariterion if the water lavel had reached the surface since the

rate of fall was greatly decreased lower in the profile, The maximam  »
fall observed in the area which was not subsurface drained was about-6

om in 24 hours. The water level in this field did not gut ow 16 om

»»»»»»

dm;:g any of the observation periods. Thus this area did not meet the
general crit,or:!:m of adequately drained soils. . (
The drop in the water level could have heen due to evapo-
__ transpiration, deep percolation and lateral flow to the subsurface -— -
dreins, ‘
The areas in field 1 that were subsurface drained and not
subsurface drained had similar vegetative cover. Sugarcane was planted
atth.uuti;ouldsimth' sams treatments in both areas. Thus the
evapotranspiration in the two areas v;nid have besn appraximately equal
and 50 should have been any water level drop due to this factor, Both
aress had similar mean soil physical properties as seen in Tabls 1 below.

\

IS




P e

P T s A TIN o) - TR g Ayt i

TABIE 1. MEAN SOIL PHYSICAL PROPERTTES FOR AREAS IN THE STUDY.

Non Subsn.ri'aca Subsurface drained
Drained-Field 1  Field 1 TField2 Field 3

,. X 1
Hydraulic Conductivity - : !

Soil Physical Property

(0 to 1 m depth)m/day 0,144 0.1% 0.571 0,080
(1to 1.5a) m/day ' . 0.066 0.263 0,058
Bulk density - - , .
30 cm below surface ga/cu’  1.67 1.67- 1.8 1.6 7
60 cm below surface 1,62 1,60 1,61 .7 1,60
Drainsble Porosity - :
30 om below surface 0.023 0.026 0.0%  0.029 ;

60 cn b.lw surface o.m ,00&1 0'032 0-&9

Therefore the giwat difference in water table depths could not have been
duse to differences in soil physical properties. This eliminated the
percolation and lateral flow suppositions., Thus one could safely
conclude that the greater rate of fall of the wmater table levels in

the region that was subsurface drained was due to the presence of the
subsurface drains, ‘
The inter-field mid-spmoing diffsrences in the water table

AN

fall rates could have been due to & combination of faotors., It is
generally accepted that, under similar conditions, the rate of water ui:l:s
drewdown is inversely proporti\éml to the square of the spacing between
drains, The mbsurface dreins mﬁ-ldthichwthnolumwm
(11.43 n) showed the fastest drawiown rate whiln those in finld 2 with
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the farthest spacing (22,86 m) showed the slowest rate., One cannot
automtically conclude, however, that this descending order of
drawdown ntoi, was due solely to the spacing between the drains,
There were other factors which may also have contributed. Principel
of these were deep percolation and lateral movement. Field 3 was
situated adjacent to a valloy with a fairly steep drop of abont 6. 1 m
in depth (see plan). It is very likely that this valley a.lso 4nfluenced
the water tlblo drawiown in this field. The valley would have created a
greater md;'mlic gradient thus inducing lateral and deep seepage to it.
Field 3 was sparsely covared with grass and weeds thus allowing
mors apportunity for direct action on the surface by the wind and the
sun to mcrouo evaporation from the scil 'l‘ho expected higher
trtnapdn.tigu rates by the sugarcaue i.n fields 1 and 2 may bave equalised
this differsnce however, !‘
The difference in drain spacings seemed to be the factox\: mo¢£
lrnponaiblo for the faster drawdown rates in field { compared to those
'in fiald 2. Soil properties particularly drainable porosity amd hydruullc\
condustivity indicated that movement should have been faster in field 2. \
The reverse was obsornd
ThomumoftholnohinuathﬂermaffioMBia r
worthy of special comsut. In both events the pipes of row 3 showsd '
very slow drawdown and t).m water level remined very high for the durstion
of the cbservations, This contrasted with the pipes in rows 1 and 2
wbonlmhdidn;tmomhi@mdtonmqucm. Part of this
difference may have besn due to the dloser proximity of rows 1 and 2 to
the valley whicén would have induced greater drawdown due to deep

/7
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( “ percolation and lateral flow, This variation between the rows :ny also -
have been due to dii‘fmnces in the 30il structures, However, ulthg;ugll
thominwhichrmelocatodhndavcryhudmdmorbmpombh
surface hyor' (see qualitative observations), measursd soil properties

- did not justify such a large difference in drawdown rutes. The surface ,
ponding that was evident in the region of row 3 does sugigest that there
s souphmiulilpodimntth:tmprmntincth-r‘.}wotuwto
the drains. One such impediment could have bean ths clogging of the .
filter mterials around the drain tubss by the silt in the region

Phreatic Surface Drawiowm

: The depth of the water below the -surface at the times after the

first resding was plotted against the distance from the drains to produce

{ the graphs showm in Figares A8 through A12. There is no graph for fisld

J from event 1 because there was no nessurable water level in the mjority
. of the water tahls pipes, Generally these graphs show that there was a -
* gradient from the mid-spacings of the adjacent drains to the two drains,
\ This indicated that there was a seepage of water through the profils to
the dratns. Tn f1e1d 1 the levels at the mid-spacings were consistently
slightly lower then that of the adjacent inner pipe. This suggested that
the influence of 4rains A5 and A3 was greater than the drain considered

-

(A4) thus influencing the drawdown for more than onihif of the drs:ln
{ distance. It is also possible that errors, induced by placing the
| " mter table pipes axactly at the center of the cane ridges, caused the
/ mtommwat;mimmtmmwmtmm‘
than the mid-spacing location. Figure A10 indicates that gne pipe
( ) (second from right)
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spparently had response problems in event 1 probably due to smearing

¢

°  of the soll when the pipe was being installed.
The series of phreatic surface curves from individual drains

were of similar shape for the both events, The classical elliptical

shape that is predicted by Hooghoudt's equation (Chapter VI) was not
cbserved between any of the drains examined. The c1urvos generally
became flatter as the height above the water table bLecanme smller.
There was, howewver, some variation in phreatic surface shape between
) different drains. This variation may have been dus to spacing or to
variatiens of soil propertiss or a combimation of both factors. The
mid-specing Hydraulic Conductivities (auger hole method) at the
specific locations were 0,086, 0.418 and 0,041 metres per day for
fields 1, 2 and 3, respectively. In an anisotropic soil (assused
in thds case) the angle which the flow path makes with the horisamtal
is inversely proportiona]l to the horisontal hydraulic conductitity.

The relation being
K‘?
. Ftao
- vhere, & = the angls between the path of ’
‘ fiow and the harisontal
- ) b = the angle between the vertical axis

| \i“mdtmlimaffmtj |

Ky, Ep = Vertical and haumm lvdruiilic

° conductivities.
,mmnmuwmmmmw&mommwm

«xpected to have the flattest gradient. <

n-tl.n'i

(U.S. Soil Conservation Setvice’1973)
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Figure A12 shows the influence that surface ponding can have on
the water table reading. | Surface ponding devel%ped in the vicinity of
the pipe to the left of the gra'p.h and so influenced a disproportionally
high reading. However, as soon as the ponding disappeared the water level

in the pipe quickly dropped to equilibrium with the water table in the

rest of the field. Thus .indicating that surface ponding may induce

L

‘readings that do not accurately teflect the situation in the surrounding

field. -
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CHAPTER VI

DRAIN F1OW RATES

i -

Materials and Methods
. {lwmuamriwurodatthoontlatsddmnslocatodin°
fields 1, 2 and 3. Observations were made on Drains A2 to A5 in

field 1, A9 to All in field 2 and H2 to Hy in field 3. These drains
were used because there was a constant spmcing between them and
adjacent drains. The exception to this was All which was located

19.8 m avay from line B (see plan), it was used in order to maintain
& minimm of 3 sampling units in each field.

A gradoated 10 litre bucket and the socm‘i hand of a watch
ware msed to take the readings. The measurements were taken during
the same time period as the water table observations. The same sequence
of obtaining resdings, both within and between fields, was maintained at
all times. The mean of two readings per drainm recorded in units of

- litres per minmte,

)

The outflow ratas were converted rr\o- litres per minute to
drainage rates of volume per day per unit of ares drained, i.e. mm/day

using the following ateps:

\ .t maemx3lis2

where, AD = Ares drained
- " 81, 52 = distance fream adjacent drains ¥
= Bffetive feugth = L - (ZLES2)

= Actml length of subsurface drain pipe
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2. Litres/minute to give 1 mm/day runoff

=AD(m2)x1mmx.00imxllit x 1 day = C
day 1 mm .00147 1440 min

C is a constant for a given drain. .

3. mm/day = lit x 1
min C

Results And Discussion

Figures Al3 through Al6 show the rates:obtained from individual
\ drains plotted against time after the first reading. Figures 6 and 7 |
show the a\;erage drainage rates and the mean heights of the water table
above the drains, for'each field, both plotted against time. The
rainfall bar graph at the top of Figures 6 and 7 represents the total
precipitation from rainfall events between ocutflow observations.

Figures Al3 through Al6 reveal that the drains within each field
showed similar fluctuations with time and that there was not a large
‘intra-fieldi variation between drains. Also there was a rapid response
to rainfall and a gradually decreasing outflow after rainstorm events.
Froﬁ these observations one can infer that the drains were functioning
in that they were removing water from the root zone. The quick response
to rainfall, and the rapid decrease in the rates during the early hours
following rainfall indicates that there was appreciable flow through the
trench backfill and into the drains. The water could have entered the
trench either from the furrows that were directly over the trench or
from other furrows via the more permeable ridges and plou;h zone in a
manner similar to that desciribad by Tayloi et al (1980). The best
illustration of the phenomenon was seen in Drain AS which always showed

highest response to rainfall but subsequently its rates always fell to

" - below that of the other drains. .
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The height of the water table above the drains showed similar
response to the drainage rates in the three fields, The ratic of the
change in drainage rates to the change in water table elevation was \
higher in the @tul hours after rainfall than in the days following. —
This was apparent in fields 1 and 2, This pattern was co;uistant with
tl;xo suggestion that some water was seeplng directly into the drains from

the trench soil rather than through the field profile during and
imnediately after rainfall. The leveling off of the ratios at later
periods suggested that the lowering of the vater table at this stage
wvas the main source of water for drain flow, In field 3 there were
relatively low drainage rates compared to\utor table drop. This
indicates that the drains alone were not responsible for water removal
_from the proﬂg.o. This observation supports the suggestion that there
was some desp seepage to the adjacent valley.

The drainage rates recorded from fislds 1 and 2 in 1979 were

goenerally higher than those recorded from the ssme drains during the

rainy semson of 1978. The fislds were not cultivated at the time of

tt;; observations in 1978, Msan recorded peaks for 1978 (mean of 2
events) wers 3.03 and 5.29 ma per day for fields 1 and 2, respectively,

for the 1979 season peak valuss (also msan of 2 events) werse 4.25 and

5.77 ma per day. The ra:!.nrﬂls and soll and crop conditions for 1978
wers not :;z:ial with those of 1979, Thus comparisoas between years )
my not/be valid, \Eovcv‘u', the increases in drainage rates during the
second smonofdr\ld.nn.tcmnor-urw. Probabls ressdns

for thno‘ mqrgun vcro better hydraunlic conductivity in the top

layers because of 1pd preparation for cultivation and better conductivity

1 . -
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in the lower layers due to the wetting and dryinsu process in the year
after drein installation.

The drainage rates as measured in the field wers coampared with
rates theoretically predicted by Hooghoudt's equation. Hooghoudt's

equation can be written us\
R= %2 (2 de Kgh + Kgh?)
vhere, R = drainage rate, m/day
L = Spacing between drains, m

de = Equivalent depth to impermesble layer, m

- Ky = Hydraulie Conductivity bcl(aw drain level, w/day

Kq = Hydraulic Conductivity above drain level, m/day

h = Height of water table above drains, m

Hooghoudt's squation was used because it was the only ome of the established

drain spacing equations for which snough field data were available. Tim
equivalent depth was assumed to be 1 m.

Graphs of height of water table above drains aginst both the
recorded and theorstically predicted dreinsge rates were plotted and are

- presented as Figures 8 and 9. The outflow data are the results of

observations following two rainfall cnuts Two graphs for field 3
hsvo been presented based on the nean ntcr tabls heights for row 2 °

~ and row 3 and on the heights for row 2 only. The graph based on data

from row 2 gave a more realistic curve and was used in inter-field
comparisons. The lack of change of water table height with time in
the pipes on row 3 has been described in Chapter V.

A commonly used criterion for the subsurface drainage of arable

ol
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lands in the Hetherlands is that there should be a discharge rate of

7 mm pcr day in combination with a water tabls of 50 to 60 cm above

drains, the drains being at 1'm depth (Kessler 1973). Whenf the water

oy
table height was 60 cm above the drains, observed outflow rates were

- '

3.20, 2.80 and 2.65 mm per day (mean of 2 events) for fiedds 1y 2 and 3,

-~

respectively. Pr'dici:.ed rates (bmsed on auger hole hydrlultc" conductivity

values) at the same elevation were 1.61, 3.99 and 2.79 mm per day. Thus
the Netherlands dreinmge criterion was not achieved in aay of the fields. ;
This was expected bocause of the relatively high bulk densities, low |
hydraulic conductivities and low drainable porosities of the soils in

the ares. Thus in order to obtain similar rates to the afore-mentioned
criterion narrower spacings between drain laterals will have to be used. ' J
For example, drains placed at half of the existing speeing would have had™
predicted retes of 6.44, 15,95 and 11 mm per day at wter table h-igxts

of 60 cm above the drains. Experiences with the subsurface drained v

areas during the 1978 and 1979 rainy seasons have remlod that there

were not mny days during which the water table remsined consistently

closer than 40 ca to the surface. Thus the increased cost of closer oo
spacing wonld probably not be justified for sugarcane, It appears that

the drainage oriterion for the Netherlands is impractical for sugarcane
production for \the soil and climatic conditions at the SFC. Actually,

rates of over 7 mm per day and on one occasion over 8 mm per day were
measured from individual drains, However, these rates were recorded
wmmumubhmmaoo-wfmmm, (less than 20 om
from the soil surface).

Dreinage coefficients Wh"&!ﬂb‘td‘(&“)m

-
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Cheing et al (1978) are more flexible than those used 1n the
Netherlands and appear to be more applicable to conditions at
the SFC. Both of these sources (Schwab) et al 1966, Cheing et al 1978
have based the establishment of dra?‘mage criterion on soil conditions
(main‘ly their drainable porosities). For example, Schwab et al (1966)
have suggested that to obtain a 30 cm water table drip per day on a soil
" with a 3 per cent drainable porosity, one would require a drainage
coefficient of 9 mm per day. This compared favourable with the peak
outflow rate of 8 mm per day which was recorded in field 2. Field 2
had a dtainable porosity (laboratory determined value) of about 3 per
cent and the water table drop in the first 24 hours was close to 30 cm.

Cheing et al (1978) made similar recommendations.

‘The above discussions seem to clearly indicate that the adoption
of drainage criteria, established elsewhere, to Trinidad and Tobago
conditions will not necessarily produce optimum results. It will be
necessary to utilize some of the abdve criteria in designing other ’
pioneering subsurface drainage systems. However, reliable drainage '
coefficients for Trinidad and Tobago will only be established after

- many more field observations have been made and more local experience
gained. It is likely that drainage m;es should be higher for vegetable
cropsu than for su,garcane and grass crops. '

Figure 8 shows that the relation between measured rate of

discharge and head above drain depth, in both fields 1 and 2, was

-
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ourvilinear. The radius of curvature, however, changed drastically
from about heads of 50 em in field 1 and 60 cm in field 2. This
deviation is probably dus to the hydraulic conductivity in the top
layer of the soil profile being greater than the hydraulic conductivity
st depth. This led to shallow discharge through the top layer (the
plough sone) when the pr[ocipitation rate exceeded the rate of dowmward
flow through the underlying layer (the undisturbed subsoil). This
virtually confirms the s;apposition that was mde in earlier sections,

. The above cbservations enable one to partially explain the resson
for the difference in the cbserved curves and those based on Hooghoudt's
equation., Hoo@ondt's(ﬂ equation assumes & uniform hydraulic conductivity
down to drain level and a layer change at drain level. It is now cbvious
tht this condition did not exist in either field 1 or field 2. Deviatioms
were also observed at heads lower than 50 ca in field 1 and 60 cm in
field 2. This was probasbly due to the use of higher mean hydraulic
conductivities than actually exist in field 2 and lower values in
field 1. Hydranlic conductivity values based on the messured values
ddruma-uussndntorubhhoim'-rocglcuhwandsﬁmin,
Figars 10. These caloulations were based on Hooghoudt's equation and
they gave K, values of . %8 and .389 m/day for fields 1and 2,
respectively and K, values of .120 and ,203 m/day, These values should
be preferred over the values obtained from the augsr hola tests if drein
spacings are to be calculated in the future since they reflect what was
taking place throughout the soil prafile. Similar oalculations were

not mde for field 3 because of the generslly low wmter tabie levels

that were mmmmrum,qu&fmm&mnw
L4

tables depths ocbserved from the uomo:obcmuonpipfu.
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CHAPTER VII.

HYDRAULIC CONDUCTIVITY AND DRAINABLE PORCSITY DETERMINAT TONS

Measurement of Km!' sulic Cm' ctivity
Bydnnﬁc conductivity was dotcr’n-d using the Auger hole
wethod as described by Van Beers (1976). Valnee were determined for
two layers. The value for the first layer (X,) was obtained by angering
s hole of about 1 metre. All holes were 10 cm in diameter. It was-
impossible to cbtain messuresents in some of the holes in fields 1 and
| 2 when the wter level was close to the surface. This was due to the
unstable condition of the walls of the: holes which led to & soupy
Mmdnﬁﬁ“nﬁrt&‘wmwmom
hols. AlecMo(m)muwZ-mmmbh
to contain this failure. As a result new holes had to be augered whea
the water level subsided, ; ’
The same hole that was used to obtain the K, values wvas used to
vaﬂmcttbolmh"r(tb).q'm‘smdonob}m#m‘¢
further 50-50 cm after the water level had subsided to about O

thodppbolnmw

.

Camments dn Hydreulic cmtigt; Memsurements |

Table 2 shows the measured values of Hydraulis candmi\dty.
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( Wide variations in Hydraulic conductivity values were found. The
" coefficient of varisbility was below 50 per cent in field 2 cnly.
Field 3 showed the largest variation in both the Ky and Ky, layers,
Similar variations have been ropm-t:od in the past (Van Beers 1976,
De Boer 1979). These variations were not unexpected. Field observations
_during the 1978 and 1979 rainy ssasons indicated -that-there-were fairly

et e A . W S P e e T

e

wide inter and intra~field variations in soil conditions which would lsad
one to expect wide varistions in hydraulic conductivities.

It is generally believed that variation, especially in poorly i
pervious u;tori‘;l, is mostly due fo the larger pores becoming ciouod

while the auger hole is being made. This may result in lower X values
than dctually present being measured. In spite of its limitations,
' howsver, the Auger hole method is still considered to be one ﬁf the
' K best methods of estimating Hydraulic Conductivity for practical purposes

of drainage design. That is the- reason why it was used in the study,

<

Dreinsble Porosity Y
The drainable porosities of the scils in the three fields were

estizmated by a hbbntery method and a field method based on the d‘pin

outflow rates and water table changes with time. c

 Materials and Methods |
Iaboratory Method. Duplicate soil samples were taken at depths
of appraxisataly, 10, 30 and 60 cm from pits Located st the positions y
shown in Pigure Al. Tboywro collected in thin wall slominium cores.

PRI e e vy e
&

e

Average dimensions of these cores were 7.3 cm (I.D.) and 3.92 em
(langth). The sqnplu were collected with minimel disturbance by first

@ ‘ -
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Figure 11, Tool weed in extracting soil cors samgiles,
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edge of core aligned here
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( carefully removing the soil above the sampling position. The core was ‘
. then attached to the sample removal apparatus shown in Figure 11 and
placed on the soil surface. The handlc{or the apparatus was gently
£

>
tapped with a hammer until the entirs core was below the surface.
The cores were carefully dug out and trimmed. Those anplu that did

e e b A PRI ST
e i 2 e S 4 o ket M o — —

moT I ot oecupy the whols core volume becausa of holes, ﬂa.ld.ng, etc. were
. rejected and new samples collected at the locations, Suitable samples
were placed in p1.71./1c bags to retain moisture. Sswples within fislds
~were taken under similar moisture conditions (on the same day). The
same conditions did not exist in all fields at the time of collection.
Samples from fields 2 and 3 were oollocto;l under relatively dry couii\tim‘
Those from field 1 were collected under wet conditions. ,
After careful packing and transpartation to the laboratory at the
‘ . University of the West Indies, the samples were saturated and successively
subjected to suctions of 20, 40 and 60 cm on a tensicu table ;ppﬁmui.
They were weighed at saturation and after each suctim. The procoduro
was similar to that described by Vomocil (19657. Suctions of 80 and 100
“cm wers also desired. These were not achisved on the tension table
apparatus in spite of repeated otforts:. The samples were transferred
to s pressurs vessel apparatus where the 80 and 100 cu pressurs were
applied. They were then oven-dried at 105°C to constant weight.
Ou Water Ta od, The drlimso outflow and
‘o -muﬂ.&uammmmvmnmudtoonmum

drainable porosity. The relation used wass 7

f = t of ova; diration
wa in time t.

\
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A

The initial time incremsnts after reins were not used in the caloulationms.

There were two reasons for this:

3

(1) direct cntry of water from the trenches to the drains was suspected;
(41) 1tmnotknmifthonto;ubhmrinngorfm.inswh¢n
observations were made mt.ly a.fbor r-inn An mpotrmpd.-

ntion rate of 5 m p-r da,y (Q\hmrs) was uud. 'l‘his value was
based on the findings of Archer (1976).

Results and Discussion

¢ Laboratory Method. Dnimhh pa'ooity valnes were caloulated as
suggested in Hlack (1965) using the relationship:

Sp = 100 (wy - W)
Yur

M,%-M&édaoﬂvolmdrﬂmdmda
a suction of n cm of wter,
Vp = bulk voluse of the sample in milliliters
before drying,
Wy = Weight of sample after soaking and before
dreinage on the tension table,
Wy = Weight of sampls in grams after dreioage
. on the tension table, and
f = density of water in g per cud.
This was chosen over equations using particle density (Vomocil 1965) because
the particle density was not obtained. It was felt that becsuse of the
largs sise of the samples, blotting and weighing saturated samples would
act have crested larger errars than using an arbitrrily assigned
particle density value, | -

Q
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TABLE 3. ESTIMATED DRAINABLE POROSITIES AT 60 CM SUCTION
- LABORATORY METHOD.

' | m Drainable Porotity AR 1
Field Row depth “Positlon gf:‘ y c;v'
om 1 2 3 4 )
s e . " 3 o ] ' f
: 1- . . ;
\ - 1 » @23 .02k 026 L0026 10.50
¢ 1“m 2 ” om ome
\ |
Lm 1 \60 .020 0018 .ml .mo 28. ” ’
1-1R 2 60 030 017 L o !
i LOET1 30 (20 019 @) .05 19.%
i 1-UDB 2 0 029 (023
t 1.0DR 1 60 017  .020 @ . 00 2.9
1.UDR 2 60 035 025
i
: .2 3 02,035 033 .037 0% .0022 67 |
f‘; 2 60 029 025 038 .037 .02  .0063 19.69 x
| 3 30 025 .0%6 029 .02 o.M
3 N 30 .Om om "
E 3 M 2 60 .07’ 00” ) .m .m 25.9
. ’ \
¥ IR - Subsurface Drained . g
\ X UIR - Non-subsurface Drained N
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Graphs of mean field Drainable Poroaity against suction were
plotted and are presented as Figures A17 and A18, The mesn utim.tod
Mbh porosities at 60 cm suction for all the sample locations are
prqaanfod in Table 3. The value of 60 cm was used as the reference
suction since 1t vas felt thl.t the dra:l.ns wore nnliko],y. tq induce

‘ gnl.tnr amng. snctione. For a dra.in depth of 120 cm the average depth.

of scil above the drains is 60 cm. Thus, when the water table has receded
to drain dopth,f the aversge suction in the pore water above the drains
vould be 60 cm, if the offects of drainage only (and not the effects of
evapotranspiration) are taken into account.

The z:ehtions in Figures A17‘and A18 show a slow and regular
increase in drainmable porosity with increasing suction., This pattern
is typ;.ul of soils with relatively high bulk densities since there is
normally a higher proportion of fine pores in these soils, Finer pores
are eaptied at much higher suctions than 100 cm. Hence the relatively -
low changes in suction applied did not remove much more water than was
lost by the larger pores at 20 cm suction. The caloulated bulk densities
At 30 and 60 cm depth (TableB1) were generally greater thu:n 1,60 gn per
cnd These are considered to be relatively high values, Bulk densities
rangs from 0.5 gu per emdin crganio soils to 1,8 gn per e’4n very dense

. minersl subsoils. Loan soils considered excellent far root vitality have

bulk densities from 1.0 to 1.2, Thus the observed relations were
consistent with the measured bulk densities. \

The highest drainable porosities were measured in fleld 2 which
also had the Mighest hydraulic conductivities and lowest mean bulk

. densities. Again this was consistent with what would have been expected

* \
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from theorstical considerations. A higher hydraulic conductivity
usualh"ilplioa a higher proportion of large pores and hence a higher
Mh porosity.

A similar sscending order of variability to that observed with

U SD PON

the hydranlic conductivity seauremnta, vas-coserved with-the-dremmmble " 3
porosity measurements. The smmllest variability was seen in field 2 and ]
the greatest variability in field 3. This consistency, for two
proportional parameters that were evalusted in the field and the laborstory
respectively, suggests that the variations wsrs due to differences within
and between the fields and not to variations in expsrimental technique.:

‘. The mean drainable porosities in cares taken at the 30 cm depth

were greater than that for cores from the 60 cm depth in the subsurface
" drained areas of fields 1 and 2. This was typical since the volume of
ucro—pou'oaf normally decreases markedly with depth, Bxceptions to this
occurred in the non-subsurface duinod aress of f:lcled 1 and in fleld 3.

The values were just about equal in these two areas. The significance
of this observation was somewhat negated by the large variation in valnes
obtained at the 60 cm level at these two locations. Intuitively, one .

would have expected less variation with depth from the nou-subsurface
drained areas. This effect could be due to the axistence of pondings -
of free water for long times ii the poorly drained aress, This would
cause slaking and breskdown of structure vh:&ch would reduce the number
of large pores,

‘ \ The rangs of drainable porosity valuss determined was idemtical
to that obtained by Ahwed and Gulba\(1978) before the subsurface drains
were installed, This further indicated that the subsurface drains hed

- no appreciable effect on the draimable porosity values.
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TABLE 4.  DRAINABLE POROSITIES (f) ESTIMATED BY FIELD METHOD (1979 MEASUREMENTS). |
Water table depth Drainage rate oY ! "
Eatimate] Field]Position" = (q) mm/day Pq.: f =g xm |(2 estimates)
at a hrsjat b hraf A% jat a at b hrd aq a%_:—f't)
1 1 | 230 sz {272} 7.35 | 2.6 a7} s.71] o018 oot
2 1 1 270 | 715 (wss| 323 | 1.08 J2.15] 6.20| D.ow _
1 1 2 190 soo |210] 6.29 | 3.08 }3.21] 3.21] p.o6 0.029
2 1 2 170 305 {135| 3.20 | .20 |2.00] 575| oO.o2
1 1 | Mean™ 190 | 499 |309] 6.91 | 3.00 §3.91] 3.91] op.013 o.0th
2 1 Moan 25 sh2 {390] 3.22 1.4 |2.08] s.98 p.016
i
1 2 1 156 438 l288| 6.4 | 249 [3.93] 3.93 0.0 0.016
2 2 1 s 70 |[3s5]| 3.08 | 1.18 |1.90] sus] p.018 ‘
B { 2 2 075 2 246 | 6.70 2.62 l4.08] 4.08 0.017 0.018
2 2 2 410 ? »o| 3.9 | t3o |2.09] 6.00| b.018
1 2 3 095 ap jwms] 7.3 2,85 |b.us5| b5 P.o:n 0.025
2 2 3 285 6 375 3.65 1.26 12.39]| 6.87 0.019
1 2 | Mean 105 o f[235| 6.8 | 2.80 |u.06] .06 b.018 o.018 !
2 2 | Mean 338 | 697 |3s8] 3.27 i.20 |2.07] 5.95| p.017

¥ In fie14 1 positions 1 and 2 are the means of two rows.

% Mean of whole field.

Y mwa-bdays
¥
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Field Method. Drainable Porosity values caleulated from the |

drainage rate and water table data are presented in Table 4 . Msen \
valnes for fields 1 and 2 respectively were 0,014 and 0.017, A similar !

fisld method performed duriné the wet season of 1978 produced mean
valnu of 0, 016 and 0.036 respsctively (Tahle B3)....Thers-appears-to -

bs no clear cut aphmtion for the big drop in wvalues obtained
4.~ ‘throughout field 2. It has already been seen that the drainage rates

e g st i
hlﬂ.ﬂ
§

during the 1975 season were gresster than in 1978, Thus 1t seems likely
that there was a relatively faster rate of water table drawdown in 1979.
The unproportioml incresss could have been due to increased evapo-

transpiration caused by the presence of the sugarcane. In 1978 the

ground was covered by sparse low gz:ua and weeds. Increased rates of
deep seepage could also have contributed to the quickening of the water
table lowering rate. Similar reductions may also have occurred in field
1. These, howsver, appearsd to have been offset by the mach larger
inoresses in drainage rates that were recorded in this field. None-
the-less, the drainable porosities are relatively small for all fields
when coapared with good draining class®l or class 2 soils. Some of .the
variation in the values of f obtained by cbserving water table drewdom
nth-ﬁnldnyhl.nb-mdu-toth.nm-cmmt rangs ntlnttr table
drop between observations;” hence there could have been unoqual suctiona
in the pore water in the drained pare space at the various water table
obgervation looaticns in the fields, '
mmmmwn-uuﬁmpmm
th-nthuomurdodinthohboutory A direct comparison betwesn the
laboratory and the field v-.lmi is not strictly valid. The field values

P
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( ' repressnt a composits value for the entirs saturated profile, On the
; other hand the laboratory valnes only represent the value at & particular
location. Theorstically, both values should be sbout squal if all the
water that seeped through the profile flowed out of the drains, In‘a.
densely packed subsoil as existed.at .the SFC,--seepage-towards-the drains--——

o through the scil medium would have b\aon tortuous, Thus it 1s not
unressonable to assume that all the water did not eventually flow out
of the drains. This wenld have led to smeller valuss“being obtained
in the fisld method. This should be taken into co;aidmtion during
any further design of drain depth and spacing on similar soils,
Measurements mde on samples in the laboratory should be applied with
caution to field situations,
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difference in yield due to the subsurface drains,

Methods Bl Materials

© Millable Stalks, Eight plots each from the subsurface drained
reglon and the non-stbeurface drained region vere axamined in the
investigation of the yield of millable stalks. The sise of each plot 1
was 2 n along the ridges by two ridges across (2 mx 4,57 m). A matched
pairs design was used, The uporh-n.tal Inyout is shown in Figure Al,

The number of millable stlih‘in sach plot was counted and

recordsd. Twenty tops (stalks and leaves) from each plot were randomly a
selected and then barvested by hand. These samples wers trinsparted to .
the fm contrs and weighed. Follovigs this, random representative ‘
semples of stalks and leaves from esch plat were chopped into 6-10 om
Peces. Total medsture contents of these sumples wre determined, .
The chopped samples were walghed and placed in an oven at 105°C."
After 24 hours they were removed from the oven, cooled and weighed, -

Mmgﬂmrﬂmdtotbmﬁtndthmodm repeated until
T _

the difference between consecutive weighings vas negligihlse. .

The plots were all harvested on 24th November, 1979. At that
time the canes were spmroximately 12 months old, Maeld conditions were
mmo,am&mmummummmmm ’
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harvesting oparations. Another harvest of the same fields vas
undertaken during the month of April, 1980, by the staff of the
Sugarcane Feeds Centre. The same prooo@nro was used except that '
twmtysulhmwigbodroronlyrmrdthoemxtplcuinbotb
the aubsurfm:o nnd non-auhsurraco drained regions. Only the weighta of
three stalls from the other four plots were used.

g Root Yield. Estimates of sugarcane root yisld and distribution
were made at four sites in both the subsurface dreined apd the moa- ~/!r
subsurface drained aress of field 1. lLooation of these sites are showm
in Figare A1 . Soil cores were used in the estimatiouns. \m cor;c ware
made in the machine shop of the SFC from standard 110 mm I.D. steel pipe.
Their disensicas were sppraximtely 115 ms (0.D.), 130 ms (length) and
5 mm (thick). One edgs of the cores was tapered into a 'cutting odge

Sanples were taken rr; well dmlopod stoals-at disuncu of
1, zmaomamtmfmth.stm Usmmds.nction of
drainflow as 12 0'Clock, the one-diaeter samples wers taken st
12 0Clock, the two~diameter at 3 0'Clock and the three-diametes samples
at 8 0'Clock. The underlying assumpticn was that there was equal
root development all around the stool. The sample positicns are shom
piotorially in Figre 12, At each distance from the stiol, stuples were
taken from four verticsl positions at depths of 1, 2, 3 and ¥ care lengths.
Sodl samples were removed by tapping-the cores into the gmndunmthoy :

moﬁllod.—,—mw was shovellsd away, W 5
mdmmm&-u.mmmémummhb-nw\ \

Plastic tags vhich were transported o the labaratory, At the labarstory.

the soil was washed awsy after being soaked overnight in & solution df
. % '
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( the deflocculsting ipnt Calgon (Sodium Hexametaphosphate). The soupy
} nass was washed through & 200 ym grid mesh. Roots were removed from
. ‘ the mesh, clessed of any persistent -soll, air dried for two weeks¥ind

tinally wedghed.
v Results and Biscussion
Millable Stalks, Wet and dry satter ylelds in tonnes per hectare
were caloulated from the data collected in the first harvest. These
results sre shom in Table 5. A matched pairs analysis of the dry
-ttoryioldudmtn'rtth | ,
At ﬂanﬂold confidence, it can be said that the ditderence
in yield vas dno to subsurface dreinage, However, since the 95% level of
,  gonfidence is narmally used-ss the lower limit of confidence in most
N 4 - © scientific work, 1t was concluded that the 2§ grester yield could be 7
partly attributed to swmpling and soil varistions, However, the mean
n n;nbu- of millable stalks, the mwean percentage dry matter and the mean
; dry weight per cane were sll greater in the anb_an‘rfm dreined areas.

<

; A These values were 650, 24.4% and 0.38 kg respectively in the sibsurface
} drained areas comared to 49, 22,56 and 0.31 kg in the non-subsurface
‘ drained area. These thres valuss are very good indicatars of yleld
g ‘ since they are closely correlated to total 'dry matter yield.
’ Aummmncutﬂnmultafrummmm(hm'
- 7) shows that tlnmtohldryuturyiﬂdp.rhoohnmlc.a tonnes
» : ) mwom-mumwmnmomtouo.umum

Wmm“. Ammumsmmtmm
m«dmbhamhm gteter in the subsurface drained ares .

!
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TABLE 5. SOME MEASUREMENTS (F SUGARCANE YIELDS AT THE SFC

(NOVEMBER 1979 HARVEST)

Welght of sugarcane -from plots on the subsurface
drained and fion~subsurface drained portions of

field 1. Flasted Nov, 1978; weeded manually

esarly 1979; plots harvested on 791124,
. Plot sigse 2m x 4.6m - 9.2m?

Dry Wgt.

Millable Wet Wgt. ¢ Dry Tield
Flot No.  Stalks 20 stalks o0 per stalk __tomnes/ha
-per plot ks kg Wet Dry
1 bo 30.1 28,45 0,38 65.8 16,76
2 40 26.9 19.78 0,27 58.8 11,64
3, 66 31,2 22.15 0,35 112.60 24.%
o 62 %.2 27.88 0% 8.0 22.83
5 8 %.9 27.87 049 164,12 45,7
6 7 32.6 26.7%% 0.40 126.% 33.87
7 58 4 - 22,5 042 118,61 26,63
8 % 30.1 23.26 035 97.11 22.%
3 60 25,4 0.38 103,22 25.63
Std Dev | %.70 10,45
9 63 29.1 21,17 031 . 100,25 21,22
io 47 28,7 22,61 0.33 73.7% 16,66
1 43 .5 2.» 0% %l 17.07
12 % 0.0 20.85  0.31 '%.06 12,31
13, 55 - 6.9 2y, 02 0.2 83.09 19.9%
% b1 21.0 26.09  0.27 ¥7.08 12,26
15 58 2.0 22,38 0.27 76.12  17.04
s M5 2005 0.2 .85 18.02
i 19 | 2.5 ol 75.48 16,8
Std Dev . w.& 3.21
'Note: Plots 1 to 8 ave from the tres with subsurface dreins.
" Plots.9 to 16 are fras the area without subsurface drains,

T
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TABLE 6. MATCHED PATRS STATISTICAL AMALYSIS f smaﬁcm DRY MATTER

TIELDS AT SFC.
Plots harvested on 791124, |
2
Plot No. T Dreined” ;%Undnin.d‘ - ‘
g 6.7 17.06 - 0.28 0.08
2 11,64 18,02 - = 6,38 40,70
3 .94 19.96 4,98 24,80
4 22.83 12,26 10.57 111.72
5 5. ) 17,07 28.67 g21.97
3 13.87 712,31 21, 56 46ls, 83
7 26.63 21.22 541 29.27
8 2.9 16.66 5.93 35,16
£Ip = 7046 <YpZ w1528, %
Sample Standard deviation = s ﬁr‘p
= -
Sy’ = £ -ﬂn) . 908.7 v
- 5 = 3-“37- - 11.4

Sample Standard error of the mean s3¥ = ?!ss‘sa-,-

v 8
. s D B
,,. / - 20188
as =7 0.1<p>0,05

il

!n m difference, - : C A
N ) .
I/ o .
Ai | . R . !
~ . ¢ v 3k}“..;‘ 1"’5 ’f ‘. A,
i, ré;;»: h N %‘i{}}a A, ¥ L : . .
R - - t X - A L
. - (RN 1 & &
w N L N e & oy
mL e —

Yy Drained ~ pry Matter 'r‘ield i.n subsn:flce drained plots (tomes/hs)
*r Um = Dry Matter Yisld in non-subsurface drsined -plots (tonnes/hs).
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(/ TABLE 7. émmsmmmsmsmmrmmumsvc
g (APRIL 1980 HARVEST) -

Welght of sugarcane from the same fields of Table S ,
, using the same plot sizes and crop planted at the same
- time as those in November barvest.

LY e e,

Millable Wet Wgt. = 4. | Dry Wat. Yield
| Plot No. Stalks of stalks ,...7' per stalk tonnes/ha
per plot Kg Kg
oo - \ (3 stalks) - .
1 117 2,95 29.73 0.9 125.1 3.2
2 66 4.7 29.73  0M7 1.1 41,9
3 " 3.6 29.73  0.% 8.0 17,2
A 69 5.45 29.73 0.9 1%.3  40.5
o . (20 stalks)
b 6 93 RS 1.9 0.5 14,3 51,6
‘ ? * R.5, 3.3 0.5 95.4 30,0
8 57 : - ”. 0 310” 0;61 120'8 . 37‘9
£ 78 - 30. 56 27,6 40,1
(3 stalks)
9 65 5.91 ‘31,95 0,62 139.2 ks, s
10 80 5.45 .95 0.5 18,0 50,5
11 104 6.2 31,95  0.73 257.0 .1
k , 12 7 5.91 395 062 1H2 19,3
; (20 stalks} .
' ’ 13 . ” \ ﬁ095 29c61 001‘9 5307 . 1509
% 70 _ 36.‘36_ - 29.61 0.53 138.9  B#1,0
' 15 % 3L& . 2961 0.4 %.8 28,7
\ .. 16 63 . P09 2961 0.5 18,7 %6
SRR .68 . .78 192 . 3.3
4 \ "i N \ . . B
o ~ 1 Notes Plots 1 to 8 are from the ares with subsurface dreins,
. O | Flots 9 to 16 ire from the sres without subiurface dreins,
e - ‘ ‘q“ B
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(78 to 68) Tho,uun percentage dry matter-was abeut the same, 30.5% for
subsurface dru.inod to 30 784 for the non-~subsurface drained. Hovovor,
the big difference was seen in the dry matter weight per cane vulun. .
In the 20 sulku-phithomdrymttornmtporcmmo.ﬂka
in the subsurface d:limd ares and 0,50 kg in the non-subsurface disined,
m. mean weights in thc 3 stalk samples were 0.64 kg in the non=subsurface
drained and 0.415 kg in the subsurface drlined. m: difference vas :nry
mich greater than was observed in any of the other determinations, Thus
itwmuhhtintmhmaﬁncgmtoo‘cmnamh_tobo
used in yield determimations. Thus if 20 stalk samples wers used -
Wout., the results might have been similar to those obtained in
the first harvest. ‘ .
MhmtuMamhthmmmwt}ndry
mtter content from tha two aress. Appl.rontly 1t was not too critical

durinsthodryau-en(Aprth)mtheymalmttbom.

The observed 2% difference durin; the rainy season could be very hpcrunt

tomiwm~1ihthom,mmismdanmr. Two per ceat
-mmm;u:twtzmeontmmccauf&tmmm
processing and at least 2 per cent lsss feed efficiwmoy. The sugaroane
barvested in the wet sesson frmth-aub'curfmdrumdmm‘ﬁon-
subsurface drained ares respectiyely had 8.28 and 6,12 per cent more

, mhtprothnthuomvntdm‘th-drymlon. Thess higher moisture

cantents would cbviously give rise to higher operatlig coets in the

_reiny season. Thus the subsurface drains would contribute tmrdl

the reduction of these costs. This cost reduction should be muma
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Thus although there were strong indications, there was n;t
enough evidenve to conclusively say that there was an increase in yield
due to the subsurface drainage. The observed variations suggsst that .
more rigorous statiastical do‘%igx is required in any fature experiwents
vhers crop jlelds are to bo cospared for different drainage treatments.
This was not possible under existing field layout conditions. A more
suitable design would be & coupiotoly randomised design using the present
field 1 an one af at least four experimental units. This means that
other expsrimental mnits would have to be sited at other locations on
the farm. Ideally sll axperimental units should be located in the seme '
field whers variations of soll properties would be minimal. However, any
inter~-field variations ::onld be handled by appropriate statistical analysis
provided tiat the dreined and undrsined sreas receive the same crop
treatments, Lsrgs aress of similar soil are slso nesied becauss drainage
artoots-yltutohmkumhu 50 m from a drain, As a result of
these requirements for large soilmdcropwa. generocus fuudinaand
several years dmuon, very fow statistically rigorous gyop“yiold vs,
draimage condition experimits have bees nade. The cbservations in
Tables 5 and 7 indicate that sugarcene yleld msasurements should contain

€t least 20 stalks and about 8 subplots should be ssmpled for sny field.

- Anmal. harvestings using the same design as used in this study but at

dﬂfmt loutim in tho fields should also ovontnﬂ.ly provide
ccuclnnin results, m:wouldtppmto to a rendomized design with
‘mmwmcmutdﬂrMWNthh

. yoar. rmwmumcmmumwmytomm

:l':h]dmtiou mmmwwmnmmu.-.mm
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of ratoons) in both the subsurface drained and non-subsurface drained

. regions could also be eventually used as an indicator of differences

in yleld.

Roots. The mean weights of roots at each position in both the
subsurface and non-subsurface drained areas weres calculated. These
values are tabulated in Tabls B4. The mean total root weight in each
region was determined. The mean percentagss of this weight found in
each position was found and shown graphically in Figure 13,

Mawe 13 dooq not indicats any drastic difference in diatr‘lbutiim
patterns Detween the subsurface and non-subsurface drained reglons.
Intuitively one would have expected the roots from the subsurface
drained aress to penstrate deeper than the nbnfaubsni'f’lce drained u\'ou,,
the drains would be expected to creste mors favoursble scil conditicas
at lower levels in the profile. Figure 13 dows show & higher percentsge
of roots at the 0 - 13 cm level for the non~subsurface dreined uou
(50.4% to 4,2% - wean sum of the 3 surface locations) but it is not

‘belisved to be significant st this stage. '

Thus the subsurface drainage systea did not mf:ohnvinrkgdl.y
influsnced the rooting system of the crop at the depths indicsted. Cne
uupm'a growth under subswiace drain cmdit:!.m is prohl,blar insufficient
to give conolusive results of the sffect of the subsurface drains on the

vooting systems becsuse aprfed Luprovements 1n the subsotl sometines
only occour after & fev yoars. Also it appssrs that future investigations
sist inolixde deeper depths since distributicm seess to be almost the
same at the depths investigated in this study.
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< CHAPTER IX

CHEMICAL ANALYSIS OF DRAINAGE WATER ‘

\
i The concentration of certain slsments in the subsurface drainage

vater from the fexrtilized and non;tertiliaed areas were determined and
\
compared,

k]
[

Materials and Methods
¥
Samples of the water that flowed from the subsurface drains were

R ﬁ sollected between the months of June and September 1979. Clean 750 ml
commercial glass bottles wers used as collecting vessels during the month
™, of June. These were subsequently replaced by new 900 ml phgtic bottles
because it was feared that chemicals from the glass could bave dissolved °
r‘ in the water during tbe inevitstle long walt for amlysis ia the
laboratory. This would have introduced errers into the amlyses. Outflow
from all of the drains that were nﬂfdin drainage mt; Mmtimm
collected. -Suaples wers collscted, at convenient intervals, after msjor
rainfall events until flow was negligible. One utrot‘mpln was taken
from field 2, during the month of August, 2% hours after the ield wes
irrigated with liquid maure. ' B
Imsediately after collesticm, 10 al of 0.1 N Hpdrochlaric Acid
ws added to each sample to reduce the rate of change of the chemicals
e in the ssmples. Prelimimry tests indicated no change in aeacentratica
of the nutrients during storsge. .
The samples were transported to the lsbaratary st the University
of the West Indies whers they were azalysed for the consemtration of
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Sodium, Potassium, Caloium, Magnesium, Ircn, Coppsr, Zinc and Ammoniume
Nitrogen. Atomic spectrography was the investisative tool. Concen-
trations were reported in units otli]lia-mpor]im of drainage
vater.

Results and Discussion
The mean concentrations of chemicals for the three ﬂ.:lda on

t?o sampling dates mentioned are preseated in Tabls 8. No dl.tt o the

" chewdical composition of the soils befure drain installation was ;ni].gb]n.

f.

o s T

Thus it is impossible to compare these results in terms of absolute

.quantities. In any case the quantities of nutrients leached cut seem

to have been negligible in most instances and of similar orders of
mgitude to what have been reported slsewbere (Bolton et al 1970).
Nutrient lozs seemed to be very much influenced by the amount of water
that sseped throngh the soil. Thus the quantities of all the nutrients
decreased as the.drain outflow decressed after rainfall in all instances.
'Gcmull.r, thers vas apparently ao fundamental difference in water

" chedstry between thé cultivated fields and the unoultivated field in that

the absolate quantities and the varistions were similar. A notable
@xteption to this was the total irom content. The quantitdes of iren

in the nlpln that were callected from the uncultivated field 3 were
substantially greater than in the other fields, This probably most
acoomted fir the mich grester deposits of iren oohre that wers
pm’upauminmmozmid 3. The drains in flelds 1 and 2
were in their second year of opmt;mmmﬁmmmifnmir
firet year. Mitummgu@u,mw«n« the difference
difference in-the sovil chemistry
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TABLE 8, MEAN FIELD CONCENTRATIONS OF SOME CHRMICALS IN THE SUBSURFACE DRATHAGE WATER AT THE SFC(1979).

-

CHEMICAL COMCENTRATION mg, 1~1 _

-

e R < Ca Mg - Fe NH3-N Cu Zn
S med 1] 2 3 sfzfa] a2l al 1]zl ]2l ]2l 123l 2]>
Date] .
416 ‘19‘ 15-0 1?:6 4.,040,.2 3. loi l'q 1.1 "’.2 1.0' 1.3' 0, 5&000 3.3 - - - - - - - L- -
- 17/6 | 21.3}13.0}21.2 6.11 o.é 2._ 1.3 0.4 1.012.& 1.311,6]0.4 0.0!‘1.7 ~ 1t -f=-1-1-1-1-1=-1-
2/7 6&5‘ 5-6 l}.? "3-? Oszo 30"’ 2‘* 1.2 5. 1.5’ ’mOL 0‘1 0. 3.# - - - 0. 0. 0.0 .m .01 0.0
6/71 8.2] 5.4} 8.9 _1.0{0.1 1.711.001.212.6]2,711.12.2}0.1 o.::lo.b 3.3j0.311.3 0.0} 0.0l 0.0] .02{ 0.0]0.1
8/7 8-2 ‘“5.—5‘ »9;8 1.; 0.1 1. lo" ~1.2 2.% 30 1-0L2.0r0.1 0.0 0.3L‘h3 000400 0. 010 0.0P 6& 000 .02
"18/8 1.8 d2.4 - - - °m z.aJ o.ok .03
¥ <
s/9 1 25.2115.0] 3.3 15.%3. 2.6 1.11.1& 1.3%4.2 1.4 1.01 1.2 1.9H6.9 -1-)- 0.0] 0.04 0.0l -] -] -
" 10/9 12.5} 10.0 1.32. 0.6 0. 1.1}0.9 0.9|4.5) -1 - -1 - -1 -
- 12/9 5‘& “09 504 2"" 00 1. 102 0-#0- 2'." 00 1.1 0. 0.3 2.9 - - - - - - - - -
Wl | 5.0] 7.4 0.} 1. 0. 1, o.6{1.5 [|1.ofn. -1 - -1 - -1 -
18’9 502 8-8 0. .1. o-l}! 1. 0.6 1.6 : 1. 3.2 - - - - - -
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‘of the two areas. Creater iron outflows may occur in the £irst year

after drain installation due to loose backfill. Further analyses in
subsequent. wot/' seasons should elvoidate this matter. o g
In spite of the liming that was carried out, the Calciim and ’
Magnesium content from the, fertilised and cultivated areas were not | |
mach greater than those from £1eld 3 during the sarly part of the season. ;
Actually the quantities ;r these elements were greater in field 3 during
the later sampling sessions. This indicated that the majority of the - y

\
applied limestone had remained 4n the soil,

The Amxonia-Nitroge content in field 2 Soamed to have been
increased after the application of liquid msnure to the field during

the month of August. Therse wvas an even bigger increase in Potassium
- content in field 1 after manure application.. The Potassimm incresase
L’* in field 2 was not as largs as in field 1. The content of the mutrient
| returned to pre-irrigtion levels after reins. It appesrs probgble that
the increases in Ammonia-Nitrogen and Potassium, in the drain outflows
after manure irrigation, were largely due to short distance seepage of
- mnure compoents through the Loose backfill directly over the subsurface
| gfiins, There vas tot much variation m/ the Potassium levels in field 3,
The relative order of nutrient lou (Ca>MNg> K) thet was rcporud
. /by Bolton et a1(1970) was not cbtained consistently in the samples that
vere amalysed. In the mmjority of cases the reversed order, i.e.
X> Mg > Ca was measured. m'mmdnntbothinthocultiuudmd
nen—onltivn.‘hd aress.
There are mm:'cuommy the obc-.'mlllnl.btu dduin
water is important, these ave (1) the ruon]. of nutr:l,cnu that conld
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be used by th. plants cbnld lsed to dqficiencioa of «min mtrients
uthlmgm,lnd(Z)thopsupotnntriomintoﬂncomctins .
watearcourse conld lesd to muivo sutrophioation of damstrean :, ’
water which oonld in turn lead to the prolification of algse aad . |
other plant Iife to undesirable propartions, The quantities messured .
mmtuttm'm,tobonomtdumﬁtmuoithw' P
potential problem is concerned. : The quantities of chemical elemsats .
/mmnbmchanogmumhhuthntquﬂu . »
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CHAPTER X ’
SUMMARY AND CONCLUSIONS

Some of the major physical, chemical and biclogleal factors
associated with the subsurface drainige system wers probed during the
ovaluation. A study of the physical aspects was inportant since they
are needed in the establishment of drainage criteria for the SFC and
other aress in Trinidad and Tobago. The biological aspects were
isportant since yield for profitable production is the most influential
statistis in the determinatiom of the economds viability of a drainage
system. The chaxioal aspects were important because of the need to know
vhat elements are passing out of the soil in the subsurface drainage
witer into the murky watercourses. .

An in=depth economic analysis was not carried cut as it wms
/somsidered to be outside of the scope of this work. However, because
of its overriding importance in drainage design, econamic factars have
been considered throughout the tekt.

‘The physical investigations indicated that the drsins were
funotioning as well as could be expected far this soil. Drainable water
ws being removed from the soil praﬁl; relatively quickly. Generally ‘
the water table in the subsurface drained areas wvas lowered much faster ‘
thaa that in the a-sibsurface drained ares. The rate of lowering of
the mter in the subsurface drzined aress, dur‘.\gsthoﬁntzuhonrs
after mdr:n, ccmpared fevoursbly with the druinage criterion of 30 a
that was suggested by Kidder and lytle (1949). Thersfors, if saturation .
of the root sone is the limiting factor, it would be possible to growa
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larger variety of crops in the area, during the rainy season, with

' 1ittle risk of crop losses dus to prolonged inundation, This poaesibility

of crop diversifioation during the rainy season is one of the most
ispor-tant advantagss of the subsurface drains at the SFC.
Potkdrm;mtﬂovntoswmwtorintbonmmmot
1979 than during the rainy season of 1978. The outflow rates during
both seasons was less than the Netherlands criteriom for arsble land
of 7 mm par day at & water table hedght of 60 ca above the drains.
However, they compared favourably to drainage cosfficients suggested
mdhpﬁdnﬂJWSoMbnd(lﬂ)mdmmg et al
(1978) . Kore reliable drainage criteris for Trinidad sud Tobago
conditions will only be established after subswface dtquua systems
bave been installed on several farms with different-soll couditions and
mny more field observaticns have been mde. The incresse- in the 197
outflow rates over the 1978 rates was probably due to the “opening up"
of new patimays to the drains as a result of the action of the wetting
and drying process on the soil profile. Tillage prior to planting in
late 1978 ocould have also caused some of the differences, This
increasing trend shonld continue for at least one or two more years
after which the rates shonld "level off™ or evea be reduced in mgnitude.
Thds leveling off vill-be due to the settling and compaction of the loose
backfill over the drains. The locse bmokfill indnoed higher outflow
nhabycmducﬂnssmotthontwdirnmtof:hodruufrutho
high hydraulic conductivity plough sone, rather than tirough the
mdisturbed subscdl. ) .
Bothth-ﬁoldmdhbmtorymgmdiuudthstm
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vas much variability in the soils of the area, vm:tient‘ronct

uniform tut were randomly distribtuted througheout the fields., These
soil variations in thi’.s and similar areas will poee mroblems for
designers vhen midng designs tased on the steady state and falling
wter tatle thearies sincé these variations will have to be mou:tcd
for. Wherever possible data obtained from field measurements rather

. than hbcutory determinations should be used in designing subsurface

drains for aress such as thees.

As regards hydraulic conductivity messurements, the mean of
several determinations should be used. The number of determinations
that will be needed for d;d.g: paposes will d-pgna o the mﬁaﬂty
of the sodl profile below the water table. Higher hydrsullc conductivity
values were obtained from field 1 by the drein line method than hy the
Auger hole mthod. In field 2 the auger hole messurements were higher,
The values from drain line method should be preferred to those from the

. Auger hole method when designing because they represent what is taking

Place in the entire soil profila;

Field valnes of drainable parosity were typically lower then
those weasured in the laboratary. Thus if labaratary valves of
dretnable prosity are to be used in desig work they shld be applied
with caution, |

Tt appears tiat the best drainage criteria for the soils at the
SFC would be those tased on the agronomdic requiressnts of the mjor orop
under oultivation. This conclusion was based on both the quantitative
and qualitative observaticus which indiosted that the suwrface layers of
tholoﬂdridui:myqdouyintboﬂomm-uWMs




3 were installed. Crops differ in their abilities to tolerate inundatiom.
Thus in order to design for optimum water table conditions, it is at
least necessary to ,ov the requirements of the crop species, soil
characteristios, watering rrocedurs and climatic conditicns. Therefore
designs based pn the requirsments of one crop would not necessarily be
applioable to other crops. Since crop diversification may be desired
at the SFC and other areas, designs should not be tused am crops with
extrems tolarance to soil water conditions, For eampls, the tomato

. plant has very low tphrn.nco to very wet’and very dry conditions, vhile
sugarcane has very Mg tolnnn::o to both these conditions, crops like £
these should not be ulaod as t.ho tasis of design.

Trafficabdlity could also be a useful draimge criteria sspecially

{‘ for ventures such as the SFC vhere harvesting is desired throughout the
J yoar, The sofls at the SFC are ldeal for iraffioetility criterts since

their low drainable porosities greatly rod\‘xcoq the risk of overdrsinage.
Qltl;tothlrhlnd it was observed that ‘even in the fields that were
subsurface drained at the SFC, the soil was wmable to support traffic
ufcaﬁe;:tnctors mmumrawiodnrnptoaqmdwm
drainable water was removed. However, the bearing strength increasel
rapddly as the soll dried to water contents less than field capmoity.
The very low bearing strength and tively soft consistency, at moisturs
contents of about field capacity, werp due to the very fine texture of
the soil, Desiging for trafficabdlity would therefors. normlly result
in closer drain spacing than designing for minlwmm crop requiremsats.
Mamhs&mﬁnah“upﬂdnﬂay. This and other
sconcmic and mlnnic:lrlctm‘shu]db. carefully cousidered when '

r
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docidinsmmerimt'wthosmmdotheum.
. It was almost impossihle to'accurately separate the sources
of blologlieal rg-po\nu during the first season of productiom. ' This
mdn-toﬂ;-nrylnshndm before the establishment of the SFC
and the limitations of statistical designs that were possible under
the conditidns, Thus although the mean millable stalk yield from the
subsurface drained ares (November harvest) was 52 per cent more than
thet in the noo~subsurface drained ares, one gon]d not conclusively
uythtth.ubimnddamdno sololvto the subsurface drains.
Baﬂtcro;tthh stage the prospects of higher sugaroane yislds due to
subsurface drainage could best be desoribed as promising. Further
nondtaring of the ylelds is imperative for additional evalustion of the
subswface dr\tintp system.” inother very important tiologlaal facter
f hthﬁn&lmﬁmmldhthllmmityofﬂnm. ™his
vill depend o the quality and quantity of subsequent ratomms, If the
subsurface drains could slgnificantly scutribute to the projfoticn of
~. an ratoon in comercial quantities, that would be another msjor
- t of the system at the SFC,
r . Mnﬁmﬁmrom;\smarmw&u
{ revealed that there were no mjor differences is roct peustration, st
the depths and distances probed, h-'hmnthosnbm“-drdnodum.
and the nm~subswface drained areas, It was oconcluded that one season's
growth wder subeurface drain onditicns is peobebly ineufficient to
give conclusive results of the effect of subswisce drains o sugarcane
rooting systems. Swwrmutwmmm\hmddﬂ
N mmmumuhmmnmrgm. |
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The qnnntiti.;a of the chemicals smmmting ﬁm the subsurface
drains vere éwmerally very smll and did not pose mywu dnnmr\
to the envirocument. The quantities of irom, however, were large enough
to encourage the deposition of substantial amounts of iron ochre at
the drain outlets, Ocire accumulated whea the drain outflow was
rednoced to & tricide, These deposits wers either washed off by
subsequent heavy drain ocutflow' or they shrank into a thin skin when
& prolonged dry psriod followed, Since very little pogress has been
mde in the prevention or reduction of this ochre phenomenon, the hot
humdid conditions at the SFC may be ideal for further research
providing that the ochre ,cmtinuoa to be deposited in laree quantities.
Better mﬂ.ntmnco of the subsurface drainage system outlets is
nesded., In areas whers the outflows from individual drains are not
being studied and in subsequent commercial systems, the flow from
several laterals should be collssted into one min line with a single
outlet. This will reducs the number of outlets needing l-intcm'.nco.‘
Better mintenance will ensure lmnger drain life and the een'tinutiun
of investigations into the ocencdc fuaibd.hty of subsurface drainage
" under mmumrmcmum. Regardless of whether ar not tle
subsurface drainage system at thoSFCamthJ;p-ms to be economical
for commercial orop production, 1tsvtlmn&nupuimu1md
. deangtration wnit are m._. Thus its implications are valuable
not only for the SFC but for Trinidad and Tobago agriculture in general,
Therefare it is well worth the money and the effort that vas put into
its installation. Its worth.will be even greater if it is maintained
in prime conditica for a long time.

o,
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CHAPTER IT

v RECOMMENDATIONS FOR FURTHER RESEARCH

Based on tiis m:iy it is suggested that the following
Lrvestigstions nto subsurface drainage in Trinided and Tobago will 1
bo'bonoficnl. :

1. Monitoring of water table heights and draimage outflow
retes using sontimous recording squipsent (whers possible) under
different crop and soil conditions, This should be undertaken in ]
conjurction with the collsction of on site métecrological data of
evapctranspirstion mtes, temperature and rainfall, The pool of data
obtained oould be psed to develop a water balance model. Such s model
will serve a2 & better guide in the selection of dreimgs criteris, for
the design of subswrface drainege systems in Trintdad and Tobago, than
oriteria which have beenn developed elsewhere. ’

2. Attempts should be made to more accurstely relate laborstory
deterxinations of drainable parosity with values cotained from field

. mensurements., This vill be of great value in subsequsut dni'mns of
subsurface drains since in most cases mhhbmtwych.un;omm;c
‘at f.m.pnm Similarly, the development of depsndable relaticuships
‘betwesn Auger hole hydraulic conductivity values and drain line
determinations will be beneficial.
‘3. Pield and labortory imvestigtions into the mture, formstion
and control of iron sladges in subsurface drains will help in the
reduction of clogging of drein and filter ocpenings,
‘B, Experiments should be set up with adequate replication to

iriads
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determine the effects of subsurface draimage on yields cf vegstables,

sugiroane, mise and other crops and the feasitility of subsurface |

dretoage installations in Trimidsd and Tobego. S
5, The opmretion of farm machinery during’the rainy sesson |

R I

LS

! 1s presently very limited by field ccaditions. It is also potextially

| - very damging to soil structure.- Studm7touubmhthom-uta .
: \ improvemeats (A axy) of scil trafficability and the limits for machinery
operation in subsurface drained fields, will provide useful information
for decision malers,
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TABIEB1, BULK DENSITIES AT SFC.

BN ,__Bilk Density gu/ce s
. Fiold  Row %’ PoittTon ., o

Dev.Y
3 4 Mean *
- 1 L7 1,60 ) .67 0% ° 3.23
1-IR 2 30 1.65 1.68 -
A o
1-D8 1 60 1o 161 1.60 .0 8,75
1-18 2 60 1.73 164 ‘ ?
1-008° 1 % 1.73 165 1.67  .061 3.65
‘ 1-mm 2 3 170 1% | ' '
.‘- 1-UR 1 60 1.68 1.6 1.6 .02 321
: ﬁ 1-um 2 60 1.% 160 » \
? ) 2 30 1,61 1,50 1.65 1,57 1,59/  .06% b,05
2 60 166 L& 163 149 LE .8 L
, 3 3 L1 L% 1.6 .45 701
{ 3 30 1'77 \ 1053 . -
: a /
! 3 2 60 % 160 1,60 .0 2.6
E 3 3 60 .® L% . '
¥ IB - Subswface Drained
l \ * UIR - Nom-subsurface Drained
. i
Y Sta, Dev. - Standard Deviation
* C.V. = Coefficlent of Variability
@ | -
!
: ‘ WJ { .
’J ik : gf:'%ﬁég‘;“»:“ﬁgf%;?ﬂ:&aﬁavau-»ql et o e A b, PRI A &wrﬁi&u&ﬁ%ﬁku‘ﬂmﬁn&» w et R S 0 R
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TABLE B2, ESTIMATED DRAINABLE POROSITIES - LABORATORY METHOD.

- Drainable Forosity - per cent drained -

Sample depth} _ 30-cm ;

Field 1-RY 1-IR 1-UDRX 1-UDR 2 ‘ 3 {

- Row 1 2 1 2 2 3 ,
’ Position 1] 21 1] 21 1] 21 11 2| 11 21 31 &) 1§ 2] 1 2 '

Suction - om

20 1.4] 1.80| 1.98] 2,16 1.u4] 0.96] 1.861 1.80] 2,10} 2,16] 2, 5] 2,u6| 1.32] 1.62] 1,14] 2,16 °

Lo 1.2] 2.28] 2,46} 2,46} 1.86] 1.02]| 2.22{ 2.02] 2.7 ] 3.00] 3.96}| 3.06] 1.92} 3,00] 1.3] 3.42 .
60 ‘| 2.30| 2.3%| 2.80| 2,88| 2,00| 1,90f 2.9%| 2,30{ 3.18| 3. %[ 3.66} 3.30{ 2.46| 3.60{ 1.38f 4.02
- : 80 3.20] 3.00} 3.22] 3.73| 2.62] 3.21] 4.06] 3.01) 3.90] 4.20| &.08] 3.66] 3.36| 5.u46] 1.38] .86
100 - 4.38| 5.16] &.62] 4,20} 4,26} 6,30] 1.39] 5.46

Sample depth 60-cm

Suction ~ om

20 1.26] 0.8 1.80] 1.26] 1.50] 1.u4] 1,80} 1. %] 1.92] 1.32] 2.28] 2.%| 1.92] 1.} 1.20] 1.80
ho 1.321 0.96] 2.16] 1.50} 1,62] 1.56] 1.921 2.18] 2.46] 2.10} 3.12] 3.36| 2.76] 2,401 1.62] 2.
~ 60 | 2.00| 2.20{ 3.09] 1.62] 1.68] 2.60] 3.26] 2,59| 2.94} 2,52} 3.66{ 3.78] 3.66} 3.00| 1.92] 2.9
80 - 3.550 3.34] 3.51] 2,46 2.01] 3.50] 4.10] 3.k3] 3.48] 3.42] 3.90{ 4.68f 5.58] 4.62] 2.40| 3.36
100 ] 3.9¢] 3.60] u.62] 8,52| 6.18] 5.88] 2.88] 4.1
w

, DR - Subsurface Drained

x UDR - Non-subsurface Drained
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MBS. DRAINABLE l:wm Brmm BY FIELD MEYHOD (1978) MEASUREMENTS.
Watertable 'Natertab]e A= 9qat 28 hrs q at 76 hrs ‘ Hoq &Q x 2 d;ys f =
Field  Pipe at 28 hrs at 76 hrs ‘ ~
m m mm m/day  mm/day mm/day mm A—ﬂ—g-éz—i‘i’ﬁ o
1 931 1016 8  1.865  0.360 1.50 3.01 0.035
2- .258" 568 310 2.635 0.460 2.175 4.35 0.014
3 220 492 272 3.405 - 0.630 2.775 5.55 /- 0.020
4 . 108 433 325 2.370 0.530 1.840 3.§8 0.011
5 T g9 UE 285 2.3 0.700 1.620 3.24 0.013
~ 6 61 266 205  1.550 . 1,145 0.405  0.81 0.008 '
2 1 322 527 205 4.465 0.585 3.880 7.76 0.038
2 591 811 220 4.265 0.470 3.795 7.59 0.0345 '
0.036

3 502 802 «+ 300 5.865 0.395 5.470 10.94

Note: No correction was mads for Evapotranspiration Losses in the 1978 determinations.
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TABLE B%. DRY WEIGHT (GM3) OF SUGARCANE ROOTS EXTRACTED FROM SOIL 'CORE SAMPLES.

~

Distance from Stool Ons core diameter Two core diameters Three core diameters

- Depth (core lengths) 1 2 3 i 1 2 3 4 i .2 3 4
Stool HNHo.
1 2.33 {1.01 1,27 [0.73 {1.69 (1. | 0,3 | 0,37 | 1.53 |0.69 10,39 0.5
2
'3 4.60 j2.76 |1.35 | 0.61 | 1,67 |[0.68 {o0.2% {0.,%% |0.49 |0.93 |0.66 |0. %
b 2,50 Jo0.66 {1.17 | 1.09 }0.69 J0.65 | 0.5 ]o.42 | 0.73 |o.u8 0.22 Jo.72
2 3.15 |1.48 [1,26 [0.81 |1.35 |o0.82 |0.38 }0.38 |0.92 {0.70 |0.42 ]o0.59
5 , 3.33 |3.49 | 140 0.39 |1.87 10.99 | 120 |o.48 | 1.36 [0.93 |0.43 |0.63
e é 2.37 [1.58 [o0.83 | 1.31. } 1.8 [1.63 |o0.55 Jo.u6 |1.27 1,03 |0.66 |0.5
£ 7 5.00 §1,12 | 0.65 | 0.61 }2.69 }0.77 | 0.3 |0.55 | 1.68 | 0.3% {o.45 |0.35
8 2.57 |o.88 }0.68 |0.79 [4.55 |o.42 | 0.55 | 6.87 [0.87 |09 0.2 [o.51
¥ x - 3.31 | 1.77 | 0.8 jo.77 |2. [0.95 | 0.67 |o.48 [1.30 {o0,70 0,52 [0.52
%L Notes Iancth of cores 1‘3) - -

Diameter of cores 115 mm.
-Samples from Stool No. 2 destroyed in a laboratory accident in Canads and could not be replaced.
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TABLE BS. DRAINAGE CORMFFICIENTS FOR TILE DRAINS IN HUMID REGIONS®,

S T RIS P R ORI N W R D S Ao o S VIR Yl By Ty e (54 A TSt

~

\

&

Crops and degree

Drainmge Cqefficient in inches per day

of Surface draimge Minersl Soill Orgmnie Soil
Field Crops

Forma1™* 3/8 - 1/2 1/2 - 34
With blind inlets 3/8 « 3/4 1/2 - 1
With surface inlets 34 -1 34 -11/2
Truck Crops ‘ :
Bnm* \ 4 1/2 - 3/ 3/8 - 11/2
With blind inlets 1/2-1 3/4 -2
With surface mm‘»t\ 1-11/2 2 -4

* From Soab et al. (1966)\pg. W9,
* Mese values my vary depending on special soll and crop conditions.

Vhere available, looal

mc—m:htim should be followed,

*Adqmtomtmdrdmguwithmto other drains or ditches

to be provided,

{1 inch per day squals 25.% mm per day.
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TARLE. B, SOME %'ED DRAINAGE CRITERTA FOR MINERAL SOIIS IN
‘ CERTAIN AREAS, .

R AR O SN TR e o

123

Depth and Rate of Drop

Crops of the Water Table Location References
Field | Initdal depth, 15 cm winimemmy | Minn, USA | Neal (19%) .
30 cm per day through second
15 om; 21 cm per day through
third 15 cl,
Field Drop from surfacs to 30 em in| IT1. USA ' fidder and Lytle
26 br and to 53 cm in 48 kv, (149)
Field Drop 21 cm per day. Va. USA Valker (1952)
Grass Constant depth 50 cm or less, | Netherlands Hunﬁ;;ﬁtll
Arable Constant depth 90 to >130 cm. | Netherlands "..”ﬂ;‘ ;t al
A W \ i

——




oy et g Wi e e

P

bty

-

1

) e e e A o S Ko G e it gt A

<

™ =~ o
— .
TABLE B7. MONTHLY RAINFALL AND POTENTIAL EVAPOTRANSPIRATION RATES IN MILLIMETRES AT TODD'S ROAD.
appromimately 1-1)5 miles S.E. of Longdenville, Trinidad. Source - Caroni Limited Weather Station
. = [3
Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. _ Dec. :;:::1
RAINFALL "
1969 87.'4 28.7 39.9 _10.6 53.1 291 186 227 224 169 260 143 1720
1970 114 69.9 36.1 95.1 91.7 320 319 306 263 120 180 168 2083
1971 5.1 24.1 16.8 25.4 .117 153 248 259 172 651 256 111 2086
1972 269 33.3 115 115 116 123 247 255 91.2 152 177 112 1805
1973 22.9 37.1 5.08 26,7 27.2 196 229 406 253 297 230 154 1872
1974 103 §1:1 64.3 20.6 35.1 104 174 263 155 259 186 162 1577
1975 ar.2 48 19.3 37.4 75.7 203 203 289 176 204 . 289 377 1971
1976 59.9 171 57.2 45.5 77.5 308 204 181 162 146 185 199 1886
1977 50.3 17.0. 35.3 20.6 84.3 380 183 323 205 141 105, 79.5 1625
1978 24.6 10.4 18.5 14.0 193 249 253 273 167 115 80.5 141 1539
1979 45.2 18.3 29.0 64.0 99.8 346 341 128 250 229 226 253 . 2030
11 Yr.Av. 79.8 46.2 39.6 43.2 88.1 243 243 264 192 226 198 173 1836
STD. DEV. '69.3 45.0 30.5 34.3 45.5 93.5 56.4 72.9 50.8 153 64.0 82.0 199
MEAN MONTHLY POTENTIAL EVAPOTRANSPIRATION
“142 145 147 150 150 127 127 130 132 130 135 137
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