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ABSTRACT

This study investiqated the performance characteristics of

Viaflo porous tubing for the irrigation of rour crops. It involved

preìiminary laboratory testinq and fielcl experimentation at the Glenlea

Research Station of the Faculty of Agriculture at the University of

ManÍ toba.

The size of the plot u/as ll0 m x 25 m, on a s].ope of ì.ì to 1.2

percent. The soil r¡ras predominantly clay with a very high phosphorous

and potassium content. During the study, the crop grown was corn

Four subplots -.the surface-laid Viaflo system, the buried Viaflo

system, the furrow irrigation system and the non-irrigated subplot--were

established. Fertilizer was not apptied on any.of them. Irrigation

and moisture measurement were continuous through August. A Troxler

depth ¡'noisture gauoe llodel 1255 and a Troxler raterneter Model 2651 were

used ín the moisture measurements.

Irrigation affected the moisture reqime jn the upper layer of the

soil profile but did not siqnificantly alter the moisture levels at the

60-cm soil depth and deePer.

The crop appeared to Euffer no moisture stress. Hjqhest crop

.yie'ld and more uniform crop stands were obtained on the furrow-irrigated

treatment. Yie'lds on both surface and subsurface trickle irrigated sub-

plots were equal. The relative yield percentages and water use efficjen-

cies were hiqher for the trickle-írrigated systems. Soil erosion, weeds

and non-uniform water apolication sìgnificantl.y affected reported yields

in the trickle irrigation systems. In the surfacesubp'lots, some plants

leaned.

In the field, drip-line discharge was high initiaìly but stabilized
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considerabìy with time. The buried Viaflo system applied water to

the soi'l more efficiently than the surface-laid Vjafìo system. There

was no significant correlation between Viaflo laboratory discharge

rates and field rates

Fiìtration of the irrigation water for the trickìe irrigation

was inadequate. The surface-laid drip lines deteriorated considerabìy

due to a'lgal growth and ultravioìet degradation.
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CHAPTER I

I NTRODUCTI ON

Surface irrigation has been practised from tjme immemorial.

Egypt claims to have had the world's oldest dam, built some 5000

years ago to store water for drinking and irrigation. Basin irriga-

tion Íntroduced in the Nile Valìey around 3000 B.C. still o]a.ys an

important role in Egyptian agriculture (19).

Quantitative and quaìitative evaluation of surface irrigation

methods indicate that.the.y are water and labor jntensive, t¿laterlogqing and

salinity problems often pìague surface irrigation systems. Effic'ien-

cies are low even for welì planned, properly designed, properly

operated and adequately maintained irrigation schemes. Lower efficien-

cies are reported jn the developing arjd and semi-arid regions of the

world. In these areas also, surface irrigation methods are often

accountable for malaria and bilharzia disease hazards (49).

Qver the years, no basic change has occurred in this method.

gn'ly recently some degree of sophistication and limited automation has

been introduced (ìS, 21). But the problem of water economy still remains

unsol ved.

Incidentally, on the Canadian prairies, because of the soil, topo-

graphy, wjnd ancl the short growing season, this method, in spite of its

several disadvantages, is hiohìy recommended by sorne irrigation experts.

. llith the development of pumps, 1ightweight noncorrosive metals

and pìastics, overhead irrigation 'i.e. sprink'ler irriSation, was intro-

duced in the farms. It has now gained some popularity in areas where

the surface methods were considered not feasible. Sprinkìer irrigation

t



2

systems, if properly designed in accordance with the soil-water properties'

cropping pattern and wind, are expected to minimize most ìoss factors

(deep percoìation, waterlogging) found in the surface methods. Efficiencies

as high as 80 percent have been reported.

Recently sprinkìer sophistication and automation have considerably

increased interest in this irrigation method. But the system's energy

demand has increased signifjcantly also. In the developed rich nations,

the generaì trend in the irriqation field to the most sophisticated

mechanical-move sprink]er systems rvith their relative high power demand

in this day of world-wide energy concern, is considered irrational b.y

some workers (25).

Latety, trickle irrigation has experience a tremendous growth in

the development of irrigation water appìicatjon techniques (10). This

innovation has become a new functional tool to boost crop production

particularly in the tropical, subtropical and arid regions of the world

(46). Israel has successfully empìoyed this tool to greatly improve

her desert agriculture. Significant water savings have also been reported.

Although trickle irrigation originated in the arid areas,

researchers have confirmed that most of its advantages are possible in

the humid regions as well (8).

In Canada, trickle jr¡igation is yet in its infancy. But it js

possible that it may prove to be a useful tool in minimizing farm energy

demand and increasing crop production.

However, the realisation of trickle imigation potential calls

io" r^.r.urch on this method. Trickle irriqation has introduced new

irrigation concepts probabìy different from the conventjonal ones. Their

deeper understandino and i.nvestigation are essential before reliable

I



3

design criteria can be recommended. Atso, there are many trickle

irrigation system components aìready on sale in North American markets.

But due to the frequent discrepancies of their operational characterjstics

in the field with much of the sales literature, it becomes necessary to

adequate]y test them before suggesting reliable field design criteria

(38) .

In the united states, Israel and Austra'lia particularly, much

work has aìready been done and reported in this djrection. Similar

studies are still undenvay in several Canadian research jnstitutions.

The objective of this study is the evaluatirn of the high-frequency

porous tubing'Viaflo', for use in irrjgation of rour crops in llanitoba.

Factors to be considered shall include the following:

i) laboratory and field performance characteristics of the

Porous tubing,

ii) crop response to surface and subsurface trickle irrigat'ion

as compared to furrow irrigation, and

iii) water quantities applied for each irrigation method.



CHAPTER I I

REVIEI'I OF LITERATURE

2.1 Trickle Irriqation Defìnitjons and Concepts

Researchers have defined trickle irrigation in various ways.

ChapÍn (6) described it as an irrjgation method which provides

water uniformly and slowly directly to the base of the plant. Uhile

furrow i rri gation floods the space betvreen crop rours, dri p 'irrigati on

waters onìy next to the plants in the rows. He suggested also that a

good drip irrigation system for row crops should provide uniform water

delivery over long length, have simp'le and fast installation, have a

low per-acre cost, be available in long rolls adaptab'le to mechanjcal

instaìlation, have water deìivery rates best suited to the crop and

ex'istingsoil conditions, have a large enough water outlet to minjmize

emitter clogginq, and be adaptable to sloping ìand.

Spiess (40) defined drip irriqation as a method which involves

the daily maintenance of an adequatesectionof the p'lant root zone at

a moisture level cìose to the field capacit.y for the duration of the

growing and productive season.

Kenworthy (23) reported that, with drip irrigation the best use

of available water resources and best pìant performance may be realised

through preventing moisture stress (rather than correcting it) for on'ly

a portion of the root system. Ther:efore, a trickle irrigation system

must provide dai'ly, to 25 percent of the root system' enough water to

replenish anv soil moisture deficit.

Phene (34) demonstrated that, in humid regions, a high-frequency

controlled irrigation (trict<le) can alleviate short drought periods with-

out risking erratic rainfalls which results in excessive soil water

4



contents, and which may cause low oxyoen cljffusjon rate and

nutrients by erosion, runoff and leaching.

The basic concept of trickle irrigation generalìy, is

soil needs water only in the area where the p'lant roots ¿¡s

and not the entire fieìd.

2.1."1 Historical Backsround of Trickle Irriqation

Trickle irrigation started just like the name implies -- sìowìy

(44). The term'trickle'originated in Eng'land,'drip'in Israel and

'daily flow' in Australia (23).

As ear'ly as .l899, the Germans conducted experiments on subsur-

face irrigation with sewage water (9). However, 40 .years ago, they

developed a trickle imigation system to suppl.y.water to the orchards

(+s¡.

I n 19.l8, a bul I eti n on " I rri gat'ion b.y Means of Underground

Porous Pipe" was published by the Colorado State Agricuìture and

Mechanical Colìege (9).

In t934, â line source porous canvas hose was used by Robey (13).

Shortìy after l¡lorld l,'lar II rubber tubing with various emitters

was commericalìy produced in Europe for greenhouse jrrigation (13).

In Israel, to cope with the nation's ìimited water resources

and increase crop production under her desert agriculture, fieìd investi-

gations of trickle irrigation began in .l959, and'in 1962 Symcha Blass

developed a drip.irrigation system in Israel (24).

Chapin (lgZg) claims that one of the first rob, crop instaìlations

in the Unitecl States was made by County Agent Norman Smith in 1963,

using micro-tubes on cantaìoupes, and in 1964 using dew-hose beneath a

plastic mr¡lch (6).

5
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In I 965, tri ckl e 'irri qat j on

About 1970, this irrigation

af ter Don Gustal f son, Farrn Aclv j ser

of California, vras exnosed to the

2.1.2

Onìy a few years ago, this conceot was introduced in Canada (7).

Current interest in trickle ìrriqation in other countries is

orobablv attributed to Israel's successful exoeriences in the adverse

Arava desert conditions (q).

Initial field trials resulted in surorisinqlv hìah cron v'ields

particularlv under the adverse arid conditions. This lecl to a rather

rapid acceptance of trickle'irrigat'ion bv grobrers; by passínq the normal

research and development procedures (13).

Bv 1970, over nine different firms in the Llnitecl States a1one,

urere oroducinq and heloinq to install trickle comnonents (27). Altoqether,

there r¡,ere over 55 firms proCucinq trickle components in the world (32).

Trvo international conferences on ch"irl irrìgat'ion have been held

so far; the first in Israel in 1957 dealt primarìl.v on Israelrs drio

'irrigation exoeriences, tvh'ile the second conference \"Jas in San D'ieqo'in

1974. The San Dieqo conference '{as a technologv transfer based on d'if-

ferent experiences and sharing 'ideas, find'ings and nlans (lC).

Statistics ìndicate that Israel has over 6070 ha (15,010 ac.),

Australia over 4040 ha (1C,100 ac.), Har,ra'i'i over 5059 ha (12,500 ac. )

and South Africa over 3480 ha (g,O0O ac.), under trickle irriqation.

The area under trickle jrriclation in the lln'itecl States has gone

from 40 ha, five.years ago to 29063 ha presentlv (50). In the lrnitecl

States, interest in trickle irriqation is qreatest in the l'lestern states:

Current Status of Trickle Irrioat'ion

studv beqan in Austral i a ( 5l ).

concept reached San llìerto, California,

on sabbati cal I eave f rom the [!ni versi t.v

idea in Israel (t+1.



7

l{ebraska, California, Texas, Alabama, Arizona and l!tah. 0nly five

years after the trjckle irriclation conceDt had reached Cal'ifornia, over

20234 ha (50,100 ac) have been trickle-imiqated (14).

In Canada, at Brooks, A]berta, a co-ooerative test ¡rro.ject js beinq

conducted b.v the Alberta llorticultural ?eseach Centre and the Alberta

Deoartment of Aqriculture (7). Some orcharcls, vine.yards ancl rour croos

are nor., trickle-irrigated in British Columhia (43).

Intensive studies on drjo'irriqation are currentl.y under'."ra.y ìn man.v

research institutions and universities in the tlnjted States, Israe'!,

Austral'ia, Canada and in other countries. Table 2.1 shor^rs the statistics

of a world-rvide trickle 'irriqati on survev.

2.2 Trickle Irrioation Svstem Comnonents

. Usua'l 'ly a dri p i rri qati on svstem consi sis of the fol I orvinq comoon-

ents;

i ) the head

íi) the main

iii) the drio

2.2.1 The Head llni t
The head unit ma.y cons'ist of a r.rater supolv sor¡rce, Dumo, fjlters,

pressure qauges , oressure reclul ators, r^rater meter, and ferti I i zer tank .

If r,-rater is of lovr qual'itv (hiah total solids), a settlinq or sediment

basin, and 'intake svohon mav be aclditional comoonents of the svstem's

head unit. A. head unit nerforms three nain functions;

i) suopì-v of good eualitv urater,

ii) Dressure reoulation, anrl

iii) fertilizer injection, if fertilizers are applied through
the sys tem.

uni t
I i ne, and

I i nes '¡ri th emi tters.



State or Countr,y

Table 2..l þlorìd-wide Drip Irrigation Surveyl

United States
Al abama
ArÍ zona
Caì i forni a
Col orado
Del aware
F'lori da
Georgi a
Hawai i
I ndi ana
Kentucky
Loui sana
Mi ch i gan
l'li ssouri
Nebras ka
New Mexico
New York
North Carol ina
0hio
0regon
Pennsy'l van j a
South Carol i na
Texas
Utah
.t^lashi ngton

United States total

0ther countries
Aus tra'l i a
Canada
Central America
Cyprus
I s rael
Mexi co
New Zeal and
South Africa

Total

Present Hectaraqe

3
2,023

16,ìgg
2
2

2,429
3s

5,059
l6

2
I

1,214
24

ì
l6t
6l
12

2
132

22
5

1,214
40

404

29,063+

l0,l I7
202
283
160

6,070
6,475

809
3,480

2g,gl4

Present Acreage

I

7
5,000

40,000
5
5

6,000
82

ì 2,500
40

5
20

3,000
60

?
400
:150

30
5

325
55
12

3,000
ì00

I 
'r''JO

7l,gì6+

25,000
500
700
400

15,000
ì 6,000
2,000
I,600

71,200

Extract from the Proceedinqs of the Second International Drip
Irrigation Conç¡ress. San Diego, California, July 1974.



2.2.1.1

The most crucjal factor''in Crip irr.igatjon is the water

qua'litv. l.later qual'itv is derrendent, to a considerable extent, on the

method ancl hardurare necessar.lr to provide for efficjent filtration of

the irriqation water.

l{o v¡ater standarcls have vet been establ isherl for the clrio

irrigation r,rater qualitv. Poor r¡¡ater qualitv has sjqnificant effects on

tri ckl e i rri oati on svsterns ' performance , due to the cl oclo'ino of emi tters .

Ernitter blockages are causecl bv oarticulate matterin the

i ryi gati on rlater, rust and l eaves . The chemi cal comoosi ti on of i rri ga-

tion r^rater and microbial activities mav also cause emitter blockages.

In most drio s.ysterns, filtrat'ion has oroüen efficient jn

handl i ng susoendeC sol i ds . BLlt ol uç¡ci nc due to al gal gror.rth on em j tters

is normall.y controlled rtith chlorine, permanqanate and conoer sulohate.

The filtration recluirements and filter t.ynes denend on the

water qualitv, ernitter tyoes and the trickle s.-vstems'operatinq Pressures.

Tri ckl e s.ystems rti th hi oh operati nq nressur-os may have

reasonabl y cl og-free emi tters. But I ot^r oressure s-vstems recltli re more

careful filter selection and efficient filtration of irriqation water.

Some emitter t.vnes (soot emitter) have built-in devices to

minir¡ize clog-oino.

Â .|50-mesh in-line stra'!ner is an aclequate filtra+-jon assernbl-v

for drinkinn water sources (29). But v¡here suspended solids are extremelv

high, a sediment basin follo,¡red bv fiTtration is normall.y recommended. A

back-flushinq reolaceable sanri fjlter follor^rec! by a finishinq 25-micron

filter is generally adv'isable for r^rater supo'lies with hiqh solicl contents.

Filtration of irrioation water



2.2.1 .2

Emitter discharqe and uniformitv of water distribution are

consi clerabl.y af fected by em'i tter ql oaqi no and f I uctuati no operati ng

pressures. Due to lo'¿l operatinq oressures of most emitters, a small

variatjon of topocraohv influences ooerating Dressures consider^ahlv. If

irriqatjon urateris taken from a rnun'icipal suonly line, Dressttre fluctu-

ations are very frecluent. To ensure optirnal and v¡ell balanced pressures'

pressure requlation is essential jn most cases.

Vi af I o porous tub'inq reclui res the i nstal I ati on of a stand-

pioe of at least the same diameter as the 'heacler'pine, at the head

unit. The standpine should be l.0l cm loncl for each g-cm-2 of desiqn

operating pressure. If, for some reason, the systern's pressure exceecls

optimum Dressure, water flor^rs out of the stanclpipe. But for rapid-r'ise

and erratic pressure fluctuations, the stando'ipe resoonse ma.v orobablv he

too slow to nrevent damaqe to the drjp lines.

wooden stand of oredeterninecl heiqht ancl a tank r,rith a

float valve to control the water level, mountec! on torr of the stancl, mav be

a more suitable Dressure control arranqement.

The installation oç t.his pressure control set-up shotllcl be

normal l.v at the highest elevation on the farm (rvhere practicable).

Pressure regulation mav also be achievecl by using pressure

re1ief val ves and reguìators.

2.2.1.3 Fertilizer in,jector

Pressure requl at'ion need

l0

This unit is ootional dependinQ on whether

is to be appìied throuqh the svstem.

The application of olant nutrients throuqh

systems is the most convenient and efficient method of

or not fertilizer

tri ckl e i rri clat j on

applyi nq ferti ì i zer.
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I,lutrients such as nitroqen, r^rh'ich are water-soluble and mobile jn the

soil, are easily aop'lied throuqh trick'le irrìgation systems. Hot'tever,

for some other nutrients such as ohosohorous, it is difficr.¡lt to achieve

proper olacement vrith trjckle jrrjqat-jon svstems, clue to precÍoitation

and chem'ical reactì on tv'ith i rriqat j on trater. !'later-sol ub'l e forms of \1,

P, L, Ca and Me, fOr examole, oìr.rceroohoSnhate or monosodium phosphate 
'

annljed throuqh the svstem have nrnven practica] (36). But monosodium

ohosohate apol j ed r,r'ith rnrel I ,rrater from basal ti c format j ons has resr¡l ted

i n preci p'i tati on .

2.2.2 The l'lain Line

The main line brinqs water from the suool.y source to the farm.

The majn l'ine pipe se'lection (t¡rne, size) depends on the calculatecl qross

irriqation requ'irement and follor¿rs the normal hydraul ic desiqn Drocesses.

2.2.3 Ernitters and ths Hjqh Freouencv Porou-q-.Jubing, 'Viaflo'

Researchers, Busch and l(neebone, Zetzsche ancl ltleman

et al. used oerforated nlastic-ojne emitters (5, 22). t4anv firms are

nor.l oroclucjncl various t.vnes of emitters. Some of thern are: Drin Eze,

Arjac Bi-rvall, Chapin Doublg !'lall, Salco, Rìnko, Soears, llniflow, l{etafim'

Spot, Viaflo porous tuhinq etc.

The Viaflo is a oorous nJastic tub'inq made from a oatented nolvethv-

lene sheet (2). hlith the apolication of a few kq-cm-2 water Pressure'

the tubinq inflates and water oozes out of the numerot¡s four-micron size

pores in the body r^raì'l . Pores make up 50 nercent of the total r,rall area.

Viaflo is a oroduct of the DuPont Comdanv. It is liqhtr'reic¡ht, comoact and can

be mechanically installed underc¡round. DuPont clajms that the rrronerties

of Viafìo jnclude extreme strenqth, tear resistance and chemjcal inertness.
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It is, horvever,subject to ultraviolet deqradat'ion. Accordinq to the DuPont

Comnan.y the optirnal operatinq nressure ranqe is 0. 24 to 1.?-B k(t-cn-Z. At

this pressure the rated discharqe is .l253 l. oer dav per 100 m of tubìnq

ìength. (0.7 gpm per 1040 ft). llerbjcicle, insecticide anrl fertiljzer

injection throuqh the tub'inq js not.yet advised.

2.3

2.3.1 Resears!_on Croo Response_ lue to T!"i ckl e I rri qafl-q!

Superior crop performance and consiclerable water savings due to

trickle irrjgation have been reported bv man'/ researchers (4,17,34,4?-,

48). But trickle irrigation is far from bein_o a un'iversal Ðanacea; responses

in some conclitions and crons mav be Door. Trickle irriqation in c'itrus

orchards on sandy soil so far have failed (31). The highest vield of

sureet corn 'Cul ti var Heri t ' ulas obtai necl uri th sori nkl er j rriqaii on (l I ) .

In some situat'ions, drip irrigation did not s'iqnificantlv increase vield

over the furrol method. Eljezer (1973) and co-vrorkers 'in Israel reported

no significant difference in vield for citrus under trjckle irriqation and

sprinkler irriqation (12).

Trickle imigation, therefore does not necessarily increase vields

when compared t,i th wel I mana.qed al ternati ve s.ystems oart j ct¡l arl v i n

areas of moderate climate havinq an adeqrrate supolv of urater of reasonable

qual i tv.

There is also evidence of bias in research reports due to the

fact that oeople ¡nost active and enthusiastjc in clevelooinn the method are

also doing the accomoanying research (13).

ESfearch on Trickle,lr

2.3.2 Dri o I rri qati on tr!i th Sal i ne l'later

Drip irrigation pemits the use of reìativeìy sal ine water.



Goìdberq (1971) successfu'lìy used a 3000 umhos/cm water to jrrigate

tomatoes in Israel. Afforestation with saline water, drip 'irrigation

was also successful (SZ¡. Bernstejn and Francois have used brackish

water to produce crop yields very comparable to yields obtained with

good quaì i ty water ( 3) .

2.3.3 Frequent Irrioation llith Trickle

llaldeiqh and co-workers (13) showed that matríc and osmotic

potentials are additive in their effect on pìant growth. Frequent

water apoìication assures that the soil salinÍty witl not appreciabìy

exceed the salinity of the irriqation water prov'ided leachjng is

adequate.

0n coarse sands and soils of high porosity, daily or even

more frequent irriqation to retain sufficíent moisture in the root zone,

may be necessary. Black (1969) and Smart (1970) regard daily irrigat'ion

as preferable even on heavier soils, as long as trickle irrigation

maintains a water application rate matching the soi'l infiltration rate.

Problems associated with surface sealing and runoff due to high applica-

tion rates , are el imi nated ( 20) .

It has been demonstrated hor¡¡ever, that frequent irrigation may

not always increase -vields on fine-textured soils of hiqh vrater-hoìding

capaci ty.

2.3.4 Automation ofDrio Irriqation Systems

l3

Researchers (26,29,33, 35) have shown that automation is easìly

possibìe with trickìe irrigation. In Texas, tomatoes in oreenhouses

have been successfu'lìy irriqated autornaticalìy with the use of a switch-

ing tensiometer. Soi'l matric potentiaì sensors have aìso been used.



Automation provides better opportunities for

dosage treatments accorcling to specific perìodical

2.3.5 Some Other Advantaoes of Trickle Irriqation

Some

i)

ii)

other advantages of trjckle irrigation are as follows:

simplified fertilizer application and disease control,

weed control; the non-irriqated ínterrow spaces normally

remai n rel ati vely clrv,

no wind effects on water distribution',

deep oercolation, surface runoff and evaporation losses

are practically eliminated. The non-irrigated interrow

spaces serve as a sink for rain water, and

low pressure and low discharqe characteristics of drip

systems permit an economical p'ipe and pump seTection. l,ljth

low discharges, the soil infjltration for soils of low

water intake, is greatly improved.

rrr)

iv)

l4

precise timing and

crop needs.

v)



3.t Crop Spacjng a¡d Soil Fertility

A small flow of water appììed to the base of a pìant may wet a

truncated ellipse of soil just below the plant. The pìant thus deve'lops

a bunched-up root system similar to potted plants (46).

A water-fertilizer mix appljed through a trickle of water to

a confined root zone would be beneficial from the standpoint of soil

fertility, fertiìization and crop spacing. It is thus possible to p'lan

to replace nutrient elements which are removed by the crops.

3.2 Crop Rootinq Pattern Under Trickle Irrciqation

Goldberg and co-workers (17) and Bernstein (3) found that irri-
gation tends to cause a high concentration of roots near the soil sur-

face and to restrict the vertical root penetration. Restricted rooting

volume, however, HâV be accompanied by a proportional root density

increase. In the conventional methods of irrigation, roots from adjacent

crop rows overlap in their search for water and nutrients. But a weak

fertilizer soìution injected into the irrigation waten and applied through

a trickle system would he'lp to balance the nutrient uptake capacity of

the bunched-up root system.

In humid areas,the rooting system was not restricted to the soil

volume wetted by emittersi the roots were more proìiferous (8).

In trickte-irrigated peach trees, the highest live root concen-

tration was in the zone of readily availabìe water and of adequate

aeration. Poor aeration directìy beneath drippers was observed to

inhibít root development (47).

l5

CHAPTER I I I

NEI.I I RRI GAT ION CONCEPTS
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3.3 !,!odified Leaching Proqram for Trickle-irriqated Crops

Researchers (15, I 7, 39) found that an advancing wetting front

which carried salt to the periphery of the moisture profile, occurred

with trickle irrigation. Such peripheral salt accumulation m'ight have

far-reaching effects on crop performance. A light rain might wash the

salt into the active root zone where it would inhibit growth.

This phenomenon introduces a new soil reclamation procedure of

spot leaching rather than the leachinq of an entire area as normal'ly

practi sed.

3.4 Basic Functions of the Soil

Since drip irrigation replenishes the vlater deficit daily, or at

very frequent intervals, the soil has ceased to be a significant factor

for water storage between irrigations. The soil's basic function

becornes anchorage (17). tven poor, coarse, arid soils fulfilt this func-

tion. This explains why trickle irrigation normalìy has its best

advantages, at least relativeìy, under conditions which are marginaì

for other methods.

3.5 Tensiorneter tlse in Irriqation P¡oqramming

0n drip irrigation the soil moisture stress should never exceed

75 centibars. In fact, a desireable limit is 50 centjbars. I^ljthin

this limited available moisture range, tensiometers can operate proper'ly,

continuousìy and reìiabìy as soil moisture detectors (.l6).

3.6'Potential Transpiration' Concept

In conventional irrigation methods, deep percoìation losses

are often considerable. But with trickle irrigation, water application

to a confined soil volume at the root zone can be made to match plant
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urater transpiration losses. Transpiration evaluation is thus more accu-

rate with the trickle irrigation method than with the conventjonal

nethod.

Since trickle irrigation creates a potentìal moisture availability

withÍn the root zone r,rith ìittle or no evaporation from the soil surface,

the evaporati on el enent 'i n potenti aì evapotransp'i rati on i s al mos t el j mi nated .

Some workers (1, l6) have proposed 60 percent of pan evaporation for the

estimation of potential evapotransp'irat'ion for trickle-irrigated tree

crops. For design purposes, 70 percent of pan evaporation was considered

to be necessary (16).

The rationale for this proposaì was based on the fo'llowing

considerations:

r low water application rates with trickie jrrigation,

r optimal moisture stress range of 30 to 50 centíbars,

¡ visible moisture surface a'lways hidden under foliage or

any other cover; and

¡ wetted surface area under trickle imigation relatively

small compared to the entire cropped area.

In spite of the diurnal variation and variations associated with

crop deve'loprnent and vreather, researchers have proposed 0.75 of pan eva-

poration as a cìose estimation of potentiaì evapotranspiration (23).

Fi nal ly, tri ckle i rr:i qat j on ma.y necess j tate genera'l rnodi f i cati ons

in established practises of seerJ bed preparation, p]anting, weed control;

levels and timing of fertilizer application and harvesting.



CHAPTER IV

EXPERIMENTAL MTTHODS AND INSTRUI"ÍTNTATION

4. ì General

A study to determjne the suitabiìity of the hjqh-frequenc.y porous

tubing Viaflo for the irriqation of row crops in l'lanitoba beqan in the

winter of 1974 and continued until the first kiììing frost in September,

1975. The porous tubing Viaflo is a product of the DuPont Company and

has been described in the literature.

The study'invoìved preliminar.y laboratory testing and a field

investigation on the cla.y soils of the Unjversity of Manitoba's Glenlea

Research Station, about 20 kn south of the University campus.

4.2

A control valve and a 2S-rnicron filter were connected to a

manometer-equipped reservoir located on a raised p'latform (Fig. 4.1).

Frorn the filter, nlastic tubinq led to a container equioped with a float

valve majntaining constant water levels in the container. The conta'iner

itself was suspended on an electric hoist and could be moved up and

down in order to provide the required pressure for the tested samp'le of

the Víaflo tubinq (fig. 4.2). A 'feeder' rubber tubing connected the

contaíner to the tested sample of Viaflo (Fig. 4.3).

4.2.1 Drip-l ine Discharqe lleasurements

The Laboratorv Exnerimental Apparatus

With the

water to a level

reservoi r. The

mined operating

control valve closed, the reservoir was filled with

easiìy read off from the manometer attached to the

container with the float valve was moved to a predeter-

head using the electric hoist. A test sample of Viaflo,

.lB
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Fig. 4.1 A control valve and 2S-micron filter connected to a
reservoi r

Fig. 4.3 Plastic container with a float valve connected to the
test sample
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3 m lono, v¡as connected to the feeder tubino. As soon aS the valve

was open, tlater dripped from the test sarnple. The reservoir water

levels, which incljcated the "consunrption" of t^later, were recorded every

ha'lf hour for six hours. The drip-ìine discharge was evaluated from the

water level changes.

The selected operating heads were 2, 2.5, 3, 3.5, 4, 4.5, and

4.85 m. For each onerating head, th¡"ee different equa'l-length (3 m)

drip-tube samples u'rere tested.

Two other sarnp'les were each connected and left dripping for two

days to reach equiìibrium conditions, before d'ischarge measurements

were taken. A 24-h average d'ischarge for each operating head' was

recorded for each test sample.

4.3

A pìot ll0 m x 25 r,n in size, on an averaqe sloire of l.l percent,

and close to a duq out vras made available for the field trials. Twenty

six rows spaced one meter apart rvere planted to corn on l4ay 20, 1975-

Five crop rows forrned a subplot for each of the four considered treatments:

surface-ìaid drip lines, buried drip ì'ines, furrow irrigation and a non-

iryigated subpìot. A two-row buffer zone separated the subp'lots frorn

each other (Fiç¡. 4.4). Except for the non-irrigated treatment, each

subplot has three moisture monitorinq stations. At each station,five

1.37-m (4.s-ft) aluminjum access tubes were installed to an average

depth of .|02 
cm, spaced 50 cm and in a row (Fig. 4.5). An irrometer

(tensiorneter) 3 m away from each station, monitored the moisture stress at

the 30-cm depth between two crop rows.

Descriotion of the Field Plot Lavout
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Fig. 4.6 ne a'long a crop row



4.3.t Instalìation of the Access Tubes and Drip Lines

In the subp'lot with the surface-laid drip lines (for convenience

herein called the surface subolot) and in the subp'lot with the buried

drip lines (tne subsurface subplot) the ljnes were laid at a horizontal

distance, ì5 cm from the ro!,, crops (fig.4.6). In the subsurface sub-

plot, the drip lines were buried l0 cm cleep

In the surface subp'lot, access tubes Sl, 53, 55 in statjon I,

57, 59 in station II and Sl2, and Sl4 in station III, were each installed

between the drip 'line and a crop row. Tubes 52, 54 in stat'ion I, 56,

58, Sì0 in station II and Sll, Sl3, Sl5 ín station III, were each

installed midrvay between two crop rows. Tube ST was close to the non-

iryigated row in the buffer zone. Tubes 53, 57, Sl2 were along the

same drip line (a), while tubes 55, 59, and Sl4 were alonçr another drip

line (b) (Fir¡. 4.7).

Similarly, in the subsurface subp]ot, tubes Bl,83, 85 in station

I,87, 89 in station II and Bl2 and Bl4 in station III were each installed

between a crop row and a drip ìine. Tubes 82, 84 in station I,86, 88

and Bl0 in station II, and Bll, Bl3, Bl5 in station III were each installed

midway between two crop ror,rs. Tube Bl was close to a non-irrigated row

in the buffer zone. Tubes 83,87, and Bl2 were aìong the sarne buried

drip line (a),85, 89 and Bl4 were aìong another buried drip ì'ine (b)

(fig. 4.8).

In the furrow subplot, tubes Fl, F3 and F5 in station I, F7 and

F9 in station II, were each installed close to a crop row. Tubes F2,

and F4 in station I and F6, FB, FlO in station II, were installed on

the furrows. Tube F6 was,however, jn the buffer zone.

The instalìation of the drip ìines was done manuaìly.

24
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4.3.2 Irriqation þlater Supply

The irrigation water supp'ly was obtained from a dugout which

v'ras located close to the experimental site. A pumo installed near the

duqout delivered water aìong a 2.S-cm diameter pvc main line pipe to

the fie'ld (Fig. 4.9).

Upfieìd from both the surface and subsurface trickle jrrigation

subpìots, two similar units designed to meter and to filter irrigation

water and also to maintain a 330-cm constant operating head, were

instalìed (Fiq. 4.10).

Each unit consisted of a high wooden stand with a float-valve-

equipped container mounted in a elevated position. A water meter and

a 25-micron filter were connected with a 2.S-cm diameter p'lastic pipe

and then mounted on a wooden platform. The p'latf,orm was fixed near

the base of the wooden stand. A lenqth of 1.3-cm diameter pìastic

tubing connected the rneter-filter unit to the float valve (Fig. 4.ll ).
From the main line,water passed first through the meter-filter

unit and through the float valve into the container. The container

!{as connected to the drip ìines laid along the crop rows ìn each trickle

irrigated subpìot throuqh five lenqths of 'feeder' rubber tubing.

The furrow-irrigated subplot received metered but unfiltered

water through five plastic pipes connected to the main line. The pipes

were laid along the fumows (Fig. 4.12).

27

4.4 Measurement and Samolinq Technioues

4.4.ì Soil Sampling and AnalyseE

Near each of the nine moisture monitoring

sampìes at 0 to lS-cm, ìS-cm to 30-cm, 30-cm to

stations, three soil

60-cm depths, were



,:r:j.¡llirilìtii,.;

ù1ìlä$
¡ììrìì{ir,.-l,.:.:\
irlÞì:rili,.]Î

liìiii:iil.ì:,'llìt.

iiiiìil

ìi ,l
$i':r)

Fig. 4.9 Pump installation near a dugout
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W

Fig. 4.10 Two similar constant-head water-meters and filter assembli'es- for surface-laid and bunied trickle irrigation system



tig. 4.ll A water meter and filter unit
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Fi g. 4..l 2 Furrow i mi gation s ubpl ot
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collected--27 samples in all. The mechanical anaìyses were done in

the soil and water ìaboratory of the Department of Agricultural

Engineering by the writer. The hydrometer method was used. Samples

were also sent to the Soil Testjng Laboratory of the Manitoba Department

of Agrículture for the determination of the N, P, K, and Ca contents, the

pH and the electrical conductivjty levels.

4.4 .2 I rri qati on llater Anal ys l's

Three samples were collected from each of the dugout, the

fumow line, and the surface and subsurface lines after the water had

passed through the filters. The samples were then sent for the chemical

and þhysica'l anal.yses.

4.4.3 Weed Control

The chemical Banvel 3 used to control the weeds, proved ineffec-

tive in destroy'ing a dense wheat growth over all the experímenta'l pìot

but the furrow subplot. l^lheat seeds from the previous cropping germìna-

ted in the other subplots but were burie¿ ¿eeí durinq the cutting of

the furrows.

4.4.4 Ferti ì'i zer Appl i cati on

Throughout the study, no fertiiizer was applied to any of the

treatments. The introduction of fertilizer in the irrigation water

before the results of the water analysis, was consjdered risky. It
was feared that a chemical reaction of the fertilizer and the irrigation

water might result in a precipitat'ion and pìugoing of the drip lines.

Potassium is not needed when corn is grown on the loam to cìay-

ìoam soils of this region.



3l

4.4.5 Irriqation Schedulinq alìd Soil Moisture Measurernents

Initia'lìy, both the Surface and subsurface treatments were

i rri qated dai ly for three hours. After tr,ro (f ive-day) weeks, i t was

found that a significant moisture dep'let'ion occurred at the 0 to l5-cm

depth. 0nly about 40 L of trater was supplied to each treatment'in

three hours. Th'iS was equiva'lent to 2.4 I' in three hours per .l00 
m of

crop row length and onl.y about 57.6 9" per day per 100 m of crop ror¡,.

Due to this low discharge and increased crop development,

irrigation was continuous thereafter except when jt had rained.

Rainfalls exceeding 2.5 mm were considered effective and thus

equivalent to an irrigation.

Moisture measurements were taken daily at 10.00 h and l3:30 h'

five days a week, through August. Pollination, considered a critical

stage in terrns of moisture availabiljty for corn production, occurred

in August.

In the furrow-imigated subp'lot, readinos vrere taken 24 hours

after each irrigation. There were tv'ro such irrigation periods, occurr-

ing one month apart.

The Troxler depth moisture gauge Model 1255 was usedinthe

measurement of moisture content. The Troxler output was evaluated with

the Troxìer ratemeter llodel 265.| (Fig. 4.14). 0n each access tube,

readings were taken at the lS-cm, 30-cm,60-cm and 98-cm depths.

Tensiometer readings l,tere aìso recorded during every moisture measure-

ment.
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Fig. 4.'l3 Selecting depths for moisture
determi nati on

Fig. 4.14 Troxler depth moisture gauge
and Troxler ratemeter connected



CHAPTER V

RESIILTS /\TD DISCIISSItT'I

5..l Resul ts of the So'il Sample Analyses

The soi'l is predomìnantly clav at the sampìed depths (fanle 5.1).

The average dry bulk density of the sanrples taken at the lS-cm deoth

-?was 1.2 g-cm ".

The chemical analyses showed verv hiqh ohosphorous, potassium

and nitrogen contents. Since the plot had been cropped the previous

season, the high nitrogen content was unexpected. The samples ma.y have

been stored too'long and microbial activities may have taken place

The electrical conductivity was low (0.4 to 1.0) and the pl{ ranqe \{as

7.3 to 8.3 Table 5.2). A fertilizer appìicatìon at levels maintain'ins

the sojl fertiììty probably wou'ld have been advised.

5.2 Results of the !,Jater Analvs'is

The use of a 25-micron filter tà provide adequate filtrat'ion of the

irriqation water obta'ined from a drrgout ,rras an inadequate desìgn. The

upper limit of particle size of clay is Z-micron. This explaìned trrhy the

total res'idue remained essentiaììy unchanrled after irrìqat'ion rvater had

passed through the filters (faUle 5.3).

In fact, the interior clay coat'inq observed in the clrin lines, the

larqe quantities of slurries collectecl at the drip-line terminals and the

s'light'ly decreasing discharge of the drip'lines with time, þ/ere evjdence of

the design inadequacy.

5.2..l The Laboratory Performance of the Vi¿fle tlateriaì

Previousl.y unused

the same general trend.

drip ìines sampìes, three m

Ini ti al ly, hi gher di scharqes
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in lenqth, sholed

dropped sjqnjfi-



Table 5.1 The Physica'l Properties of the Sojì Samples

Soil Sample

Sla

stb

Slc

S2a

s2b

S2c

S3a

s3b

S3c

SBI a

SBI b

SBI c

SB2a

SB2b

SB2c

SB3a

SB3b

SB3c

Fla

Ftb

Flc

F2a

F?b

F2c

F3a

F3b

F3c

% Sand

31.7

27.7

22.7

23.6

14.0

9.5

ì 4.0

t 4.0

5.8

34.0

35.6

21.6

2't.2

I6.8
10.8

20.8

22.8

t 8.8

42.0

40.0

22.0

25.2

I4.8
9.6

31.2

24.0

It.6

% silr

33. 5

I 5.4

20.7

39. 6

23.2

2l .0

27.6

I5.2
5.4

31.2

29.6

3l .6

35.2

27.2

21.2

34. 6

35.2'
I8.8
3t .6

35. 6

33. 6

35. 2

24.8

19.2

35.2

35. 6

23.2

% Clay

34.8

56.9

56.6

36.8

62.8

69.5

58.4

70. B

88.8

34. B

34. B

46.8

43. 6

56.0

68. 0

44.6

42.0

62.4

26.4

24.4

24.4

39.6

60.4

71.2

33.6

40.4

65.2

34

Texture

cìay ìoam

cl ay

cl ay

cl ay 1 oam

cl ay

cl ay

cì ay

cl ay

c'lay

cìay loam

cìay loam

cì ay

cì a.y

cl ay

cl ay

c'lay

cl ay

cl ay

I oam

I oam

silt loam

clay loam

cì ay

cl a.y

clay loam

cl ay

cl ay

Legand: $=
SB=
f'=
J=
d-

þ=
c=

1, 2,

surface subpìot
subsurface subplot
furrow subplot
moisture moni toring stations
0 - l5-cm depth
ì5 - 30-cm depth
30 - 60-cm depth



Tabl e 5 . 2 Chemi cal Properti es of the Soi ì Samp'les

Soi 1

Sample CaCOt

Sla V. low

Slb V. low

Slc V. low

S2a V. low

Szb V. low

S2c Low

S3a Low

S3b Low

S3c Med.

SBla V. low

SBlb V. low

SBlc V. low

SB2a V. low

SBZb V. low

SBZc V. low

SB3a V. low

SB3b V. low

SB3c Med.

Fla N/A

FIb N/A

Flc N/A

FZa V. low

tïb V. low

FZc Low

F3a V. low

F3b V. low

F3c Low

Cond. N0 3-N
pH mmhos/cm PPm

7.3

7.6

7.7

7.8

7.7

8..|

8.0

8.1

8.3
7.4

7.3

7.6

7.9

7.8

7.9

7.9

7.9

B.l

0.6

0.6

0.5

0.5

0.5

0.7

0.5

0.5

0.6

0.5

0.5

0.6
0.4

0.5

0.6
0.5

0.5

1.0

N0 3-N
kg/ha

32.6 58. 6

24.2 43. 5

22.0 96 .4

l3:6 24.4

8.0 14.4

5.8 25.4

10.8 19.4

14.2 25.5

20.8 9l . I

17 .2 3t .0

I 3.8 24.8

17 .6 77 .1

l9 .0 34. I

il.6 20.8

7.8 34.1

10.6 I 9.0

13.6 24.4

12.2 53.4

N03-N Ava'il. Avajl. Leve'l
level P-PPm K-PPm K

I

I

t
I

t
I

I
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VH+

29.0(vH) 56s vH+

12.2 432

9.0 355

I 5.4(ll) ¡so vH+

6.0 230

2.0 243

23.4(VH) 4zs VH+

8.6 270

0.4 215

26.4(vH ) oos vH+

9.0 3t 7

8.0 295

zo.o(vH) goz vH+

4.4 245

0.8 264

l6.o(H) 455 vH+

8.4 31 5

t.0 245

VH+

VH+

7.7

7.8

7.9

7.8

7.8

8.1

Legend:

0.6

0.6

0.6
0.5

0.5

1.0

VH+

27 .6 49. 6

17 .6 3l .6

ll.2 49.1
't 3.8 24.8

I 3.0 23 .4

10.6 46.4

H = high
VH = very h'igh
S = surface subP'lot

SB = subsurface subPìot
F = furrow subplot

1, 2, 3 = moisture monitoring station

VH+

I
I

VH+

t7.o(H) 363 vH+

6.6 299

ì.4 270

I 9.8(vH) sl 5 vH+

I 5.0 333

2.4 245

VH+

a=
þ=
c=

0 - lS-cm dPPth
15 - 30-cm depth
30 - 60-cm dePth



Tabl e 5. 3 The Phys i ca'l and Chemì cal Propert'ies
of the Irrigation l'later

llater directly from the duqouti)
Bi carbonate
Carbonate dissolved
Nitrogen djssolved nitrate and nítrjte
Hydroxi de
Al kal 'i ni ty tota I
pH

*Residue total
Hardness total CaC0"
Sodium extractable "
Magnesì um extractable
Phosphorous total P

Sulphate dissol ved
Chloride sol uble
Potassi um extractable
Calcium extractable Ca

ii) Metered unfjltered water frorn the furrow line

Bicarbonate 102.00
Carbonate dissol ved 29.00
Nitrogen dissolved njtrate and nitrjte 0.09
H.ydrox'ide 0.00
Alkalinity total t32.00
pH 9.20

*Residual total 286.00
Hardness total CaCO" t78.00
Sodium extractable " 25.00
Magnesium extractable 28.00
Phosphorous total P 0.06
Suìphate dissol ved 43.00
Chloride soluble 27.00
Potassi um extractable 6.00
Calcium extractable Ca 25.00

83.00
26.00

0 .60
0.00

I I 2.00
9.10

294.00
I 82. 00
25.00
29.00
0.05

40.00
27.00
6.00

25.00
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mgl L

ng/ L
mg/ L

ng/ L
ng/ L

mgl L
n9/ L
ng/ L
ng/ L
ng/ L
mg/ L
ng/ L
ng/ L
rîg/L

HCo 2

fiot"
0H

iii) Metered and filtered wate¡ from thq ¡gr'lêçe and subsurfqlq-irl-E-:ljnel

Bicarbonate 151.00
Carbonate dissolved 0.00
Nitrogen djssolved nitrate and nitrite 0-89
Hydroxi de 0'00
Rl tal i ni ty total t 24.00
pH ' 7.70

*Residue total 286.00
Hardness total CaC03 178.00
Sodium extractable - 25.00
Magnesium extractable Mg 28.00
Phosphorous total P 0.06
Sulphate dissolved 43.00
Chtoride soluble 27 -00
Potassium extractable 6.00
Caìcium extractable Ca 25.00

s04

ng/ L
ng/ L
mg/ L
mg/ L
mg/ L

ng/r'
mg/ L
mgl L
ng/ L
ng/ L
mgle,
ng/ L
mgl L
ng/ L

HCOâ

C0""
N,
OH

mgl L
ng/ L
ng/ L

HCOa

c0^"
NJ
OH

ng/r'
ng/e"
ng/e.
ng/e'
ng/L
mg/r'
ng/L



cantly trith time and then stabiljzed. In a few cases, discharqe was

high initial'1.y, dropped later but jncreased again (Fiq. 5.'l)

At the same operating head and observation interval (30 minutes),

discharge di ffered consi derably for di fferent sampl es . Generaì ìy '

higher discharge was recorded for higher pressures except in some

unusual cases where djscharge was greater at 1ow pressures than at

high pressures (FiSs. 5.1, 5.2, 5.3).

A critical operating head at which such prev'iously unused

drip-ìine samples failed physcial'ly was found to be 4.75 n on the average.

At the crit'ical head, most of the testecl samp'les ruptured along the seams.

For materials ìeft dripping continuously until equílibrium condi-

tions were attained after two days before measurements, operatinq head

appeared to correlate linearìy wìth discharge. But different ljnear

rel ationshi ps occurred for di fferent sampì es. Such rnateri al s stood

pressures above the critical value for previousìy unused samples. The

critical pressure was not determined in this case (fiSl. 5.4).

Thus, by graduali.y increasing the operating head over an extended

period (two days), drip ìines would probabìy stand high pressures and

operating pressures would probably corre'late with discharge in a ljnear

manner.

37

5.2 .2

Fi el d res ul ts i nd j cated that the dn'ip 'l i nes had a more un j form

average discharge at constant head for observation intervals greater

than 24 hours.

. At the beginninq of the study, higher discharge rates were

recorded on both trickìe i.rrigation systems, but discharge considerabìy

stabilized with time (Fiq. 5.5).

The Field Performance. of the Drip Lines
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5.2.3 The Irriqation Periods and Amounts

The irrigation periods and amounts are shown in Table 5.4.

total of 4254 1, and 4735 9" of water was app'lied to the surface and

subsurface treatments respective'ly. A total of 4966 1, was applied to

the furrow system during the two irrigat'ion periods, occurring one

month apart.

5.2.4

5 .2.4.1

The Soil Moisture Profile

Access tubes 53, 57, and Sl2weresituated a'long the drip

line (a), whÍle tubes 55, 59, and Sl4 were located aìong the drip

line (b). Tube Sl was situated a'long the non-irrigated crop row in

the buffer zone. Other tubes were located along the interrow spaces

(Fi g. 4.7) .

Along the irrigated rows, fairl.y constant moisture contents

of 480 g/9. and 540 g/9. were maintainecl at the 60-cm and e8-crn depths

respectively (fig. 5.6, Table 5.5). In many cases, in srations II and

III, a near'ly uniform mojsture range 450 to 490 g/9. was maintained

within the lS-cm and 60-cm depths (Fig. 5.7, Table 5.6). In station I,
consÍderably drier conditions were found (Table 5.5).

Along the interrow spaces, moisture contents at the 98-cm,

60-cm and 30-cm depths remained essential'ly unchanged at 500 g/{.,

450 S/9" and 420 g/.Q, respectively (Fig. 5.8, Table 5.7). In tube

S8, the moisture at the 30-cm depth exceeded that at the 60-cm depth

(Table 5.8). In tube Sl3, the moisture content at the lS-cm depth

exceeded that at the 30-cm depth (Table 5.9). The effective root zone

and water contribution from adjacent drip lines probabìy explain

thís situation. In almost alì cases, considerable moisture fluctuations

The surface-lì rri qated

43

9JÞpl ot



LEGEND

&.-&.-â Soil moisture

.+-..-+-..-+ Ú 
'l

O--O--O n

)HH( rl

content ot 98 - cm depth
r il 60_ il ll

t¡ 30- rt

r 15 _ r¡

rl

ll
rt

ü

ll
tl

èt

c'r
-:c

c
(¡)

Co()
c)

=
rn'õ
E

o
v)

0.8

o.7

o.6

o.5

o.4

o.3

o.2

o.r

o.o

q
N
(o
Îf)

()
o)
1'-

@
C\i

q
lf)
Îf)
N

q
co
sf
N

2tt9il

5Þ

n lrrigotion omount (¿ )

Ø Effective roinfoll omount (mm)

20l2 t3 14 t5 t6 t7 rB

Dote in August 1975

Fig.5.6 Moisture profile for occess tube S l4 , inslolled close lo lhe irrigoted crop rovr



LEGEND

&.-4.-Á Soil moisiure content

+-..-+-..-+ rr n n

O---O--€ u

)HH( rt

ot 98 - cm depth
rt 60- rr n

,r 30-
'r 15

rl

il

rl

rl

rl

rt

r
(tf
JI

c
c)
Co(J
q)
lÉ
)
U)'õ
E

o
U)

o.8

o.7

o.6

o.5

o.4

o.3

o.2

o.t

o.o

tr lrrigotion omounl (¿ )

VZÀ Effective roinfoll omount (mm)

(.{
ro

q
N

o
rl)
ro
ôt

o
@
\l
ôJ

ro
o;
@

ll t2 13 t4

Dote in
Fig.5.7 Moisture profile for occess

t5 t6 t7 r8 19 20 2t

August 1975

tube S7, instolled close 1o the irrigoted crop row

Þ(tr



LEGEND

A.=À.4 Soil moisture

+-..-+-.-+ rr n

content ot 98 - cm depth
rl rl 60- rt tt

r 30- u

,rl5il
rl

tl

ll

il

il

rl

\
(tl

c
c)
co
C)

c)
:l
.2
o
E

o
U)

o.8

o.7

0.6

o.5

o.4

o.3

o.?

o.r

o.o

fl lrrigotion omount (¿ )

Ø Effective roinfoll omount (mm)

4
C!
(o
?o

'fÌ
o)t-

o,
@
o)
1'-

o
ôl

q
to
ro
(\¡

q
@\t
ôJ

t?
o
@

il t2 13 t4 t5 16 t7 18 19 20 2t

Dote in August 1975

Fig.5.8 Moisture profile for occess tube S4, in lhe inter-row spoce

5oì



Table 5.4 Irrigation Frequency and Amount, Drip-line Discharge Rates (Surface and Subsurface)

Date

14/7

15/7

30/7

6- 7lB

7- 8/8
11 /B

12-13/8

13-14/8

t4-t8/8
't 8- r 9/8

19-21 / I
21-26/8

s- 9/9

TOTAL

2.00
.l7.50

3.00

24.00

23.66

7 .90

23.83

24.06

95.76

24.00

48. l6
I 25.80

95.66

26.8

222.4

38. 6

244.7

235.1

89. 3

248. l
235.9

798.9

175.5

362.3

919. 3

652.9

4253.90

2.45

2.31

2.35

1 .97

I .80

2.06

I .89

1.79

1.52

1.37

1 .37

I .33

1.24

Date

16/7

17 /7
22/7

23/7

6- t/a
7- 8/8

lll8
12-13/8

13-14/ I
14-r8/8
r8-re/8
19-21 /8
21-26/8

5- 9/9

2.00

4. 50

3.75

24.00

22.16

5. 33

23. 83

24.06

95.80

24.00

48.16

124.33

95.66

38. 3

?91.4

80.7

65 .0

255.2

1 19.2

53. 9

249.0

235. 1

870.2

200.0

401 .3

962.2

8l 3.1

3.48

3.27

3. 16

I .94

I .84

r .84

I .90

'l .78

I .66

1 .52

1.52

I .4r

1 .54

I rri gation Irri gati on
Duration Amount

(h ) (¿)

Drip-'line Discharge
Rate*

(e./n/too m)

Irri qation I rri qati on
Duration Amount

(h ) (r)

Drip-ìine Discharge
Ra te

(e"/h/1oo m)

Þ\¡
Total 'length of drip lines = 548.64 m

(rate = ún/100 m drip-f ine Iength)

4734.5



Table 5.5 Moisture
Close to

Date
Moni torí ng

Stati on

il/8
12/B
ì s/s
14/8
15/8
r 8/8
1e/a
20/8
21/8

Contents (S/t) for Access Tube 53,
the Irrigated Crop Row

Soil Depth (cm)

l5

361
356
35t
349

30

353
355
355
350

60

352
352

483
489
489
350

98
l¡later

394

356 477
358 477

531
533
532
484

Table 5.6 Moisture Contents
Installed Close to

Appl i ed
(¿)

48

383 489

523
528

Date

89. 33
240.00
235.86

Rai nfal I
(mm)

Mon'i tori ng
Stati on

527

il/8
12/B
r 3/8
14/ I
r 5/8
t 8/8
19/8
?0/a
21 le

798.92
I 79.53

352.32

II

Soil Depth (cm)

(g/l) for Access Tube 59,
the Irrigated Crop Row

2.79

l5

I 3.20

433
444
467
478

30

466
470
507
504

60

474 501
468 497

470
472
502
503

98
Water Appl ied Rai nfal l

(¿ ) (mm)

482

497
498
507
508

513

493
490

527

494
497

89. 33
248.00
235.86

570

798.92
I 79.53

36?.32

2.79

13.20



Table 5.7 l4oisture Contents {gi¿) for Access Tube S1C,
in the Interrcn' Space

Date
i'ioni tcri ng

Stati on

ll¡'8
12/e
i3i8
14i8
1518
I8i'8
i 9¡',9
?0!s
T/a

11

Soji Depth (cin)

?tr

392
393
390
379

,?0 6û 98

4?3
127
123
429

387 425
377 427

4ttï
4a?
¿I4+

449

i'la'rer Appì iei F.a'!nfal I(ri (mni

425

49û
49rì
487
488

Ta.bjs 5.8 Moisiure Contents (g/t) for Access Tube S8,
in the Intemow spece

49

443
448

435

49û
488

44.6

Da'te

89.33
21E.0C
235.66

ùloni tori ng
Stati on'

5ûi

ì r/B
12/8
I 3/B
14/8
r 5/8
r8/8
19/8
20/a
21lB

798.92
i 79.53

36?.32

ÏI

1-12

t3.20

Soi I Depth (crir)

l5

422
422
413
412

30

462
4b2
458
463

60

412
407

440
448
443
445

98
l,later'

472

460
458

494
49¿
493
500

Appl i ed
(¿)

443
438

498

493
493

455

89. 33
248.0
235.86

Rai nfal I
(rnm)

s34

798.92
I 79 .53

362.32

2.79

ll:39



Table 5.9 Moisture Contents (S/g) for Access Tube Sl3,
in the Interrow Space

Date
Moni tori ng

Stati on

t r/8
12/8
I 3/8
r418
I 5/8
r B/8
1e/8
20/8
21lB

III

Soil Depth (cm)

15

436
434
434
432

30

419 474
419 481
422 473
423 470

60

425
424

98
l.later

421 462
423 460

470

527
52s
527
525

Appl i ed Rai nfal I
(f.) (mrn)

50

459 458

5.l5
516

89. 33
248.00
235.86

5,l5

798.92
I 79.53

362.32

';-;;

.l3.20
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occurred at the lS-cm depth (Fig. 5.9).

0n the non-irrigated crop row Sl, fairìy constant moisture levels

of 410 Slt and 470 q/1, were maintained at the 60-cm and the 98-cm depths

respectively. A slightly decreasing average moisture content of 370 gl9.

was obtained at the 30-cm depth. A considerable moisture depìetion was

found at the l5-cm depth (Fig. 5.10).

Moisture distribution patterns p'lotted at the 100-, 200-, 300-, 400-'

450-, and 500-g/L levels for one day and four days of continued'irri-

gation indicated sìight mojsture distribution pattern changes during

one day of continuous irriqation (fig. 5.ìl). Except for considerable

moÍsture increases along the drip ìine (a), in station I and along the
\

drip'line (b), in station II, at the lS-cm to 60-cm depths, moisture

patterns remained essentiaìly unchanged afterfour days of continuous

irrigatíon (Fig. 5.12). During two days of continuous irrìgation, a

considerable moisture dep'letion occurred between the l5-cm and 98-cm

depths, in the non-irrigated crop row 51. Between the lS-cm and 30-cm

depths, in stations II and III, moisture contents along the drip line

(b) increased significantly (Table 5.i0).

5,2.4.2 The subsurface subplots

Access tubes 83, 87, and Bl2 were located along drip line

(a), while tubes 85,89, and Bl4 were located a'long drip line (b).

Tube Bl was situated on the non-irrigated row. 0ther tubes were situated

along the interrow spaces (Fig. 4.8).

Along the irrigated rows, fairly constant moisture levels

of 500 g/, and 440 gly were maintained at the 98-cm and 60-cm depths

respectively (Fig. 5.13 , Tabìe 5.12). A nearìy uniform moisture content

was maintained within the 30-cm and 60-cm depths, in some cases. (Tables
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Tabìe 5. l0 Moi
of

Access
Tube

sture Contents (g/n)
Continuous Irrigation

I

2

3(a)

4

5(b)

6

7(a)

8

e(b)

t0

tì

l2(a)

l3

r4(b)

l5

Stati on

Before and After Two Days
(Surface Subpìot)

l5

Soil Depth (cm)

(355)
313

(2el )
264

(ssol
349

(36e)
362

(341)
334

(444)
449

(+tz¡
459

(+zzl.
412

(44t )
478

( 3e3)
379

(436)
422

(434)
424

(43s)
432

(rc2¡
479

(405)
392

30

(rso¡
379

(427)
421

(355)
350

(+zol,
417

(+to¡
413

(473)
464

(+es ¡
474

(+az¡
463

(470)
504

(427)
429

(455)
440

(45ì )
443

(4re)
423

(4s8)
487

(+zs¡
429

II

57

60

(43t )
422

(+so¡
425

(+as¡
484

(451 )
450

(+zol'
420

(481 )
479

(486)
483

(++a¡
445

(472)
503

(4s2)
449

(sll )
506

(+az¡
485

(48t )
470

(48e)
486

(+so¡
487

98

( 483)
477

(+atl,
481

(533)
531

(505)
500

(55t )
546

(sol )
499

(szs¡
518

(+o+¡
500

(+ss¡
508

(4e6)
488

(536)
534

(sso¡
53t

(52s)
523

(53e)
540

(s34)
532

III

()
(a)
(b)

moisture before irriqatíon
access tubes in drip-ìine
access tubes in drip-'line

(a)
(b)
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5.11, 5.12). In almost all cases, moisture fluctuations at the l5-cm

depth was considerable (Fig. 5.13, Table 5.1ì).

Along the interrow spaces, the moisture level at the 98-cm

depth was fairly constant at 5.l0 S/.e,. At the 60-cm and 30-cm depths,

the average moisture contents were 450 g/f, and 410 g/g. respectiveìy

(Fig. 5.14, Table 5.13). In a few cases, moisture at the 30-cm depth

was nearly equaì to that at the 60-cm depth (Fig. 5.15). In almost all

cases, moisture fluctuation at the lS-cm depth was considerable (Fìg.

5. I 5, Table 5. l4) .

Aìong the non-irrigated row, fairly constant moisture

levels of 500 g/9", 420 g/9", and 400 g/!. were maintained at the 98-cm

60-cm and 30-cm depths respecti ve'ly. Si gni fi cant moi sture dep'letion

occurred at the l5-cm depth (Fig. 5.16)

MoÍsture distribution patterns p'lotted at the 100-,200-,

300-,400-,450-, and 500- g/9, levels, for one day, two days and four

days of continuous irrigation indicated slight moisture pattern changes

during one day and four days of irrigation (Figs. 5.17,5.19). A

significant moisture dep'letion occurred at the 30-cm depth but only

s'lÍghtìy in the 60-cm depth, in station II, during two days of continu-

ous írrigat'ion (Fig. 5.lB)

5.2.4.3 Furrow-irriqated subolot

Aìong the furrows and crop rows, except in the interrow

space in the buffer zone 6(c), moisture contents increased considerabìy

at all depthsduring the first irrigation. During the second irrigat'ion,

along the furrows, moisture contents at al'l depths increased reasonabìy.

But along the crop rovJs, moisture content increases were confined within

the lS-cnn to 60-cm depths in station I, and within the]5-cm to 30-cm



Table 5.ìl Moisture Contents (g/t) for Access Tube 89,
in the Crop Row (Subsurface)

Date
Moni tori ng

Stati on

r r/8
lzle
r 3/8
14/8
r s/8
r 8/8
19/a
2o/a
21/e

II

Soil Depth (cm)

15 30 60

346
323
328
321

453 444
447 440
448 448
439 440

314
315

98
Water Appì ied Raj nfal I

(t ) (mm)

437 437
440 436

397

515
5lt
507
502

Table 5.'l2 Moisture Contents (g/t) for Access Tube 87,
in the Crop Row (Subsurface)

4Bl

59

445

494
499

Date

s3. 86
248.95
235.14

Moni tori ng
Stati on

499

ll/e
rzla
r 3/8
1+/a
ì s/s
I e/e
1g/e
20/B
2rl8

870.1 6
200.00

401 .28

II

a,!?

Soil Depth (cm)

t5

.l3. 
20

43t
427
434
426

30

458
453
459
449

60

428
425

459
450
452
445

9B
Water Appl ied

(s)

44s
447

468

51t
508
512
508

485

429
430

503
497

430

53.86
248.95
235. I 4

Rai nfal I
(mm)

498

870. I 6
200 .00

40ì .28

2.79

;ã:ãõ



Table 5..l3 Moisture Contents (g/t) for Access Tube Bl3,
in the Interrol space (Subsurface)

Date
Moni tori ng

Stati on

r 1/B
1zla
r 3/8
1q/e
I s/e
r B/8
\e/8
20/8
21/a

III

Soil Depth (cm)

ì5 30 60

387 414
380 4.l8
367 4't5
3s3 4t 3

339
340

463
459
468
455

98

387

409
406

l,late r

521
521
521
517

Table 5.14 Moisture Contents (g/g) for Access Tube 84,
in the Interrow Space (Subsurface)

Appì ied
(.c)

416

452
450

60

452

505
509

DâIe

53.86
248.95
235.14

Rai nfal I
(mm)

Moni tori ng
Stati on

509

r r/B
12/8
r 3/8
14/B
I s/B
r 8/8
lslB
20/a
21 18

870. I 6
200 .00

401 .28

:-i;
13.20

Soil Depth (cm)

l5

225
239
251
232

30

444
434
43t
428

60

.l94

l89

435
428
433
430

98
bJater

413
414

220

500
503
501
502

Appì i ed
(r,)

421
426

491

495
4BB

443

53.86
248.95
235.14

Rai nfal l
(mm)

494

870. I 6
200 .00

401.28

-?.1-n-

13.20
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depths in station II (fa¡le 5..l5).

5.2.5 Rainfall Contribution l,lithin the ExperÍmental Period

l,lithin the experimental period, May 20 to Seotember 9, the total

rainfalì was 327.6 mm (12.9-in). All rainfall less than 2.5 mm (0.1-in.)

was considered ineffective and probably did not significantly affect

the soil moisture conditions. Total effect'ive rainfall was thus 304.8

mm (.lZ-in). To account for evaporation, the total effective rainfall

was further reduced to 273.8 mm (10.8-in).

A water surpìus of 105.6 mm (4.Z-in) occurred in June but was

later followed by a 138.9-mm (5.5-in) water deficjt in July (Tab'le 5.16).

The runoff after a 60-mm (2.37-in) rainfall which fell on June 22,

caused serious erosion on both the surface and subsurface drip irrigation

sys tems .

The seasonal water deficit curve (75-percent probabi'lity), for

the growing season for the fjve-.year periocl lgTl to 197s, inci'îcated

that a month'ly urater deficit of 127 n (5-in) lvas possible (Fi9. 5.20).

67

5.2.6 Tensiometer Readinqs

t^lithi n the experimenta'l period, tensiometer readi ngs i ndi cated

that the available moisture content at aìmost all times was never

less than 50 percent. Crops therefore suffered no moisture stress.

5.3 Crop Re_sponse

Equal yieìds were recorded on both the surface and subsurface

treatments. Total yield per 100-m row ìength was hiqhest for the

furrow irrigation. The water use efficiency and the relative yield

percentages were higher for both the surface and subsurface systems

(raute 5. I 7) .



Table 5. I 5

Access
Tubes Station

Moisture Contents (gt9") Before and After
Irrigation (Furrow)

First Irrigation Perjod

I

2(a)

3

4(b )

5

6(c)

7

8(a)

9

ro(b)

Soil Depth (cm)

'15

(24?) (3e7) (451 )317 486 484

(38r ) (474) (s42)
5ì0 547 557

30 60

Second Irrigation Period

(2Bo) (ssz1
447 491

98

68

(ì 32) (377) (46e)
338 5t 9 550

Soíl Depth (cm)

(502) (+tz¡
586 424

(553) (455)
589 504

l5

II

(2e6) (407) (476) .(+oo¡
456 524 585 603

(263) (430) (501 ) (szo¡
258 442 501 526

(4ì6)
497

30

(5or ) (+zo¡ (42e) (425) (505)
599 467 474 443 505

(452)
453

(+az¡
5t9

( ¡¡e)
474

60

(4e8) (260) (442)
589 384 5t4

(208) (464) (+ss1
354 528 533

(440)
438

(+so¡ (+ss¡ (4e7) (454) (465)
497 468 574 467 480

()
(a)
(b)
(c)

9B

moisture before irr
tubes aìong furrow
tubes alonq furrow

(270)
462

(5r6) (544)
534 554

(qgs)
492

(442) (+ss¡
473 499

(+ro¡ (481 )452 482

(ì68) (434) (5ol )
340 509 5t I

tubes on non-irriqated furrow

(457) (487) (4e3) (388) (460) (qez) (4e2)
515 504 586 448 498 487 492

(+at¡
512

(502) (35e) (4e2) (+so¡ (5oo)
558 419 514 507 547

(478) (+so¡
504 508

(4e2) (520)
493 5l 5

(+as ¡
545

gat'ion
a)
b)

(508) (zzq) (466) (4eB) (504)
570 401 508 5l 2 5l 0

(4s3) (4e5)
455 494



Table 5..l6 Seasonal l,later Deficit ('1971 -1975 Growjng Season)
for Glenlea Research Station

Peri od

al

Total
Total effective

rai nfal I rai nfal l(in) (in)

Mav llq
June/74
July /74
Augus t/74
Sept/74

br+ c
0.9x( b )

6. 35
0.90
I .41
2.54
1.26

l{ay lll
June/73
July /73
Augus t/ 73
Sept/73

Reduced
ra'infal I

(in)

5.98
0. 70
1.28
2.28
1 .21

2. 30
2.87
5.37
1.62
2.70

d

þÏay /lZ
June/72
July /72
August/72
Sept/72

Total pan
evaporati on

(in)

69

5. 38
0.62
l.l5
2.05
I .09

e
0.75x(d)

2.20
2.73
5.30
ì .50
2.37

1.t9
2.44
1.24
I .94
3. s6

l4ay / ll
June/71
July /71
Augus t/ 7 ì
Sept. /71

5.t8
10.42
t0.82

7 .07
4.352'3

l¡late r Wate r
ET=O. 75 pan defi ci t s urpl us(ln¡ (in)

I .98
2.45
4.77
I .35
2.t3

f
(e-c)

l.l9
2.37
1.21
I .9t
3.23

.l 
..l32

2.08
3. 28
1.32
2.68

3.88
7.Bl
8.1I
5.30
3.26

g
(c-e )

6.702
6 .94
7 .492
7 .96
5.242

1.07
2.13
I .09
I .71
?.90

þ1ay llS
June/75
July/ 75
Augus t/ 75
Sept/75

t .09
I .86
3. 10
1.22
2 û.q

Experimental Period l5th May - gth September ì975

7.t8
6 .96
3.25
2.17

5.09
5.20
5.61
5.97
3. 93

7.20
9.ì3
7.58
7.48
5.61

tData extracted from the Monthl.y Record Metoerologìcaì Observations ìn Canada.
Glenìea Research Station

2value based on some estimated daiìy vaìues
sData for one or more days missìng.
"All rajn above 0.1" considered effective (28)

0. 36
8.27
I .93
1.9?
0.43

0.98
1 .87
2.79
I .09
2.20

I .50

3.1 I
2.75
0.84
4.62
I .80

0.23
8.22
I .51
I .64
0.40

5.40
6 .84
5 .68
5.61
4.20

8.48
6. 85
7 .222
B.ì9
4.39

4. 33
4.71
4.59
3.90
I .30

0.20
7 .40
I .36
1.48
0. 36

6. 36
5.1 3
5.41
6.14
3.29

2.29
4.32
9.09
5.47
2.19

5. 38
3. 46
2.62
5 .05
I .09

1 .72
3.24
6. Bl
4.ì0
l.l7

1.52

5.47
2.62
I .41

4. l6



Tabìe 5..l7 Crop Yield, Relative Yield Percentage and l,later Use Efficiency

Yield for Yieìd per Total Applied water Relative
IrriqatÍon Total yie'ld 50 random 100-m row lrrigation per ì00-m row Water use yield I

npthod (green wt)r selected cobs length amount ìength2 efficiency óf furrowt(kg) (kg) (ts) (r.) kglt)

Surface 625.95 .11.43 .l.l4.09 4253.9 775.35 0.147 t05

Subsurface 625.95 10.97 114.09 4734.5 862.93 0.132 10'|

Furrow 408.23 10.88 141 .10 4966.3 1716.66 0.082 100

Non-i rrigated 381 .00 8. 30 69.44 76

tCobs, stalks and leaves
2Calculated on the assumption of a uniform v¡ater application alonq the rows.
3Furrow yields taken as an index of l0D, relative.yield % was randomly picked cleaned cobs.
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Yieìd results are considered to have been significantly affected

by the reported erosion, non-uniform stands and weeds. In fact, over a

considerable number of crop row lengths, practicalìy no germination

occurred with the buried system and the surface system. This was due

to the seeds being accidentaìly buried too deep when the drip lines

were installed. Also, over a considerable row length, some surface drip

ìines applied no water a'long some sections of the rows. The seams of

the drip'línes folded up, creating water channels. l,later from the drip

line body flowed a'long the channels until it reached a depression.

llater then dropped to the row, leaving some sections dry and over-

i rri gati ng others .

0ther observatìons made in the field were:

i) Viaflo r{as susceptible to mechanical injury. ljnobserved

injuries caused spot waterlogginq problems and crop 'loss,

ii) the soil surroundinçl the buried lines behaved like a sponqe

readily absorbing water from the drip-line body,

iii) the surface clrip l'ines deteriorated considerably due to alqal

growth ancl ultraviolet deqradation,

iv) weeds, nonuniform crop stand and the stage of crop development

signifìcantly affected the soil moisture content, and

v) over 50 percent of the crops under the surface trjckle irriqat'ion

system, ìodged considerabì.y. The extent of damaqe which stronq winds would

cause to the lodqed crops was not determined. Also, the extent of loss

due to mechanical harvesting of such lodged crops was not determined.



CHAPTER VI

CONCLUS IONS

The results of the jnves;tigation to deternrineö the suìtabiìity

of the high-frequency porous tubing, Viaflo, for the irrigat'ion of row

crops, enabled some conclusions to be drawn They are as follows:

i ) the V jaflo laboratory characterist'ics varied sign'if icantly,

even for samples from the same Viaflo batch,

ii) a critical operating pressure at which previously unused

Viafìo samples failed phys'ical'ly was found to be 4.75 m average. By

sìowìy increasing the operatìng pressure over an extended period, the

Viaflo material would stand pressures above this critical value and a

linear correlation between operating pressure and discharge would exist,

iii) no significant correlations were found to exist between

the laboratory and the field results,

iv) on the assumption of uniform water applìcation, the buried

system showed a superior performance over the surface system,

v) Viaflo was susceptible to mechanical injuries,

vi) the surface system shov¡ed a nonuniform water appìication

due to the seams folding up, evaporation and topography,

vii) the surface system drip lines deteriorated to the extent

that they tore easily like paper,

viii) higher yield and more uniform crop growth were found for

the furrow,

ix) higher relative y'ield percentages and significant water

savings were found for the trickle irrigation systems,
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x) trickle irrigation failed in controlling weed growth;

rai nfal ì kept weeds al i ve,

xi) trickle irrjgation system output matched both the soil and

crop use; at lower soil depths (over 60-cm), continuous irrigation djd

not affect the moisture levels sìgnificantly,

xii ) the use of 25-micron f ilters to prov'ide adequate f iltrat'ion

of irrigation water obta'ined from a dugout was an'inadequate design,

xiii) in the field, drip-f ine discharge was high initìa11y

but stabilìzed considerably with time, and

xiv) crops under trickle irrigation suffered no appreciable

moisture stress.
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CHAPTER VI I

RECOMMENDAT I ONS

Recommendations of Viaflo for'large-scale irrigation of shallow-

rooted crops, appear premature yet. More studies and experience with

Viafìo are necessary to establish more usefuì relationships. The areas

suggested for further studies are:

(i) provísion of more efficient filtration of irrigation water

frma dug out. A secliment tank and a back-flushing or replaceable-type

sand filter followed by a 2S-micron filter, should be tested. Flush

valves would be useful at the drip-ìine terminals. The pump suction

pipe couìd be mounted on a raft with legs to prevent the pìpe from being

too close to the dugout bottom'

ii) possibil'ity of fertilizer appìication witir the irrigation water.

This would involve investigation of the possible chemical react'ions of

common fertilizers and irrigation water of various chemical contents'

iii) adoption of farm practjses rvhich reduce possib'le damage

to drip lìnes,

iv) review of the design assumptions under arid conditions, for

appl i cab j I i ty to Mani toba condi ti ons . l'later use ' crop-rooti ng and

salt distribution patterns, should be studied, and

v) investigation of the apnroximate ìife expectancy of Viaflo

would be useful in an economic appraisal of trickle irriqation systems.

Continuous or more frequent 'irrigation has beetr shown to contri-

bute to high moisture conditions at lower depths. It is feared that the

soiì might soon ìose its abiIity to provide an adequate s'ink to

handle snow melt and sprinc runoff. The effects of continuous irnigation
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on drainage should be investiqated. Also, the ìeaching potentials of

snow meìt and sprino runoff need investiqation.

However, to gain experience and understanding, V'iaflo should

yet be used on a small-scale. It is recomrnended that:

vi) due to the variance of operational characteristics, trick'le

irriqation systems should be evaluated 'independentlv. At present,

irrigation scheduling are based on the system's in situ (field) perforrnance

characteristics, soil type, rainfall and crop use,

vii) a buried system has a ìonger life expectancy than a surface

system. It is also expected to perform more efficientìy. Shallow

buriaì of drip lines is recommended for shallow-rooted crops. This

way, moisture would always be within the vicinity of the effective

root zone. The system performance could be visible; a surface ponding

would indicate drip-ìine injury; a continuous wetted strio would indj-

cate an undisturbecl water application, and

viii) d'isposable type of Viaflo material would eliminate the labor

involved in packing and storing used Viaflo drip. ì'ines.

Finally, automation appears to have a practical applicatjon

only when enough experience and understanding of Viaflo is acquired.
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APPENDI X

Comparison of the Viaflo Discharge Rates, in the Field and in the Laboratory

In the fjeld, the average discharge rate at 3.3 m operating head

was I .78 e./h/100 m.

In the'laboratory, the average discharge rate at 3.3 m operating

head was 
.l13.3 

e./h/100 m.

The average ìaboratory rate far exceeded the average field rate.
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