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ABSTRACT

The performance of Viaflo drip irrigation tubing

used for one season was compared to the performance of

previously unused tubing in laboratory and field tests.

The experimental field layout consisted of six treatments:

irrigation by surface and subsurface installed Viaflo
tubing previously used for one year, surface and subsurface
j-nstalled Viaflo tubing previously unused, furrow irri-
gation and no irrigation.

Fertilizer was not applied unEil the corn showed a

nitrogen deficiency. At thaE point in time, 100 kg/ha of

ammonium nitrate (formula 32-0-0) v¡as applied directly
near the root z.orre in every treatment.

A Troxler depth moisture gauge Model L255 and a

Troxler raËemeter Model 265L \,vere used for soil moisture

measurernents.

The soil moisture content under drip irrigation
fluctuaËed dorvn to the 60-cm depth while moisture levels

below a depth of 100 cm remained fairly constant. Under

furrow irri-gation the moisture content Íncreased con-

siderably after irrigation up to the f40-cm depËh.

The maximum yield of corn vras obtained with the

furrow-irrigation treatment but, ,in terms of water use

efficiency, all drip-irrigation treatments were betËer

than furrow irrigation and both ner,ü tubing installations



it
were subdtantially better than the old tubing instal-
lations. NiËrogen def iciency and weeds evidentLy af.-

fected yields appreciably.
tViaflof tubing was very suscePEible to mechanical

damage, algae growth and ultraviolet degradation, es-

peciafly in the surface installations. In surface ínstal-

Lations, tViaflot tubing could not be used for more than

trüo seasonsrrwhile in subsurface installations it appeared

to be in good condition and suitable for use in third

season.

Drip irrigation in this study faÍled to control

weeds., because of rainfall, weeds could grorü beËween Ëhe

crop ror¡rs and some, such as the broadleaved Plantain

(Pl-antago Ma-ior L), r,r?ere even more abundant and sËronger

in the area near the drip lines. Their rooËs developed

close to the subsurface drip l-ines and may have adversely

affected Ëhe uniformiËy of water application from Ëhe

drip lines.
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CHAPTER I

INTRODUCTION

Demand for water is increasing due to increase in

population, rapid indus trLaT-Lzation and increasing re-

quirements for irrigation. I^Ihen water Tesources are

limited, water must be used more effectively. In the

agricultrural sector, this is Possible by using irrigation

methods which have high wateruse efficiency. AdvancemenË

of technology resulted in the development of irrigation

methods from surface methods Eo sprinkler and drip irri-

gation in the Pursuit of this goal.

Surface irrigation was the first method practised

many thoúsand.years ago. Even nol¡7, it stil1 is Ëhe most

important irrigation method in many developing countries'

The water-use eff iciency of surface irrigation -Ls 'vea3 -low

and iE .is of ten chaiacterLzed Èy waËerlo€€_ing-.and'sa:-

linity problems.

From LgzO to 1940 manufacturers were becoming

interested in sprinkler systems and the first Ímpactr-tyPe

roËating sprinklers were developed. In 1945 the intro-

duction of aluminum Èubing gained added accepcance for

sprinkler irrigation (t anham L976). The main advantages

of sprinkler irrigation are the water econolny possible and

iËs universality. IË can be used where it ìs either
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difficult or impractical to irrigate by any of the surface

methods. But the high cost and poor uniformity of water

application during windy days may limit its water Llse ef-

ficiency (Agriculture Canada L975),

The practice of subsurface irrigation, in which

!üaËer is applied directly to the root zorre of the crop,

fesulted not only in Íncreased croP yields but also in

savings of water. From the idea of subsurface irrigation,

trickle irrigation was developed. In Israel trickle irri-

gation has been employed as a tool to greatly improve the

desert agriculture. Now trickle irrigation is used in

many countries around Ehe world including Israel, Australia,

the USA and South Africa. Gustafson et al. (L974) esti-

mated that Israel had over 61000 ha, Australia over 101000

ha, Mexico about 61500 ha, the USA over 281700 lna, South

Africa about 3,500 ha and British Columbia in Canada more

than 200 ha under trickle irrigation. There were about

60,000 ha under trickle irrigation in the world at that

time and it was projected Ëo reach 150,000 ha within the

next five years

At presenË, there are many trickle irrigaËion

systems and components already on the market. BuË many

problems have to be solved or at least better illustrated

before recorltmendaËions can be made about the use of a

particular Ë)rpe of trickle system in a particular set of

conditions (Spiess L973). The high-frequency Porous

Ëubing tViaflot is one of the trickle irrigation systems



3

available on the market. It has been tested and it showed

good performance in the distribution of the wetting

pattern at various application rates. At the end of the

first season itr appeared to be in suitable condition for

use in the nexE season (Spiess 1974 and' Udeh L975)'

. The objectives of this study were to evaluate the

porous tubing tViaflo I Lhat was used during May through

september Ln L975 as compared to new rviaflor tubing

available for use in the irrigation of row croPs in

Manitoba. The comparison of the used and new rViaflor

Ëubing was based on:

1. laboratory and field performance characteristics,

2. crop response to surface and subsurface instal-

lations of used and new tubing each comPared with croP

responses under furrow irrigation, and

3. water-use efficiency of each treatment'



CHAPTER II

REVIEW OF LITERATURE

2.L Trickle Irrigation systems Definition and concepts

Trickle irrígation is â new approach to irrigated

agriculLure charact eri..zed. by the development of new irri-

gation water application techniques (Edminster 19 74)' The

Eerm rtricklet vras introduced in England, tdripr in Israel

and tdaily flowr in Australia (Kenworthy 1972).

Ikrmeli and Keller (tgl S) explained Ëhat trickle

irrigation is a system for supplying filtered water (and

fertilizer) directly onto or into the soil. It eliminates

spraying water or running it down furrows or rills and

alLows water'-lo dissipate under low pressure in exact,

predetermined patterns. They also stated Ëhat'Ëhe water

ouËleËs dissipate the pressure in the pipe distribution

network by means of either a small-diameter orifice or a

long flow paLh, and thereby decrease Ëhe water Pressl.lre to

allow discharge of only a few litres Per hour'

Aggarwal et a1. (fgZ:) aefined drip irrigation as

a modification of the conventional old t-JPe of sub-surface

irrigaËion system, the main difference being that a small

measured quantity of water is applied daily insEead of

higher applicaËíons at intervals of a few days as is usual

in Ëhe older subirrigation pracËices. Howell and HiILer

4



(L974) described drip irrigation as a methocl of watering

planEs frequently with volumes of water aPProaching the

corrsumptive use of the plants thereby minimizing such

tconvenEionalt losses as deep percolation, runoff, and

soil water evaporation. Another basic concept taken into

accounE wiEh trickle irrigation is that Ehe soil needs

water only in the area where the plant roots are siËuated

and not over the entire field (u¿err L975).

2,2 Development of Trickle Irrigation
Trickle irrigation was developed originally as

subsurface irrigation. The first experiments began in

Germany in 1860 as a combj.nation of irrigaËion with a

tile drainage system. Similar experiments followed in the

U.S.S.R. and in France (Karmeli and Keller L975).

The developmenË of low-cost perforated plastic

pipe started the introduction of trickle irrigation systems

similar to Ëhose in use today. The first Erickle irri-

gation system of the tyPe used today was introduced in the

early 1940ts for use in greenhouses in England. IE was

developed to provide boËh irrigation and f.ettLlLzation in

a single system. A significant step in the evaluaËion of

this method was made in Israel in Ehe late 1950rs and from

1960, Ërickle irrigation developed into an imporEanE new

method of irrigation (Aggarwal et al. L973 and Karmeli and

Keller Lg75). Since Ëhen trickle irrigation has raised

considerable interest among many users in many countriest
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in tLre growing of many different crops. Today it is used

extensively in fields, orchards and greenhouses in

Australia, Europe, Israel, Japan, Mexico, South Africa and

the usA. The size of the trickle-irrigated aTea keeps

increasing rapidly every year (Grossi L974).

2.3 Trickle lrrigation SysËem Components

A trickle irrigation system consisËs of the follow-

ing components (Coldberg and Shmueli L970, SPiess L973 and

Udeh L975).

1, The thead unitt connected to the main water supply

and including a PumP, filters, valves, a water

meter, Pressure gauges, Pressure regulators and a

fertlLLzer apparatus if fertilLzer is applied with

the system.

2. Conduction pipes (main lines) of the proper di-

ameter according Ëo distance and discharge.

3. The drip lines with emitters as the outlet device

that emits water into the soil.

2.4 Operation of Trickle Irrigation Systems

2,4.L The head unit.
The head unit is often located at the source of

water supply. Suspended solids are removed from the water

by filters which need cleaning from time to time due to

clogging. Pressure gauges are usually used to monitor

pressure differences across the filter. The pressure drop

indícates the degree of clogging in the filEer and the
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need for iEs cleaní-ng. The critería for the selection of

the required level of filtration for trickle irrigation

depend upon the type of emicters used in the system. The

selection of filters for some sysEems may result in the

use of a combination of two or more types of filters
(Goldberg and Shmueli 1970).

The pressure regulators are often located at the

entrance to the conduction Pipes or distribution tubes.

This is a safety precaution designed Eo maintain a constant

head for a uniform distribution of pressure at the emitters.

2.4.2 The conduction Pipes or main lines.

The conduction Pipes or main lines bring water

from the head unit to the field. They may be made of any

non-corroding and non-scaling materials to avoid water

contaminaEion Problems from within the pipe system'

2,4.3 The drip lines with emitters.

The drip lines I^iiEh emitters release water from

the pipes or tubes and supply it Ëo the root zor:re of the

crops. They can be designed in many forms in order to re-

duce the pipe pressure so thaË the water leaves the system

in the form of drops. After leaving the emitters, water

is distributed by iËs natural movement through Ëhe soil

profile.
The simplesE emitter system can be made from

plasEic pipe material, with punched holes of 0.5 mn to 2.0

nnn in diameter in the PiPe wall but such sysËems are not
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very effective (Wotft L974). Recently there have been

many types of more sophisticated emitters available corn-

mercially in North America and in Europe. Such emitters

dissipate the pressure in the pipe distribution network by

means of small diameter orifices or of long flow paths.

Another drip irrigation system uses tubings with permeable

walls through which irrigation water penetrates at low

rates. One such system called tViaflor, is the subject of

this study.

Viaflo, a product of the Dupont Company of the USA,

is a 1.6-cm diameter whiËe porous polyethelene tubing which

allows the trickling of water along its entire length.

The recontrnended water pressure in Viaflo lines is 20.68 KPa

to 27.58 KPa. At this Pressure water oozes Ëhrough the pipe

wall aE a raLe of L,253 litres per day per 100 m of tubing

length. The pore sLze is normally four microns and thê

pores occupy 50 percent of the wall area.

2.5 Research on Trickle lrrigation

2.5.L Crop róoting- paËteqn and-soil moisture under
tri-ckle iriigaËion.
TypicalLy a trickle irrigation system wets only

a portion of Ehe soil surface. Goldberg and Shmueli (1970)

and Berstein and Francois (tglS) found that in arid regions

the developmenE of the crop rooË system is limited to the

area of moisture surrounding each emiËter but that roots

from adjacent crop rorÁ7s may overlap in their search for
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water and nuErients. The application of fertilizers wiEh

irrigation waËer helpslto.balance the nutrienËs required

for optimum grovTth"

In humid regíons rainfal-l supplies most of the

moisture needs of the croPs and rooËing system'is not

restricted to the volume of soil- that is wetËed by the

emiËters. The rooËs will grow into soil zones that are

wetted by rainfall (Harrison and Myers L974).

I^Iith trickLe irrigation the soil moisture stress

should never exceed 75 KPa. In fact, a desirable límiË is

50 ffia. trtiithin this limited readil-y available moisture

range, tensiometers can operaËe properl-y, contínuously and

reliably as soil moisEure detecËors (Goldberg 197l-) "

2.5.2 Application of ferEilizers Ëhrough a trickle
irrigation sYstem.

I^Iaier-solub1e fertilizers like urea' mono-

"r*oni* 
phosphate, potassium nitrate and others are

easily applied through the sysÈem. The advantages of this

technique are the precision of application and'disËribuËion

and the placement of nuËrients in the root zoÍLe Ëo reduce

losses.

In l0w-rainfall areas where there is noË suf-

ficÍent rainfal-l to move Ëhe plant nutrients into the soil

if applied on Ëhe soil surface, Ehe mosË effecËive method

to get nutrients into Ëhe root zone is the application of

fertilizer with irrigation waÈer (Grobbel-aar and Lourens

Lg74). :



I{ater-soluble forms of

through the system have Proven

Lourens L974, Gustafson et al-

te7 4) .

10

N, P, K, Ca and Mg aPPlied

practical (Grobbelaar and

L974 and Rolston et al.

2.5.3 Trickle irrigation with salíne water-

saline water can be used with drip irrigation,

but it is necessary to use high-frequency drip irrigation

to maintain a continuously high soil moisture content' In

such a wäy concentration of salts in the soil water will

be held below damaging 1eve1s. Goldberg 4nd Shmueli (fgZO)

successfully used irrigation water with high sulphate

sa1Es content with electric conductance of 3r000 micro-mhos

per cln to irrigate tomatoes in Israel. In Abu Dhabi,

Tahnoon and Aljibury 1t:lg74) used water with 5 g.1-1 dis-

solved salts for drip irrigation in afforestation. Read
' ':

eE al. (1g74) used sevTage of high salinit¡r for trickle

irrigaÈion of wine graPes in South Australia for four

years. The plant growLh and vigor have been satisfactory

and soil salinity has remained within accePtable limits'

Seifert et aI. (fgZS) conducted an e>qperiment in which

grain sorghums were grown using trickle and surface irri-

gations. I^IiEh irrigation water having an electrolyte

concentration of 1. 60 g. 1-1, the trickle-irrigated - 
treaË-

ment resulËe-d-..ín -yieldsr- dry maËter proäucËion and u¡ater

lrse efficiencies ÈignificànÉIy higherthan- the -urface-
i¡rigaËed treatment-
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2.5,4 Trickle irrigation in greenhouses.

Furuta et al, (tgl+) compared drip, sprinkler

and spray irrigation of Blue Gum eucalyptus grown in

containers in a greenhouse. The soil moisture was a loam

soil amended with redwood sawdusE QIZ sawdust and L/3

soil). They found that drip irrigation could be utilized

for the production of quality plants in conEainers and had

a higher efficiency of water and fertili-zers use than did

other irrigaEion methods .

New and Roberts (L974) used switching tensiometers

for soil moisture sensors with automatic drip irrigation

of tomatoes in a greenhouse. They reported that an auto-

matically controlled drip-irrigation system improved soil

moisture control and croP production and reduced labor,

management and water application.

2.5.5 Mechanical-move trickle irrigation sysEem'

!üilke (L974) successfully developed a Eravelling

trickle system in which the number of emitters could be

reduced from 17,500 to 10 per ha and the diameter of the

orifices increased from 0.2 mm to 20 nrn. The advantage of

this sysËem is thaË it greatly reduces the problem of

maintaining uniform flow from each emitter and the problem

of clogging is eliminated.
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2,5.6 Crop response Eo trickle irrigation.
Many studies indicated that trÍckle irrigation

resulËed in higher crop yields and considerable water

savings (Goldberg and shmueli L970, Aggarwal eE al . L973,

Bester L974, Phene L974 and Sterling and Pugh L974).

Bigger plants, bigger flowers, earlier flowering and more

flowers were reported in Germany (Wottf L974). But often

the highest yields were obtained with sprinkler or furrow

irrigaEion and not with trickle irrigatiolr as reported by

many researchers (Hanson and Patterson L974, Mehdizadeh

and Jahromi L974 and Udeh L975).

Udeh (L975) concluded that trickle irrigation does

noE necessarily increase yields when compared with well

managed alternaEive systems particularly in areas of moder-

aËe climate with an adequate supply of water of reasonable

quality.

2.6 Advantages of Trickle Irrigation
Many researchers have demonstrated various ad-

vantages of trickle irrigation. Beside increased croP

production, Ëhe following advantages have been attributed

to trickle irrigation (Grossi L974, Paldi L974 and Rawitz

and Hillel L974):

1. Ëhe water use efficiency of Erickle irrlgation is

higher than Ehe efficiency of any other method due

to near eliminaËion of deep percolaËionr surface

runoff and evaporation losses;
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2. the possibllity of ,t"Or:"t, replenishment of

moisture and nutrients to the root zorre reduces

labor requirements t

drip irrigation can be successfully used where'

soil teÍ<ture, slope or wind conditíons would make

theuseofsprinklerorsurfacemethodsinefficient;
4. the need for spraying and dusting against some

þests is reduced because Ëhe plant foliage is not

weËted. The developmenE of many insåct, disease

and fungi problems are claimed Ëo.be Teduced;

5. reduced weed control iS poss-ible sinCè the wetted

area of soil'1=-'l-tmite-d onl1¡-to the root zone-añ'd -

tlìe weeds ca4--not..grow-well in the dry. surface--soil

beËween the ro\^7s;

6. because trickle irrigation requit"" -ã:smallèr oper-

aEing Pressure and low water supply iaËes'-itr

requires smaller and more economic purnping and

water conveyance caPacities'

2.7 ?otentrial Problems of Trickle lrrigation

The potential problems EhaË often plague the

Ërickle irrigation sys¡em are enumeraËed below (Roberts

L974 and. Karmeli and Keller L975) '

1. BecaLlse trickle irrigation supplies water in

amounts apProaching Ëhe consumPEive use of the

plant for a shorË time, it wi1-l not supply rsater

forstorageinEhesoilandrtherefore'elÍminaEes
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the risk of deep percolation. The water, there-

fore, must be available every day or at most

every few days. If for some technical problem

the interval is longer than this, there will be a

moisture deficit.
2. Salt accumulation often Ëakes place along the

fringes of the wetted soil parcels if low quality

water is used and at least periodic natural

leaching by rainfall is absent. However, only

light rains can move this accumulated salt down

into the zone of extensive root activity and

severely injure the plants. In areas where rain-

fall is lower than 250 mm per year, application of

sprinkler or surface irrigation may be necessary

to eliminate critical levels of salt build-up.

3. The development of a croP rooË system may be re-

sËricËed because trickle irrigation supplies

moisture to a limited area and not Ëhe entire field.
It is very difficult to design a system so that it

wif-L wát the optlmal-ãrea required f-or crop

growËh.

4. Clogging of emitters is a serious problem. Even

if effective filters are used, clogging can be

caused by organic growths inside Ëhe system.

5. Periodic cleaning of filters interrupts irrigation
and'is time and'1ab'or-consuming.



CHAPTER III

INVESTIGATION PROCEDURES AND INSTRUMENTATION

A study comparing the performance of Viaflo tubing

used for one growing season in 1975 with unused Viaflo

tubing was conducted in the winter of L975-76 in the

laboratory and from May till September of L976 in the

' field at Glenlea Research SËation of the UniversiËy of

Manitoba ts Faculty of Agriculture.

3.1 Laboratory E>çeriments

In the laboratory tests a special apparatus identi-

ca1 with the apparatus used by Udeh (tglS) in his tests,

was used to determine:

1. the head-discharge relations

2. the criËical operating head at which the drip line

samples failed.

3.1.1 The ËesLing apparatus.

A water reservoir with a manomeËer was located

on an elevaËed platform and suPPlied water through a 25-

micron filter and a control valve to a container through a

plastic Ëube. The plastic tube was connecEed to a float

valve installed in the container to maintain a constant

water level in the conEainer. The container supplied

waËer Ëo the test samples by a feeder rubber tube. The

15
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conEainer itself was attached to an electric hoist and

could be moved up and down in order to provide the desired

pressure head for the tesE samples up to 4.5 m (Figure

3.1) .

The quantity of water discharged from the test

samples could be determined from the drop in the water

leve1 in Ehe reservoir aS measured on the manometer at-

Eached to the reservoir. After setËing the water level in

the container at the predetermined operation head, Ehe

water from the container was allowed Ëo flow and to drip

from the sample. AE the same time, âs Ëhe water level in

the conËainer decreased, the float valve opened and the

reservoir supplied more water to the conËainer, maintaining

a constant water l-evel. The volume of water suPPlied from

the reservoÍr could be read at selected Ëime intervals on

the manometer and the drip line discharge could be de-.

Ëermined.

3.L.2 Viaflo discharge measurements .

Three Ëypes of Viaflo tubing were tesËed in the

laboratory:

1, tubing previously unused (referred to as the NL

treatment ) ;

2. tubing 'previously used f or one season in a surface

field installation (referred Ëo as SUL treatment);

3. tubing previously used for one season in a buried

field insËallaËÍon (referred to as BUL ËreatmenË).



Y
¡?

C
Ite

r 
so

ur
ce

 Æ

re
se

rv
o¡

r

el
ec

tr
ic

 h
oï

st

m
on

o¡
ne

te
r

vq
lv

e

F
ig

ur
e 

3.
1 

La
bo

ra
to

ry
 e

xp
er

im
en

ta
l 

ap
pa

ra
tp

s 
(F

ro
m

 U
de

h,
 L

97
5)

co
nt

oi
ne

r 
w

ith
flo

ot
 v

ol
ve

f 
ilt

er

fe
ed

er
 ?

ub
in

g
'1

[.s
t 

sc
m

pl
e

-.
.. 

- 
--

r.
-

l-.
-_

--
--

"-
**

 
. 
-l



18

Samples 3 m long were tested at operaËing PressLlre

heads_of 2,5 m.,_ 3.0 mr -3.r5iiÌry'4.0 m and- 4.5 m. -Tes:ted samples

were connected to the supply tubing and left dripping for

two days to reach stable condiËion, before the first dÍs-

charge measuremenËs were taken. A' Z4-hour average dis-

charge for each operating head, úras recorded for each

sample.

Three different types of Viaflo Èubing were

ËesËed at those Pressures in the order listed above and

testing of each treatment (i.e. NL, ffL, 'BUL) was repeaËed

wiËh three different samples.of the same Viaflo tubing

tyPe .

3.2 Fiel-d Experiments

' 3 .2.L E>rperimental f ie1d"

Field e>çerimenËs were conducted on the sáme

Location as in the Lg75 season at the GLenlea Research

staÈion of the universiÈy of Manitobars Faculty of Agri-

culture. The size of the fiel-d was l-00 ro by ?3 m and the

average field slope was L.1 percent. The field was

LocaËed about 30 m from'a dugouE, which served as the

source of i-rrigation water. Twenty-four iows of corn

spaced 911 rcrn (S ft) apart were solen on 1976 06 18.

The e>rperimenËal fiel-d consisËed of six plots with

Ëhe following treatments:

L, a surface installaËion of viafl-o Ëubing previously

used for one season.in a surface field installation
a
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(referred to as the SUF treatment);

2. a buried installation of viaflo tubing previously

used for one season in a buried field installation
(referred to as the BUF treatment);

3. a surface installation of previously unused viaflo

tubing (referred to as the SNF treatmenE);

4. a buried installation of previously unused Viaflo

tubing (referred to as the BNF treatment);

5. a furrow-irrigated control plot (referred to as

the FF treatment);

6. a non-irrigated control plo¡ (referred to as the

NF treatmenË).

There T¡7ere three ror¡7s of corn in each of the six

EreatmenEs (plots) separated by a single-row buffer zorLe.

The layout is shown in Figure 3.2,

3.2.2 InstallaEion of driP lines.

The drip lÍnes T/üere instatrled manually on

1976 05 24, one week after the croP was planted. The drip

lÍnes used for the surface irrigation meËhod were laid on

Ëhe surface about 5 cm from the croP row (Figure 3.3) and

fixed with steel wickets Ëo secLlre them against wind

damage. In the subsurface irrigation method, the drip

lines were buried at a depth of 5 cm and also 5 cm from the

crop rov7.

For convenience the abbreviations listed in section

3.2.1 will be used to refer Ëo each of the six treatments.
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3.2.3 InstallaEion of access tubes and tensiometers;-

A neutron depth moisture probe (Troxler Model

L255) was used to monitor the soil moisÈure (Figure 3.4)

in vertical access tubes that.had been-.installed at se].g'ited

strategic locations in each plot for this Puryose. Except

for the non-irrigated p1-ot, Ëhe aluminum access tubes were

insËall-ed-in grouPs of four, referred to aS moisture moni-

toring stations. There were Ëhree staLions for each

Ëreatment. Moisture monitoring staËion I was l-ocated 15 m

from the edge of each field, staËion II was in Ëhe middle

of the field, 35 m from Ëhe first sÈaËion. SËaEion III was

installed 35 m from Ëhe second station and 15 m from the

end of the f iel-d.

In all drip-irrigated treatmenËs, four ah:¡ninr.m

access tubes 1.50 m in 1-ength T¡7ere installed in each

station to an ãrr.t"g" depth of 1.40 m, sPaced approxímately

45 cm.apart in a ro\,v Peryendicular to the croP ro!v'

Access_tube no. 1 in each staËion was located on the croP

rovT ilt the buffer zone, tube no. 2 was installed midway

between the buffer zone croP rolü and Ëhe first croP rolù

irrigated by dríp Ëubing. The access tube located on Ëhe

first drip-Írrigated croP rolv ldas call-ed no. 3, and trrbe

fio. 4 was situated beËween t-çvo croP rows irrigated by drip

irrigation. In the furrow-irrigated ÈreatnenÈ, three

access trubes rdere instaLLed in each. station. One rsas in

the buffer zone, another vlas on the croP row besi-de the

first 'irrigaËed furrow and Ëhe third one ltas on'the croP
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rol,{ between the first and the second irrigat.ed furrows.

These access tubes were called tubes nos. 1, 2 and 3,

1 - - L: -respectrrvely. The locatíon of the access tubes for all

irrigated treatments is shown in Figure 3.5, 3.6 and 3.7.

For easy reference to each paÈticular treatrnent,

station and access tube, the treatnent abbreviations,

station and tube numbers have been used. So, for example,

access tube marked SUF-I-I is the acces tube in the sur-

face installation of VÍaflo tubing previously used for one

season in a surface field installation, station I, in the

buff er zorre

The access tubes vTere installed manually

. Irrometers (tensiometers) for monitoring the

moisture stress vTere installed between.tl'vo irrigaËed croP

rows aE a depth of 30 T, 3 m away frorn each moísture

monitoring statiori. Irrigation started when the moisEure

sEress exceeded 20 KPa.

3 .2 .4 Irrigation water suPPlY.

VJater was supplied from a dugout about 30 rn

from the field. A Monarch* jet pump, R l-20 series, 373 I^I

and 74-micron f ilter located at .Ëhe dugout (Figure 3.8)

delivered water Ëhrough a 2.s-cm diameter PVC main line to

Ëhe .field. The pressLlre switch of the pump was set to cut

in ät AOIT . KPa (30 psi) and to cut out at 345-. KPa

*Trade nalûe.
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(SO psi). i^Iater from the pump passed through the 74-

micron filter. Two pressure gauges attached to the filter
to measure the water pressure loss in the filter indicated

the degree of clogging at the filter screen. The filter

was cleaned when the pressure difference exceeded 1jB

KPa (ZO OSi). I^Ihen this filtered water reached the field,
the tubing branched and the three branches led to the

forrow-irrigated plot and to two similar 25-micron filters.
From each filter, water was delivered through 1.5-"t ¿i-

ameËer plastic tubing to a container with a float.valve-''

The Ëwo containers with float valves mounted on *oòdeû '

stands located at the edge of the field maintained a

constanË pressLlre head of 3.3 m (Figure 3.9). One con-

Ëainer supplied water to Plots SUF and BUF, the other con-

Ëainer supplied plots SNF and BNF. l^Iater from each con-

Ëainer was ¿iviAeA by a tee junction to the. surface and

buried drip lÍnes. Before it reached each 9=tp-irrigated
ploË, Ëhe waËer passed through a control valve and a water

meter (Figure 3.10). From each of the four -meters, 
water

passed through a rheader line t supplying three Parallel
tfeeder tubes t to which the individual Viaflo drip lines

were connected.

l.Iater used for the furrow-irrigated ploË came

directly from the 74-micron filEer and after passing

through a valve and a water meter it was applied to the

furrows by Ëwo 2.5-cm diameter PVC lines. The furrow

irrigated plot is shown in Figure 3.11.
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Figure 3" 8 Pu¡np and 74-mi,cron filter at the dugout
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Fi-gure 3,10
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Figure 3.11 Furroç irrigation Plot
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3.3 Management and Monitoring of the Field ExperimenË

3.3.1 Irrigatlon water analYsis'

Three water samples, one of the non-filtered

water from the dugout, a second of the water which passed

through the 74-mLcron filter only (used for furrow irri-

gation) and a third of the water which passed through both

the 74- and Ëhe 2i-micron filters (for drip irrigation)

were collected. The water \^ras analysed. at the Agriculturál

I^Iaste Management Laboratory in the Departnrent of Agri-

cultural Engineering at the University of 'Manitoba'

3.3.2 l^ieed conËrol.

I^Ieedsthatoccurredinthee>çerimenËwere.

Barnyard grass (Echinochloa crusgalli) and broad-leaved

, Pf-antain (PlanËago ma jor). lleeding was done manually be:

:óause tfr" us"'of chemícal to control those weeds during

the previous -season proved ineffective

3.3.3 Fertilizer aPPlication

NoferËi].izerI.TaSgrplieduntil.Ëhecornshowed

a nitrogen deficiency. Then 23 kg (SO lbs) of a-nrnonir:m

niËrate (fo:-nula 32-0-0) was'useid on 1976 08 05' The

fertilizer was applied for all treatments directly to Ëhe

soil near the rooË zone.

3.3. 4 lrrigaËion scheduling'

All drip irrigation treatments were

every workday (S days a week), excepL when it
irrigated

rained and- a
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few days after a heavy rain. Tensiometers were used Ëo

monitor the need for irrigation and moisture stress was

maintained between 20-50 IGa.

3.3.5 Measurement of soil moisture.

Soil moisture was measured at five different
levels; on the soil surface and at the depths of 30 cln,

60 cD, f00 cm and 140 crn. For Ëhe measurement of soil

moisEure on the surface, random soil samples from a lo-

cation cl'ose to the access tubes \Á7ere collected for

moisture determination by the oven method. A Troxler

depth moisture gauge Model L255 and a Troxler ratemeEer

Model 265L (Figure 3,4) were used f.or the moisture

measurement at depths of 30 cf,, 60 cm, 100 cm and 140 cm

in every access tube. The measurements were taken almost

every workday from L976 07 02 Ëill L976 07 2L and from

L976 08 09 rill L976 09 02. During L976 07 22 to L976 08

08, the soil moisture measurement was stopped for weedÍng

because the weed problem was so serious; it required

control urgenEly.



CHAPTER IV

RESULTS AND DISCUSSION

4.L Results of the V'later Analysis

The combination of a 74'mLcton and a Zl-micron

filter Ëo achieve adequaËe filtration of irrigation water

obtained from the dugout appeared to be effective in re-

moving a large amount of suspended solids. But according

to Ëhe resul¡s of the water analysis (fable 4.L), the total

residue decreased only by 6.2 petcent and 1.0 percent after

the water passed Ehrough the 74-mLcron and 25-micron

filËers, respectively. This aPParent discrepancy occurred

because Ëhe water sample from Ëhe dugout was taken near

the water surface where Ehe suspended solids content was

substantially smaller than in the water near the bottom of

the dugout which was disturbed by Ëhe sucËion Pressure

before it entered the pipe systems.

During Ehe experiment, silt kept accumulating on

Èhe screen of the 74-mLcron filter at a rate such that iË

required cleaning every few days. I,Jhen Ëhe water leve1 in

Ëhe dugouË was low, the quanEity of sedimenË in water in-

creased and cleaning of Ëhe filter was required more than

once a day.

32
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4.2 Laboratory Performance of the Viaflo Tubing

The laboratory tests had two goals: to find and

to compare the head-discharge relations f.or the three

different types of tested tubes (lü., SUL and BUL) and to

. determ:lne -íf_;' and at what.- op-erating4)ressuré., thè -tubes

would break and'to mãkè cómparisons.,

The discharge from Viaflo tubes previously used

for one year (SUL and BUL) vras very low as conopared tn

the previously unused tubes (ru) due to the large quanti-

ties of slurries remaining inside the tubes. The tubing

previously used for one season in the buried field :instal-

lation (gUL) was stronger than the Eube which .was previ-

ously used in the surface f ield installation (SUf¡. In

the measurement of discharge aË various Pressr.lre heads up

to 4.5 m, only one. sample out of three of each of the NL

and BUL treatments ruptured while in the case of the

treatrnenË two out of three samples ruptured. From the

laboraËory tesËs it appeared that the tn¡ried fÍeld instal-

lation of Viaflo tubing can be used l-onger than the surface

field installation. All tested samples could withstand

pressr-tre head up to 3.5 m. hllren the pressure head was in-

creased to 4 *, sample of each of the NL, BUL and stll,

treatments rr¡pture_d. _ Another SUL sample was broken at a

pressure head-ofl4.5trn-while the remaining sæp1es í.e. one

SIJL and trwo of èaðn of the NL and BUL treatmenËs could

withstand the pressure at thaË operating head. The dis-

charges of unbroken samples increased sharply as the
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pressure head increased from 3.5 m to 4.0 m and from 4.0 m

to 4.5 m. They would probably break if the Pressure head

was in.creased further. The relationship between Pressure

head and discharge for the SUL, BUL and NL treatments is

shown in FÍgures 4.L, 4.2 and 4.3.

4.3 Field Performance of Drip Lines

As in the laboratory tests, the evaluation of the

performance of the tubing in terms of water discharge and

reliabilÍËy (number of failures) was the main goal of the

field tests
In monÍtoring the discharge, howeverr some diffi-

culties due to the Iímited waLer supply and the conse-

qUences of frequent ruptures of the tubing affected the

results.
I^lhen the wãcer l-evel of the dugout rpas very low,

Ëhe concentraËion of suspended solids increased and a large

amount of silt accumulaËed at -Ëhe screen of the 74-mLcton

fílter and cleaning of the filter T¡7as required several

times a day. If continuous irrigation was required under

such condÍtions, sometÍme the pressure in the drip line

could not be maintained at 3.3 m of pressure head because

of the lÍmited water supply resulting from clogging at the
.ì

screen of tne ?4ìrnilçr-o! filEer. Another problem that af-

fected Ehe dis.h"tg" results arose from dnm:ge to the drip

lines during the e>çerírnent. I^Ihren a tube was broken, the

repair was done as soon as possible þ reconnecËing it
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with a small rubber tube. In spite of this repair, how-

ever, \,üater usually contínued to leak from this connection'

The recorded discharge of the drip lines increased after

the- failure took place due to the leaking after the repair

and due to the spillage before Ehe damage could be de-

tected and rePaired.

For those reasons no conclusive comparisons could

be made about the performance of drip lines in the field'

The number of damage sites are shown in Table 4.2. Dis-

chargeresultsarepresentedinTables4.3and4.4.
ThefailureofthedriptubingoccurredinEwo

!üays: either a small hole developed in the wall of the

tubing and the water jetËed away (Figure 4.4a) or the

tubing ruptured along the seams of the tube (Figure 4'4b) '

The maximum number of damage sites occurred in the suF

drip tubes due to deterioraEion from algae and ultra-

violeË degradation from Ehe last growing season. Because

the SUF drip tubes had the highest rrumber of damage sites,

the discharge from suF lines T¡7as also the highest.

The uniformiËy of water distribution from buried

drip lines was better than from the surface drip lines

because the seams of the surface drip lines often folded

up forming water channels and water then flowed along the

channels unËil it reached a depression. I'Iater then spilled

into the depressions, leaving some sections dry and over-

írrigating others.
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TABLE 4.2

Nu¡nber of. damage sites in, Viaflo tubtng
ln the -field exPeriment

Treatment Line number Number of damage sites
Line Treatrnent

SUF

BUF

SNF

BNF

1

2

3

I
2

3

1

2

3

I
2

3

L4

L2

L2

5

3

2

5

4

2

3

l_

38

10

11

4
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Figure 4.4a, b Typical damage of



42

4.4 Irrigation Periods and ApplicaEion Volumes

The irrigation periods and application volumes are

shown in Tables 4.3 and 4.4, A total of about 51750 I was

applíed Ín the suF treatment, 5,240 I in the BUF Ereatment,

4,570 1 in the SNF treatment and 4,370 I in the BNF treat-
ment. A Eotal of about 6 1970 I was applied Lo the furrow

treatment (tabte 4,2L) .

4.5 SoiI Moisture Profiles

The soil moisture content at Ëhe depths of 30 cft,

60 cfl, 100 cm and 140 cm was recorded for almost every

access tube excePt for access tubes SNF-I-I, BNF-III-3,

BNF-ITT-4, FF-III-1, FF-ITI-2 and FF-III-3 which T,vere

filled with runoff water after heavy rains. The moisture

measurements of Ëhe soil surface where the neutron probe

was not considered reliable, were determined by the gravi-

tational method. Due Ëo the limited capacíty of Ëhe oven

and of the number of sample containers, the surface soil

samples had to be taken from the same locations only at

selected access tubes for every measurement. The Soil

moisture contenËS for all measurements are presented in

Appendixes B, C, D, E and F. Because of the incompleteness

of data at Some stations and at the soil surfaces, it was

impossible to average the data frorn all three stations in

eaCh Ëreatment. However, the average moisture contents of

Ëhe SUF Èreatment which was calculated (Appendix G), indi-

cate similar trends Ín moisture coflditions to Ëhose found at
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the selected station (Appendix B). It is considered,

therefore, that the moisture profile at the selected

stations represent the moisture condition at all stations

of thaE particular treatment.

4.5.L Used Viaf 1o tubing.

4.5.L.L The SUF treatment. AlmosE constant

moisture levels were mainËained through the season at a

depth of 140 cm. Except for the suF-TT-4 tube, moisture

at this depth was also practically the same for all access

tubes in the profile (i.e. in the buffer zone, beEween the

buffer zone and the drip line and under the drip line).

It flucËuated only very slightly mostly in the 580 g.1-1 to
-1

600 g.1 range. For the suF-TI-4 tube, located between

the irrigaËed crop rows, the moisture at the 140-cm depth

fluctuated more than at other 1-ocaËions, especially after

a hearry rain (table 4.8 and Figure 4.8). MoisËure at this

location dropped from 600 g.1-1 at the beginning of the

season Ëo 574 g.1-1 on L976 08 09 ar:rd then increased to
-1

606 g.1 - afrer the rains on L976 08 09 and L976 08 11.

This r^7as probably due to the loose soil aE that location

allowing a deeper water infiltration.
At the 100-cm depth also, excePt for access tube

SUF-IT-4, the moi-sture T¡7as still practÍ-cally the same aE

all locations and Ëhe fluctuaËions were minimal, but there

lras a slight decrease in Ehe moisture during the season
-1 -1

from approximately the 590 g.1 -to 600 g'1 range at the
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beginning of the season to approximately the 560 g.L- ' Eo

-1580 g.L range at the end of the season. At the beginning

of the season the moisture at 100 cm was very nearly the

same as the moisture at 140 cm while at the end of the

season the moisture at 100 cm was slightly but clearly

lower than the moisture at-140 cm.

There was, however, much more differentiation-i,n'both

time and location at the shallower depths. At the depth

of 60 ctn, there was a visible difference between the buffer

zorre, the interrow and the in-the-row locations. The

moisture at th.e buffer zorre (access Ëube SUF-III-1)

decreased from 540 g.1-1 at the beginning of Ëhe season to
-1 - -'l

510 g.1 on L976 08 18 and slightly increased to 570 g.1

on L976 08 22 due to Ehe rains on L976 08 09, L976 08 11

and Lg76 08 18. Then the moisËure slightly decreased to
-1

540 g.1 at the end of the season. The moisture near and

bel-orrr the drip line (access tubes SUF-I-Z and SUF-I-3)
-1

þAs,.not much differenË.¡r; they \,ùere decreased from 580 g.1
1-1-1J-

and 590 g.1 * at-the beginning to 500 g.1 and 530 g.1

aË the end of -the season and_4fteE the rains Ëhe moisËure

s-lightly -.increased for a. few days and decrease-d again.
":-

The moisËure at access t¡¡be stIF-rr-4 was- fructuaËácfrmore-

Ëhan those found in access Ëubes SUF-I-2 and 
'SUF-I-3-

especially after the rains

Rel-ationships thaE vrere similar tnrt more accenËu- '

ated vùere observed'at a depth of 30 crn. Here, the moisture

aÈ Ëhe drip line increased subsEanEially during the first
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part of the growÍng season and was generally slightly

higher at the end of the season than at the beginning,

while there was a general decrease and slight increas'e

again after the rains aE all other l-ocations' Short-term

fluctuations in moisture vrere naturally higher and more

frequent at the shallower dePths'

surface moisEure conditions were similar to those

discussed in the lasts Paragraph and showed even more

fluc¡uations in response Ëo both irrigation and rainfall'

The general seasonal trend, however, was towards aP:

preciable depletion aI¡Jay from the drip line and Ëowards

an increase in moisture contenE near the drip 1ine.

Generally moisture in the profile decreased with

decreasing depth wÍth some temporary reversal of this

phenomenon betr'¡een the surface and the 30-cn depth

(frequent at the drip 1ine, excePtional away from it)

caused by the rains and esPecially by the combination of

rain and irrigaEion. The moisÈure.gradienË wiËh depth was

more pronounced at the end than at the beginning of the

season with the exception of the profile ât, and very close

to, the drip 1ine, where iË remained fairly constant

Ëhrough Ëhe season.

4.5 .L.2 The BUF Lreatment'

moisLure levels at 140-cm depth for al.l

flucËuated very slighËly mosËly in the

-'tg.1 '-.

.,A]-most constanf

access tubes, it
-1

575 g'1- to 605
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TABLE 4.5

Moisture content (g. f -1) f.or access tube
SUF- I II- 1

Date Soil depths (ctn)
lgl o

07 0z
07 05
07 06
07 07
07 08
07 09
07 L2
07 L4
07 16
07 2L
08 09
08 11
08 L2
08 13
08 16
08 L7
08 18

'08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

399
359
355
329
327
40L
286
275
268
252
L57

4L3
4L2
309
343
29L
456
472
444
388
346
290
376
195
343
24L
249

432,543 s89 591
438 545 594 s94
438 550 590 592
497 5s1 593 595
462 54L s92 s95
482 565 595 598
476 515 592 598
464 518 s92 596
455 5L6 589 596
449 500 s89 s98
424 498 582 s97

440 513 588 597
427 sO7 586 s9s
428 532 582 588
42s 534 580 592
430 s35 580 s90
448 542 585 s96
450 545 586 s90
462 s65 s91 s9s
468 570 588 600
466 57L s89 600
46l- 569 s85 590
465 567 581 592
457 556 581 590
439 549 s79 s84
435 542 572 s90
428 54L 576 596
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TABLE 4.6

Moisture content (g.f-1) for access tube
SUF- I- 2

Date Soil depths (c"o)
Lg76

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 13
07 t4
07 L6
07 2L
08 09
08 11
08 L2
08 13
08 16
08 t7
08 18
08 19
08 20
08 21-
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

395
368
329
363
322
447
304

366
315
229
L42
255
385
363
233
262
255
383
448
372
355
289
367
310
345
327
250
232

423 536 576 581
476 s80 596 s95
477 57L 600 s94
504 573 600 601
503 558 592 596
510 560 593 598
524 566 591 59L
487 553 581 '587
5L2 564 588 592
518 560 585 590
48L 532 577 582
460 520 560 577
467 527 568 585
496 530 562 s86
462 515 565 587
464 520 565 585
463 s15 5s9 588
468 516 558 586
479 s27 549 s89
475 515 546 583
473 5L2 546 s88
49L 524 s63 582
5L7 526 512 587
502 5L2 560 584
484 s09 559 s84
489 5L2 s4s 582
478 501 546 581
468 s03 543 s87
479 518 558 585
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TABLE 4.7

Moisture content (g.t-1) for access tube
SUF- I-3

Date
L976

Soil depths (crn)

surface 30 60 100 L40

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 13
07 L4
07 L6
07 2L
08 09
08 11
08 L2
08 13
08 L6
08 L7
08 18
08 19
08 20
08 2l-
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

44L 546
484 590
465 592
478 s88
460 584
456 57L
474 556
478 57L
485 558
515 553
473 552
44L 537
473 540
484 544
47L 546
472 545
506 543
510 550
518 554
533 55r
494 54s
539 556
s57 570
530 550
s32 549
515 547
499 530
485 534
509 540

587 590
600 602
600 600
s97 s93
590 590
588 59L
586' ,588
595 592
586 591
582 592
s78 594
576 586
584 592
585 592
585 589
s70 589
575 s84
579 591
581 590
s83 s96
585 s95
580 597
590 606
584 593
580 594
580 594
578 585
s70 588
575 588

4]-8
358
331
398
477
459
436

434
509
308
378
478
543
528
349
349
454
49s
626
5L4
563
574
600
510
528
362
457
542
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TABLE 4.8
1

Moisture content (g.1-') for access tube
SUF- IT- 4

Date
L976

Soil depths (crn)

surface 30 100 L4060

07 02
07 0s
07 06
07 07
07 08
07 09
07 t2
07 13
07 L4
07 16
07 2L
08 09
08 11
08 12
08 13
08 16
08 L7
08 18
08 19
08 20
08 21
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

4s9
395
381
345
301
404
352

323
305
254
22L
287
438
372
286
246
288
429

3s5
297
267
24L
3L2
222
250
L75
198

s10 568
506 s63
500 s65
525 ,589
s07 s62
515 5s8

s29 s57
520 550
518 546
499 515
48s 495
500 508
519 526
49L 506
496 s15
498 51s
500 515
495 515
49L 548
494 543
523 56s
533 s84
s02 .547
504 54L
5L7 569
502 529
498 523
499 5L7

s83 603
596 602
s90 600
6L5 600
581 601
586 597

592 606
s79 589
s80 s90
555 580
539 574
542 581
560 606
534 576
537 583
535 591
54L 589
542 ,588
s59 's7 6
560 s67
6A2 6L4
603 620
s84 s95
572 597
578 589
572 586
569 578
562 580
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At the 100-sn depth, the moisture was stil1

practicatly the same at all locations and the fluctuations

were very small in all cases. The moisture slightly de-

creased from approximately the 580 g.1-1 to 590 g'1-1

range at the beginning of the season to approximately the-
-1 -1

540 g.1 to 550 g.1 - range at ttre end of the season.

It is the same as SUF freatment, the moisture at Ë.he

60-cm depËh was visibiy different. .for all locations. 'In

the buffer zorte (access tube BUF-III-1) the moisEure
-'l

dropped from approximately 555 g.1 - at the beginning to
-1

approximaËely 460 g.1 at-the end of the season' access
-1 -1

tube zuF-I-2 dropped from 535 g.1 to 510 g.L , access
-1 -1

tube BUF-I-3 decreased from 535 g.1 to 510 g.1 and
-1 -1

access tube BUF-II-4 dropped from 550 g.1 to 505 g.1 .

The maxÍmum drop in moisture occurred at Ehe buffer zoÍre

which it was Ïarthest away from the drip line '
At the 30-cm depth, Ëhe moistu.re under the drip

line at 'the end of the season was higher than at the-

beginning while at the other locations the moisture

slightly decreased. The farther from the drip line, the

greater the decrease in'moisture content from the beginning

to Ëhe end of the season.

The moisture conditions at the surface were similar

to the 30-cm depth and showed even more fluctuation in

response to irrigation and .rainfall'

General observaËions for Ëhe zuF treatment were

similar to Ëhose for Ëhe SLIF treatment. The moisture
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conditfons for all locations of this treatment are shown

in Table s 4.g, 4.L0, 4.LL and 4'L2 and in Figures 4'9 
'

4.L0, 4.LL and 4.L2.

4.5.2 Previously unused Viaflo tubing'

4.5.2,L The SNF treatment. - The moisture contentat

thej140-cm depth was f.aír1-y constant in time and place
- : -1 -1
(570 g.1 to nearly 600 8'1 ^) e:(cePt perhaps fo: the

-1
buffer zorte for which it started at.over 600 8.1 and

decreased verY slightlY.
At the 100-cm depth the moisture content was stil1

fairl-y uniform and there was very litEle fluctuation' A

slight moisture depletion was observed at all locations

excepËaËthedriplinewheretherewasavelryslightin-
crease.

At thé 60-cm depth Ehere was more fluctuation in

the moisture content during the season at all locations

and there v7ere more differences between locations' There

was no appreciable change in the moisture in the row and

in the interrows buL a substantial depletion occl-lrred ir¡

the buffer zofle. The moisËure content certainly resPonded

Ëo irrigation and some impacË of rain was observed evelry-

q¡here.

.*{t Ëhe 30-c¡q depth the--mois-hrr-e ig,ú" interroy

increaseþ :¿¡¿ in the-row itself-'ilt'decreased betwqeSr .197 6

07 2L and 1976 08 09. ?robably th:LSþas .due-]rojthe-"o"tt"-

texture of Èhe soil in the interrow l0catiõn. A decrease
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TABLE 4.9
1

Moisture content (g.1--) for access.-tube
BUF.II I- 1

Date
L97 6

Soil depths ("q)
surface 30 60 100 L40

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 13
07 L4
07 L6
07 2L
08 11
08 L2
08 13
08 16
08 L7
.08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

455 573
527 556
465 553
496 s7s
49L 558
496 s44
508 540
519 54L
510 544
505 535
497 528

436 509
418 499
407 489
404 477
404 482
409 485
403 480
402 .482

595 s79
591 584
590 584
595 605
s85 597
592 594
596 604
592 601
584 597
578 s90
560 593

s74 580
576 584
569 581
56L 579
563 579
564.578
566 581
565 585

357
339
34L
326
318

340

sit
224
27L
239
390
361
252
262
249
420 '

497
365
3s9
358
256
270
2L9
255
198
235

+ia
405
405
397
392
394
39r

+õg sot sõo
480 559 589
480 5s6 s84
468 549 581
462 546 580
467 549 s85
465 545 581
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Moisture

TABLE 4.LO

content (g. r-1)
zuF- r- 2

for access tube

Date
L97 6

Soil dep ths ( crn)
surface 30 100 L4060

07 02
07 05
a7 06
07 07
07 08
07 09
07 L2
07 13
07 L4
07 16
07 2L
08 09
08 11
08 L2
08 13
08 16
08 L7
08 18
08 19
08 20
08 2L.
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

446
429
391
329
386
448
34L

297
297
247
246
2s9
420
386
2L5
239
244
401
462
356
226
333
242
303
3L7
233
2LL
181

485 535
526 546
sL4 555
523 555
513 545
510 539
5r0 536
5r0 531
so4 525
504 534
489 s28
462 525
46L 525
463 527
456 520
434 s23
428 528
43L 516
437 520
424 518
432 522
436 524
455 523
429 519
425 510
429 511
418 513
4L7 510
440 510

580 590
s94 605
582 603
594 605
s79 .590
580 601
584' 599
578 605
572 594
575 589
569 594
560 s88
563 580
574 586
573 592
s74 592
565 s90
569 s89
570 589
566 s83
563 587
557 591
s58 589
557 585
s50 's80
s49 s87
545 584
545 587
545 585
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TABLE 4.LL

Moisture content (g.f-1) for access
BUF-I- 3

tube

Date
L976

Soil depths (cm)

surface 30 60 100 L40

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 13
07 L4
07 16
07 2L
08 09
08 11
08 L2
08 13
08 16
08 L7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

363 535
385 575
390 575
4L5 5 85
4L3 568
45L 565
488 543
469 sso
453's85
492 569
47L 534
423 52L
4L7 533
424 529
410 547
4LL 536
404 530
407 528
480 530
423 s24
4L5 520
435 516
437 52?
418 516
4L6 5L2
413 5L4
409 s16
406 509
418 510

587 589
586 596
587 594
596 602
589 595
586 s92
581. 594
593 s97
586 597
s79 594
572'584
569 581
565 583
562 580
562 583
565 58s
Sot sgz
563 s91
565 588
568 59L
566 591
s62 583
s69 s83
557 587
552 581
547 5 81
548 s79
545 582
536 581

4L7
309
337
294
315
409
334

32s
393
289
315
342
432
420
277
4so
429
494
513
370
424
4Ls
395
54L
504
275
444
s33
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Moi s ture

TABLE 4.L2

content (e. r-1)
BUF- TT-4

for access tube

Date Soil depths ( crn)
L976 

""rt".. 
30 60 1OO L4O

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 L4
07 l-6
07 2L
08 09
08 11
08 L2
08 13
08 L6
08 L7
.08 18
08 19
08 20
08 21
08 22
08 23
08 24
08 2s
08 26
08 31
09 01
09 02

436
389
325
34s
28L
4L2
375
20L
2L4
237
209
229
366
336
224
198
189
4L8
5l-4
3s9
258
258
275
2s8
222
26L
195
193

472 s65 567 586
469 s55 570 s87
47L 551 578 585
500 565 574 593
496 544 57L 588
509 542 567 585
523 545 580 s92
so7 535 574 586
505 529 5.70 582
495 523 569 579
477 520 560 583
460 510 556 584
432 528 555 584
410 510 552 580
422 506 551 585
418 5L7 549 s82
42L 523 551 586
429 s20 549 s85
425 516 546 586
4t3 518 552 587
449 531 s55 584
454 545 560 585
43L 526 562 579
42L 5L2 557 581
428 522 s54 581
427 519 547 s79
423 510 544 575
424 505 545 s72
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in moisture content was observed in the buffer zorLe (access

tube SNF-III-1).

AË the surface there were large day-to-day fluctu-

aEions during the test period. Over the entire period

Ehere was a slight increase at the drÍp line, some de-

crease between the lines and a substantial decrease in the

buf fer zon.e,

General observaËions paralleled those for the SUF

treatment.

4.5.2.2 The BNF treatment. Ac the L40-cm depth

the soil moisture content was fairly consËant in time and

place, similar Lo other treatments"

The moisture conditions at the depËh of 100 cln vTere

the same as Ëhe 140-cm depth, excePt perhaps for access

tube BNF-III-4 located between the two irrigated cToP roT^7s,

where the moisture content decreased slightly (table 4.20

and Figure 4.20) and for access tube BNF-I-2 where the

moisture at this depËh was very close to the moisture at

L40 cm and even higher after the heawy rains in August

(table 4.18 and Figure 4.18).

At the 6O-crn depth the moisture fluctuated more

wiËh time, and in some cases, wiEh location but generally

there was not much change.

AË Lhe 30-cm depth the moisture fluctuated even

more decreasing in the buffer zone, increasing or remaining

unchanged beEween ro\^is and substantially increasing aE the

drip l-ine.
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TABLE 4.L3

Moisture content (g,f-1) for access tube
SNF- III- 1

Date Soif ¿eptns (cn'r)
L976 t"tr"." 30 60 100 L4O

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 L4
07 16
07 2L
08 09
08 11
08 L2
08 13
08 16
08 L7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 2s
08 26
08 31
09 01
09 02

494
404
3s1
295
297
443
343
330
289
309
206
268
395
374
229
239
265
433
480
344
276
278
272
244
296
248
24L
220

410 537 595 606
407 527 597 615
407 527 592 606
424 538 594 613
4LL 519 596 609
410 49s s99 604
4L7 497 604 611
40L 470 598 599
40s 4s8 589 s92
389 437 s74 586

367 43t 569 584
363 429 570 587
345 427 566 588
344 43L s64 580
348 429 562 585
328 418 563 589
346 436 s64 s92
336 4s4 568 s89.
333 456 560 s80
330 455 s62 584
360 467 568 589
338 468 560 s85
34L 45L 561 587
344 463 ss9 s86
347 462 554 590
344 468 551 590
346 465 s56 592
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TABLE 4.L4

Moisture content (g.t-1) for access tube
SNF. I-2

Date
L976

Soil depths (ctn)

surface 30 60 100 L4O

a7 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 13
07 L4
07 16
07 2L
08 09
08 11
08 L2
08 13
08 16
08 L7
08 18
08 19
08 20
08 21
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

3l.7
322
28t
263
302
482
276

306
268
235
267
269
384
361
225
265
198
405
448
290
354
286
2L5
235
220
23L
2L5
23L

358 526 588 586
380 535 592 s90
343 539 594 596
382 545 593 599
375 552 587 s90
394 55r 582. 593
435 556 582 592
4L7 564 587 592
4L5 548 581 587
4L5 547 578 582
395 536 572 583
388 545 568 s79
44L 548 570 578
437 s60 s79 s80
427 s34 567 s77.
4L7 538 565 581
407 540 565 583
407 54L 566 s83
428 54s 570 582
435 551 568 587
433 547 567 s88
465 s58 s69 s90
468 561- 573 590
44L 548 57L 589
435 546 563 586
435 551 573 586
447 548 564 582
444 543 s64 583
438 545 561 s80
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TABLE 4.L5

Molsture content (g.1-1) for access tube
SNF- I- 3

Date
L97 6

Soil cìepths (c-)
surface 30 100 L4060

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 13
07 L4
07 16
07 2L
08 09
08 11
08 L2
08 13
08 16
08 L7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

460 497
494 519
473 s20
496 523
465 520
476 522
494 s43
478 5s5
486 54L
489 s40
475 534
398 516
40L s26
420 546
403 530
4L2 505
402 505
405 549
4L3 519,4L3 516
4LL 516
426 531
438 536
4L7 507
4L5 505
422 506
434 502
432 510
427 493

558_ s72
571._: 583
575 588
580 594
584 596
575 591
580 597
s89 s89
584 593
s80 596
s85 599
582 596
579 594
575 588
572 581
575 584
57L 585
s68 s84
564 586
572 584
567 589
570 593
578 605
576 592
573 s92
579 s90
575 586
575 581
s78 581

426
340
310
326
292
4LO
3s6

362
425
265
269
394
430
394
27L
255
422
494
48s
37L
498
430
462
482
501
331
301
422
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TABLE 4.L6

Moisture content (g.f-1) for access tube
SNF- TT- 4

Date
L976

Soil depths (ctn)

surface 30 100 L4060

{7 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 L4
07 L6
a7 2L
08 09
08 11
08 L2
08 13
08 L6
08 L7
08. 18'
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 3r_
09 01
09 02

434 574
432 564
43L 565
445 570
436 56L
428 563
475 565
47L 549
488 557
472 546
480 531
489 531
511 560
5L4 553
492 552
483 5s2-
487 537
480 535
494 546
488 s47
s28 549
513 561
497 547
499 5s9
496 s46
490 548
484 550
49L 5s0

591 s78
s94 580
603 589
607 604
s90 590
592 593
605 '596
595 601
s83 s97
596 s95
s85 s99
581 598
578 595
s72 596
572 594
572 590
568 596
574 590
565 s87
560 581
s70 587
s6s 592
560 589
566 593
s62 589
566 587
563 583
5s9 582

388
375
374
316
275
405
3r8
263
380
322
232
230
3s9
308
288
284
208
432
470
283
333
30s
2Lt
23L

'186
2L4
205
2L3
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The greatest shorË-term fluctuation in moisture

took place at the soil surface. IË T,vas much decreased in

the buffer zone but generally there was no change between

rovüs and increasing trend on Ëhe drip line.

Generally moisture patterns and trends for the BNF

treatment was the same as for Lhe SUF, BUF and SNF treat-

menËs but the changes in moisture content with depth at

the drip line were smaller at the end of the season than

aË the beginning.

4.5.3 General observation on drip-irrigation treat-
menEs.

The soil moisture regime at various depËhs for

all Ëreatments can be surnmarized as follows:

At 100 cm of depth and deeper Ehe moisture content

did not change much in time and place, it was not af-

fected by irrigation and rain nor by croP consumPtion.

At the 60-cm depth over the long term (season), io

most cases, there was Some differences among locations

where all access tubes showed a decreasing trend in moisture

content. In the BUF treatment, for example the trend was

l-ess apparent closer to the drip line. For the SNF Ëreat-

ment, on Ëhe other hand, there was not much change in the

row and'between the rows, but there was some loss of mois-

ture in the buffer zoÍte. The 60-cm depth was in a Ëran-

sition'zone between the deeper layer with its relatively

constant moisture content and the shallower layer with its

variable moisture content. On a short-term basis there
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TABLE 4.L7

Moisture contenL (g.f-f) for access tube
BNF-IIr-1

Date
L976

Soil depths (c¡n)

surface 30 100 L4060

07 02
07 05
07 06
07 07
07 08
07 09
07 t2
07 L4
07 L6
07 2L
08 09
08 11
08 L2
08 13
08 16
08 17
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

391
407
338
373
3L2
403
3s9
340
25L
243
224
425
468
458
302
349
302
448
513
4L4
4L2
410
397
37L
309
333
249
240

s25 59 4
s23 s91
5L7 595
526 599
536 581
531 588
542 587
539 576
s24 562
515 550

579 579
582 s85
s84 s89
587 s92
586 588
580 590
580 593
582 590
576 583
s7L 582

s32 ssl s7o sãs
540 552 576 590
502 547 573 585
493 542 s73 583
492 531 57L 579
490 542 s75 577
488 s45 s68 s74
500 550 566 572
500 540 558 572
s04 540 s58 s72
504 546 561 580
495 550 570 s89
490 552 57L 589
496 557 s72 s88
501 555 579 584
505 543 569 581
525 550 573 585
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TABLE 4,L8

-1Moisture contenË. (g.1 -) for access
BNF- I- 2

tube

Date
L97 6

Soil dep ths ( c"o)

surgace 30 100 L4060

07 02
07 0s
07 06
07 07
07 08
07 09
07 L2
07 13
07 L4
07 L6
07 2L
08 09
08 11
08 L2
08 13
08 16
08 L7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

392 515
422 530
424 548
438 5s8
433 537
438 s40
454 527
44L 532
470 546
469 s38
460 52L
481 561
492 560
s00 s93
503 s91
soz 545
520 542
52L 545
544 57L
525 551
515 543
528 5s4
530 561
529 563
522 567
535 576
499 5s0
507 561
502 56L

561 580
566 583
565 s90
570 s98
577 593
575 586
575' 581
580 585
588 585
578 582
577 584
s69 581
57L 579
585 589
581 586
589 58s
582 582
584 s85
586 582
586 585
584 589
585 591
58r_ s90
589 593
583 590
586 s89
s75 580
573 582
578 s80

46L
382
320
319
313
474
339

303
347
34s
2L4
4L9
5L7
46L
404
329
288
49L
506
475
4sL
352
515
3L7

405
483
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TABLE 4.L9

Moisture content '(e.r-1) for access tube
BNtrf- I.3

Date
L976

Soil depths (cto)

surface 30 r00 L4060

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 l_3
07 L4
07 16
07 2L
08 09
08 11
08 L2
08 13
08 16
08 L7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

468
4LO
3s0
336
49s
494
4L7

594
532
342
507
498
615
543
448
484
492
520
575
551
556
548
s44
454
542
s05
579
484

394 s80
429 599
4L4 580
454 s90
45t 577
465 562
485 557
466 s56
495 s79
472 57L
446 562
467 572
480 570
495 579
486 569
500 565
5L6 575
s29 575
535 57L
555 568
s35 557
545 568
538 575
546 569
531 554
527 54L
527 531
s39 546
54L 557

59L 594
600 610
595 595
600 605
591 596
s85 600
581 s96
s84 604
585 593
585 590
580 594
577 589
s74 584
584 590
586 594
582 s89
581 s88
s87 595
585 590
586 590
580 587
572 583
584 591
581 586
585 59r
589 587
580 585
578 589
578 584
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TABLE 4.20

Moisture content (g. f -1) f.or access tube
BNF- TT- 4

Date
L97 6

Soil depths (c"n)

surface 30 100 L4060

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 L4
07 16
07 2t
08 09
08 11
08 L2
08 L6
08 L7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

388
339
309
313
220
480
32l-
264
4L3
285
260
275
475
328
478
288
466
500
466
363
297
37s
3L7
369
3s4
267
28L

531 567
530 547
s23 54L
548 564
527 5s6
525 s50
523 560
518 552
516 546
503 534
490 529
499 520
503 5L2
507 5L4
499 516
507 5L7
529 531
528 542
522 531
530 542
s38 547
54L s43
532 54L
510 542
499 520
49s 522
494 s18

57L 577
s78 584
583 585
s89 s95
587 590
s88 586
592- 596
584 592
578 591
563 587
554 582
545 583
536 581
535 582
540 579
540 580
550 582
558 584
548 587
555 592
560 597
s69 594
569 585
568 581
561 585
552 587
553 585
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seems to have been sorne moisture loss beËween rains in

spite of the nearly continuous irrigation and an increase

after rains. There were, however, many excePtions and ir-

regularities and the short-term analysis also suggests

Ëhat the 60-cm depth was a Ëransition zofle wiËh a complex

combination of all the factors involved (irrigation, rain,

moisture consumption by croPS, moisture migration and

distance from the drip line).
At the 30-cm depth and the surface, the influence

of the drip line was clearly visible and the short-term

influence of irrigation and rain resulced in greater

moisture flucËuations than it did aC greater depths.

Generally the moisture gradient (change of moisture with

depËh) farther from Ehe lines increased through the season

substantially while closer Eo the drip line and at Ëhe

drip line it changed only a little and in sorne cases (gNf),

it decreased during the season.

4.5.4 Furro\,¡. irrigaËion.
Soil moisËure along the ridges below the croP

rol¡7s increased consistently for depths uP to the 100-cm

depth after irrigaEions and raíns. Moisture aE the 140-cm

depth, however, ïvas almost constant throughouË the Season

(tabte 4.23 and Figure 4.24). The furrow irrigation also

affecEed the.moisture conËent in croP ro$i in the buffer

zoÍLe at a distance of 90 cm from.the furrow (table 4.22

and Figure 4.23). In staEion FF-I the infLuence of
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irrigation could be observed to a depth of L40 crn, be-

cause station FF-I was close to the point at which water

was applied and due to Ehe rather irregular water distri-

bution connected with furro'¡ irrigation, it received more

waËer than the other stations.

4.6 i^Ieed Control and Soil Tilth
There was no evidence that the drip irrigation

system had any advantage in weed conËrol. The rain and

moisture moving laterally supported the weed growth even

midway between the drip lines. On the oËher hand the

broadleaved Plantain (Plantago Major L) which Prefers

moist soil, could gro$7 beEter in Ëhe drip-irrigaËed trêat-

ments than in Ehe non-irrigated treatments. In the sub-

surface drip irrigaËion treatments Ehe root system of this

weed developed around, and close Eo the drip tubes. It was

so close and dense that it may have restricted the uni-

formity and the efficiency of the subsurface drip-irrigation

system.

under the drip-irrigation systems the soil tended

to remain dry and povTdery between rovTs while near the drip

lines the soil remained muddy and saturaEed. In the furrow-

Írrigated plots the soil was muddy immediaEely afËer each

irrigation but dried out and baked later.

4.7 Tensiometer Readings

In all irrigation systems the soil moisËure tension

did not exceed 50 KPa. This indicates that the croPs

suffered no moisture stress aE any time.
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TABLE 4.2L

Irrigation frequency and quantity
for furrot¡ irrigation

Date
L97 6

Irrigation Volume Depth equivalent
(mm)

06 02

06 22

07 05

07 L4

07 26

08 05

08 18

09 03

536 .01

487 ,26

684.53

935.40

1, 151.34

L,L40.7 4

L ,069 .44

965.35

Total 6 ,970.07

L.99

1.80

2.54

3,46

4.26

4.23

3.96

3.57

25 .8L



87

TABLE 4.22

Moisture contenE (g. f -f ) f-or access tube
FF- I-1

Date
T976

SoÍ1 depths ( cr,o)-
surface 30 100 14060

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 13
07 L4
07 L6
07 2L
08 09
08 11
08 L2
08 13
08 16'08 L7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

349
346
339
362
347
404
374

306
39r
266
237
28L
393
389

365
436
436
468
355
252
28L
280
272
222
238
185
186

430 533
474 590
464 574
468 585
47L 585
s24 587
523 584
535 579
564 576
535 566
513 578
496 539
495 531
525 548
492 532
492 534
475 537
499 534
534 577
525 57 4
52L 560
535 577
541 578
5L7 580
505 569
507 558
501 545
505 539
.507 542

588 592
607 6L6
s96 608
604 615
593 6L2
591 600
s95 601
598 6L2
s89 600
s90 s96
589 592
580 593
576 595
595 620
573 596
572 590
s70 593
s68 598
591 59s
595 607
591 595
593 602
596 605
591 598
586 596
583 591
572 589
574 593
580 595
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TABLE 4.23

-1Moisture content (g.1 -) for access tube
FF-II-2

Date
L97 6 surface

Soil depths (ctn)

60 100 L40

Þt 02
07 05
07 06
07 07
07 08
07 09
07 13
07 L4
07 16
07 2L
08 09
08 11
08 L2
08 13
08 16
08 L7
os 18
08 19
08 20
08 2L
08 22

'08 23
08 24
08 25
08 26
08 31
09 01
09 02

396
396
337
387
3L4
4L4
380
406
397
322
33s
32L
474
4L9
362
256
295
434
442
440
37L
392
284
284
3L7
269
250
234

503 543 57L 601
513 552 593 603
506 546 592 6L2
s32 s46 s96 6L5
518 s39 592 600
513 529 588. 597
5r8 s33 595 606
507 544 590 600
506 545 587 598
495 52L 560 s83
509 sLz 540 s87
5A2 508 536 585
531 s26 561 600
s09 529 558 600
508 531 568 596
501 528 568 590
499 511 562 586
534 569 575 590
s23 570 s84 594
509 566 580 595
513 567 579 601
519 570 586 600
500 554 577 592
497 549 562 s90
502 546 572 588
497 530 560 591
501 535 570 583
490 524 562 587
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4.8 Crop ResPonse

There was no visible difference in germination

among any of the irrigation treatments or the non-irrigated

treatment. The germination in all subplots was non-

uniform. It was concluded that this was caused by low

temperatures during the germination stage and non-uniform

depth of planEing.

The furrow irrigation treatment gave the highest

yield (green matter) but the highest wateÏ use efficiency

was found ín subsurface drip-irrigation method using new

Viaflo Ëubes (tne BNF treatment). Both Ëhe new surface

installed Ëube treatment (SNF) and previously used surface

installed Ëube treatment (SUF) gave yield higher than the

subsurface drip-irrigaEion treatments (gNf and BUF) but

theír water use efficiency was lower. The croP yield

(green matter), relative yield percenËage and water use

efficiency are shown in Table 4.24.

Yield resulEs were strongly affected by nitrogen

deficiency, erosion, non-uniform sEands and weeds.

4.9 OËher Observations

The following observations T¡7ere also made in the

field during the exPeriment:

1. Ëhe repaír of damaged viaflo tubes could not re-

store their prevÍ-ous properties and the water

continued to leak and cause spot waterlogging

problems;
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2. Viaflo tube damage significantly increased with

time. Unobserved damage caused non-uniform

moisture distribution along the line and even

crop loss due to waEerlogging;

3. by visual observation, some damage to the surface-

laid drip tubes seemed likely to have been caused

by rodents;

4. the algae growth and ultraviolet degradation

caused rapid deterioration of surface-laid Viaflo

tubing.



CHAPTER V

CONCLUSION

Based on. the results of this study a number of

conclusions can be made.

1. LaboraËory tesËs indicate thât after one season of

use, the bursting st-rength of surface-installed Viaflo

tubes declined while no change in the bursting strength of

Viaflo Ëubes used for the same period of time in a sub-

surface drip-irrigation installation could be obserwed.

2. In laboraËory tests, water discharge from both

tlpes of previously used Viaflo tubes \474s substantially

smaller than the discharge from new tubes.

3. In fíeld-,.testsr- subsurface drip irrigation insial-

lations proved to be superior to surface drip-irrigatÍon

installations in te:rrns'-of unifomity of waËer distritution,

mechanical damage and material deterioration'

4. In surface .drip-irrigation instrallaËions viaflo

tubeq could not be'used. for more. Eha-n two seasons, while

the subsurface drip-irrigation tubes- -used for two seasons

appeared to be in good condition and suitable for use in

third seasorl. , 
':

5. Drip irrigation failed to reduce weed growËh in

the interrow sPace; on Ëhe conFraryr some weeds (especially

the broadleaved Plantain (Pl-antago Ma jor T-) were 'more

94
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abundant and stronger ín the area near the drip lines.

6. Roots of some weeds (such as the broadleaved

Plantain) which developed close to the subsurface drip

lines may have adversely affected the discharge of water

from the drip lines and Ëhe uniformity of water application.

7. All four drip-irrigation treaËments increased

yields subsËantially as compared rvith the non-irrigated

plot; hor,vever, the yields from all drip-irrigatÍon treat-
ments were lower than the yield from the furrow-irrigated

Ereatment.

8. In terms of water use efficiency all drip-

irrigation treatmenËs were better Lhan furrow irrigation
and both new tubing installations were subsÈantially

better than the old Eubing installations.
9. Irrigation affected substantially the moisture

regÍme of the root zorre to approximately 60 cm with maxi-

mum impact at and arounå Ehe depth of 30 crn.

10. Under drip irrigation, noisture levels below Ehe

depËh of 100 cm remained fairly constant which indicates

that there were no deep percolaËion losses. 0n the other

hand moisture contents under furrow irrigaËion increased

considerably up to the 140-cm depth afcer rainfall or

irrigation.
11. Viaflo Ëubing is very susceptible to various kinds

of damage, especially in surface installations.
L2. Repairing damaged tubes accordíng to the manu-

facËurerts instructions failed to restore the uniformity
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of waËer distribution.
13. The use of two filters proved more effective in

improving water quality Ëhan the single filter.



C}TAPTER. VI

RECOMMENDATIONS

A number of reconlmendations for further studies

are advanced arising from Ehis experiment.

1. The possibility of the damage to surface-installed

Viaflo tubing by rodents should be investigated.

2. Viaflo tubing with non-porous black polyethylene

on one side should be used in surface insËallations in-

stead of the convenËional Viaflo tubing fabricated en-

tirely of white porous polyethylene used in this in-

vesËigation. This tubing would not be affected by ultra-

violet light and would increase the life of Ëhe system.

3. The performance of the subsurface-insEalled

Viaflo Ëubing in a Ehird season should be studied.

4. Addition of a sediment tanlc and gravel or sand

filters upstream from the 74- and Z5-micron filters Ëo pro-

vice more efficienÈ filtration of irrigaËion water should

be studied with a view Eo reduce the frequency of cleaning

of the filters.
5. Automatiê self-cleaning of the filter would be

desirable for a system with a heavy sediment load. The

automatic cleaning could be carried ouË on a time schedule

or whenever the pressure drop across the filter reached a

predetermined level.
97
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6. The application of soluble fertilizers through a

trickle-irrigaEion system should be studied. This would

involve the study of reactions between fertilLzets and

LrrLgation water and the study of the impacËs of the

chemicals upon the properties of the tubing.

7. Because Erickle irrigation weEs only parË of the

potential soil rooting zone and the developrnent of the

root system is, therefore, limited the impact of Ëhis

resËriction upon the yield should be studied.
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Precipitation at Glenlea Research Station

L976 0s 0r - L976 09 05

Date
(Le76)

Precioitation
(rnït)

05 L2
05 L4
0s 26
06 05
06 06
06 07
06 08
06 09
06 L2
06 L4
06 16
06 20
06 2L
06 24
06 2s
06 26
06 28
07 05
07 08
07 L2
07 L4
07 15

"0718
07 l_9
07 24
07 27
07 29
08 08
08 09
08 11
08 18
08 19
08 25
08 26
08 27

3.56
4.32
2.29
5.59

34.29
L.02
3.05

32.5L
L4.99
0.76
5.84
0.25
0. 5l

34.80
2.54
8.64
3. 56
L.27
7 .87
0.25
0.51_
L .52
L.27
L.02
4.32
o.25
2.29
0.51
7 .62

LL.43
9.9L
4.83
r.52
4.06
o.2s
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1

Moisture qopÇqnt (g.1-') for access tube
SUF- I- 1

Date
L976

Soil depths (sn)
surface 30 60 100 140

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 13
07 L4
07 L6
07 2L
08 09
08 11
08 t2
08 13
08 L6
08 L7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

400 557
470 567
469 57L
457 s85
460 s59
464 5ss
486 550
487 553
485 540
490 537
48L 532
384 -499

383 486
395 493
390 489
387 477
390 485
382 474
390 486
389 485
382 47 4
393 469
394. 476
397' 477
399 47L
397 469
391 459
395 46t
385 45L

s62 581
s80 585
s84 585
581 582
592. 591
578 581
575 585
581' 587
572 574
s69 573
567 572
558 565
s47 s66
546 570
534 560
542 5s9
538 560
542 s64
s40 s65
539 555
s30 5s3
549 s70
550 574
555 582
556 578
5s4 587
551 576
545 579
536 s70
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1

Mois ture content (S . 1- ') f or 'acces s tube
SUF- I-2

Date Soil depths ("q) -t;i6

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 13
07 L4
07 16
07 2L
08 09
08 11
,08 12
08 13
08 16
08 L7

.08 18
08 19

.08 20
08 21
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

39s
368
329
363
322
447
304'

366
315
229
L42
255
.385
363
233
262
255
383
448
372
355
289
367
310
345
327
250
232

423 536 576 s81
476 580 596 595
477 57L 600 594
so4 573 600 -601
503 ss8 592 ' -596-,

510 560 s93 598
s24 566 s91 591
487 553 s 8l- s87
stz 564 588 592
518 560 585 590
481 '532 577 582
460 520 560 s77
467 527 568 585
496 530 562 586
462 515 s65 '587

464 520 s65 s85
463 5r5 559 588
468 516 558 s86
479 527 549 s89
47 5 5L5 546 583
473 5L2 546 588
49L 524 563 s82
st7 526 572 s87
soz 5L2 s60 584
484 s09 559 584
489 5L2 s45 's*Z
h78 501 546 581
468 s03 543 s87
479 s18 558 58s

.=l
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1

Moisture content (g.f-t) f.or.".""" tube
. SUF-I-3

Date
L976

Soil depths (cm)

surface 30 60 100 L40

07 02
07 05
07 06
07 07.
07 08
07 09
07 L2
07 13
07 L4
07 L6
07 2L
08 09
08 11
08 L2
08 13
08 16
08 L7
08 18
08-19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 ,02

418
358
331
398
477
459
436

434
509
308
378
478
543
528
349
349

.4s4
495
626
514
563
574
600

. 510
528
362
457
542

44L 546
484 s90
46s s92
478 s88
460 s84
456 57L
474 5s6
478 57L
485 558
5r5 553
473 s52
44L 537
473 s40
,484 s44
.47L 546
472 545
506 s43
510 550
518 554
533 551
494 s45
539 556
557 570
530 550
532 549
515 547
499 530
485 534
509 -540

587 590
600 602
600 - 600
597 593
590 s90
588 59L
586 i588
595 592
586 591
s82' 592
578 s94
576 586'584 's92
s85 s92
585 589
570 589
575 584
579 '591581 590
s83 s96
585 59s
580 597
s90 606
s84 s93
580 '594
580 594
578 585
.570 '588
s7s 588
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Moisture content (g.f-1) for access tube
SUF- I.4

Date Soil d"pchs (oo)
L976 -surrace 30 60 100 'L4O

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 13
07 L4
07 L6
07 2L
08 09
08 11
08 L2
08 13
08 16
08 L7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

44L 546
367 585
372 576
359 525
399 502
4LL 499
432 535
427 534
410 508
430 529
4L5 519
352 506
350 494
389 5L7
374 499
358 49s
360 503
359 513
387 52t
406 sL7
395 s05
4L5 528
409 s4t
466 520
390 525
400 525
402 526
400 520
415 s43

575 566
588 584
601 585
599 s88
585 583
593 580
585' 580
595 584
584 583
580 577
560 573
553 579
545 577
535 567
528 568
530 561
s28 560
s25 5s8
528 5s5
s28 5s8
530 550
s36 570
556 589
540 576
54L 565
554 566
54L 565
540 559
551 562
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Moisture content (g.f-1) for access tube
SUF- II- 1.

Date Soil d"pth" (*)
L97 6 

",rtf "". 30 60 I00 L4O

07 02
07 05
07 06
07 07
07 08
07 09
07 t3
07 L4
07 L6
07 2L
08 09
08 11
08 12
08 13
08 16
08 L7
08 18
08 19
08 20
08 21
08 22
08 23
08 24
08 2s
08 26
08 31
09 01
09 02

538 585
54L 591
54L 586
562 599
539 s87
539 585
ss8 592
542 576
539 s83
52L 551
47 5 524
48s 538
503 561
480 s3r
480 530
473 538
460 539
481 542
47L s36
470 525
47 5 531
486 542
476 539
481 545
485 547
488 s4g
476 537
47L 529

57 8 593
583 603
583 602
595 610
584 601
57 8 .601
590 605
581 598
s86 602
575 589
559 586
556 590
568 605
539 585
5s6 588
550 590
s56 s84
551 595
s69 576
565 578
582 591
586 597
584 586
s78 586
584 s93
575 591
568 585
563 592
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Molsture content (*.f-1) for access tube
SUF- TI-2

Date
L976

Soil depths (crn)

surface 30 60 100 L40

07 02
07 05
07 06
07 07
07 08
07 09
07 13
07 L4
07 16
07 2L
08 09
08 11
08 L2
08 13
08 L6
08 L7
08 18
08 19
08 20
08 21
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

513 s87
499 582
497 586
520 589
502 579
508 573
5t2 570
499 . 555
500 547
476 s20
457 503
457 506
478 526
496 52L
4s2 509
450 5T2
4s9 519
470 s20
459 s43
473 538
499 s6s
500 556
482.5s4
470 s44
483 560
479 532
476 528
47L 515

588 582
587 594
588 597
593 591
592 592
590 586
593 596
5.95 . 5gg
se6 s8s
574 578
550 577
54L 581
568 589
s57 589
549 583
547 578
547 . s85
556 586
562 581
57L 585
583 586
584 58s
590 580
585 579
587 584
57L 586
570 579
566 576
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Mois ture content (g. r-1)
sLrF-rr- 3

for access tube

Date
L976

SoÍ1 depËhs (.ry)

surface 30 60 I00 L40

07 02
07. 05
07 06
07 07
07 08
07 09
07 13
07 L4
07 L6
07 2L
08 09
08 11
08 12
08 13
08 16
08 L7
.08 18
08 19
08 20
08 21,
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

455 567
544 575
551 577
s30 s69
496 sso
508 556
478 57L
497 535
496 s43
475 52L
46L 511
46s 499
495 520
468 494
467 501
465 502
466 505
485 5L2
489 5s2
468 546
497 s50
s02 568
476 555
489 556
s03 578
472 520
47L 5L2
472 502

582 594
s88 599
598 600
590 608
586 602
582 592
582 595
s89 594
590 s89
570 584
559 583
533 582
551 601
530 579
540 577
537 581
535 586
s34 584
540 585
552 581
561 592
581 602
578 590
s86 589
589 594
582 586
s78 s84
575 587
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Moisture content (S.f-1)
SUF- TT- 4

for'access ti:be

Date
L976

Soil depths (cm)

surface 30 60 100 L40

07 02
07 05
07 06
07 07
07 08
07 09
07 12
07 13
07 L4
07 16
07 2L
08 09
08 11
08 12
08 .13
08 L6
08 L7
08 18
08 19
08 20
08 21
08 22
08 23
08 24
.08 25
08 26
08 31
09 01
09 02

4s9
395
381
345
301
404
3s2

323
305
254
22L
287
438
372
286
246
288
429

3ss
297
267
24L
3a2
222
250
L75
198

510 568
s06 563
s00 565
s25 589
s07 562
515 558

s29 557
520 550
s18 546
499 515
485 495
500 508
5L9 526
49L 506
496 s1s
498 s15
s00 515
49s 515
49L 548
494 54s- 523 565
s33 s84
502 547
504 54L
5t7 569
502 529
49 8 s23
499 5L7

s83 603
s96 602
590 -600
615 600
581 601
586 s97'
-s92 606

579 589
580 590
555 580
539 574
542 581
560 606
534 576
537 583
s35 591
54L s89
s42 ... s88
5s9 . 576
560 567
602 6L4
603 620
584 s95
572 597
578 s89
s72 586
569 578
562 580
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1

Moisture contentr"Ígii;:l for access tube

Date Soil ¿eàths (ctn)
L976

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 a4
07 16
07 2L
08 09
08 11
08 L2
08 13
08 L6
08 L7
08 18

19
20
2L
22
23
24
25
26
31
01
o2

399
359
355
329
327
40L
286
275
268
2s2
r57

4L3
4L2
309
343
29L
4s6
472
444

.388
346
290
376
195
343
24L
249

08
08
Ð8
08
08
08
08
08
08
09
09

432
438
438
497
462
482
476
464
455
449
424

++o si:
427 507
428 532
425 s34
4s0 :3s
448 542
4s0 s45,462 565
468 570

. 466 57L
46r s69
465 567

,.457 556
439 's49
435 542
428 54L

543 s89 s91
545 s94 s94
550 s90 592
551 s93 s95
s4L 592 s95
565 595 s98-
s15 592 598
518 592 596
516 589 596
500 s89 s98
498 s82 s97

s88 597
586 595
582 s88
580 s92
s80 s90
s85 s96
586 s90
591 595
588 600
589 600
585 590
581 592'
.581 J90
'579 584
s72 s90
s76 596
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Moisture content (g.f-1) for access tube
SU F. TTT-2

Date
r976

Soil dep ths ( crn)

surface 30 60 r00 L40

07 02
07 05
07 06
07 07
07 08
07 09
07 13
07 14
07 16
07 2L
08 09
08 L2
08 13
08 16
08 L7
08 18
08 .19
08 20
08 2L
08 23
08 24
08 25
08 26
08 31
09 01
09 02

463 596 599 600
473 600 600 602
497 586 597 598
480 579 597 599
447 578 588 598
48L 584 595 604
49L 592 597 604
505 588 597 605
490 566 587 593
482 557 583 587
486 549 580 595
5L4 584 575 592
562 584 575 588
560 584 578 591
561 584 575 585
545 582 579 590
557 578 576 587
559 57L 575 589 ,

547 580 574 585
54L 573 577 591
533 s87 s79 59s
525 581 580 598
sls 580 586 593
504 5s5 576 s93
498 s44 56s 587
525 568 578 586
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Moisture content (g.t-f) for access tube
SUF-III-3

Date
L976

Soil depths (crn)

surface 30 100 L4060

07 02
07 05
07 06
07 07
07 08
07 09
07 13
07 L4
07 16
07 2L
08 L2
08 13
08 16
08 L7
08 18
08 19
08 .20
08 2L
08 23
08 24
08 25
08 26
08 31
09 01
09 02

467 594
s23 s79
5s7 572
s75 579
54L 558
539 s69
535 s59
s36 57L
516 551
52L 537
557 576
565 574
573 575
579 583
575 586
581 586
564 576
547 562
597 582
538 575
542 579
535 568
s00 538
485 528
496 546

605 605
s97 607
590 608
597 608
589 600
s95 606
595 607
s98 603
s88 601
586 604
s89 605
587 598
583 601
588 606
590 608
s88 602
582 594
583 600
586 603
591 602
592 607
s87 s98
577 591

-s77_ ' 596
s80 600
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Mois ture content (g. f-1)
-cilF_ III-4

for access tube

Date
L976

Soil depths (cnr)

surface 30 60 100 L40

07 02
07 05
07 06
07 07
07 08
07 09
07 13
07 L4
07 16
07 2L
08 L2
08 13
08 L6
08 t7
08 18
08 L9.08 20
08 2L
08 23
08 24
08 25
08 26
08 31
09 01
09 02

436
525
528
539
516
534
s23
s22
516
496
589
-s70
573
s69
575
572
564
572
585
s03
501
5L2
494
472
480

584 s90 s95
587 597 596
574 593 597
582 592 604
565 584 593
582 596 s97
556 596 605
580 592 598
556 589 595
507 580 593
s87 s97 600
588 585 s90
575 583 601
572 589 s96
582 585 604
588 584 600
589 586 s94
586 s87 595
591 592 602
591 586 590
s95 s84 598
580 576 590
565 s82 s88
540 574 588
ss5 s84 594
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Moisture content (g.t-t) for access tube
BUF- I- 1

Date
L976

Soil dep ths ( c"n)

surface 30 60 100 L4O

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 13
07 L4
07 16
07 2L
08 09
08 11
08 12
08'13
08 1_6

08 L7'08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

472 526 578 586
513 543 584 590
500 551 579 587
513 552 581 596
493 532 569 585
500 530 573 583
500 533 565 582
495 s43 577 s86
485 528 576 582
48s s40 s69 s83
462 519 563 580
435 5L2 560 578
435 513 556 576
537 525 563 580
438 503 558 581
440 525 566 582
435 510 556 s78
432 553 550 572
436 520 548 s66
427 505 537 570
437 513 54L 570
467 54L 553 575
459 546 559 586
438 511 545 584
433 515 538 575
430 5L2 547 569
430 510 542 564
425 507 538 s63
4L5 513 531 562
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Moisture content (g,f-1) for access tuÈe
BUF-I-2

Date
L976

Soil depths (cm)
surface 30 r00 L4060

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 13
07 L4
07 t6
07 2L
08 09
08 11
08 12
08 13
08 16
.0a L7
08 18
08 19
08 20
08'21
08 22
08 23
08 24
a8 25
08 26
08 31
09 01
09 02

446
429
.391'329
386
.448
34L

297
297
247
246
259
/+20
386
2L5
239
244
40L
462
3s6
226
333
242
303
3L7
233
2Lt
181

48s 53s s80 590
526 s46 s94 605
sL4 ss5 s82 603
523 5s5 s94'60s
513 54s s79 s90
510 539 580 601
510 536 584 599
510 s31 .57 8 605
504 525 572 594
so4 534 575 589
489 s28 s69 s94
462 525 560 588
46L 525 563 580

.463 527 :57 4 586
456 520 573 592
434 523 574 592
428 528 565 590
43L 516 s69 s89
437 s20 s70 -589
424 518 566 583
432 s22 563 587
436 524 557 591
455 523 558 589
429 519 557 585
425 510 s50 580
429 5Ir 549 587
418 513 545 584
4L7 510 545 587
440 s10 545 58s
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-'lMoisture content (g.1 -) for access tube
BUF-I-3

DaEe
L976

Soil depths (cm)

surface 30 60 100 L40

07 02
07 0s
07 06
07 07
07 08
07 09
07 L2
07 13
07 L4
07 L6
07 2L
08 09
08 11
08 L2
08 13
08 16
08 L7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

4L7
309
337
294
315
409
334

32s
3eq
289
315
342
432
420
277
4so
429'. 
494

.513- 370
424
4L5
395
's 4L
504
27 s.
444
533

363 535
385 575
390 575
4L5 585
4l-3 568
45L .565

488 s43
469 '550
453 585
492 569
47L -534
423 52L
4L7 533
424 s29
4L0 547
4LL s36
404 s30
407 s28
480 530
423 524
4L5 520
435 s16
437 s22
418 516
4L6 5L2
4L3 5L4
409 516
406 s09
418 510

587 589
s86 596
587--'59 4
s96 602
s89 595.
586 592
s8l 594
.s93 s97
586 597
s79's94
572 584
569 581
565 583
562 s80
562 s83
565 585
567 582
.563 59L
565 588
568 591
566 s9r
s62 s83
569 583
557 587
552 581
547 581
548 579
545 582
536 581
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Moisture content (g.f-1) for access tube
BUF-I-4

Date
L976

Soil depths (ctn)

surface 30 r00 L4060

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 13
07 L4
07 16
0.7 2L
08 09
08 11
08 L2
08 13
08 16
08 L7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 2s
08 26
08 31
09 01
09 02

439 508
405 s20
4L5 540
447 ss4
4L9 542
43L 553
466 536
453 539
482 544
470 56r
4s7 525
395 504
400 498
424 518
406 496
40L 496
39 8 494
390 494
4r8 492
4L3 485
4L3 484
425 507
432 511
4L0 488
400 485
405 485
406 485
401 479
396 478

536 594
s68 586
583 594
s84 599
574 589
577 589
s73 585
s78 589
574 s79
s74 s90
57L 584
563 578
559 570
s58 589
s47 578
540 573
54L 575
537 570
535 574
s35 s69
527 563
539 586
543 582
532 575
53l_ 57 6
530 579
536 572
530 s66
s26 563
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Moisture .orrtet t (g. f -1) 
f or access tube

BUF-II-1

Date
L976

Soil depths (ær)

surface 30 60 100 L40

07 02
07 0s
07 06
07 07
07 08
07 09
07 13
07 L4
07 16
07 2L
08 09
08 11
08 L2
08 13
08 16
08 L7

.08 18
08 19
08 20
08 21
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

518 562
478 544
515 540
537 554
516 543
513 539
s08 s49
505 526
503 518
465 513
4L3 490
423 495
435 513
4LO 490
410 497
406 492
4L5 497
424 493
420 485
408 482
457 515
450 513
426 489
425 488
440 487
4L6 s29
4L6 498
4L2 484

582 590
589 596
589 s97
585 595
587 594
593 59 5
596 604
583 596
580 590
s67 's79

563 570
560 573
565 585
557 574
552 57L
555 575
s35 s69
533 563
542 568
545 568
s57 579
s56 580
547 575
542 569
539 565
546 561
540 560
539 568
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Moisture content (g,f'1) for access tube
zuF- TT-2

Date
L976

Soil depths (crn)

surface 30 r00 r4060

07 02
07 05
07 06
07 07
07 08
07 09
07 13
07 L4
07 16
07 2L
08 09
08 11
08 L2
08 13
08 16
08 L7
08 18
08 r_9

08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

465 570
468 562
s15 574
523 579
509 5s2
5L4 554
510 s31
508 539
506 544
485 530
450 52L
446 515
47L 538
449 5L7
4L2 5L7
443 516
450 sl3
465 522
450 504
453 496
460 501
487 s23
460 5L2
462 511
465 510
458 481
454 502
478 sos

576 584
578 597
584 592
59L 604
581 597
s80 s93
s74 s95
579 590
578 585
575 582
57L 583
565 580
566 583
573 580
570 576
564 s7L
560 s78
554 569
563 567
553 564
556 568
555 563
537 565
535 572
539 573
543 574
534 569
s31 567
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Moisture Content (g.f-f) for access tube
BUF- II-3

Date Soil dupth" (*)
L976 -surface 30 60 100 L4O

07 02
07 05
07 06
07 07
07 08
07 09
07 13
07 L4
07 16
07 2L
08 09
08 11
08 12
08 13
08 16
08 L7
08 l8
08 19
08 20
08 2t
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

449 55s
505 557
47L 551
539 572
499 546
5L7 547
528 550
513 529
515 531
484 513
4L4 s00
4L5 sor
438 511
4L8 495
4L7 505
4L5 503
42L 523
428 513
4L7 499
418 497
429 511
448 5L2
426 507
426 508
422 503
423 501
42L 499
425 494

562 57L
s75 578
s78 585
581 590
575 580
570 580
581- 58s
576 586
57L 579
56L 574
ss8 569
556 565
540 57L
540 568
532 563
530 560
531 564
528 565
536 565
532 560
535 564
544 560
535 555
534 554
534 548
s27 547
52L 543
5L7 545
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Moisture content ' (g.1-1) for access tube
BUF- TT- 4

Date
L97 6

Soil depths (cm)

surface 30 r00 L4060

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 L4
07 L6
07 2L
08 09
08 11
08 12
08 13
08 L6
08 L7
.08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 2s
08 26
08 31
09 01
09 02

436
389
325
345
28L
4T2
375
20L
2L4
237
209
229
366
336
224
198
189
418
5L4
3s9
258
258
275
258
222
26L
195
193

472 565 s67 586
469 s55 570 '587

-47L 551-:578 -585s00 565 s74 593
496 s44 57L 588
509 542 567 585
523 545 580 592
so7 s35 574 586
50s s29 570 s82
49s s23 s69 579
477 520 560 s83
460 s10 s56 s84
432 s28 s5s s84
4LO 510 552 580
422 506 551 585
4L8 5L7 549 582
42L 523 551 586
429 520 549 585
425 sL6 s46 .s86
4L3 518 552 587
449 531 s5s s84

' 454 545 560 585
431 s26 s62 579
42L 5L2 557 581
42'8 522 554 581
427 519 547 579
423 srO 544 575
424 50s 54s 572



L27

1 
rbeMoisture contentBJg:l;;]rto' access tt

Date
L976

Soil depths (c*)
surface 30 60 100 L40

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 t3
07 L4
07 16
07 2L
08 11
08 L2
08 13
08 16
08 L7
08 18
08 19
08 "20

08'21
08 22
08 23
08 24
08 .25
Ð8'26
08 31
09 01
09 02

455 573
527 556
465 ..553
496 s75
49L 558
496 s44
508 540
519 54L
5r0 544
505 535
497 s28

436 509
418 499
407 489
404 477
404 482' 409 485
403 480
402 48'2

' 428 499
405 480
405 480'397 468
392 462
394 467
391 465

595 579
s91 s84
590 _s84
595 605
585 597
s92 594'
596 604
592 601
s84 597
578 s90
560 593 .

574 580
576 584
569 581
s61 579
563 579
564 578 ìs66 581
565 585

s67 590
559 s89
5s6 584
549 581
546 s80
549 585
545 s81

357
339
34L
326
318

340

zi:r
224
27L
239
390
361
2s2
262
249
420
497
365.359

358
256
270
2L9
255
198
235



L28

Moisture content (g.f-1) for access tube
BUF- TTT--2

Date
L97 6

Soil depths ( ctn)

surface 30 100 L4060

07 02
07 05
07 06
07 07
07 08
07 09
07 13
07 L4
07 L6
07 2L
08 L2
08 13
08 16
08 L7
08 18
08 19'08 20
08 2L
08 23
08 24
08 25
08 26
08 31
09 01
09 02

473 577
s10 s63
511 s50
536 569
497 540
509 548
509 536
502 513
498 511
480 497
430 498
4L6 470
4LL 470
407 463
405 466
4L6 472
406 464
40L 469
433 49s
4L4 460
408 460
403 455
401 455
393 447
401 448

584 s86
586 592
s88 590
590 600
587 592
584 s90
s81 597
578 585
581 584
575 580
560 s79
s39 57 5
535 570
s29 569
524 565
531 563
529 560
518 560
520 558
52L 554
524 552
52L 556
520 557
5r9 551
515 552



L29

Moisture content (g.f-1) for access tube
zuF- I I I.3

Date
L97 6

Soil depths (crn)

surface 30 60 r00 L40

07 02
07 05
07 06
07 07
07 08
07 09
07 13
07 L4
07 L6
07 2L
08 L2
08 13
08 16
08 L7
08 18
08 19
08 20
08 .21
08 23
08 24
08 25
08 26
08 31
09 01
09 02

480 573
523 577
515 578
538 592
5L2 565
535 564
524 s40
510 52L
500 516
s00 504
450 499
429 483
4LL 478
4L6 468
4L4 478
422 478
4L3 463
4L6 47L
443 488
4L3 462
416 462
4L9 460
4LL 466
40L 466
408 46L

580 s88
580 590
580 582
590 597
583 589
584 586
590 590
588 s89
578 587
567 580
54L 57L
538 57L
536 s64
s34 561
528 s57
528 s55
52L 5s0
5L7 550
522 546
519 553
519 s60
519 559
516 554
511 s59
520 5s6



r30

Moisture
1

content (g.1-') for access
BUF-TII-4

tube

Date
L976

Soil depths ( ctn)
surface 30 60 100 L4O

07 02
07 05
07 06
07 07
07 08
07 09
07 13
07 L4
07 16
07.-2L
08 L2
08 13
08 16
08 L7
08 18
08 19
08 20
08 21
08 23
08 24
08 25
08 26
08 31
09 01
09 02

476 579
516 .566
s07 563
533 573
510 550
5L7 553
5L4 525
496 513
500 5L2
482 500
459 499
432 478
429 479
424 477
42s 486
437 482
427 473
435 472
462 504
434 485
434 480
429 484
44s 488
44L 477
470 s04

583 588
580 s90
58s 589
586 s92
579 590
587 586
589 591
575' 583
574 580
56L 577
554 572
547 570
538 567
531 567
528 561
525 556
518 549
518 54L
515 542
509 54L
499 542
498 s36
498 535
487 s43
490 548



Soil moisËure

APPENDIX D

contents for SNF Ëreatment.
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L32

1

Moisture content (g.1--) for access tube
SNF-I-2 - :

Date
L976

Soil depths (ctn)

surface 30 r00 L4060

07 02
.o7 05
07 06
a7 07
07 08
07 09
07 L2
07 13
07 L4
07 16
07 2L
08 09'08 11
08 L2-o8 13
08 L6
08 L7
08 18
þ8 19
08 20
08 2L
08 22
08 23'08 24
08 25
08 26
08 31
09 "01
09 a2

358 526
380 535
343 s39
382 545
375 552
394 ssl
43s s56

,4T7 56 4
4L5 s48
4L5 547
395 s36
388 545
44L s48
437 560
427 534
4L7 538
407 540
407 54L
428 545
435 551

, 433 547
465 558
468 561
44L '548
43s 546
435 s51
447 548
444 543
438 ,545

588 586
592 J9 0
s94 596
593 s99
s87 590
s82 593
582 592
587 592
581 587
578 582
572 583.
568 s79
570 578
579 s80
567 s77
565 581
s-6s 583
566 583
570 582
568 587
s67 588
569 590
573 s90
57L 589
s63 586
573 586
s64 s82
564 's83
s61 580

3L7
322
28L
263
302
482
276

306
268
235
267
269
384
361
225
265
198
405
.448
290
354
286
zL5
235
220
23L
2L5
237



133

Moisture content (g.1-1) for access tube
SNF.I-3

Date
L976

Soil depths (cro)

surface 30 100 L4060

07 02
07 05
07 06
07 07
07 08
07 09
07 T2
07 13
07 L4
07 L6
07 2L
08 09
08 11
,08 L2
08 13
08 L6
08 17
08 18
08 19
08 20
08 2t
08 22
08 23

,09 24
08 25
08 26
08 31
09 01
09 02

426
340
310
326
292
4LO
3s6

362
425
265
269
394
430
394
27r
255
422
494
48s
37L
498
430
462
482
501
331
301
422

460 497
494 s19
473 520
496 523
46s 520
476 522
494 543.478 555
486 54L
489 540
47s' 534
398 516
401 526
420 546
403 530
4L2 505
402 505
405 s49
4L3 519
4L3 5L6
4LL 516
426 531
438 536
4L7 507
4L5 505
422 506
434 502
432 510
427 493

558 572
57L'. 583-575 588
580 s94
584 596 -

575 591'580 s97
589 589
584 593
580 596
585 599
582 596
579 594
575 588
572 581
s7s 584
57L 585
568 584
564 586
572 584
567 589 -

570 593
578 605
576 592
s73 s92
579 590
575 586
57s 581
57 8 581



L34

Moisture contenË (g.f-1) for access tube
SNF- I -4

Date
L976

Soil depths ( crn)

surface 30 60 100 L4O

07 02
07 05
07 06
07 07
07 08
07 09
07 LZ
07 13
07 L4
07 16
07 2L
08 09
08 11
08 12
08 13
08 16
08 L7
08 18
08 19
08 20
08 21
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

460 s30
494 5s3
48s s50
496 s64
465 545
476 548
494 537
478 545
486 537
489 536
47 5 520
398 505
40L 505
420 522
403 495
4L2 494
402 493
405 488
413 493
4L3 505
4LL 485
426 528
438 s25
4L7 496
4L5 505
422 511
434 496
432 508
427 485

545 587
574 600
581 591
s89 601
s82 587
576 585
575 s80
583 598
579 591
575 587
578 586
s73 582
565 583
561 593
560 586
557 586
567 581
570 582
s79 580
574' 581
568 574
569 580
565 581
562 579
557 578
548 585
544 574
539 576
549 s76



r35

Moisture content (g.r-1)
SNF- II-1

for access tube

Date Soi]- depths (ctn)
L976 -

07 02
07 05
07 06
07 07
07 08
07 09
07 13
07 L4
07 L6
07 2L
08 09
08 11
08 L2
08 13
08 16
08 L7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

409 547
4s0 564
4sL s63
46L 591
460 535
478 550
soz 547
486 533
505 533
484 52L
431 52L
428 5L7
460 s36
429 516
430 520
422 520
423 520
438 515
426 501
424 497
4s0 543
447 548
447 s35
420 532
424 516
424 513
4L8 510
440 525

s75 592
s82 59,2
582 592
589 604
581 604
577 597
587 601
587 601
573 599
57L 592
560 s87
552 581_
546 s88
542 580
542 585
539 577
534 576
s27 574
5L7 .564
5L4 567
52L 568
537 570
530 578
535 575
532 576
534 564
525 562
530 568



136

Moisture content (g.t-1) for access tube
SNF- TT-2

Date
L97 6

Soil dep ths ( ctn)

surface 30 60 100 L40

07 02
07 05
07 06
07 07
07 08
07 09
07 13
07 L4
07 L6
07 2L
08 09
08 11
08 L2
08 13
08 16
08 L7
08 18

,08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

460 570
450 564
45L 563
46L 59L
444 s65
448 581
47L 569
474 560
472 559
462 549
47 4 54L
48L 540
505 562
473 s29
485 54L
470 538
480 543
494 s39
478 526
481 533
481 527
503 535
493 546
492 530
493 s33
488 532
476 528
479 523

578 578
580 s82
s82 582
s95 594
s85 591
587 588
586 598
578 601
574 591
567 589
561 579
s60 574
570 579
562 576
560 570
553 572
551 575
557 570
546 s65
546 563
550 57L
555 573
551 569
550 s68
s51 573
554 s72
552 570
545 566



L37

Moisture content (g.t-1) for access tube
SNF- II- 3

Date
L97 6

Soil depths ( cm)
surface 30 100 L4060

07 02
07 05
07 06
07 07
07 08
07 09
07 13
07 L4
07 L6
07 2L
08 09
08 11
08 L2
08 13
08 L6
08 L7
08 18.08 L9
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

4LL 504
435 547
425 546
445 576
430 546
425 548
449 s43
44L 533
4s6 s24
447 513
436 506
454 sO7
47L 528
460 507
45L 536
439 519
441= 519
464 516
450 501
45L 509
480 530
488 543
502 552
4so s44
452 532
445 s30
435 528
430 499

589 576
596 591
59L 594
590 605
590 597
s84 s94
s92 s9s
s85 593
585 590
580 584
574 585
'57 3 586
565 580
559 580
s56 575
s53 570
549 563
553 559
546 553
54L 5s0
545 554
558 564
559 563
552 564
543 560
542 554
532 550
529 548



138

Mois ture content (g . f - 
1) 

f or acces's tube
SNF- II-4

Date
L976

Soil depths (ct")
surface 30 100 L4060

07 02
07 05
07 06
07 a7
07 08
07 09
07 L2
07 t4
07 L6
07 2L
08 09
08 1r
08 L2
08 13
08 L6
08 L7
08- 18
08 L9
08 20
08 21
08 22
08 23
08 24
08 25
:o8 26
08 31
09 01
09 02

388
375
374
316
27s
405
318
263
380
322
232
230
3s9
308
288
284
208
432
470
283
333
305
2LL
23L
r_86
2L4
205
2L3

4s4 s74
432 564
431 565
445 570
436 56L
428 563
475 s65
47L .s49
488 557
472 s46
480 531
489 531
511 560
5L4 553
492 552
483 5s2
487 537
480 535
494 546
488 547
528 549

. 513 561
497 s47
499 5s9
496 546
490 548
484 sso
49L ssO

591 578
594 s80
603 589
607 "- 604
590 '590
592 s93
605 s96
595 601
583 597
596 595
s85 599
581 s98
578 s95
572 596
s72 s94
572 590
568 596
574 590
s65 '587
560 581
570 587
565 592
560 s89
566 593
'562 589
566 s87
s63 583
559 582



L39

Moisture content (g.f -1) for '""..=t tube
SNF- II I- 1

Date
L976

Soilrdepths (sn)
surface 30 r00 L4060

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
a7 L4
07 T6
07 2L
08 09
08 11
08 L2
08 13
08 L6
08 L7
08 18'08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

494
404
351
295
297
443
343
330
289
309
206
268
395
374
229
239
265
433
4BO
344.

.27 6
279.
272
244
296
248
24L
220

4LO 537
407 s27
407 527
424 s38
4LL 519
4LO 495
4L7 497
.40L 470
405 458
389 .437

367 43L
363 429
345 427
344 43L
348 429
328 4L8
346 436
336 4s4
333 456
330 455
360 467
338 468
341 45L
344 463
347 462
344 468
346 465

595 606
597 615
592 "606.
594 613
596 609
599 604-
604 611
s98 599
s89 592
s74 s86

569 584'
570 587
566 588
s64 580
562 585
s63 589
564 s92
568 589
560 s80
562 .584
s68 s89
560 585
561 s87
559 s86
554 590
551 590
s56 592



L40

Moisture content (g.f-1) for access tube
SNF- TTT-2

Date
L976

Soil depths (crn)
surface 30 r00 L4060

07 02
07 05
07 06
07 07
07 08
07 09
07 13
07 L4
07 16
07 2r
08 12
08 13
08 16
08 L7
08 18
08 19
08 20
-08 21
08 23
08 24
08 2s
08 26
08 31
09 01
09 02

462
407
409
428
4L2
4L9
4LL
400
40L
394
382
352
364
364
356
364
357
363
384
362
357
363
358
355
351

s24 620 s9 4
s13 620 s95
5L6 6L9 595
506 6L4 600
460 591 600
448 s86 s97
447 588 599
4so 596 s90
444 591 s91
437 585 590
44L 574 591
432 s61 584
446 554 580
45L 553 s69
464 s49 s63
476 542 566
474 543 s62
466 .536 563
s07 s46 573
.487 543 s65
484 544 570
490 5s0 570
495 .s42 57 4
487 s40 s7L
s79 535 577



'L4L

Moisture content (g.t-1) for access tube
SNF-III-3

Date Soil depths (crn)
Lg76

o7
o7
o7
o7
o7
o7
o7
07
o7
o7
08
08
08
08
08
08
08
08
08
08
08
08
08
09
09

o2
05
06
o7
08
09
13
L4
L6
2L
L2
13
L6
L7
18
L9
20
2L
23
24
25
26
31
01
o2

448
430
432
440
427
430
425
4L4
420
442
400
369
377
379
377
382
379
374
399
378
379
382
382
375
38s

s77 601 603
543 601 599
549 589 606
544' 587 606
529 585 598
529 587 602
s08 594 606
503 588 59L
506 587 589
507 577 586
484 576 s93
476 572 584
460 563 576
452 564 573
452 5ss s74
440 s47 566
440 s38 564
433 53s 564
465 547 573
450 550 57L
457 552 566
452 s54 s64
476" 546 563
47L 543 560
475 558 567



L42

Moisture content (g.f-1) for access tube
SNF-III-4

Date Soil depths (on)
Ls76 í¡õ--ø

07 02
07 05
07 06
07 07
07 08
07 09
07 13
07 L4
07 16
07 2L
08 L2
08 13
08 16
08 L7
08 18
08 19
08 20
08 2L
08 23
08 24
08 25
08 26
08 31
09 01
09 02

402 s96395 s82
385 57L
403 563392 552
396 537
392 49L
384 490
392 463
379 425
372 460
34L 4533s0 483
352 490
354 500
374 518
368 496
375 506
408 523
368 5L2
365 5L4
368 511
375 510
378 464
370 501

s93 s88
s98 590
601 591
602 600597 590
593 594
s96 603
596 593
s86 595
580 582
576 584
562 580
558 574
s48 565
551 5s8
550 560
547 560 .

534 554
546 552
546 5s5
550 559
555 562
546 564
540 553
547 549 a'



APPENDIX E

Soil moisture contents for BNF treatment.
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L4¿+

Moisture content (g.t-1) for access tube
BNF- I- 1

Date Soil dePths (cm) - - . -
Lg76 sutface 30 60 100 L4O

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 13
07 L4
07 16
07 2L
08 09
08 11
08 L2
08 13
08 16
08 L7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 3r
09 01
09 02

381 545
422 586
420 582
448 s94
.440 56I
508 575
465 s48
468 ss7
458 556
46L 569
430 525
383 s20
390 516
42L 546
407 526
410 520
401 5L9
401 535
429 539
47L 559
46L 545
510 573
520 580
500 580
516 576
s25 588
476 545
476 542
501 555

549 s87
580 593
585 600
595 605
588 s94
594 590
585 591
583 591
586 590
586 584
578 584
574 579
570 575
576 586
567 578
574 577
57L 575
577 575
582 575
582 577
582 573
581 579
584 585
586 579
586 578
581 576
583 579
576 580
s7L 580



L45

Moisture content (g.1-l) for access tube
BNF- I.2

?sç:LJ t \) surgace 30 60 100 L4O

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 13
07 L4
07 16
07 2L
08 09
08 11
08 '12

,08 13
08 16
08 L7
08 18
09,19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

46L
382
320
3L9
313
474
339

303
347
34s
2L4
4L9
5L7
467
404
329
288
49L
506
47s
45L
3s2
5.15
3L7

392
422
424
438
433
438
454
44L
470
469
460
481
492
500
503
502
520
52L
s44
525

. 515
528
s30
s29
522
535
499
s07
502

40s
483

sr5 561 s80530 566 s83'548 s65 -. s90
558 570 598
537 577 593
540 575 586
527 575 581
532 580 585
546 s88 s85
538 578 582szL 577 584
561 569 581
560 57L 579
593 585 589
591 58r 586
545 s89 585
542 582 582s4s 584 s8s
57L s86 582
551 586 s85
543 s84 s89
5s4 s85 s91
561 581 s90
563 589 593
567 583 590
s76 586 589
550 575 580561 s73 s82
561 ..578 580



1-46

Moisture contenL.' (e.1-f) for access tube
BNF-:I-3

Date
L976

Soil depths (c¡r)

surface 30 r00 L4060

07 02
07 0s
07 06
07 07
07 08
07 09
07 L2
.o7 13
07 L4
07 L6
07 2L
08 09
08 11
08 L2
08 13
08 16
08 17
08 18
08 19
08 20
08 2t
08 22
08 23
08 24
-0B 25
08 26
08 31
09 01
09 02

468
4LO
350
336
495
494
4L7

594
532
342
507
498
615
s43
448
484
492
520
575
55r
556
s48
544
454
542
505
579
484

394 580 591 594
429 599 600 610
4L4 s80 s95 59s
4s4 590 600 605
45L 577 591 s96 .

465 562 585 600
485 5s7 581 596
466 556 584 604
495 579 s85 s93
472 57l- 585 590
446 562 s80 s94
467 572 577 589
480 570 s74 s84
495 579 584 s90
486 569 586 594
500 565 582 589
516 575 581 588
s29 575 s87 s9s
535 57L 585 590
555 568 586 590
535 557 580 s87
545 s68 572 s83
538 575 584 591
546 569 s81 586
531 554 585 591
527 54L s89 s87
527 531 580 585
539 546 578 589
54L 557 57 B 5-84



447

Moisture content (g.f-1) for access tube
BNF. I-4

Date So11 depths (crn)

L976 surface 30 100 L4060

07 02
07 05
07 06
07 07
07 08
07 09
07 12
07 13
07 L4
07 16
07 2L
08 09
08 il
08 L2
08 13
08 16
08 L7
08 18
08 L9
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

40L 535
450 s54
436 563
447 569
556 544
466 544
460 537
473 s45
46L 536
454 530
44L 5L7
403 509
409 507
446 528
4L2 537
422 504
418 507
420 520
45L 536
455 526
450 526
479 s44
483 549
470 526
470 523
465 54L
476 520
499 533
450 533

535 574
573 592
575 589
579 s91
573 591
577 .589
575 581
580 590
582 s91
572 586
562 584
558 584
557 582
569 591
552 583
553 579
556 587
560 587
568 586
576 578
57L 578
575 585
575 582
570 578
57L 576
576 575
s72 572
s67 570
567 s76



L48

Mois ture for access tube

Date Soil depths (cm)

L976 surface 30 60 100 140

content (g. r-1)
BNF- II -1

07 02
07 05
07 06
07 07
07 08
07 09
07 13
07 L4
07 L6
07 2L
08 09
08 11
08 L2
08 13
08 L6
08 L7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

447 579
45L 578
452 576
475 579
474 s79
494 569
5L4 583
505 572
507 564
48s 554
437 538
445 537
467 560
4s?. 54L
452 540
442 545
444 s46
480 548
470 539
47s 532
483 562
485 567
481 544
490 547
496 ss5
492 542
480 540
486 551

589 596
s90 594
597 600
591 603
597 601
595 605
599 610
598 600
590 601
582 590
579 588
576 581
57L 587
566 582
565 580
5s9 583
558 592
565 596
57L 587
570 588
576 583
579 s94
578 597
569 590
572 598
565 591
s68 586
573 584
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Moisture content (g.t-1) for access tube
BNF- TT-2

Date Soil. depths (crn)

L976 surface 30 60 100 L40

07 02
07 05
07 06'
07 07
07 08
07 09
07 13
07 L4
07 L6
07 2L
08 09
08 11
08 L2
08 13
08 L6
08 L7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

4s4 s85 572 575
464 575 578 581
460 573 577 581
484 586 579 587
505 572 581 589
515 57 5 '587 589
s22 575 589 595
5L4 556 580 597
5L4 554 576 590
487 537 '572 s95
486 527 568 s86
503 536 562 576
504 559 s68 583
500 537 556 581
502 544 560 582
535 556 568 580
533 559 570 576
560 574 577 579
550 562 573 575
550 564 575 576
560 573 587 583
565 580 589 590
534 556 577 587
520 559 570 581
569 573 579 588
5L7 552 569 580
515 540 565 582
518 547 566 579
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Molsture content (g.f-1) for access tube
BNF- I I- 3

Date Soil depths (cm)

L976 surface 30 60 100 L4O

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 L4
07 16
07 2L
08 09
08 11
08 L2
08 13
08 16
08 L7
08 18'08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

531
530
523
s48
516
52L
s25
509
5L4
504
511
500
544
503
492
525
526
535
526
489
s34
54L
537
501
s20
490
492
485

s67 '57L 576
547 578 s84
54L 583 585
564 586 591
550 585 599
545 588 s96
545 s95 s95
534 597 597
s30 597 597
5L4 s85 593
513 576 585
510 57L 580
551 579 586
5L2 568 581
5L7 552 582
s43 ss3 580
537 550 581
542 551 584
561 564 s82
516 565 587
528 567 585
523 565 585
524 569 584
527 570 s82
551 578 583
548 563 581
536 574 582
s25 562 579
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Moisture content (g. f -1) for .access tube
BNF- TT- 4

Date Soil depths (cto) -tglø

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
a7 L4
07 L6
07 2L
08 09
08 11
08 L2
08 16
08 L7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

s31 567
s30 547
523 54L
548 ,s64-
527 556
525 550
s23 560
518 552
516 546
s03 s34
490 529
499 520
503 5L2
so7 sL4
499 516
507 5L7
529 531
528 s42
522 531
530 542
538 547
54L 543- 532 54L
510 542
499 520

.49 5 522
49 4 518

57L 577
578 584
583 585 -

s89 595
587 590
588 586 -
592 596
584 592
578 s91
563 587
s54 582
54s s83
536 581
535 582
540 579
540 580
550 582
558 584
548 587
555 592
560 s97
s69 s94
569 585
s68 581
561 585
552 587
553 585

388
339
309
313
220
480
32L
264
4L3
285
260
275
475
328
478
288
466
500
466
363
297
375
3L7
369
3s4
267
281
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Moisture content (g.f-1) foi access 'tube
BNF-III-1

DaËe
L976

Soil depths (sn)
surface 30 60 100 L40

07 02
07 0s
07 06
07 07
07 08
07 09
07 L2
07 t4
07 16
07 2L
08 09
08 11
08 L2
08 13
08 L6
08 L7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

391
407
338
373
3L2
403
359
340
25L
243
224
425
468
4s8
302
349
302
448
513
4L4

'4L2
410
397
37L
309
333
249
240

525 594
523 s91
5L7 595
s26 599
536 581
531 588
542 s87
539 s76
524 562
515 550

532 551
540 s52
502 s47
493 542
492 53r
490 542
488 s4s
500 s50
500 540
504 s40
so4 s46
495 5s0
490 5s2.496 '557
501 555
505 543
525 550

s79 579
582 585
s84 589
s87 s92
586 588
s80 590 -

580 . s93
582 590
576 '583
57L 582

570 s8s
576 590
573 s8s
573 583
57L 579
575 577
s68 574
566 '572
558 572
558 572
561 580
570 .589
s7L 589
572 588
579 584
569 58r
573 58s
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Moisture content (g.f-1) for access tube
BNF- T.IT-2

Date Soil depths (crn)
L976 surface 30 60 r00 L40

07
o7
07
o7
07
o7
o7
o7
o7
07
08
08
08
08
08
08
08
08
08
08
08
08
08
09
09

02
05
06
o7
08
09
13
L4
16
2L
l2
13
16
L7
18
19
20
2L
23
24
25
26
31
01
o2

4s6 592
465 596
462 597
496 591
504 582
5r9 585
525 566
5L7 551
520 557
501 525
528 535
501 529
498 5L2
492 510
495 513
496 522
508 526
496 5L7
518 542
516 577
535 579
542 578
5L4 54L
505 529
503 52L

599 600
593 602
596 600
590 597
587 -595

590 595
593 601
587 590
s84 595
577 583
563 585
s57 580
550 585
548 585
54L 584
539 576
54L 574
532 570
540 581
560 589
s70 591
584 589
572 584
563 s80
5s8 574



APPENDIX F

Soil moisture contents for FF treatment.
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'l
Mqisture content (gr1--)

FF- I- 1
for access tube

Date
L976

.Soil depths (csr)

surface 30 r00 L4060

07 02
07 05
07 06
07 07
07 08
07 09
a7 L2
a7 13
07 L4
07 16
07 2t
08 09
08 11,08 L2
08 13
08 16
08 L7
08 18
08 19
08 20
08 21
08 22
08 23
08 24
08 25
08 26
08 31
09 01

-p9 02

349
346
339
362
347
404
374

306
391
266
237
28L
393
389

36s
436
436
468
35s
252
281
280
272
222
239 '|'

185
.r-86

430 533
474 - 

590'464 s74
468 585
47L 585
s24 587
523 584
535 579
s64 576
s35 s66
513 578
496 539
49s 531
525 548
492 532
492 534
475 537
499 s34
534 's77
s25 57 4
52L 560
535 577
54L 578
5L7 580
505 569
507 558
501 545
s05 s39
507 _5q2.

s88 s92
607 6L6
596' 608
604 6Ls
593 61-2
591 . 600
595 601
598 6L2
's 89 600
s90 s96
589 592
580 593
576 595
595 620
573 596
572 590
570 593
568 -s98
591 595
595 607
591 595
593 _602
596 605
59r 598
s86 s96
583 591
s72 589
s74 593
580 595
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Moisture content (g.lf l) for access tube
FF-I-2

Date Sotl depths (cm)
L976 surface 30 60 100 L40

07 02
07 05
07 06
07 07
07 08
07 09
07 L2
07 13
07 L4
07 L6
07 2L
08 09
08 11
08 L2
08 13
08 L6
08 t7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

444 527
493 s87
476 565
485 566
536 579
539 582
543 584
551 579
582 572
s56 s73
s29 560
523 539
519 529
s48 544
513 540
505 520
493 s18
552 568
573 576
557 562
532 558
553 566
552 572
5L7 580
502 535
502 537
560 s59
544 555
s25 545

566 590
631 6L5
630 613
639 62L
62L 619
609 598
607 .592
620 603
6A7 592
605 s95
592 583
s93 586
s85 593
600 610
575 575
570 586
566 589
595 590
610 589
601 594
586 589
619 620
620 .626
587 596
s82 591
583 590
s86 586
584 573
580 576
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Moisture content (g.t-1) for access tube
FF- I- 3

Date Soil depEhs (crn)
L976 surface 30 60 100 L40

07 02
07 05
07 06
07 07
07 08
07 09

-07 L2
07 13
07 L4
07 16
07 2L
08 09
08 11
08 L2
08 13
08 16
08 L7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 2s
08 26
08 31
09 01
09 02

428 s40 554 578
483 596 603 600
464 590 606 599
470 s76 6L2 6L6
524 592 59 4 593
539 s86 595 591
528 577 589. s82
532 s80 593 590
603 605 598 592
565 586 595 599
52L 540 s85 581
532 545 590 586
530 540 580 588
559 565 598 611
522 533 585 586
523 537 568 585
531 s46 561 589
603 596 599 589
620 615 s95 600
604 610 s87 s88
586 592 588 589
528 595 6L4 608
523 6L4 6l-7 6L4
493 s62 584 598
490 555 584 590
495 554 585 594
532 584 587 57L
604 584 579 577
s45 625 608 599
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Molsture content (g.f-l) for access tube
FF- II-1

Date Soil depths (ctn)
L976 surface 30 60 100 L40

07 02
07 05
07 06
07 07
07 08
07 09
07 13
07 L4
07 16
07 2L
08 09
08 11
08 L2
08 13
08 16
08 17
08 18
08 19
08 20
08 21
08 22
08 23
08 24
08 25
08 26
08 3l
09 0l
09 02

so7 525
s06 524
513 532
525 5s 8
513 532
509 5L4
535 559
495 524
496 509
469 498
470 493
466 490
488 507
46L 490
463 493
462 497
462 501
474 497
488 505
475 483
480 500
501 531
468 502
464 493
465 495
46L 490
460 485
445 s03

609 59L
607 s98
606 604
635 625
606 598
602 598
601 6L2
595 610
599 598
572 585
547 598
549 600
567 6T2
545 586
550 584
548 584
548 592
555 596
547 593
550 583
570 590
590 596
585 590
548 585
560 588
569 593'552 588
s62 589
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-'tMoisture content (g.1 -) for access tube
FF-TI-2

Date
L976

Soil depths (cm)

surface 30 60 100 L40

ö7 02
07 05
07 06
07 07.
07 08
07 09
07 13
07 L4
07 L6
07 2L
08 09
08 11
08 L2
08 13
08 L6
08 L7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

396
396
337
387
sL4
4L4
380
406
397
322
335
32L

,.47 4
4L9
362
2s6
29s
434
442
440
37L
392
284
284
3L7
269
2s0
234

503 543
513 s52
so6'546
s32 546
518 s39
5r3 s29
5r8 533
507 s44
506 545
495 szL
509 sL2
soz 508
531 s26
509 529
508 -531
501 528
499 sll
s34 s69
523 ,570
509 s66

* 513 567
519 s70
s00 s54
497 549
502 546
497 530
501 535
490 524

57L 601
593 603
592' '6L2
596 615
592 600
s88 .597595 606
590 600
s87 598
s60 583
s40 s87
536 585
561 600
558 600
568 596
568 590
s62 586
575 s90
584 594
580 s9s
579 601
586 600
s77 s92
s62 590
572 588
560 591
570 583
562 587
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Moisture content (g. f-1) f.o-r access tube
FF- II.3

Date Soil depths (ctn)

L976 surface 30 60 100 L40

07 02
07 05
07 06
07 07
07 08
07 09
07 13
07 L4
07 16
07 2L
08 09
08 11
08 L2
08 13
08 16
08 L7
08 18
08 19
08 20
08 21
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

506 s44
s04 sL4
505 s05
530 540
53r 533
532 529
s60 533
527 s44
556 545
484 511
445 5L2
438 508
466 527
462 522
442 505
436 s09
443 511
470 569
456 s23
440 510
465 540
472 537
445 519
448 510
442 464
436 500
459 511
490 536

590 585
593 s88

.5 88 585
611 615
s92 s90
588 587
59s' 606
590 590
587 580
560 573
550 577
s36 575'561 600
549 583
531 568
528 568
542 567
535 590
s44 590
550 565
567 6L7
570 6L6
s51 587
549 582
537 582
530 580
535 585
s63 599



APPENDIX G

Average moisture content for SUF treaËment.
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Average moisture
SUF- I- 1,

contents (g.1
SUF-II-1 and

-1-) for access tubes
SUF-III-1

Date Soil depths (ctn)
L976 surface 6030 100 L40

07 02
07 05
07 06
07 07
07 08
07 09
07 16
07 2L
08 09
08 L2
08 13
08 L6
08 L7
08 18
08 19
08 20
08 2L
08 22
08 23
08 24
08 25
08 26
08 31
09 01
09 02

446 525
483 s68
483 s69
s06 578
487 s62
495 568
495 545
500 s28
428 507
446 522
432 509.
432 513
429 519
428 516
440 s23
437 492
438 szL
445 523
445 526
445 528
448 sZ8
446 524
439 516
435 513
469 507

576 588
s86 594
s86 593
590 596589 s96
584 593
58r .590
577 586
566 583
s67 s9l
553' 590'
560 578
556 581
559 s8O
5s9 s85
565 574
562 575
573 587
574 590
560 586
572 585
573 590
568 584
562 585
558 586
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Average moisture
SUF- T-2 ,

contents (g.1
SUF- TI-2 and

-r.' ) tor access
SUF- IIT-2

tubes

DaLe Soil depths ( crn)

L976 surface 30 60 100 L4O

07 02
07 05
07 06
07 07
07 08
07 09
07 13
07 L4
07 L6
07 2L
08 09
08 L2
08 13
08 L6
08 L7
08 18
08 19
08 20
08 2r
08 23
08 24
08 25
08 26
08 31
09 01
09 02

466 s73
483 587
490 581
501 s80
484 572
s00 572
497 572
s05 569
503 558
480 s36
468 s24
496 547
s07 540
492 538
49L 537
49L 539
526 s42
498 543
498 543
5L9 552
506 551
493 545
496 551
487 529
48L 525
492 534

588 588
594 s97
595 s96
597 597
s91 595
593 596
590.596
593 598
589 589
578 582
563 583
568 s89
566 588
564 586
560 584
561 587
553 587
s61 584
564 586
578 588
576 586
57 5 s8-7
573 586
564 587
5s9 584
567 582
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Average moisture
suF-I-3,

contents (g.1-1) for access tubes
SLJF-II-3 and SUF-III-3

Date Sóil depths (crn)
L976 surface 100 L406030

o7
o7
o7
o7
o7
o7
o7
o7
o7
o7
08
08
08
08
08
08
0g
08
08
08
08
08
08
09
09

o7
08
09
13
L4
16
2L
L2
t3
L6
L7
18
19
20
2L
23
24
25
26
31
01
o2

02
05
06

454 569
5L7 581
524 580
528 s79
499 s64
501 565
497 567
s06 555
509 549
490 537
5L2 547
50r 538
504 540
5L7 543
5L7 547
528 551
529 560
s03 s46
552 573
515 560
556 561
518 s64
490 s29
480 525
492 529

591 596
589 603
596 599
595 603
588 597
588 596'591 .59 8
591 596
587 594
578 594
s75 599
567 589
564 589
567 590
568 595
568 592
568 s92
57 3 592
586 604
584 595
586 597
585 595
579 587
573 591ssz 592
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Average moisture contents (g.1-1) for access
SUF-I-4, SUF-II-4 and SUF-III-4

Date Soil depths (qn)
L976 surface 30 100 L40

tubes

60

07 02
07 05
07 06
07 07
07 08
07 09
07 13
07 L4
07 L6
07 2L
08 L2
08 13
08 16
08 L7
08 18
08 19
08 20
08 21
08 23
08 24
08 25
08 26
08 31
09 01
09 02

462 s66
466 578
467 s72
474 565
474 543
487 546
493 549
484 527
488 544
470 5L4
499 543
478 531
47 6 528
476 530
478 537
485 54L
487 s51
487 545
509 572
490 553
465 554
476 s58
466 540
457 528
46s s38

s83 s88
594 594
595 s94
602 597
583 s92
592 591
594'598
s85 s90
583 587
565 582
564 591
549 578
5s0 582
551 582
550 584
551 581
558 576
559 57L
584 604
s70 587
566 587
569 582
565 580
561 575
566 579


