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\BSTRACT

Changes in chemical and some physical properties of the Roblin and the

Erickson soils vrere studíed on soil columns in a greenhouse under

sirnulated average year and dry year rainfall and simulated day length

period for the growing season in Roblin, Manitoba.

Historical rveather data were used to sirnulate the rainfall in an

average year and in a dry year. Theoretical day length hours for the

growing period in Roblin r,rere obtained from meteorological tables.

EvapotranspiraÈion demand of brorae grass in the greenhouse \,¿as compared

with that expected in field conditions.

The physical changes in the soil columns were measured in terms of

bulk density, water stability index of soil aggregates and the arnount of

root mass. The chemical changes srere measured in terms of the major and

minor nutrient. concentration, pH and salinity in the indívidual

horizons of the soil columns.

The water stability lndex of the soil aggregates \^¡as reduced

considerably. Bulk densities of individual horízons did not change

significantly. Salínity and pH of the soil horizons increased.

Concentration of urajor nutrients changed in most of the cases. The

Sodium Adsorption Ratio (SAR) of the saturation extracts of each soil

horizon increased substantía1ly. Trace element concentration did not

change substantially. Concentration of boron and manganese was higher

in the leachates as comPared to that in the effluent.
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Average crop yield ¡.¡as of the order of 3.0 tonnes per hectare Per

cut. A linear relationship was observed between the amount of effluent

applied within the evapotranspiration range of the crop and the yield of

dry natter. The plant tissues were slightly deficient in nitrogen and

phosphorus.
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Chapter I

INTRODUCTION

The practice of irrigating using municipal sewage effluent is becorning

more and more popular due to the success in both crop production and

wastewater disposal. The Íncreasing publÍc awareness and participation

in clean environment protection has been the key force behind new

attitudes to land treatmenË systems.

Land application of lagoon-treated waste\.¡ater has been considered as

a tertiary treatment process in terms of the removal of pollutants from

the wastevlater by the soil matrix before reaching the groundwater body'

The present approach to land disposal is more scientific in comparision

to the old "out of sight out of mindrr approach. Land application of

$¡astevJater whether for dÍsposal Per se, or for crop irrigation, has been

proven to be most convenient and economical in sma11 communities'

There are, however, some problems connected \,7ith effluent irrigation

on the Canadian praíries. The wide variation in seasonal rainfall from

year Ëo year results in variable irrigation and effluent applicatÍon

requÍrernents. llany farmers on the prairies still follow the practice of

sunmer fallowing. Farmers particiPating in a \^¡astevlater irrigation

project are bound by certain conditions, such as pumping out a certain

minimum volume of effluent from the lagoon every summer. Under such

circumstances, the farmers may have to apply some effluent on the fallow

land.

-1-
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The purpose of this study was to determine the changes in the

chemícal and some physical properties of two Manitoba soils with and

without crop cover, after one season of irrigation using nunicipal

effluent. This study was done uslng sofl columns of the F.oblin and the

Erickson soils which are the characteristic soils of the Roblin area.

Individual horizons of both the soils uP to a depth of I.0 m were taken

from the field and vTere rebuilt in pre-fabricated plywood boxes

according to the field bulk densities. To thís end soil columns of the

t\^ro soils hrere exposed in a greenhouse to rainfall regimes 1ikely to

occur in a dry and in an average year resPectively, with supplemental

effluent irrigation.

The t$ro rainfall regimes for sinulation purposes were deÈermined

using historic v¡eather data for the Roblin area and probabilistic

methods. The combination of cropped (brone grass) and faIlow land, and

dry and average year regimes, resulted in four different treatments as

follows:

A- fallow, average-year rainfall

fallow, dry-year rainfall

grassed, dry-year rainfall

grassed, average-year rainfall

B-

c-
D-

The above letter designations have been used in the thesis for the

various treatments. Each treatment vras replicated five times and,

therefore, there was a total of twenty soíl columns of each Roblin and

Erickson soils respectively, for an overall total of forty soil colurnns.



3

ef fluent, rnunicipal waster,Jater, waste\^rater, ef fluent, and sevJage water

are used interchangeably in this report aecordingly. Similarly, the

terms land treatment, land dísposal, land application, and ldastewater

renovation are considered as equivalents.



2"I CASE STUDIES

Land application of sewage urater was practiced by the ancient Rornans and

Greeks. However, the earliest well docuurented sewage farm was

established in Edinburgh, Scotland in I650 (U. S. Environmental

ProtectÍon Agency (EPA), 1978). In the same publfcation a clear

description of the development of sewage effluent irrigation projects in

the Uníted Kingdom and the United States, since 1840, can be found.

Further, according to Tietjen (1975)

Braunsweig hras one of the German to\^rns which followed the
examples in England where ín about 1843, at Edinburgh,
Ashburton, or Devon, the first sevJage fields were established
for the tvro fold purpose of keeping the rivers clean and
manuring the soi1.

Thomas (1973) says

Land disposal of collected urban water dates back at least
four centuries, and some of the systems presently in use began
operation before the turn of the 20th century. Historically,
the purpose of land treatment approaches has emphasized
vrastewater disposal, whereas the current trend ís away from
the concept of disposal and toward the concept of treatment
and/ or reuse . We are in the midst of an evolution frour
an'out of sight out of mind'1and disposal approach to a
scientifically oriented treatment and/ or reuse system.

Egeland (1973) discussed the success of land disposal of s¡astewater

Chapter II

RELATED RESEARCH

against various constraints. According to him

In the short span of four years, the practice of land disposal
has been raised from near extinction to a position of national
eminence. .... Fortunately, the vrastevrater technology
professionals continue to meet the crisis of the day and

_ l+_
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proceed nethodically toward the goal of selecÈive separation
and useful reeycling of r.lastewater resources. Demeaned by the
Senate committee, discredited by the annyr naligned by the

_ youthful consumer advocates, ridiculed in the popular journals
and hampered by a lack of adequate research funds, these
professionals are nevertheless hammering out a standard
pollution profile and seem to be on the verge of dramatic
breakthroughs in their quest for methods of treatment that
¡^ri11 be ecologically beneficial and economically profítable,
and which will place minimum demands on the nation's natural
and energy resources.

Today, there are more than 3000 land application systems in the U.

S. A. and some have been effective for more than half a century. These

SyStems use various types of waste\,Iater such as domestic, f ood

processing, animal, petroleum and other different origins. Loehr et a1.

(lglga) have described 14 existing land application projects in

Australia, the United Kingdon and the United States.

McKim (I979) reported on the r,rorld wide developnents of land

treatment sysËems. According to him, in Poland, sevrage represents over

50 percent of all the surface vraËer flow during dry years. Therefore,

applicatlon of sellage to grassland and fodder and root crops is

necessary not. only because of its fertilizer value but because it is the

only water available for irrigation. He also describes the development

of sewage farming in lran, Chile, Soviet Union, and India ín the form of

range irrigation, forage and crop irrigatíon and aquaculture.

Feinrnesser and l,likinski ( 1979) reported that in Israel, a total of

44Og ha v¡as under effluent irrigation in l97B out of which about 73

percenr was used for growing field crops. As reported by Lau (1979)'

effluent can be applied as suplenental water for furrow irrigatÍon of

sugarcane in Hawaii without detriment to groundwater quallty and sugar

yield. Further, for the irrigation of bermudagrass on golf courses'



effluent irrigation is

wastewater disposal.

A significantly large number of projects in the U. S. A. are

operating successfully. The Bakersfield project in California handles

-l50 ML day'(13 ¡ni1lion U. S. gal per day) of wastewater and irrigates

560 ha (1400 ac) of cropland (Uiga, 1978). Surface Írrigation ¡oethod is

used to apply the r^rastev¡ater to corn, cotton, a1falfa, and barley.

Referring to the Lubbock project of Texas (Cray , 1977>, a participating

farmer says that presently 2000 ha (5000 ac) of diverse crops is under

effluent irrigation. Other well knovrn projecLs such as I'fuskegon county

in Michigan and LTniversity Park in Pennsylvania, are also working

succes sfu1ly.

Canadian experiences with land application of wasEe\¡iater has been

very liurited. Oldharn (1979) says

Climatic conditions, although they do not preclude such land
application, cause the acceptability of the method to be
severely reduced when compared with many areas of Èhe USA.
Severe winter conditions in CenÈra1 and Eastern Canada impose
very basíc restrictions on the length of the irrigation
season, while the amount of precipitation on the üIest Coast
imposes lí¡oitations on the amount of liquíd that can be
applied per unit land area.

According to hin, there are three wastewater irrigatíon projects in

British Columbia which use vrastewater frorn food processing. Tn Ontario,

the wastewater is mostly of lndustrial origin and a major portion of

this waste\.¡ater comes from the food proeessing industry. Horgan ( 1980)

describes the design and the Ínstallation of the Landsdor.¡ne project in

Ontario and says that. the success of this particular project will

encourage other municipalities to ínstal1 new and even larger systems.

feasible means of water conservation and
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In Western Canada, the practice of rnunicipal effluent irrigation is

hardly ZO years old. Fig. 2.I shows the distribution of lícensed

effluent irrigatÍon projects on the prairies. The irrigation potential,

ornrnership, and the year of development for the individual projects are

shown in Table 2.I. All these projects excePt for Medicine Hat use

sprinkler irrigation. The Medicine Hat project uses the border dike

rnethod. The Roblin project uses a combination of sprinkler and gated

pipe irrigation.

2.2 SUITABILITY

Municipal wastel.Tater has the characteristícs of both irrigation vrater

and fertilizer. A high liquid content of 99.9 percent shows its

cornparability to irrigation water from natural sources. However, its

chemical characteristics determine its potential for irrigation. Bouwer

and Chaney (1974) reporËed that effluents in general are considered as

cheap source of irrigation water wíthout taking into account their high

nutrient content and in particular their high nitrogen content.

The concentration of soluble salÈs is an importanÈ factor in land

treatment of wastewater and Èhe electrical conductivity (EC) is an

accurate measure of the soluble salt concentratíon in \.7aste\A7ater.

According to Stewart and ìfeek (1977), about 700 ppn of NaCl in

vraste\.rater can result in I nS cro-l of EC. The Ca content in wastewater

alt.ers this value to some extent.

Another lmportant parameter in estinating salt effects of !üastewater

on soils is the Sodium Adsorption Ratio (SAR) as ít considers the

presence of other exchangeable cations such as Ca and Mg. Alberta

OF EFFLUENT FOR IRRIGATION
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Table 2.1

Province and
System

AI,BERTA
Bowden
Calgary
Clareshom
CoaldaIe
Cowley
Crossfield
Edmonton Subdivision
Esso Servíce Station
Granum
Lethbrídge Air Port
Medicine Hat
Okatoks
OYen
Rockyford
Springbank Air Port
Strathmore
Taber

(INDUSTRTAL)

Medicíne Hat FertíIizer
Vauxhall Food Processíng
Carseland Ammonia Plant
Lakeside Meat Packers
Lethbridge Rendering

SASKATCIIEI^IAN

Balgonie
Biggar
Coronach
Davidson
Etonia
Gull Lake
Maidstone
Marshall
Moose Jaw
Neilburg
Swift Current
I,trolesley

MANTTOBA

Roblin

Irrigable
Area (ha)

2

75
60
50

7

20
40

2

L4
10
90
50
20
10
10
64

155

60
100
270
130

.)^

53
9L
82
2L
+J
22
48
2L

1485
25

759
11

64

Ovrnershíp

to\47'n

city
prívate
private
private
private
prívate
private
private
Government
private
private
private
pr j-vate
Government
private
tO\¡/n

private
private
private
privaLe
private

private
private
privaËe
private
private
privaËe
private
fown
cíty
private
private
private

private

Developed
(year)

L979
r97 5

L97 6
L97 6
LY IO
L97B
L97 5
L97 4
L97 0
L97B
1965
L97 6
L977
r979
L978
r97 9

197 0

L977
L97 0
r97 5

797 5
L97 5

L976
L982
t9 81
L97 4
L97 4
L976
L97 4
T982
L982
L972
r97 9

L97 6

T982
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Environment (1977 ) fn its guidelines for munieipal wastevrater

irrlgation, suggest that effluent with a SAR higher than eight is

considered unsatisfactory and wastewater with an EC of 2.5 mS 
"r-l or

greater should also be considered unsuitable unless the soil to which ít

is applied is very well drained. Srna1l e¡astewater irrigation projects

with effluent which has a high SAP. and low EC can posslbly be made

suitable by urodifying the !¡ater quality by adding gypsum. However, in

South Africa (Hayman, 1977) it vras observed that FeSOo worked better

than gypsum in terms of crop yield when added to effluent with high

sodium content. The U. S. Environmental Protection Agency standards for

a 20-year application period as reported by Reynolds et a1. (1979)

suggest a SAR value less than four to be suitable for crop irrigation.

According to the same source, the permissible ranges for some other

constituents and characteristics are as fol1or¿s:

pH : 4.5 to 9.0

Total dissolved solids : 500 *g L-l to 1000 rg L-I

Electrical conducÈivity : 0.75 rS c*'l to 1.50 rns cn-l

Chlorides : 5 ueo L-l to 40 meo l,-i

A number of other sources {Jame and Nicholaichuk (I979), Ayers and

hrestcot ( 1976), and Shainberg and Oster( 1978) ) discuss the salinity

problems. In general, the authors have suggested the inclusion of a

leaching fraction in irrigaÈion water in order to flush the salts out of

the root zoÍLe. However, authors like Hook and Kardos (1978) have shown

Èhat excess leaching of wastewater adds nore pollutants to groundwater

and the loss of nutrients becomes excessive.
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It was found that to maintain a steady-state salt profíle the concept

of leaching fraction ls very inportant. Bernstein and FrancoÍs (1973)

showed that a steady-state profile could be reached very slow1y

espeeially when the leaching fraction is 1ow. Using sa1íne effluent (EC

-l= 2.0 mS cm ^) with a leaching fraction of 0.062, about 20 irrigations

r^rere required (total water application of 3250 nm) to achieve a

steady-state condition. According to the same authors, a steady-state

profile cannot be achieved with zero leaching fraction and salts will

continue to accumulate irnposing severe limitations to plant growth til1

they finally precipitate. The authors have pointed out that when a crop

is irrigated with effluent with applications using a small leaching

fraction, steady-state salinity profile tends to develop and the

salinity gradually increases from the surface to the bottom of the root

zone. The 1evel of salinity at the surface is controlled by the

salinity of irrigation water and the level at the bottom of the root

zone is primarily determined by the leaching fraction. As the crop

uptake of noisture is mainly from the upper layers of the soil where the

salt concentration is the lowest, a lower leaching fractíon can be used

without fear of significant reduction Ín crop yie1d.

Ayers and Westcot (1976) in their previously referenced publication

gave clear guidelines for the qualíty of vrater suitable for irrigation,

The effluent used for crop irrigation should satisfy the same critería.

Gilley ( 1976) stated that municipal wastes contain significant amount

of rnajor plant nutrÍents. However, some hrastes, because of unfavourable

physical characteristics or toxic chemicals, are not suitable for

irrigation. Even deslrable chemicals (plant nutrients) can become
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undesirable if added in excessive amounts. Proper management practices

are highty essential even if the effluent is highly suitable for crop

irrígation and more so if it is least suitable.

The Clean Environment Commissíon of Manitoba (I979) has specified the

required quality of irrigation water (table 2.2) and any effluent used

for irrigation should meet the stipulations of the guidelines.

2.3 LAND TREATMENT PROCESSES

2.3.I Selection of Process and Desígn of Systen

The tlro principal criteria in the selection of the type of land

treatment system and in íts design are the potential to rninimize

environmental pollution and the maintenance requirement of the systea

under the given conditions.

Bouwer and Chaney (I974) say that the choice of system is rnainly

controlled by the soi1, hydrogeological conditions and by the

availability of land. The U. S. Environmental Protection Agency (EPA),

(1977) classifies the land treatment systems into Ëhree rnajor groups.

They are

1. Slow-rate or crop irrigation

2. Rapid infiltration

3. Overland flow

In a slow-rate systen, vegetation fs the critical comPonent in

managing the load of water and nutrients. This is the most common land

treatment practice. Rapid infiltration is an approach by l¡hich a

signlficantly large portion of !¡asterirater applied to land lnfiltraÈes

the soil surface, percolates through the pores of the soil and recharges



Iabi.e 2.2 Irrigation l¡Iater QualÍty Standards for Manitobat

ftems

Electrical
Conductivíty

Filtrable
Residue

pH
As
,¡f

Cd
Cu
Pb
Ni
Zn
Cr
Ca
MÛr¡Þ

IfrI
Fe
tt^lt4

F
N0 s-NOz-N
C1

SO4_S
Co

Sodium AdsorPtíon
Ratio (SAR)

NOTE:

Units

mS cm-l

mgL'

units
--ImgL

mgL-
--lmgL-

-o T.- I

no T. ¡

mgL-
mo T.'

Maximum Limits

up to 1.0 - safe
1.0 Èo 2,0 - possibly safe
more than 2.0 - hazardous
up to 700 - safe
700 to 1400 - possibly safe
more than 1400 - hazardous
5.0 to 9.0
0.1
n?
0. 01
v.¿
5.0
0.2
2.0
0. 05
ú

*
u.¿
5.0
ù

1.0
30. 0

350
400

0. 05
upto4-safe
4 to 8 - possibly safe
morethanS-hazardous

l3

ngL
-^ 

Truó !

[rÉ !
mo T.

mgL
-lmsL'

- -l
tUK!l

uró!l

mgL
- --lmqL.

u6"

SAR

Reproduced from rReport on Proposal Concerning Surface
Objectives and Stream Classíficatíon for Ëhe Province
by the Clean Environment Commission, Revised EdíLion,

(0.025 Ca * 0.0+ Me)0'5

0.043 Na

I^Iater Qualíty
of Manitobaf,
l{ay L979.



the groundwater. In this case, evapotranspiration is a negligible

portion of the effluent loadfng rate. Overland flow is the process by

which the wastewater is renovated by physical, chemical and biological

means when the wasËeÌ.rater is allowed to flow in a thin sheet down a

relatively inpermeable soil. This is a relatively new approach. The

objectives of this process are waste!¡ater treatnent and, to a minor

extent, crop production. This method can also be used for the

production of forage grasses and the maintenance of open spaces and

green belts. Kemp et al, (1979) compared the slow-rate system and the

overland flow system. Both systems have their own advantages and

limitations.

Schrauben (1981) reported the presently followed irrigation uethods

in the rural communities of Michigan. They are:

1. Border irrigation

2. Sprinkler irrigation

a) Solid set

L4

b) Side ro11

c) Center pivot

3. Gated pipe overland flow irrigation

4. Drip irrigation (orchard, forest etc.)

Sheaffer ( 1978) describes the six basic components of the land

treatment system employed to nanage and to use the wastevTater. They

are:

l. Transportation of wastewater to the application

2. Pre-treatment facillty to avoid the spreading

1and. The levels of Biochemical Oxygen Demand

site.

of rar.7 sewage on

(BOD), suspended



solids, and the coliform bacteria

specifications.

3. Storage for non-use periods.

4. Irrigation site where crops can be grolrn.

5. "Living fílter[ r.rhich includes crops and soils and where herbage

remove the nutrients.

6. Subsurface drainage system, which can be either natural (an area

of groundvrater recharge) or installed draín tiles.

2"3.2 Soil Factors affecting Effluent lrrigatlon

Soil works as a treatment medium in the land treatment system. In such

a system, the \"rastevrater is not t'disposed oftt, but rather the nutrients

from wastevrater are retained in the soi1, removed by plants or passed

through the soil to groundwater. The potential for prolonged irrigation

of soil by sewage effluent depends upon soil properties such as texture,

structure, inf iltration capacity, available water holding capacity

(AWC), permeability and catíon exchange capacíty (CEC) (Loehr et a1.

1979b). In addition to the above-mentioned soil properties, Sheaffer

(1978) considers a few more properties such as total organic nitrogen,

total organic carbon, exchangeable Ca, Mg, Na, and K, total soluble

salts, and bulk densíty. Biological, chemical and physical mechanisrns

work to renovate wastev/ater after its application to soil.

Soil texture describes the size distribution of mineral particles and

soil structure descrlbes the organization of índividual particles.

These varíables can be linked to the conduction of water in the soil.

15

should not exceed the EPA
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Infiltration rate depends upon soil permeability, moisture content

and topography. The available rrater holding capacity refers to the

micropore water which plant roots can extract fron the soi1. Thus

essentially, it is the lrater storage capacity of the soi1. A high

available qlater holding capacity increases the residence time of

wastewater in the soil , thus promoting renovation of r.rastes (Loehr et

al. , 1979b).

The cation exchange capacity is a rough index of the ion interchange

betr^reen charged particles of the nutrients in wastewater and the clay

and col1oida1 fraction of the soil. The cation exchange capacity of the

soil varies greatly depending upon the amount and type of clay present

and the amount of organic matter (Brady, 1974). A high soil CEC

indicates a higher potential for wastewater renovaÈion.

Soil pH exceeding B indicates the iurpact of Na in water. In heavy

netal removal, a moderately high pH is considered to be an essential and

desirable factor (Sheaffer, 1978).

Phosphate is another concern in soíl from a pollution point of view.

It is held by Ca ar pH above 6 and by Fe and A1 at pll below 6. The

content of CaCO, ln soil ís very important in wastewater renovation as

it is a buffer agalnst heavy netals and phosphate. Stil1, accordÍng to

sheaffer, one percent of cacO, in soil would certainly hold 6500 ppm of

Zn or 1900 ppm of P in separate instances.

Organic carbon in soils fs responsible for increasing the CEC of

soils. The ratio of total organic nitrogen to total organíc carbon in

the top 60 cn of soil profile should be of the order of l0:l to l2:1.

Any reduction in this ratio causes greater Ilkelihood of liberating

ammonia.



Exchangeable cations, total so.lubIe

interest to the irrigator. From the

important in estimating the impact of

hraster^rater.

Taylor (1981) urodified the EPA considerations slightly and specified

Èhe ranges of soil characteristics and soil properties for land

treatment process. According to him, soil depth, slope and permeability

evaluated together allow prelirnínary assesment of the suitability of a

soil for land treatment. For slow-rate irrigation, he specified the

ranges of soil depth to be at least 60 cn (24 in), the slope between 0

percent and 20 percent and soil permeabÍlity between 5 mm hr-I to 300 mm

-1 -l -lhr ^ (0.2 in hr ^ to 6.0 in hr').

Schneider and Erickson ( 1972) gave different soil ratings in terms of

their capabilities to handle vraste\.rater. They have also indicated that

T7

sa1ts, and chlorides are also of

irrigation point of view, it is

a knom concentration of Na in

phosphorus adsorption capacity is one of the ímportant

to be considered in land treatment svstems.

2.4 GUIDELINES FOR EFFLUENT IRRIGATION

2.4.1 Legal Aspects

The Federal Lav¡ PL 92-500 of the U. S. A. erophasizes that preference

should be given to waste management alternatives which are cost

effective and with long range capacity for the reuse and recycling of

ürastes. Land application of wastes meets these recommendations nore

than any other treatmenE alternative (Loehr et aI., I979c). According

to Èhe sane source, the the U. S. A. National Environmental Policy Act

(NEPA) of 1969 requires an environmental finpact statenent to be filed

soil properties
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for any project that uses federal funds. The U. S. A. Safe Drinking

!trater Act (SOw¡) sets standards for groundwater quality that the land

application systems would have to meet, íf they discharge to groundvrater

used for drinking úrater supplies. Thus it appears that land application

is both encouraged and restricted by laws in the U. S. A.

Thomas (1981) reported that as of July, 1974, it became mandatory in

the U. S. A. to consider the land treatment of vraster./ater as a

treatilent alternative. The Clean Water Act of 1977 (CI,IA) provides

monetary incentives of up to 85

implementation of such projects. The

Technology (¡pmf) criteria published

strong enphasis to the protection of

treatment of wastewater.

2.4.2 Regulatlons in the U. S. A.

The State guidelines pertaining to

the U. S. A. include the following

percent for the design and

Best Practicable llaste Treatment

by EPA in October, I975 gave

groundwater as a result of land

l. Loading rate

2. Application system

3. Buffer zone

4. Monitoring

5. Cover crop

6. Storage

and Canada

the land application of wastewaEer in

criteria (Loehr et alo, I979c).

7.

8.

Public access

Effluent quality
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Most of the States in the U. S, A. have set guidelines instead of

setËing regulations by 1aw. According to the c1i¡natic zones, the

individual states have been grouped into different regi-ons. In each

regíon, one of the participating States has been chosen as a

representative exanple, with the rnost comprehensive guidelines. In the

norÈhern region, ìlinnesota ís the representative State.

The California guidelínes (Ling,1978) appear to be quite thorough in

describing the State regulatlons, spray irrigation of crops, surface

irrigation of crops, landscape írri-gation, inpoundments, and protection

of workers. The Pennsylvania guidelines (Loehr et a1., I979c) consider

the soil as a treatment alternative, but stil1 require secondary

treatment prior to application. A buffer zone of 60 n (200 ft) around

the entire spray field is another requirement. According Èo the same

reference, the maximum application rate in Minnesota is limited to 50 rnm

(2 in) per week subject to a maximum annual application of i300 mn (52

in) per year. The spray site should be fenced to prevent access to

humans and animals. Warning signs should be posted. It is also

mentioned that the site may be abandoned if there is a signifícant

change in the effluent quality from selrage lagoons or groundwater

quality as a result of effluent spraylng.

In Canada, Alberta and Saskatchewan have guidelines for irrigation

using se\,Jage ef f 1uent. Saskatchewan

Saskatchewan, I976) require

Saskatchewan Department of Environment to operate a systen. The

location of the storage slte is recommended to be at least 300 n (1000

ft) ar.ray from any residences. The lrrigation site should be at least

certificate of

guidelines (Environment

approval from the



100 m (300 ft) away from habitations or wells. Engineering and

technical assistance is provided by the Conservatíon and Development

Bianch, saskatchewan Department of Agriculture and Environment

Saskatchewan. For the Federal Government, the Department of Regional

and Econoníc Expansion (onrn) and the central Mortgage Housing

corporation (cM{c) provide financÍal support. sinilarly, for Alberta,

the permit is issued by the Standards and Approvals Division, Alberta

Environment (Alberta Environrnent, 1977). Assístance is provided by the

Earth Sciences and Licencing Division of Alberta Environment, Cl'lHC, and

the Prairie Fanns Rehabilitation Administration (PFRA).

2.5 SOIL PROPERTIES AFFECTED BY LAND TREATMNNT

2.5.1 Physical Properties

The most limiting factor in spray Írrigation usíng wastewater is the

maintenance of the infiltration and the percolation capacity of the

soil. According to sopper and Richenderfer (r979), the primary factors

affecting infiltration and percolation are the soil porosity, moisture

content of the soi1, the degree of compaction at the soil surface and

the type of vegetative cover. Further, they state that there are three

major factors that affect the infiltration and the percolation

capacities of the soÍ1 due to vraster^7ater disposal . The first factor

relates to the physlcal clogging of the pores by suspended solids. The

second relates to Èhe formation of surface mats or slimes due to

anaerobic condltions resulting frorn excess hydraulic loadlng. This has

been a conmon phenomenon in very fine textured soils at hlgh application

rates. The third factor involves increased compaction at the surface

soil due to Èhe physical ímpact of irrigation water.

t^
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From a l3-year study at University Park, Pennsylvania, they concluded

that spray írrigation of. effluent resulted in an increase of

infiltratíon capacity in soils under corn and a decrease of infiltration

capacity in soils under reed canarygrass. In forest areas, the

infiltration capacity was reduced significantly.

The changes in percolaÈion capacities lrere statisrically

insignificant for both forest and agricultural soi1s. The total and the

capillary porosities of the soÍls did not change significantly but there

was a decrease in the non-capillary porosity in the top 7.5-crn layer.

The effect on bulk density was insignificant, but there was a

significant effect on the stability of soil aggregates. Most of the

changes Ín soil properties occurred in the top 10.O-cm to 17.5-cm

layers . Finally, it r.ras observed that ef f luent treatment caused

significant reduction in the root mass as compared to the control sites.

It has always been believed that a high sodium content in the

effluent has deteriorating effects on the soil physÍcal properties. In

the Pennsylvania study, the average Na concentration of the effluent was

only 32.6 mg L-l. Sessing (196I) in his study reported that the high

sodium effluent broke dorsn the structure of a silt loam soil

particularly between the 15-crn and 105-cn (6-ín and 42-in) depths making

it gelatinous and waterlogged. 0n drying, the non-aggregated mass r.ras

qulte hard. A general íncrease in the bulk density and the water

holding capacity of the soil was observed except in a muck soil, where

no significant increase in bulk density was observed. The average Na

concentration of the ef f luent was 34.87 r"q ilI (8tZ rng l,-l) which was

abouÈ 25 tiures more than the effluent at University Park, Pennsylvania.
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Further, lt \¡¡as reported that there lras a decrease in non-capillary

porosity with a concurrent increase in capillary porosity. The reason

hras attríbuted to soil deflocculation caused by the applfcation of NaCl

in wasÈewater. He also reported that the capillary conductivíty of

effluenÈ irrigated muck soil ¡+as found to approach zero at low tension

much faster than in the water irrigated muck soils" In such a case, the

plant nay suffer from drought even though the soil moisture could be at

a very hígh 1evel because at or near zero conductivity all the moisture

adjacent to the roots geÈs used up quickly due to xylern suction and

unless the plant roots grow continually to new moisture zones the plants

suffer from drought.

Although it has always been assumed that the organic matter in the

sewage effluent is the prime factor in the mechanical bloeking of the

pores and in reducing both infiltration and percolation capacities,

Steel and Berg (1954) have inferred that the solubility of Fe and Mn was

responsible for the formation of a clay "hard pan" in an

effluent-irrigated fine-Èextured soí1. This "hard pan" restricts the

rate of ï7ater passage through the soil.

Rice (1978) has related the pore clogging to three different factors,

namely chemical, biological and physical. Chemical clogging is caused

by chemical interaction between dissolved salts ln the effluent and the

soil. He concludes that this process seldon occurs unless the effluent

is excessively rich in Na. The biological clogging can be attributed to

the bacterial growth in Èhe pore neck or bacterial biproducts. This

condition usually occurs in the surface soil in anaerobic conditions but

can occur at anv depth.
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Lance and Whisler (1972) reported that the loss of infiltration vras a

result of the gas productíon (perhaps from denitrifiers) during

denitrífication when the soil column sras intermittently flooded with

secondary sewage effluent. De Vries (I972) in an ÍntermittenÈ soil

filtration study with high rare applícation showed that at low

temperatures (t to 7 degree Celsius) surface pores were clogged and the

existence of surface deposits of sludge was renarkable. At ordinary

room temperature, no clogging problem was observed although biological

growth was indicated by a very dark, brovmish-gray colorrr in the top 20

cm of soi1.

Rice (1978) also believed that Èhe physícal clogging of the pores is

due to the presence of the suspended solids in wastewater. htren the

particles are little smaller than Èhe pore diameter at the soil surface,

they enter the soil natrix along with the effluent and lodge in any

narror"rer portion in the flow path. The hydraulic properties of the

clogged layer can be best expressed in terns of its hydraulic resistance

or impedance to the effluent. The hydraulic resistance is defined as

the ratio of the thickness of the blocking layer and its hydraulic

conductivity. Impedance is the ratio of the head loss through the layer

and the infiltration rate. He also suggested that the concentration of

suspended solids shoufd be kept belov¡ I0 rng L-l. This can be achieved

by sedinentation. The clogged layer can restore its lnfiltration

capacity by drying.

Daniel and Bouma (I974)

permeable silt loam soil as a

Total residue appeared to be

investigated the clogging of a slowly

function of effluent quality in LÌisconsin.

the nain factor in soil cloggíng. They
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suggested that the success of effluent disposal on a slowly permeable

soil can be achíeved when low infilÈration rate is rnaintained at or verv

near saturation.

Day et al. (L972) in their study in Arizona reported a decrease in

infiltration rate in the Ap horizon of a soil under effluent irrigation

as compared to normal irrigation with well water and fertilizer. They

related the loss of infiltration rate to the loss of the surface soil

structure as a function of high Na concentration in the effluent. They

also noticed difficulties in terms of water intake in irrigating a

previously effluent-irrigated soi1. In the same study, in the Ap

horizons, the bulk density of the effluent.-irrigated soil was lower than

a fertilized and well-water-irrígated soil. The modulus of rupture for

the eff hrent-irrigated soil was higher than for the other soi1. l"lodulus

of rupture is the force required to disrupt the soil after it has become

wet and then it is dried. The auËhors concluded that the cost of

ploughing the land irrigated hrith effluent would be considerably higher.

Khalel eË a1. (1981) compiled results from 12 different literary

sources íncluding 2I soils with eight different types of crop under

seven different types of organic vraste applications. They evaluated the

resulting changes in bulk density, field capacity, wilting point, and

saturated hydraulíc conductivity. A linear regression analysis of

observed increase in soil organic carbon as a result of r.raste

application on the percent reduction in bulk density indicated a highly

significant correlation (t2 = 0.69). The resuft of the exponnetial

rnultiple regression analysis of percent sand and increase in organic

carbon, on the percent increase in llater holding capacity, índicated
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that approxirnately 80 percent of the observed variations in percent

increase in water holding capacity, at both field capacíty and wilting

pòint, could be attributed to variations in soil texture and to the

Íncrease in organic carbon content of the soi1. Due to insufficient

data on hydraulic conductivity as well as infiltration, the authors

could not make any quantitative conclusions.

Kladivko and Nelson (1979) found an increse Ín organic carbon content

of the soil resulting from waste application. They also observed

increased soil aggregation, decrease in bulk density, larger pore space,

and an increase in rvater holding capacity. Accordíng to I'lischneÍr and

Ilannering ( 1969) organic matter content and soil aggregation are

inversely proportional to runoff volume and sediment losses. McAuliffe

et al. (1979) studied the effects of dairy factory waste v¡ater on soil

properties. The treated soil had a significantly lower bulk density

(0.75 g cm -) against the control soil (0"95 g cu') in the top lO-cm

layer. The authors concluded that the decrease in bulk density was due

to an fncrease in soil organíc carbon and rnicrobial activity, They

contradicted the report of others presenting an increase of bulk density

due to compaction caused by greater soil wetness during the experiment.

Further, they suggested that a sufficient gap between tr^¡o floodings

with effluent could help revive the lost infiltration and saturated

hydraulic conduclívíty values.
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2.5.2 Soil and Groundwater Chenistry and PlanÈ Response

Chernical changes in soils resulting from effluent appllcation are

aèsociated with effluent characteristics, soil properÈies and the

ability of the crop to remove the nutrients and the metals applied in

the effluent. The soil and the crop under effluent irrigation have been

considered as "living filter" from the begining.

Settergen and Tennyson (1979) stated that the capacity of a soil to

cleanse \^rastevrater is related to the retention time of irrigation water

in the root zone of the soil. Long retention time provides increased

opportunity for soil adsorption, chemical reactÍon, precipitation and,

plant uptake.

Anderson et a1. (tggta) in a lysimeter study usíng bermudagrass and

ryegrass at the UnÍversity of Arizona reported that a sand removed on

the average 52 percent of the applied N over a 42-week growing period.

At the same time, a similar type of soil with 2 percent organic matter

removed 64 percent of the applied N. The crop reuoval of N in both the

soils were 19 and 27 percent respectively. An increase in application

raÈe from 72 mm per week to 304 mm per week decreased the removal

efficiency of N from 75 percent to 40 percent ín sand and from 87

percent to 48 percent in the organie mix in the sane growing period of

42 weeks. The crop removal of N increased slightly (not at a

significant level) by increasing the application rate from 72 mm to 304

mm per week.

In the sane experiment

high application rates the

thaÈ of the effluent. It

Anderson et a1. (19Blb) also found that at

concentraÈion of P in the leachates exceeded

showed that the absorption power of the soil
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for P became saturated. The authors also pointed out that ín order to

limit the NO.-N concentration in the leachates to l0 rng L-l, the loading
J

rate on land for the summer season should not exceed 127 rnm per week.

The corresponding winter loading should be lirnited to 136 mrn per week.

The safe loading rate on the organic mix should be limited to 187 rnn

and 219 mrn per week respectively. They also shov¡ed that at safe loading

rates (based upon the above N03-N study) P concentration in the

leachates from sand and organic mix would reach 2.0 mg L-t and 1.8 ng

_-I -l -lL - in summer and 4.6 mg L ^ and 5.1 rng L ^ in winter respectively. The

authors recommended the occasional application of soil amendments such

as lirne, to reduce P concentration in the leachates.

There was almost no removal of boron from wastewater bv the soi1.

The f act t/as that , being an anion, boron as B0¿ \,¡as not retained by

soil.

A maximum Na concentration of

leachates having SAR between 3 and

content of the was te\¡¡ater would

properties of soi1.

Lance (1975) discussed the fate

effluent. According to him the

are:

t.

-t115 mg L - in the wastevTater produced

4. The authors concluded that the Na

be unlikely to alter the physical

NII4-N, the most significant component of

oxldised to N03-N (or nitrification

denitrification) .

2. N03-N should move through a zone where oxygen ls absent.

of nítrogen applied to soil in sewage

three basic conditions for N rernoval

N in effluent nust be

should occur before
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3. Organic carbon must be provided in that zone as an energy source

for denitrÍfying bacteria.

Lance also

bodies of

adsorbed

indicated that some amount of N is incorporated into the

the microbes, some amount is fixed by clay and sorne amount is

retained ín

adsorp tion.

ions of the

by organic matter.

the soil cation

He suggested that

r{as tewa ter and the

knov¡n, the maximum amount of NH4-N that can be adsorbed by the soil

cation exchange conplexes could be calculated.

Lund et a1. (1981) attenpted to carry out a nitrogen balance study.

The effluent contained less than 0.01 mg L-l of NOI-N, and about 2I.2 ng

-lL - of NH4-N. Attempts were made to measure ti¡J toss of N"3 through

volatilization in addition to leaching, denitrification and crop

removal. Lance and Bouwer (1977) suggested a combination of slow rate

and rapid infiltration systems for operation in summer and winter

seasons respectlvely. Lance (I977a) reported that nitrogen removal

through denitrificaÈion increased up to 80 percent by reducing the

infiltration rate from 350 mm to 150 mm per day. Lance and Gerba (1977)

said that denitrification is the only reaction capable of rapidly

reducing the nitrogen content of sevrage in high rate filtration systems.

The key to N removal by denitrification is to maintain a proper C:NO,-N

ratÍo when the sewage moves through a reducing zone. Lance and hfhisler

(1972) have also reported that short and frequent cycles of flooding the

soÍ1 columns (Z days flooded and 5 days dty) n¡ith secondary sewage

effluent caused no net removal of N but transformed ahnost all the N to

Ìl^^'"3-N fom.

However, a significant

exchange complexes by

Íf the concenËrations of

cation exchange capacity

amount of N is

the process of

NHO' Ca, and Mg

of the soÍ1 were
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Lance (1977b) also studied phosphate removal from se!/age wateÌ by

soil columns. He showed that a tremendous quantity of POO-P could be

stored in a calcareous sand. Initially about 90 percent of the POa-P

was removed from an effluent with a P concentration of t2 mg t-1. llhen

the initial adsorptíon capacity became saturated, 75 to 80 percent of

the applied POO-P was removed by naintaining the application rate below

I50 mm per day in a 9-day flooding and 5-day drying cycle. Iskandar

and Syres ( l9B0) in a similar study in California showed that

considerable amounts of dissolved inorganic phosphate (DIP) were found

in soil solutions collected at the depths of 80 cm and 160 cm. From the

control site it r.¡as determined that the soíI had a low ability to retain

phosphorus. There LTas no removal of P through crop harvest as the

plants \dere never removed from the field. High application rate \{as

another factor which limited the interaction time between DTP in

r^raste\.rater and the soil components capable of sorbing P. For the above

reasons the perfornance of the systen \.ras poor.

Kardos and Hook (1976) showed that the maximum amount of P was held

in the topsoil and there vras hardly three percent of leaching of

phosphorus. The ability of the particular soil to hold excess P was

probably due to its high sesquioxide content. Sawhney (1977) reported

that the amount of P sorbed bv fine silt loam and silt loam soils in

soil columns before breakthrough occurred, were approximately equal to

the sorption capacity determíned from isotherms obtained over

significantly long reaction tirne of 200 hours.

Robbins and Smith (1977) concluded that a

application (kg t"-l) for a particular site

satisfactory nonthly

can be approximated

P

by
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nultiplying the accumulative depth (urn) of clay-size material in the

phosphorus clean-up zone by 0.04. The clay-size materials have a

diameter less than 0.002 mr and the usual phosphorus clean-up zone is

the top 150-cm soil depth. Gravelly and very sandy zones cannot be

expected to perform like this.

Beek eÈ al. (7977a and I977b) studíed phosphorus relations in soils

in the Netherlands r¿hen raw se!¡age was being applied over pasture for

about 50 years. About 96 percent of the applied P was removed by both

adsorptíon and precípitation reactions. PO¿-P accumulated rnainly in the

top 50 cm of the soil profile. Further, the phosphorus fracÈionation

rnethod indicated that roughly l5 percent to 20 percent accumulated in

organic form. The major part of the inorganic form r,ras present in

combination with A1 or Fe. The authors believed that P retention in

those soils r¡ras governed by reaction with A1 . The presence of active A1

conpounds either present in soil (prior Ëo the initiation of effluent

application) or added as a component of sewage water would permit the

determination of ultirnate storage capacity of the soil for P bonding.

Hill and Sawhney (1981) reported that renovation of wastewater over a

long period of tiure reduced Èhe phosphorus sorption capacity of the

soi1, whlle periodic resting regenerated sorption sites and increased

the potential for phosphorus sorption. In the same study, most of the P

retained by that soil l¡as in the upper l5-cm soil layer.

The following literature also deals wlth the soil removal of

nutrients from lrastewater. Bond (1979) reported changes fn a duplex

soll caused by drip irrigation with saline effluent ln a vineyard in

Australla. The effluent used had an exchangeable sodium percentage
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(SSp) of I2.5. After 8 years of application the ESP of the soil reached

26 near the drippers and 12 at the midpoint betrveen ror,rs. PH raised to

9.2 in the A horizon and 8.6 in the B horizon near the dríppers.

McAuliffe et al. (f979) reported that acidic effluent increased the

soil pH although the latter had a higher value initially. This could be

due to the release of NHO and Ca ions during the decomposÍtion of waste

milk products contained in Ëhe effluent. Total N, C, and P

concentrations ín the top 10 cm of soil were high in the treated site as

compared to the control site. In the top 30 cm of the soil profile the

concentration of plant-available phosphates were more than 20 times

higher than those observed ín the control site.

Stevenson and Wilcock (1979) reported that the average annual removal

of P in small lucerne plots reached 99 percent while the removal of N

was about 47 percent.

Hill (I972) usÍng synthetic effluent in his experiment reported that

all acid soils removed P04r K, Ca, and Mg either by fixation or by

cation exchange and reduced their concentrations belor^' those found in

groundwater. The a1kali soils in the same experiment added unr¡anted

hardness to percolates by flushing available Mg from the v¡eathered

calcareous mineral soil. All soils removed very little of the applied

NO^. Cl. SO,. and Na. It was also found that the soí1s which removed3' ' 4'
maximum amounts of nutrients had the lowest permeabilities. The author

reported that in these soils, with hard-pan and clay layers, percolating

water moves laterally over the slowly permeable 1ayer. This sysÈem

could be consÍdered to be much advantageous, because nutrient-rich

percolating water remains wíthin the root zone, where plants can utilize

it.



Adriano et al. (1975) reported that there was excessive leaching of

NO'-N and P0/.-P from a food processing r^rastevraÈer irrigation site inJ4

lfichigan. The POá-P in the leachates clearly violated the }lichigan

standards for PO4-P (which is 0.05 ng L-I) concentratíons entering

groundwater. the authors, however, suggested that harvesting the

grasses fron the field at least three times a year could have removed

about 31 percent of the N inpur and 27 to B0 percent of p input.

Iskandar (I978) reported that poor management of the Manteca waste\,rater

irrigation project !¡as the reason for the serious adverse changes of the

soil properties. rn chi1e, schalscha er a1. (I979) reported that afrer

25 years of raw sev¡age applícation to agricultural 1and, the NO3-N

concentration ín the unsaturated zone ranged between 20 mg L-l to 35 mg

-1L -. Even in vte1l þraters in that area, the NOa-N concentration was as

high as 14 mg t-1.

smith et a1. (1977) reported that the NO3-N in soil vrarer would

correlate more closely with the total N in the wastevrater than with the

N03-N because most of the organic N eventually becornes NO?-N through

nicrobiological breakdov¡n of the organic matter.

Lo and Clayton (1978) found that the adsorption of NO3-N was srrongly

dependent upon soil pH and that adsorption could be significant for

effluent with pH below 6. From their column tests they found that rnore

than 99 percent of P removal was possible. The accumulatÍon of PO,-P

$7as mainly confined to tbe top 2.5 cm to 5.0 cm of soil. They also

found that the columns removed 80 percent of the applied N ln a l2-week

test period ¡¡ith an applícation rate of 50 rnm per week. Columns witb

100-mro and 200-rnm-per-week application rates had N removal ranging from

32
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63 percent to 74 percent. It should be made clear that all these

experiments lsere conducted without using crops. Total N loss in the

soil columns amounted to about 65 percent to 80 percent of the N input

through wastewater application. The authors believed that a portion of

that night be due to denitrification.

01dham (I974) found difficulty in rnaking a nitrogen balance in the

Vernon project of Brítísh Columbia because of the uncertainity in

predicting the amount of leachates.

Hayman and Srnith (1979) studied the effect of salíne effluent from a

pulp and paper mil1 in South Africa on soi1. The Na content of soil

increased with treatment but the Ca increased only in the topsoil (0 to

30 cm) but decreased r,¡ith depth. No problens were found with

infiltration, but the SAR of the leachates increased linearly in the

first five years. Hayman (1977) also reported that, due to high Na

content, amendments such as CuSOO and FeSCO were applied. The yields

with CuSO4, FeSOO and with no amendments Ì^rere 1.5 t h"-1, I.7 t ha-l and

-lI.2 t ha'respectively.

Bole et al. (1981) studied the effects of leaching percentage (Lp) on

groundwater chemistry along with the resulting changes in the soils

under effluent irrigation. The soil under alfalfa had higher levels of

salinity as compared to that under fallow and reed canarygrass. Soluble

Na content in the soil profile at the 90 cm and I50 eur depths were used

to estirnate the leaching percentage (l,p). Leaching percentage greater

than 34 percent in the first two years of the study reduced original

soil salinity levels from 3.99 nS crn-l to less than I .39 nS 
"r-1. 

Ir4ren

the irrigation rates were reduced ín the last four years, soil salinity
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increased up to 2.13 ¡oS cur-l which, neverthelessrwas in the safe zone of

crop growth. At LP greater than 15 percent the FC and the SAR values of

the soí1s were 1ow, but there v¡as a potential danger of a large net

transfer of salts to groundwater because of dissolution of gypsurn.

Smith (1976) reported that the soil and plant rernoved about 90

percent of the applied N03-N from the waster^rater and less Ëhan one

percent moved to groundwater.

Kneezek et al.(1977) reported that when the applied efflent contains

more P than the plant requirements, three possibilities exist. They

are, precipitation in the soil, adsorption on the surface of the solid

particles and passage through the soil to drainage r,rater. According to

them at pH levels of 7.0 or more, P would precipitate as calcium

phosphate. In this mechanism phosphorus removal could not be considered

to be significant. Adsorption vras considered by them as the nost

imporÈant mechanism.

Olsen and Barber (1977)

r^7as tes uright be cons idered

availability of nitrogen.

deficiency in crops due to a P-Zn imbalance. Further, higher loading of

K to soils havíng CEC below 5 neq t00g-1 r¡ou1d increase available K in

relation to Ca and }lg. This would depress the uptake of Ca and M8,

causing crop deficiencies.

Wallingford et a1. (I977) found that high rates of application

increased the K content of the soil and decrased the Ca content.

Toffleurire and Chen (1977) showed that at constant percentage of silt

plus clay dor.rn the soil prof ile, the adsorption of P by the soil-

decreased wlth deoth.

índicated that high rate application of

beneficial fron the point of view of

I'lastewater high in P would cause Zn
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Swift Current Research Station (1981) reported that in general, there

viere no significant changes in the nutrient status in the top 150 cm of

soil in the fields of the farmers operating effluent irrÍgation syscems.

Besides the crop removal of nutrients, there was significant leaching.

The researchers suggested that it would be more beneficial from the

nutrient standpoint to consider frequent and light írrígations. From

the salinity study it \^ras found that after three years of r,Taste\,rater

application, the fields exposed to higher leaching percentages (LP)

developed a sÈable salt profile. The EC of the top layers approached

that of the waste\,7ater. AL lov¡ LP ( tO to 15 percent) no problem was

noticed although the EC values of the lower layers were quite high. 0n

one site, high r.¡ater table increased the salt conÈent of the top layer.

Linden et a1. (1981) concluded that:

Irrigation frequency has little effect on the growth of well
adopted species such as reed canarygrass or on the net N

removal from municipal wastewater effluent ¡vhose primary
N-form vras NHr.. For these reasons irrigation scheduling
should be based'on optímizing pumpíng and labour conditions.

llowever, ít should be noted that this was the result of a two-year sÈudy

on1y.

Leland and l,Iiggert (1979) had also discussed the possible advantages

and disadvantages of winter spraying of effluent in cold regions. N03-N

concentration in the groundwater and high P concentration in the surface

runoff were the main disadvantages.

Sessing (1961) had also studied the effects of effluent irrigation on

the soil chemical properties and plant growth. Higher yields were

recorded under effluent irrígation. Phosphorus in the effluent I¡ras

highly responsible for lncreased yield 1n nuck soil. Nitrogen leaching
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vras limited to 6 to 12 percent of the applied amount. Leaching of P and

K was insígnificant. Concentrations of the cations ín the leachates

were high. The problen of Na was severe and ESP r.ras 15 percent above

the critical standard. He recommended that to make any final conclusion

a sufficiently long experimental period should be observed.

Clapp et aI. (1977) in a seasonal study in llinnesota in 1975 showed

that corn fodder yield was lower under effluent irrigation as compared

to the control sites. Nitrogen deficiency in effluent treated blocks,

especially early in the season, r./as one of the prÍncipal reasons for

lower fodder yield. However, the forage yields for Kentucky blue grass

and reed canarygrass were higher under effluent irrigation as compared

to the control sites. Further, based upon the concentration of nitrogen

in soil waÈer at two different depths, it was found that forage crops

removed much more nitrogen than did corn. In a nitrogen balance it was

found that most of Èhe N under forage crop sTas taken up by plants. A

srna11 amount was lost to drainage. Changes in the concentration of N in

soil water $rere sti1l neglig,ible. Under corn a smaller portion of N was

removed by the crop as compared to the portíon lost to drainage. There

tras significant amount of unaccountable N in the soil-plant-water

system.

In a tvro year test period, Palazzo (1977) found Ëhat increasing the

effluent application rate from 50 am to I50 nn per week, forage yÍeld

increased from 9.63 t ha-I to I3.68 , h"-I. On an average, the

concentration of N, P, and K in the forage tissue also increased with

increased applícation rates. There was reduction ín soil pH although

effluent pH was higher than the initial pH of the soi1. There vras 64



percent reduction in the concentration of exchangeable cations after one

year of waste\^rater application. It was further noticed that the rate of

decrease in pH r¡ras proportional to the increase in the application rate.

This lowering of pH was due to the release of hydrogen ions from the

wastewater during the transformation of M4-N to NH3-N. There was a

signíficant reduction ln exchangeable f. alone as compared to other

exchangeable catÍons. The plant removal of K I^Ias higher than the

application of K through effluent. An íncrease in the application of

vraster^7ater decreased the renoval efficiency of N and P by plants. At an

applÍcation rate of 50 mm per week, the removal of N and P t¡as 97

percent and 35 percent respectively.

Palazzo (1981) also emphasized the importance of the frequency of

cutting on the accumulaÈion of dry matter as well as nutrients in

orchard grass. Under a typical 75-mn-per-week application rate, the

accumulation of dry natter ceased after 31 days of growth in the first

cutÈing. During the second and the third cuttings, the accumulation

continued up to 35-40 days of growth. He also eompared the uptake of

nutrients in relaÈion to dry matter accumulation. The yield of dry

matter and the uptake of N, P, and K in the first year vrere lower than

the second year. The average daily accumulation of dry matter in the

first cut r{ras highest and in the second and third cut it was 70 percent

and 50 percent of the first cut resPectively.

Palazzo and Zenkins (I979) reported after a five-year study period

Èhat the plant uptake of K in the first four years exceeded the amount

applied in lrrigation. PoÈassium uptake increased as the amount of N

applied and removed by the forage increased. He suggested that the
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total K application should be approximately 90 percent of the amount of

N expecËed to be removed by the crop. The ll:N ratio in the effluent r.¡as

:

2.0. He suggested that excess K could cause problems Ín aninal and

plant nutritíon.

Day et al. (1972) gave a comparision betr,¡een the soil properties

after irrigation with wastewater alone and r.riEh a mixture of well water

and recommended fertilizer. The NO,-N concentratíon in the Ap horizons

of both soils r,rere higher than that of the C horizon. The N03-N

concentration of the Ap horizon of the effluent-irrigated soil was 4.5

times higher than that of soils irrigated with r.¡e11 water and

fert.ilizer. Sirnilar trends r'rere observed for phosphorus. Soluble salt

concentraÈion in both Ap and C horizons under effluenË irrigation v/as

higher as compared to Ehe respective horizons under well-water

irrigation. The accumulation of organic matter was higher in

well-r¿ater-irrigated soils. However, there vlas no decrease on crop

yield in the effluent irrigated soils as compared to the yield of crops

under well water irrigation with fertilizer application.

Day and Kirpatrick (1973), Day and Tucker (1977), and Day et a1.

(tglt+, 1975, 1979, 1981, l9B2) have also described the crop response to

effluent irrigation in Arizona. In these studíes, oats, wheaÈ, a1fa1fa,

and cotton vrere commercially produced. In most of the cases, the crops

grown under a mixture of well-water and effluent produced better yields

in terrtrs of both quality and quantity as compared to the crops gro\,rn

under well water irrigation a1one.

Hook and Kardos ( 1977 and 1978) studied the nitrate relationship in

the land application systerns at University Park, Pennsylvania. In a
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hardwood forest site, a 50-rnm-per-week application resulted in a nitraÈe

leaching of 83 percent over 6 years. Even at a 25-mm-per-week
' -1application Èhe N03-N in soil vTater exceeded 10 mg L ' at the I20

cn-depth. In an o1d field site, the NO,-N concentration in soil water

at the 120-cm depth remained within I0 ng L-l and leaching \¡Ias 30

percent wíth an application of 50 mm per week. ttrhen the application

rate increased to 75 mm per week, No3-N concentration exceeded 10 mg L-l

at the same depths. Denitrification !.7as assumed to be the major factor

in reducing the N03-N level in the o1d field site.

In a hay field r^rith reed canary grass, the concentration of NO,-N at

the 120-cm depth with the same application rate htas below 10 mg L-1.

Over a period of four years, the leaching of NOr-N was 23 Percent of the

aaount added. In the crop field sites under corn, oats, hay, and other

grain crops, the crop removal of nitrogen ranged from 40 percent to 100

percent of the applied amount. The N03-N concentration in soil water at

the l20-cm depth was below t0 mg t-Ì.

Hook and Burton (1979) showed the effect of crop nanagement on NO,-II

leaching. They showed that tvro cuts per year in an o1d field site

controlled NO.-N leaching more effectively than a treatment r,¡ithout
5

harvest. In another site with Kentucky blue grass frequent harvesÈ was

not essential for the reduction of N03-N leaching v¡hen the applied

effluent had a moderate amount of NOr-N. However, the authors suggesÈed

that for reliable control of N03-N leaching removal of nitrogen in

biomass is essential. Kardos (1968 and L977), and Sopper and Kardos

( 1973) have also described the response of vegetatlon to effluent

irrigation in terms of yield, chemical composition of plant tissues and
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other aspects. In their studies, both corn and reed canary grass \,¡ere

effective in removing a higher percentage of l'l than P. The soil had a

-

strong adsorpÈive power to fix P in amounts of the order of 23 000 kg

h"-1 to â depth of 150 cm as reported in their phosphorus adsorption

isotherm study. Thus both the vegetation and Èhe soil were effective in

controllÍng in groundwater pollution and eutrophication of vraterbodies.

Burton and Hook (1979) in a mass balance study of the application of

lraste\.rater to forest have shov¡n that in a poorly drained soil under

heavy application rates, the niÈrogen retention \"7as very high.

Denitrification under anaerobic conditions was supposed to be the urajor

factor in the reduction of the nitrogen concentration in the soíl-. The

P retention decreased from 95 percent to 66 percent when the rate of

application increased from 50 mm to I00 mm per week.

The crop removal of nutrients and the resulting changes in soil were

also studÍed by O'Connor (I979), Feigín et a1. (1979 and 1981), Kipnis

et a1. (1979), llcPherson (1977 and I979), Ilarten et a1. (i980), Karlen

et al. (1976), Nichols and Boelter (1982), Sutton et a1. (1978), Bole

and Bell (1978), Bole and Biederbeck (1979), Barbarick et al. (1982),

Bower and Chaney (1974), and Jeffery and Uren (1979). In most of these

studÍes emphasis was given to the rates of nuÈrient uptake by plants and

the resulting changes in soil chemistry in terms of the concentration of

rnajor nutrients, salinity, Plt, and to some extent heavy rnetals.

Previouly referenced Jeffery and Uren (1979) reported that due to a high

Cu concentration in the effluent, the concentration of Cu in the tissues

of grass reached 26 ppn in four years. They suspected that if the

accumulation continued at this rate, the sheep grazing Èhat pasture

would suffer from copper toxicity.



Several authors have studied the application of heavy rnetals to land

through effluent and the corresponding plant uptake and accumulation in
:

the soi1. Reynolds et a1. (1979) lndicated that excePt for Zn, the

amounts of metals rernoved by crops were higher than those applied with

effluent. The accumulation of heavy metals during Èhe 2O-year study

period was within safe limits. Banin et al. (198i) indicated that the

maximum accumulation of heavv metals occurred in the top lO-cur to 15-crn

zone. Sídd1e et al. (I976) reported that more than 93 percent of the

heavy metals accumulated ín the soil and that plant uptake v¡as

negligible.

David and !trillians (Ig7g)reported that the increase in Zn, Cu, Cd,

Cr, Co and Pb concentrations in the surf ace 2.5-crn soil layer \¡Iere

roughly equivalent to the amount applied in effluent. A srnall inerease

in Ni and a slight decrease in Mn were observed. The increase in metal

content of the herbage r.ras sma1l in comparision to the substantial

input, but when equivalent amounts of metals \dere added to a control

soil in pot culture, tbey proved toxic to plant grovrÈh. The authors

concluded that changes in soil properties as a result of waste

applÍcation, particularly an increase in pll and organic matter content,

together wíth natural fixatíon reactions have combined to ensure that

toxic levels $¡ere not reached.

4L



3.I SOIL COLUI-ÍN MODEL STUDY

A soil column model study of the Roblin and the Erickson soils under

effluent irrigation was carried out before the actual initiation of the

field experiment at the Roblin Effluent Irrigation Site. This study was

basically aímed at monitoring the changes in some physical and chemical

properties of the soils irrigated with effluent of the secondary sev/age

lagoons of the town of Roblin Ín dry-year as well as in average-year

rainfall conditions with and without crop cover. Such an experiment can

not be done in actual field conditions as the simul-ation of rainfall for

an average year or a dry year in an uncontrolled environment is not

feasible.

Chapter III

METHODS AND PROCEDURE

The soil column

Roblin area. For

location, climate,

3"2 ROBLIN EFFLUENT IRRIGATION E)PERIMENTAL

study modeled the two characteristic soils of the

this reason it is essential to discuss in brief the

3.2.I Location

The site of the future effluent irrígation field experirnent is located

approximately 400 km northwest of llinnipeg, Manitoba. The site is 5.6

kn south of the town of Roblin and 0.8 kn west of the llanitoba

soils and the hydrography of the experimental site.

Provincial Highway No. 83. The approximate latitude of the site is

.42-

SITE



43

51.14 degrees north. The siÈe is located 0.8 kn south and 0.8 km west

of the new Roblin sevrage lagoon on the southwest quarter of section 20,

township 25, range 28 west of the first provincial rneridian (SlJ I/4 - 20

- 25 - 28 I,1).

3.2.2 General Description

The mean maximum and minimum temperatures of the growing season (l,tay to

September) for the study area are 20"8 and 7 "3 degree celsius

respectively. The average growÍng season precipitation is 280 mm.l ,h"

topography is typícaI of a hunmocky moraine ti11.2 S1oO." vary from

nearly level in the depressions to gently sloping (0-9 percent). Tr+o

significant ridges in the quarter-section are characterised by slopes in

the range of 6 to 9 percenË. Local relief varies about 3 m to 4 m and

naxÍmum relief across the field is 7 m. The hydrography of the site is

not r^/e11 defined. Periodic and seasonal runoff is collected in nurnerous

depressions. The residence time of free water in these depressions is

of short duration.

survey, the maximum depth to r,Jater table was found to be ll m.

Most of the drainage is

Shaykewich, C. F. Departnent of
Manitoba.-Unpublished report.

Canada-Manitoba Soil Survey, Soil Investigatíons for Roblin waste
ltater lrrigation Project, September 1980, by R. G. Eilers.

internal. During the

Soí1 Science, Universitv of



44

3.3 SOIL DESCRIPTION

A soil survey of the project area was carried out by R. G. Eí1ers

(DepartmenÈ of Soil Science, University of ìlanitoba) in Septernber, 1980.

A second detailed soil survey of the "r"" *^" completed later but the

results are yet to be publíshed. In the first survey, a total of 40

soil inspection sites were described along four north-south traverses

(survey intensity level of I inspection = 1.6 ha). The soils r¡Iere

rnapped at the series leve1 at a scale of 1:6560 (Fig.3.3). In

connection with the soil survey six observation wells were installed to

various depths (from 3.7 m to 8.4 m) for ground lrater studies. The

following soil series !¡ere identified in the study sÍte.

1. Erickson nearly level (ECK/b)

2. Erickson very gently sloping (nCf/c)

3. Onanole slightly eroded, gently sloping (00L/td)

4. Petlura nearly 1eve1 (PTU/b)

5. Roblin (nslr)

The dominating texture, drainage and classification of each series

are explained in Fig. 3.3. The Erickson and the Roblin series combined

occupy nore than 60 percent of the total area. Both soils belong to the

same singular class 'Orthic Dark Gray Chernozem'. A detailed

descriptíon of the two soils is in Table A of Appendix A.
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3.3 So11 Series ìfap

Serles Name

ECK/L Erfckson neaily
" leve1

fcr/^ Erlckson verY
- gently slopfng

OA-u/ ., 

^ 
onanole sllghtly
eroded,- genÈl_y
slopfng

ItU/* Petlura nearly
teve r

RBN Roblln

(1:6s60) sI,I 1/4 20-25-2811

Donlnant SolI
Texture Drafnage

Clay loau Good

Clay loan Good

Loam Good

Clay loan Inperfect

Clay Iuperfect
to Poor

-".-t*""* 
fro¡n the Prelfmfnary Sofl- Survey Report for the Roblln Waste!'ater

IrrlgaEíonProject(byR.G.E1lers),Canada-ManitobaSo11Survev,1980.
Note: x - A synbol of eroslon

ClasslficaÈ1on

Orthic Dark Gray Chernozerc

Orthic Dark Gray Cirernozem

Orthlc Dark Gray Chernozen

Gleyed Dark Gray Chårnozen

Hrrnlc Luvlc Gleysol



3.4 PLANNING THE EXPERIMEI{T

3.4.1 Treat¡nent Selectíon

A' greenhouse nodel study LTas desÍgned with the Roblin (nnW¡ and the

Erickson (ECK/c) soils. Similar treatments r¡rere applied for both the

Roblin and the Erickson soi1s. Each soíl group r'ras subdivided into ti^zo

sub-groups, one cropped with brome grass and the other uncropped. Each

sub-group rlas under t$/o simulated raínfa11 regimes and corresponding

leve1s of effluent application. The first leve1 of effluent application

simulated irrigatÍon in an average year where the rainfall expected at a

probability leve1 of 50 percent hras the minirnum assured value. The

second level of effluent application sinulated irrigation in a dry year

for which rainfall expected at a probability of 90 percent was assumed

to be the rninimum assured value. Thus each soil group had received four

different treatments. There vrere five replications in each treatment,

therefore, a total of 40 soil columns in both soils. The allotment of

individual replications to each treatment as well as the sub-group

within each soil type was done completely at random. A complete sketch

of the experimental layout is shov¡n in Fig. 3.4.1.
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3.4.2 Handling the Soll

I,Iith respect to the normal seasonal root length of brome grass, the

depth of the soíl columns was linited to 100 cm. As the columns had to

be weighed periodically and bígger columns would be too difficult to

handle, this depÈh was considered to be acceptable. The vertical space

in the greenhouse sras another llmÍting factor in the selection of the

depth of the columns. The cross sectional area of each column vras 20 cm
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by 20 cm square. Due to the size and large number of columns, taking of

undisturbed soil colurnns and transferring them to lJinnipeg ltas not

possible. It was, therefore, decided to bring disturbed soil from

distinct horizons of the two soils and to reconstruct the profile in

Winnipeg.

The Roblin and the Erickson soils were identified in the field and

based on the color and the texture (judged by the feel method), the

depth of distinct horizons in Èhe top 100 cm depth were determined. No

consíderation was given to the surface organic horizons due to their

very shallow depth.

Roblin soil had tvro

depth. The first horizon

of the lower horizon was

horizons. To the same depth, the

horizons. The firsÈ horizon was 20

cn thick and the third one r.7as also 40 cm. This stratification is

slightly different from the average values obËained in the earlÍer soil
?survey.- A front-end loader was used to dig separately the distinct

horizons of the two soils and to load then on a truck in five separate

compartments for transportation from the field to the university campus.

The soil was then air-dried separately. Excess organic matter such as

plant stems and roots v¡ere e1ímínated from the first horizons of both

the soÍls by sieving. From the other horizons only the bigger stones

were renoved. The rnoisture content of the air-dry soil of each horizon

vras then determined (Appendix B, Table B-4).

distinct horizons in the top 100 cm of soil

vras approxÍmately 40 cm deep and the thickness

60 crn. They represent roughly the A and the B

Erickson soil showed 3 distinct

cm deep, Èhe second horizon v¡as 40

3 Unpulished report of soil
G. Eílers, Canada-Manitoba

survey of the Roblin experimental site by R.
Soil Survey.
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At the same time the field bulk densities of different soil horizons

were determined (Appendix B, Table B-5).

3.4.3 Soil Holding Boxes

Soil holding boxes were roade of five-ply 12.5 nm (0.5 inch) Douglas Fir

plywood (Fíg. 3.4.3). The total depth of the boxes \^7as I f 3 cm. To

secure good drainage of the soil columns an inclined grooved board of

average thickness of 1.0 cm was placed on the bottom of each box wiEh an

approximately 6.0 cm of gravel on top for a total depth of approximately

7.0 cm. The 100-cm deep soil column followed the gravel allowing an

approximately 6.0 cm of freeboard to facilitate irrigation and to to

prevent r,raËer and soil spi1ls. The horizontal cross section of the

boxes was 20 cur by 20 cm inside and 22.5 cm by 30.0 cm outside due to

the wa1l-thickness and reinforcing \,rooden constructional members in the

corners.

A small hole r,ras drilled near the boÈton of each box and fitted with

a spout (short tube) for collecting the leachates. The inside surface

of each plywood board directly facing the soi1, \'ras primed with an

interior-exterior latex primer (specially used for plywood) and a coat

of swimming pool enamel was applied on the primer in order to Protect

the plywood from water and to avoid chemical reactions between the

plywood and the soi1. All the jointing surfaces r.Iere glued with a

water-proof urea fomaldehyde glue and were nailed with 30-mm (l.ZS-in)

rf nged nails. All the corner and bottorn lines ins ide each box \,rere

sealed v¡ith silicon sealant which is water-repellant and inert. In

every box a 60-¡nm-long and 12.5-mm-(0.5-in-)diameter plastic tube was
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Pin ìro1e
for the
harness

113 cm

Fig. 3.4.3 Sketch of a of a plywood box for holdíng the soil

Drainage outlet
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inserted at the bottom of the box through the side up to the lower edge

of Èhe ínclined bottom plate as shov¡n in Fig.3.4.3. All the boxes were

tested for watertiqhtness.

3.4.4 l^Iater and Effluent used for the Experiment

3.4.4.I Rainwater

Rainwater collected from the roof tops was stored in big drums in order

to have adequate supply for the entire duration of the experiment. Four

600-L drums painted inside with swirnming pool enamel and covered wih

plywood boards at the top to prevent rust and dust contaminations, r^7ere

used to collect and store the rainwat.er. The drums vrere installed in

series. From each storm, rainwater \.74s collected in the f irst drum and

was subsequently siphoned to the next ones. The process of

sedímentatíon was helpful in removing the dust and large suspended

particles washed frorn the roof tops. The drums r^Tere hauled to the

laboratory at the commencement of winter in order to protect the r¡Iater

from freezing.

3.4.4.2 Effluent

The effluent used in the study was brought frorn the secondary cel1s of

Èhe Roblín ser^/age lagoon. In the inítial stages of the study, the

effluent from the lagoon was brought in 20-L plastic containers. The

containers r.rere stored at low temperature before use. Later on, drums

ídentical with those used for storing ralnwater were used to bring the

effluent from the lagoon because of the large volume of effluent needed,

the long hauling distance and the impossibility of getting effluent from



a frozen-up lagoon in winter.

inside the laboratorv.

3.4.5 Loading of the Boxes

The initial nass of each empty box was determined. Pea gravel was then

poured into the boxes to a depth of 60 mm and the combined rnass of each

box with gravel was determined. The gravel layer was covered r,rith a 20

cur by 20 crn fibreglass felt of neglígible thickness. After that a total

of 20 boxes were selected randornly for the Roblin soil and the rest vrere

left for the Erickson soil.

The drums r^rith the effluent were stored

All the boxes were then loaded with the appropriate kind of soil in

Èhe sequences and to the depths required to reconst.ruct the profiles of

the two selected soils. Everv effort was made to achieve the bulk

densities of the individual horizons as measured in Èhe field. To this

end the moisture content of the air dry soil was determined and the dry

mass content of the soÍl conputed. Appropriate quantities of soil in

terms of their dry rnass were then compacted into specified volumes of

the boxes in thin lavers in order to achieve the correct bulk densities.

This effort $ras not completely successful as it proved inpossible to

pack all the soils into the appropriate spaces and the resulting bulk

densities $rere, thereforer lower than the bulk densities measured in the

field. However, a very good unÍformity in the bulk densities of

comparable horizons has been achieved as shown in Tables 4.5.2.1 and

4 .5 .2.2 "

The top 15 cm of the sodded soil colunns Ì.rere fílled with the natural-

brome grass sod and the bulk densities of those top horizons v¡ere

computed afterwards.
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3.4.6 Instrumentation and Calibration

3.4.6.I Hechanfcal Devlces

Tire changes in the soil noisture content of the colunns was determined

on the basis of the changes in the mass of each box. The main device

for the determination of the changes in the mass of boxes was a platform

balance. The balance was capable of measuring Èhe nearest 100 g which

hras accurate enough for Èhis study. A hydraulic jack vzas used for

loading the boxes on the balance (fig.3.4.6.1). The hydraulic jack was

mounted on a s¡na11 push cart and dead weights e¡ere used to counter

balance it. The platform balance and the hydraulic jack were used for

the entire duration of the exoeriment.

3.4.6.2 Strain Transducer

A special transducer vTas also designed and fabricated for measuring the

changes in mass of the boxes. The calibration data are given in

Appendix G. The transducer mounted between the steel harness (Fig.

3.4.6.2) and the hydraulic jack nas connected each time to a strain

indicator duríng the weighing operations. From the indícated strain the

mass of each box was determíned using one of the equations given in

Appendix G. The transducer rras only used towards the end of the

experiment for faster measurernents. However, the mass of a few boxes

rneasured by the transducer lras rechecked again by the help of the

platform balance ln order to detect any differences between the tvro

measurements.



Fig. 3.4.6. i HYdraulic
balance'

jack and platforn Fíg. 3.4.6.2 Transducer.

L¡
N
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3.4.6.3 Reeording Devices

A hygrothermograph (Fig. 3.4.6.3) was used for recording Èhe temperature

and the humidity of alr in the greenhouse. The hygrothermograph was

placed inside the crop environment on top of the boxes. Weekly charts

lrere used to record the temperature and relative humidity. At the

begining of each week the hygrothermograph was standardized with the

help of a sling psychrometer. Towards the later part of the experirnent,

dry-bulb and wet-bulb temperatures at Ëhree different locations (middle

portion and the two ends) of the greenhouse compartment vTere also

measured once a day to determine the temperature and humidity variations

withín the compartment.

3.4.7 Experimental Setting ín the Greenhouse

The greenhouse compartment in which the experiment took place had an

usable f l-oor space of about 7 .40 m by I .65 m. There l^tas a 0.85-m

concrete side¡.¡alk along one of the longer sides of the usable sPace

which was used for the operation and movement of the platform balance

and hydraulic jack. The growth lights were suspended from the ceiling

at a maxirDum vertical height of 1.70 rn above the level of the sidewalk.

The usable space lras covered with a wooden floor to support the boxes

holding the soil columns. As described in subsection 3.4.f, the

allotment of individual boxes to different treatments vlas at randorn.

Fig.3.4.7 shows the arrangement of the boxes in the greenhouse"

Snall l5G-nI, plastic containers r¡ere used to collect the leachates.

Flexible tubes made of rubber balloons were used to convey the leachates

from the drainage outlet to the plastic containers.



Fig. 3.4.6.3 Placement of hygrothermograph and
maximum-minimum thermometer .

Fig. 3.4.7 Arrangement of the soil columns
in the greenhouse.

Ln



3.4.8 Inltiation

The boxes which ü7ere supposed to be cropped were placed in the center

part of the greenhouse compartment. The brome grass had been closely

cut prior to the start of the study. The average moÍsture content of

the sods was determined by taking grab sarnples and found to be about 12

percent by mass. During the transport and construction phases, the sods

v/ere tightly covered with plastic sheets to check evaporation before

they could be placed in the boxes. The bulk density of the top horizon

in each column was then computed on the basis of the sod nass, its

moistire conÈent and the space it occupied. The values appear in Tables

4 .5 .2.I and 4 .5 .2.2. At the same tíroe appropriat.e amounts of top soil

vrere added to the boxes which ríere supposed to be left uncropped,

leaving a clear space of 6 crn at the top. Every effort was made during

the packing of the soil in the uncropped boxes to keep the bulk

densities as close as possible to those of corresponding cropped boxes.

The boxes were then saturated with rainv/ater from the top. Excessive

ponding of water on the soil surface was avoided. The top surfaces of

the boxes were covered with plastic sheets at all tirne excepting during

the additíon of rainwater to prevent evaporation losses frorn the

saturated soil surface. htren r^rater started running f rour the botËom

drains, it was presumed thaÈ the soils in the boxes reached saturation.

Further addition of rainwater lras stopped and the boxes were left to

drain freely for about 24 hours in order that the soil columns could

óf lrrigation
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reach field capaciÈy moisture leve1. The boxes were then weighed in

order t.o determine the mass of each box with the soil column at field

capacity which was ímportant baseline information.



3.5 SIMI]LATION OF CLT¡IATIC VARIABLES

It r.ras not possible to simulate in greenhouse all those climatic

conditions which control evapotranspiration. In this study, only the

Èheoretical daylight hours and the rainfall amounts for the

Roblin-Russell area vrere simulated.

Artificial lighting ís highly essential in greenhouse conditions for

carbon assirnilation. Fluorescent lamps are superior to incandescent

lamps and, under fluorescent larnps of desired spectral density, normal

carbon assimilation by plants can be achieved (Seemann, 1979). In this

greenhouse experiment, 27 individual 75 !¡ Sylvania fluorescent lamps

each 2.4 m (8 ft) long were used to cover Èhe experimental area.

The theoreÈica1 daylight hours for Roblin were computed from the

Selected Tables and Conversions (Russelo et al., I974) for the 15th day

of each month from May to September. Fig. 3.5.1 shows the distribution

of daylight hours for the growing season. Electrical clock-operated

timers were used to regulate the hours of lighting. The timers had a

minimum operating range of 15 min and r^iere reseÈ every l0 days to change

the time of lighting.

Simulation of rainfall was one of the most important parameters in

this study. Rainfall .rr1rr""4 for the Russell weather station were used

because there is no weather station in Roblin and Russell is the nearest

vreather station to Roblin. Rainfall totals for periods of 10 days for

the growing season were analysed in order to determine rainfall depths
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ât 50 percent and 90 percent probabilíty levels and to predict the

expected rainfall in an average year and in a dry year respectively.

L' Unpublished work by C. F.
University of Manitoba.

Shaykewich, Department of Soil Science,
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Fig. 3.5.1 Theoretical daylíght hours for Roblin from May 15

to September 15.
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Plotting positions nere det.ermíned by using Ileibul1's formula as

recommended by Benson (1962). Attempts ú7ere made to find out the

rainfall values at the t$ro probability levels by using theoretical

frequency equations but in most of the cases, the extreme portions of

the theoretical line deviated a lot from the observed values. This was

done by graphical nethod. A sample plot has been presented in Fig.

3.5.2. Table 3.5 shows the expected rainfall values for each 1O-day

block of the entire growing season at the two different levels of

probability. However, in this study, the expected rainfall on the fÍrst

l0-day block vlas not simulated. This was done to avoid creating

leachates before the addition of effluent as the boxes were already at

field capacity level at that time.

3.6 IRRIGATION STUDY OVER THE GROWING SEASON

The greenhouse study started on October 2, 1981, simulaËing rainfall and

daylight hours of the growing season, starting the firsf day of May. As

for irrigation, it was decided to aPPly effluent to the soil columns

when the average moisture depletion in a particular treatment group

(whether cropped or uncropped) exceeded 50 ¡nm. The depth of application

to each soil column r,¡as equivalent to the amount of moisture needed to

bríng the soil rooísture back Èo field capacíty leve1. Thus, irrigation

$as solely dependent upon the actual water requrement of the crop with

no allov¡ance for a leaching fraction. The leachates collected from some

of the boxes were not due to eny intentional leaching but due to

accidental cornbination of irrigation and simulated rainfall"
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Table 3.5 ExPected Rainfall
Different Levels

Period
Number

Date
Starting

for PerÍods of Ten DaYs at
of ProbabilitY

't

4
q

o
'7

R

o

10
11

Expected Depth of Rainfall (mm) at
ProbabilítY Levels of

May 1
May 1l
May 21
l"lay 31
June 10
June 20
June 30
July 10
July 20

JulY 30
¡-.^.,^+ O¡\ué uÞ L /

50 percent
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8.0
8.6

18. 0
14. 0
18. 0

10.0
14.0
15. 0
12.8

Ofì narcen i
/v Fe!çe¡.v

0.0
r.7
L.7
2.?.
2.4
2.5
?R
2.2
0.0
0.0
0.8
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For a particular application 1eve1, the expected rainfall for the

entire lO-day period was applied on the first day of the period. rn one

case irrigation llith effluent sras interupted because simulated rain was

due before the irrigation could be cornpleted. In that particular evenE,

higher amounts of leachates were obtained fron each box ín that group.

The boxes Ín each group were weÍghed on an average once a week to

measure the moisture depletion. The temperature and humidity in the

greenhouse co¡opartment were continuously minitored. Grasses from the C-

and D- groups of both soils were cut tr.zice during t.he símulated growing

season. The first cuË on the Roblin soil columns vras after 55 davs

while the first cut on the Erickson soil columns r.¡as after 60 davs. The

second cut on both soils r,râs on the 110th dav.

3.7 ANALYTICAL PROCEDTIRXS

3.7.I Sampllng

3.7.1.1 Soils

At the begining of the study, air-dried soil samples of each horizon of

the two soils were submitted for chernical analysis to the Provincial

Soil Testing Laboratory (P. S. T. L.) in Winnipeg. Further, soil

samples frour each soil horizon r^rere preserved for a later aggregate

stability analysis and for the determination of the percentage of the

particles bigger than 2 urrn.

At the end of the study, the boxes were open and the soils from

individual horizons of each of the 40 soil columns were sampled. The

samples were taken from the center of the core uniforurly along the

length of the column. The sarnples vrere again submitted to the
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Provincial Soí1 Testing Laboratory for chemical analysis. However, a

portion of the samples were preserved for an ag¡iregate stability study.

At the same time, two undisturbed core sanples were taken frorn each of

the cropped boxes below the depth of 15 cm from the top for the

determination of root mass. Using the same core (52.4 mm in diameter

and 77.1 mrn deep) undisturbed samples f rom each horizon \.rere also taken

for bulk density determination.

3"7.1.2 Plant Tissues

Plant samples were collected three tirnes during the study period. The

first sampling was done only one week after sodding before any effluent

was applied. The second and third samplings were done during the first

and and the final cuts respecÈive1y. There vlas a time gap of 5 days

between the samples collected from the two soils during the second

samplíng period.

The plant samples were ínítially weighed and subsequently air-dried.

The air-dried mass of grass from each box of a particular group was

recorded . Compos ite samples f or each treatment group I¡Iere made by

taking proportionate amounts of dry naterial from each column. It was

necessary to take proportionate amounts of dry maËter from each column

because the mass of harvested dry matter from different soil columns was

different. The samples vrere mixed thoroughly and ground to smal1

fractions. The ground samples were bagged, labelled and delivered to

the Provincial Soil Testíng Laboratory for nutrient analysis. Identical

samples from each of the treatnent groups were kept for determining the

moisture content of the air-dried plant material.
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3.7.1.3 Effluent

Sampling of the effluent from the Roblin serrage lagoon was done by using
j

the specified bottles. The samples were taken 15 crn below the surface

of the effluent in the lagoon. The bottles were delivered to the trlard

Chemical Laboratories in Winnipeg for chemical analysis. At the end of

the study, samples of the stored effluent vrere again submitted for

chemical analysis.

3 "7 .I .4 Rainlrater

Samples of rainwater for chemical analysis were taken from

drums at the beginning of the experiment and analysed

Chemical Laboratories in Winnipeg. Towards the end of

further sampling llas done to recheck the concentration

element s .

3.7 .l .5 Leachates

Leachates obtained from the soil columns !¡ere also submitted for

chemical analysis. Because the amounts of leachates r.Iere very sma11,

leachates collected from ídentical columns in the same treatment group

had to be mixed to make a eomposite sample representative of the

particular group. The samples were submitted for chemical analysis Èo

the IJard Chenical Laboratories after deternining their pH and

conductivity in the laboraÈory of the the DeparËrnent of Agricultural

Engineering.

the storage

by the llard

the study,

of certain
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3.7.2 Physical Analysis

3.7.2.1 Soils

Effluent-treated soils were tested for the water stability index of the

soil aggregates (group composite samples) and for bulk density

(individual horizons in each colurnn). Samples for the determination of

bulk density of individual horizons of the Roblin soil were obtained by

driving the core sampler into the soil horizons in a transverse plane.

The bulk densities of the Erickson soil columns were measured with a

surface nuclear moisture meter. The probe had a built-in processor to

calculate Èhe bulk density on a dry basis. As one of the walls of each

box vras removed and Ëhe boxes v¡ere laying flat on the f1oor, it vlas

possible to use the surface probe even for the deep layers of the soil

columns. Core samples of the Roblin soil were dried ín an oven aÈ 105

C for 48 hours to determine the oven-dry mass. The bulk densities were

then calculated from the oven-dry mass and the volume of the core

sampler.

Composite soil samples from each horizon LTere used for aggregate

stability tests. The samples were analysed in a wet-sieving apparatus.

The procedure followed was a modification of that reported by Shaykewich

(1981). The samples were gently crushed and passed through a 4.76-r'rm

sieve. Large pieces of rocks and roots were removed. Duplícate samples

each weighing 50 g were placed on the top screens of the two submerged

sieve nests consisÈing of 1.981-mm, 0.99l-nm, 0.495-mm, and 0.246-mm

sieves in order from the top. The sarnples were sieved for t0 min at 30

strokes per min rvith 37.5-mm-long strokes. The aggregates retained on

each sieve in each sieve nest qrere transferred into separate beakers



using wash bottle and compressed

oven-dried at ll0 oC for 48 hours

from each sieve eras determined.

calculated using the formula

1

where, MÐ ís an index of stater stability of soil aggregates, xi is mean

diameter (mm) of each size fraction, w. is the proportion of total mass

(g) occurring ín the corresponding size fraction and n is the number of

sieves per nest. Final mean weight-diarneter is the average of the

values obtained from the two nests.

air. The soil in each

and the mass of the oven

The mean weight-dianeter

MhTD = X

3.7.2.2 Root Mass

The amount of root mass was determined for the cropped soils aÈ the two

treatments. Two soil samples erere taken from each column ín those

treatment groups using the previously mentioned core sampler. The

samples were taken below a vertical depth of 15 cm on a transverse plane

after one of the faces of each box had been opened. The samples were

air-dried and gently crushed. Each sanple was then soaked fot 24 hours

in a wetting solution containing 37.5 g of sodium metaphosphate

(tlatllO.) , 7.94 g of sodium carbonate (NarCOr) and 954 rnl of distilled

vrater. The wetting solution disperses the soil aggregates and

facilitates root extraction. The samples were then passed through a

2.38-mm síeve followed by a I.O0-rour sieve. Roots retained on both

sieves v¡ere removed by the help of compressed air and water jet and oven

dried at 80 oC for 48 hours.

beaker r.ras

dried soil

(Ml"D) was

xi'wÍ



3,7 .2.3 Plant Tissue

The air-dried plant samples were oven dried at 70

determine the moisture content.

3.7 .3 Chenical Analysís

3 "7.3. I Soíls

Chemical analysis of all

Soil Testing Laboratory.

sodium bicarbonate nethod

was determined by the acetate-extractable nethod using flame photornetry

auto-analyser. Calciumr magnesium and sodium were determined by the

ammonium-acetate method using atomic absorption apParatus. Nutrient

analysis for the above soils were done in the routine soil test.

Besides that, special Èests were done for determining total nitrogen,

total phosphorous, calciurn carbonate, chlorides, and cation exchange

capacity (CEC).

soil sarnples was carried out by the Provincial

Nitrogen and phosphorus were determined by the

using colorometric auto-analyser. Potassium

o C for 48 hours to
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3"7 .3.2 Plant Tissue

Total Kjeldahl I'Iitrogen was determined using the Kjeldahl apparatus.

phosphorus and sulphur were determined by the wet-ashing method using a

colorimetric auto-analyser. Other tests were done by atomic absorption.

The analysis rras also carried out by the Provincial Soil Testing

Laboratory.



3.7.3.3 Efluent, Rainwater and Leachates

All the tests for the chemical analvsis of effluent and raínr¡rater vrere

carried out at the trlard Chemical Laboratories. The tests include the

determinatÍon of exchangeable cations, common anions, major crop

nutrients, heavy metals, pH and conductivity. The pH and the

conductivity of the leachates were determined ín the laboratory of the

Agricultural Engineering Departnent. Exchangeable cations, some

selected anions and major plant nutrients were determined at the llard

Chemical Laboratories. The procedure followed in analysis was similar

to Ehat followed in the Provincial Soil Testing Laboratory. In the

above tests, organic and anmonia nitrogen \¡7ere not determined.

The analysis of NH3-N of the effluent llas not done during the

experiment. It was obvious that the high-pH effluent stored in the

laboratory would be free of NHr-N due to evaporation. Further, all the

analyses were done according to the I'lard Laboratory's routÍne Test No.

83 (Clean Environment Commission of }lanitoba, I979) which did not

include NH"-N analysis. 0n1y N01-N was determined by that test. As the
JJ

N03-N concentration remained very low in all the testsr the total

Kjeldahl Nitrogen (TKN) of the effluent used in the study was determined

at the end of the study. The N03-N concentration of the effluent was

checked at the end to deternine if there was any transformation of

organic N to N03'N due to urineralization followed by nitrification.

Ammonia analysis was performed on some of the samples in the laboratory

of the Civil Engineering Department using an amrnonia analyser and the

test showed the absence of ammonia.
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3"7.4 Statistical

Stastical analysis

for the changes Ín

root mass produced.

the above cases. A

to check the linear

70

Analysis

(Stastícal Analysis Systems , 1979) vras carried out

bulk densities, and for the amount of dry matter and

The analysis of variance procedure was followed in

product moment correlation analysis was carried out

relation among the variables such as root mass, bulk

density in the top horizon, amount of effluent added and the yield of

dry matter. A regression analysis $ras done between the yield of dry

matter and the amount of effluent added.



4.I IRRTGATION

4.1. I Effluent

A typical chemical analysis of the effluent sampled over a period of six

months (which covers the entire growing period) has been presented in

Table 4.1.f. From the table it is apparent that the effluent contained

Chapter IV

RESULTS AND DISCUSSION

WATER

insignificant amount of NOr-NOr-N. On the other hand, the pH and the Na

content r,rere relatively high compared to that suggested by the Clean

Environrnent Commission of }lanitoba ( 1979) for the quality of irrigation

water. The electrical conductivitv of the effluent was in the hazardous

range of irrigation water as per their definitions. The Mn and Cl

contents r.rere also much higher than the suggested linits. The

bicarbonate con!ent of the effluent lras about 370 mg L-l and the

carbonate content was a 1ow 8.9 mg L-1. As the concentration of both

of these ions are pH-dependent, an effluent-pH of 8.34 might have

converted all the carbonates to bicarbonates. The Sodium Adsorption

Ratio (SAR) of the effluent v¡as calculated using the following formula

as suggested by the U.S. Salínity Laboratory Staff (1954):

Na

SAR _ô q

{ (ca + Mg) lz }""

-7L-



Table 4.1.1. Quality of Effluent used for Irrigation

Items

pH
Electríca1
Conductivíty (EC)
Total Residue
As
D

Cd

Cu
Pb
i\a
Zn

Ca
Mo-_o
'lrf o

Na

K
K
Mn

Fe

Total Kjeldahl
Nitrogen (TIO{)
N0--N0^-N

J¿
Total P

C1
SO, _S

4
Alkalinitv (HCO^)

J

Alkalinity (CO?)
Co

Se

Calculated:
Sodium Adsorption
Ratio (SAR)
Sodium Percentage

lTni ts

units

nScm¡
mg r1
mo r- l
Tng L- I

-- 1mgL
mg L-l
mg L-]
MgL¡
mg L-1

-- 1

Tng L
--lmgL-

-lmeq T,

Ing L-i
mêñ l- ¡

mo T-l
r- ìmeqL'

mgL'
-- Imeq Lt -

frg 1,

mo t- ¡

mgL'

Value

a 1/,

2.3L2
r518.00

0.017
0.496

t races
0.c85

++ñ^^^
L I dLEù

0 .008
0.030

tra ces
85. 70
4.28

l8.lo
6.47

310. 90
13.52
30.00

o .l7
o.254
0. 303
0.616

1. 80
tJ. ¿+J

2.L8
441.00
286.00

370.00

8. 88
L!dLEÞ

fTâaêe

54.00

t¿

mc' T- 1

mg L-'
-- ImgL"
r- lmo t, ."'Ò -

mg Iil
I

mg l;-
mo T-l
"'0 !

-s T.- I
Ì-lmgL'

percent
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where, Nâ, Ca, and lfg are the concentrations of the soluble ions in

-lmeq L '. The concentration of these ions are generally expressed in mg

L-1 in the laboratory. For the above calculationrthese ions were

expressed in rneq L-l dividing their concentrations expressed in mg L-I

by respective equívalent masses.

The effluent used in this study had a Na concentration of 13.52 rneq

-r - -1L ^. The Ca and Mg concentraËions vlere 4.28 and 6.47 meq L -

respectively. The SAR calculated by the given formula v¡as found to be

5.83 which is not fully safe as per the guidelines of the previously

referenced Clean Envirorunent Commission of Manitoba. It was apparent

that the SAR value !¡as low to sone extent due to the higher

concentrations of Ca and Mg in the effluent. The sodium percentage,

which is the percentage of the concentration of Na out of total caEions,

including K, was found to be 54 percent. This value is in the range of

questionable quality (I,tri1cox, 1948 cited by Sessing, 1961 ). The

electrical conductivity (EC) and the Na content of the Roblin sewage

effluent were sírnilar to the sewage effluent of the city of Swift

Current (Jame and Nicholaichuck, 1979), which eras categorised as saline.

At the end of the study it vras determined that the average ì¡O3-N

concentration of the effluent reached 1.35 rng L-l as compared wiËh the

rnean value of 0.43 urg t-1. It shor.¡ed that some transformation among the

nitrogen forms took place during the transportation and storage of the

effluent. However, due to numerous difficulties, attenpts were not

roade to determine the TKN of the effluent in the lagoon itself.



4.1.2 Rainwater

The chemical composition of

presented in Table 4.L.2.

concentrations of Na, Ca,

-lcontent averaged 0.44 ng L -

4.2 BASELINE ANALYSIS OF TI1X SOIL

Baseline soil samples fron each horizon of both the Roblin and the

Erickson soils up to a depth of 100 cm were analysed for their chemical

and physical properties. The results of the analysis have been compiled

in Tables B-i and B-2 of Appendix B. A detailed textural analysis of

each horizon of. both soils r^ras also completed (tab1e B-3, Appendix B).

From the results of the textural analysis, it was revealed that vlith the

exception of the top horizon of the Roblin soil which was classified as

silt loam, all the rernaining horizons v¡ere loam. A sieve analysis of

the soils of all involved horizons was done to determine the percentage

of primary parÈicles having diameter great.er than 2.0 mm (table 8-6,

Appendix B).

Table 4.2 shows the contenËs of major nutrients in each of the soil

horizons and the reconmended applications of ì1, P, K, and S for growing

brome grass as suggested by the Provincial Soil Testing Laboratory. It

is apparent that the original soils were seriously deficient in NOr-N.

In general, the deeper horizons had negligible aaounts of N03-N, while

the surface horizons of both soils had a NOr-N content of 1.2 ppm. This

can be expected under continuous cropping without fertilization.

the rainwater used in thís study has been

The pH r¡ras almost neutral and the

and Mg r.rere almost neglíble. The N03-N

which was similar to that of Èhe effluent.

7¿+



Table

Items

pH
Elect ri ca1
Conductívity (EC)
Total Residue

^5
B

Cd
Cu
Pb
Ni
Zn
Cr
Ca
Ca (calculated)
Ifg
ltlg (calculated)
Na

Mn
Fe
F
Total Kjeldahl
Nitrogen (TKN)
NO^-NO^-N

JI
C1
SO, -S

L+

Co

Se
Alkalinity (HCO^)

J

Calculated:
Sodium Adsorptíon
Ratio (SAR)

Sodium Percentage

4. L.2. Oualitv of Rainwater used for Rain Simulation

Units

units

- -lmscm-
-- lmgL-

mg L-'
mo t- I

mg L-l
fng L- I

mg L-'
mo l:- ¡

m9 t-'

mçl l:- ¡

*- r- 1L:|6 u
-- 1mêñ t. ¡

"'- -1

-- ìmgL'
r- I

m9 l. I

-o t- 1

mo r- IL
r 

-lrllË, !

ms T-1

Value

0.063
59. 00
0. 001
c races
tra c es
fTgaêq

0. 005
0.005
0.240
CI.005

10. 00
0. 50
5. 00
o.42
t rac es

q.025
0.060
L I dLCù

traces
o.lr4
ÈT^^^õ
LLdLEö

) -7\

t Ta ces
t ra ces

36.60

75

mq

mg

mg
mg

L-1
L-1

L-1
L'

mo l,- -

mo t-l
m0

0.00

Dercent 0.00



lable 4.2 Major Nutríent Content of Individual Horizons
of tne Roblin and the Eríckson soils Before Effluent
Application and the Recommended N-P-K-S Ïerilizer
APPlications r

Soil Type
and l{orizons

Rob lin
Firs t
Second

Re connnende d

Erickson
Firs t
Second
'I n1ro

Recommended

Nutrients, kg ha-1

o. /u
1. B0

110.00

76

2t 5.DO
388. 30

0.00

29. 10
22.40
22.00

20.00

3. 40
2.20
3. 50

110 .00

1260. 00
1206.DO

0. 00

7 22 .00
896. 00
812. 00

0.00

L3.4C
r1.60

0. 00

7 .30
11. 20
15. 00

15. 00

Recommended by the Provincía1 Soil Testing LaboraEory
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Analysis of soil samples taken in the sunner of 1980 by the

Department of Agricultural Engineering gave similar results. 0n1y the

top horizons of a few soll samples collected from the depressions had a

higher N03-N concentration.

Phosphorus content of the Roblin soils was much higher than of the

Erickson soils and the concentration of K was hígh in both soils. The

cation exchange capaciÈy of the surface horizons of both soils were

higher than the lower horizons possibly due to high content of organic

matter.

4.3 ANALYSTS OF THE LEACHATES

The amounts of collected leachates as Èhe percentage of the amount of

applied water (both effluent and rainwater) were almost insignificant.

Tables 4.4.I and 4.4.2 presented in the next section show the amounts

from each group of both soils.

The leachates $rere analysed for theír chemical composition.

Extremely smaIl volumes of the leachates collected in some cases imposed

limitatíons in a full-range analysis of chemicals. However, the

concentration of nítrogen, major cations and anions, the pH, electrical

conductivity, and filtrable residues r^Tere determined in each case as

presented ín Tables C-l and C-2 of Appendix C. The amounts of nutrients

(expressed in kg t.-l) leached out of the t\.ro soils are presented in

Tables 4.3.1 and 4.3.2.

Appendix C shows that the pH of the leachates in the Erickson soil

groups qtere sinilar to that of the applied effluent. However, in the

Roblin soil columns, in average-year conditions (A- and D- groups) the



Table 4.3.I Mass of Chemíca1s Leached out of Roblin Soil

Chemicals
(kg ha- 1)

Na
Ca
Mg
ToÈal Kjeldahl
Nitrogen (TKN)
NO3-NO2 -N
so4-s
C1
B

HCO 3

Fi 1t rable
ResÍdue

3. 15
8. 88
2.34
0. 11

0. 30
16. 53

3. s3
0.02
9.78

45. 30

Treâtment Group

4 .36
9.95
2.66
0. 18

0. 09
l-4.92
6.48
0.L2

30. 69
65.5s

Table 4.3.2 Mass of Chemicals Leached out of Erickson Soil

Chemicals
(t<g tra- t )

2.3L
6. s8
L.87
0.08

0. 09
12. 88
2.24
0.02
Nt^

46.93

7B

Na

Ca
Mp--Þ
Total Kjeldahl
Nitrogen (TIÕl)
NOg-NQ -N
S0q-S
C1
B

HCO 3

Filtrable
Residue

1. 85
3.03
rì ?1

0. 03

0.09
5. 19
4.31
nn?
N. A.

18. 33

0. 81
J.U /

L.28
0. 07

0. 38
2.t6
1. 58
0. 02
7 .60

16. 13

Treatment Group

1.05
5.7 3

0.L2

0. 65
3.4s
2. L4
0. 08

22.20
33 .45

NOTE:

1 11L. L!

0. 05

0.08

0. 36

^ ^1
10. 61
14. 88

N. A.

1. 90
6. 38
2. 80
0. 08

nn?
2.98
B. 84
0. 07

13. 65
36 .32

Information
of leachates

not available because of sma1l amounE
co llected
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pH of the leachates was lovrer than that in others. In these groups the

ratio of the depth of simulated rainwater to the depth of the applied

effluent r¡as much higher than the corresponding groups in the Erickson

soil. Lower ion concentrations ín the rainwater might have caused some

dilution in the stored soil water and leachates.

The Na content of the leachates in general \,ras much smaller as

compared to that of the effluent. Besides the previously rnentioned

dilution effect at the 1or¿ application leveIs, Na could have been

retained in exchange complexes. The Ca concentration of the leachates

r,ras higher than that of the effluent. This r^7as possibly due to the

liberation of Ca from the exchange sites resulting frou the retention of

Na. Magnesium concentration in the leachates was lower than thaE in the

effluent by a small margin. The calculated SAR values for the leachates

of all the groups of the Erickson soil were less than 1.0. For the

Roblin soil these values ranged between I.07 and 2.49. The EC values

for aII groups of both soils were less than 1.25 mS 
"*-1 

except fot a

high valu e of 2.2 mS 
"*-1 

fo. the D- group of the Roblin soil for which

the SAR r^¡as 2.49. This was the only sample collected from that

particular group. In this case over irrigation could have been caused

by the addition of a smal1 quantíty of effluent beyond the field

capacity level whereas in other cases this could have been due to the

addition of rainwater after field capacity was reached. Further, it was

observed that Èhe depth of leachates in this grouP \,¡as only 0.98 mm.

The concentration of NO3-NO2-N in the leachates was much higher as

compared to their concentration 1n the irrigation water. However, even

those higher values were below the drinkÍng !¡ater limits of l0 rng t-I.
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The concentrations of S0O-S and Cl concentrations in the leachates under

both soils hTere lower than those of the effluent. It was also observed

that. in addition to the above ions, the concentrations of B and

filtrable residues in the Roblin soil vrere hieher than the Erickson

soil. Because of the short duration of studv it was difficult to rnake

any firm conclusion.

The effluent had a boron concentration of about 0.5 mg t-1. In the

-lleachates this value reached a peak of 2.4 mg L -. The extremely high

boron concentration in the leachates collected from both soils may

impose problems ín future, if the process continues like this in the

same manner.

It was difficult to assess the source of this unaccountable boron in

the leachates, because in ordinary conditions soíls do not release

boron. An explanation based on the handling of the leachates is

however¡ possible. The leachates were stored for some time in glass

containers in a refrigerator before they were sent to Èhe laboratory.

The U. S. Salinity Laboratory Staff (1954) ínstructions suggest not to

use pyrex containers in boron analysis. It could not be determined

whether the glassware was pyrex. Berger (I972a) says that boron can be

released frorn soil organics due to microbíal activity and can be leached

out easily as nitrate-nitrogen. Another possible explanation exists in

this connection. According to Chor5 at high pH, release of boron from

soil is possible. However, analysis for boron was not included in the

soil analysis to determine the changes in boron content of the soil.

- C. ll . Cho, Department of Soil Science, Ilniversity of l"lanitoba - verbal
communica tion.



4.4 IRRIGATION WATER AND NUTRIENT LOADING

The amounts of nutrients applied Èo the soil columns are shown in

Tables 4.4.I and 4.4.2. They hrere naturally directly related to the

amounts of effluenÈ applied in irrigation which, in turn, vras dependenË

upon the evapotranspiratÍon demand of the cropped soil columns and upon

evaporatíon from the soil surface Ín the uncropped soil columns. One of

the íntenÈions of this greenhouse study was to create conditions in

which the water consumption would be at least equal to water

consumption observed in âctua1 field conditions during the growing

pe riod.

The modifÍed Blaney-Criddle forrnula (U. S. DepartmenË of Agriculture,

1970) was used to calculate the evapotranspiration demand of growing

grass for the geographic location of Roblin for a growth period of f10

days starting May I (Appendix D). Based upon the climatic records of

the past 26 years, the consumptive use (or evaPotranspiration)

calculated for the above nentioned períod was 372 rnm. In the greenhouse

study, the average consumptive use of brome grass vTas 768 nm (Tables

4.4.3 and 4.4.4 ) that is roughly two times higher. The causes I.Iere

higher temperature, lower humidity (Fig. 4.4.1) and probably also higher

plant population resulting in larger leaf areas.

In this study an attempt was made to study the plant population in

different boxes (table 4.4.5). Except for the t)- group of the Roblin

soil plant population in other groups of both soils were alike. In this

study no attempt r.¡as made to measure the leaf surface area of each plant

in conjuction r¡ith the plant population study.
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Table 4.4.I Mass
chrough

Nutrient
Loading

Major NutrÍents
, -tKg na

NO3-N

Total Kjeldahl
Nitrogen (TKN)
Total P

SO, -S
4

N

Mo

Na
C]
HCO^

Trace Elements
-1ohr*

_Þ___ji.L

of Nutrients Added to
Irrigation (Effluent

A

L.2I

1.l r
)^1

267.72

28. 50
99.68
74.76

295.4s
4r8.95
418. 36

Treatrnent Group

the Roblin Soí1
plus Rainwater)

1. s8

4. TI
4.98

6s5 .37

68. 55
202.58
179. 83
7 r0 .63

1007.68
7 sT. 37

As
B

Cd

Pb
l\1
Zn
Cr
Co
Se

Mn

Fe
F

3.40

12.63
15. 30

2009 .60

2r0 .54
6L0.26
552.32

2082 .63
3095.00
2628.95

I1.98
47r.20
t races

80. 75
9.13

L6.73
466 .98

9 .52
E races

286 .78
397 .47
642.20

D

3.92

8.46
r0.24

L349.96

r 40. 98
424 .32
369. B4

11r61.51
2073.43
1817. 78

39 .52
r133. 36
traces
182. B0
II.42
16.82

248.00

t races
LtdLcù

597.29
7 32 .9q

L544.66

120. 19
3480 .97

56r.45
35. 09
42.05

422.70
4.40

tTâaêq

L L dLED

1804.63
2179 .37
47 44.23

82.05
2330.90

c races
?oo /, q

24.q0
47.27

6s9. C2

9 .52
LLdLCT

t races
1247.6r
1553.42
3r7 6 .79



Table 4.4.2 Mass of Nutrients Added to the Erickson Soil
through Irrígation (Effluent plus Raínwater)

Nutrient
Loadíng

Major Nutrients
-lkgha'

*o*
J

Total Kjeldahl
Nitrogen (TKN)
Total P

SO, -S
4

K

Mo

Na
C1
HCO.

J

Trace Efements
-1s hr -

-f2____:i_L

As
B

Cd
Cu
Pb
Ní
Zn
Cr
Co

Se
Mn
Fe
F

1. 19

7.78
1. 80

24L.27

26 .65
89.74
69 .69

266.0r
365 .7 3
374.94

Treatment Group

1. 13

3. 81

s9B. 50

63.1.6
r84.23
765.35
65r.34
920. 85
683.33

öJ

I2.OO
74.52

1844.33

r99 .81
57 r.07
524.33

207 3.95
2.938.12
291 4.68

1q o?

409.20
traces

70.L2
9 .52

16.12
48L.7I

9.52
LtoLgò

LtdLcÞ

257.L5
364.22
557.70

U

11. 55
13.98

1840.55

L92.48
5lq.0r
504.95

L995 .40
2829 . s0
2905 .26

36.02
10 35. 40

t races
L77.44

2 .67
'to ?Á

190. s0

tra ces
L I dLgò

543.5s
664.49

1411.15

I 20. 90
3304.55
traces
566. 30

4 .86
101 . 90
/ ^î ôô+J J. ¿¿

4 .86
Lraces
traces

L7 16 .55
2077 .05
4503. 80

111. 08
3182. 38

L I éUEÞ

54s .36
10.08
6r. 40

676.08
10.08

+rô^^^
L I dLCJ

Èe^^^Â
L!ALEò

1680.00
2064.98
4337 .28



Table 4.4.3 EvapoËranspiration study for Roblin soil columns

Treatment
Group and
Number

A- Group
Box No.

,l

2

5
11

13

Mean

B- GrouP
Box No.

J
4

9

10
11

Mean

C- Group
Box No.

8

IO
L7
18
)(r

Mean

D- Group
Box No.

6
1

L4
15
L9

Mean

Rainwater Errluenr Drainage ,31i"f,3r1i","

Gain(+) or Loss(-) due to:

135. 9

135.9
135. 9

135. 9

135. 9

tJ). v

95. 0
95 .0
95. 0
95. 0
95.0
oqn

16. 3

16. 3

16. 3

16. 3
16. 3

-LO. J

0.00
11.38

0. 00
7 .50

84

235.0
222.5
228.8
238. 8
224.8

228.5

Evapotrans-
pirationl

36.3
47 .5
45.0

57 .5

46.8

16. 3

16. 3
16. 3
16. 3
16. 3

16. 3

5. 38
9.75
5.00
9. 38
-7 1<

7. 85

267 .2
267 .0
272.r
278.0
280.9

273.2

662. r
784.0
636.0
689. 0
737.8

701.8

52.5
52.5
52.5

s6. 3

54.3

' Only evaporation for A- and B- groups

135. 9

135. 9

r35. 9

135. 9
135. 9

135. 9

3.7 5

0. 00
3. 00

LI.26
0. 00

3. 61

298.4
28L.6
292.6
303.2
290.r
293.2

582. 8
q?7 q

290.0
377 .6
624.5

469.9

62.5
97.5
70.5
61. 3

67 .5

7L.9

0.00
?CR
0. 00
0. 00
r. 00

0. 98

737.r
897. I
710 q

755.3
82L.6

786.4

ORR
91. 3

)J. J
7n(

86.0

80.0

763.5
750. 8
479.2
s84. 0
845 .4

684. 8



Table 4.4,4 Evaporranspíration Study for Erickson Soí1 Columns

Treatment
Group and
Number

A- Group
Box No.

2L
22
23
25
40

Mean

B- GrouP
Box No.

26
27
54
35

38

Mean

C- Group
Box No.

29
30
Jl-

JY

Mean

D- Group
Box No.

24
28
32
JJ

36

Mean

Rainr,¡ater
+ (rn¡r)

Change in
Effluent Drainage Soil Moisture
+(uur) - (rnrn) +(nrm)

Gain(+) or Loss(-) due to:

135. 9

IJ). Y

135. 9
135. 9

135. 9

135. 9

82.5
82.5
82.5
82.5
82.5

82.5

l.b. J
L6.3
16. 3

16. 3

16. 3

85

6.26
1. 63
0. 00
< cn

1. 00

2. BB

22r.3
2L5.0
188. I
L92.5
¿zo. J

208. I

Evapotrans-
pirationl

(mm)

52.5

56. 3

48. 8

54.5

16. 3
16. 3
16. 3

16. 3
16. 3

L6.3

0. 63
21.00
0.00

13. 50
2.63
7 qq

264.6
279.3
27 4.7
26T.7
269.9

270.0

sB1. 4
7 33.3
797.s
460.r
759.0

666.2

37 .5
4J. ö

35. 0
33.8
35.0

37.0

135. 9
135. 9
135. 9

135. 9

135. 9

135. 9

1 only evaporation for A- and B- groups

2.25
0.25
1.88
L.7 5
<Rq

2.40

27 4.5
¿)4. L

240.t
229.r
275.0

')., l, q

839. 5

5L5.2
525.7
733.4
594.3

64L.6

76.3
Q7 q

98. 3

50. 5
92.3

81. 0

5. 50
0. 63
6.7 5
7 .63
2. 38

4. 58

67T.7
836. B

9L0.2
525.r
862.7

76r.7

77 .5
67.s
55.0
64 .5
63. s

65.6

]_047 .4
718.0
709. 8

926.2
7 9L.3

838.5
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Table 4.4.5 Plant Population Study

Treatment GrouP
and Number

Roblin Soil
C- GrouP
Box No.

8

16
LI
18
20

Mean Value
Standard
DeviaËion

D- GrouP
Box No.

6
1

L4
15
t9

Mean Value
Standard
Deviation

Erickson Soil
C- GrouP
Box No.

29
30

31
JI
l9

Mean Value
Standard
Deviation
D- GrouP
Box No.

z+
28
32
33
36

Mean Value
Standard
Deviation

Cut l-

Plant Population (stems/Box)

24
27
72
29
26

Cut 2

3¿
35
25
J¿
30

B]

Average

¿+
26
10
I+

30

28
JI

L9
?1

28
,,1

4.93

2B

1l
L6
29

22

8. 17

JJ

28
L2
t7
28

23
23
27
19
35

2L
26
29
18
a1

JO

20
2L
30
26

22
25
28
T9
31
25

4.7 4

J.+

2L
l9
¿Y

35
2I
20
30
28

27

6.36
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The precipítation of an average year for the I 10-day growing period

is about 136 rnm. Looking at the consumptive use of grass in the Roblin

area an additionaL 236 mm of írrigation water would be needed for crop

growth without causing a change in stored soil-water. Ìlowever, the

depth of applied effluent in a simulated average year to soil columns

Lras more than two Èimes the above estimated value" Similarly for a dry

year, the expected seasonal rainfall was only about l6 mm therefore

calling for irrigation of about 356 rüno However, the actual effluent

application in this case was also about two times higher. From Table D

of Appendix D, the evapotranspiration for growing grass in Roblin area

fron May to September was estimated to be 471 nm. This value was still

far below the applied 1evel.

4.5 CIIANGES IN PHYSICAL

4.5.1 Bulk Density and Porosity

Porosity and bulk density of a soil are related âs expressed by the

formula:

PROPERTIES OF SOIL COLUMNS

In the formula 0 is the total porosity (percent)' d¡ is the bulk

-?. -?.density (g crn-') and dp is the particle density (g cm "). As the

particle density of a particular soil is almost a constant, changes in

total poroslty wíll be reflected by changes in bulk density. In this

study, no attempÈ vras nade to measure the capillary and non-capillary

porosities. Tables 4.5.1.1 and 4.5.1.2 show the changes in bull: density

dr.u.A=fr--I.100") ufl



Table 4.5.1.1

Treatment
GrouP and
Number

Changes in Bulk Denslty for the Roblín Soil

A- Group
Box No.

t-

2

5
11
13

Mean

B- Group
Box No.

J

4
9

10
1.)LL

l"fean

C- GrouP
Box No.

8

16
L7

18
20

Mean

D- Group
Box No.

6
1

L4
15
L9

Mean

Initial

Bulk Density (g 
"* 

3) for Horizon

r.20
r.23
r.22
7.25
1 .rl,

1.23

T ].NAI

L.2T
1. 15
L.2L
1 ?q

L.25

L.2I

r.22
1. 19
L.2T
)-. ¿J
L. ¿O

L.22

1. 15
1. 31
\.17
T.2L
L. ¿J

L.2L

1.19
r.22
L.2L
1.2r
L.23

T.2L

r.20
r.24
L.22
L.24
L.23

L.23

I.23
1.24
r.23
r.27
L.22

L.24

Inl_t 1ar
Second

B9

r. 70
T.72
1.1L
L.70
L.7 3

L.7I

r. o4
L.66
L.72
L.69
1. 70

1. 68

r.72
1. 65
1. bö
r.69
L.7L

r.69

r.63
r.64
L.67
7.72
T.7L

L.67

1.61

1. 68

1 Á,O

L.62

L.7 4
1. 70
1. 6B
r. ov
L. I J

1 11

1. 65

L.73
L.73
T.7I
I.7I

r.22
L.2T
1 al,

1. 35
1.11

L.23

T.7I
1.68
L.7L
r.7 3

L.72

L.7L



Table 4.5.I.2

Treatment
GrouP and
Number

Changes Ín Bulk Density for the Erickson Soil

A- Group
Box No.

2I
22
ZJ
25
40

Mean

B- Group
Box No.

26
n1LI

J+
35
38

Mean

C- Group
Box No.

29
30
?1

JI

39

Mean

D- Group
Box No.

,) /,

28
)¿
JJ
36

Mean

Initial Final

Bulk Density (g ctn 3) for Horizon

First

L.22
1 ?n

L.2T
L.2I
1 10

L.20

r.22
r.22
L. ¿+
r.20
r.29
L.24

Initial Final

7.24
1. 19
1.13
L.2I
1.20

1. 19

Second

1.53
| \<

1.51

1 ql

1 qt

90

Initial

1 1t.l-. l_rt

r.29
L.29
L.2L
r.23
I.23

r. 47
7.49
L.52

1.51

Third

r.46
1.48
1.46
1.50
1. 48

7.48

1.53
1 q'l

L.49
1 qn

1.51
1 <1

1. 55
1. 55

1. 5l
1.53
1 q2

r.29
r.22
r.22
r.28
1. 19

L. ¿4

Final

L.2l
L.2I
t.2L
r.24
1. 18

L.22

r.42
1. 53
1 1.1

L.52
r.4 /
L.47

7.44
L.4L

r.37
'l ?a

7.4L

1 /,O

L.4T
r.45
L.44
1 t.aL. +L

r.44

1. 51
1 /,O

L.57

1. 51

1. 36
I. JY
t.47
1. 39

1 1,1

L.45
L.44
L.44
L.44
1. 4B

L.45

I.2T
r.22
T.27
L.20
L.26

L.29

1. 18
r.20
L.22
1.74
L.28

r.20

I. 4J
1. 50
1 /,O

L.47
L.47

L.47

r.46
L.47
I.45
L.49
1. 48

r.4 t

1. 50

r.49
1 (t

1. 51

1 q]

r.37
r.49
1. 40
r.43
L.46

r.43

1. 50
1. 3B
1 ?7

I. 4J
1. 40

1 /,'.)
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of each soil horizon of individual boxes for both the Roblin and the

Erickson soils. From the analysis of variance (Table E-l, Appendix E)

it r,ras revealed that soil, crop, soil and crop ínteraction, and the

effluent level within a particular soil did not have significant effect

on the change in bulk densities of the individual horizons. Further,

from Duncan's rnultiple range test (tab1e E-4, Appendíx E) the mean

values for the changes in bulk densities of the individual horizons of

each of the t\"ro soils with and without crop cover lJere found to be

statistically insignificant. The bulk density, according to this study

under the specifíed conditions was found to be unaffected by effluent

irrigation. However, it is possible that this was only due to the short

duration of the experiment and some changes may occur if effluent

irrigation continues for several seasons.

4.5.2 Aggregate Stability

The results of Ëhe vrater stability index of the soil aggregates for

individual horizons of the Roblin and the Erickson soil are summarized

in Tables 4.5.2.1 and 4.5.2.2. The results indicate that effluent

irrigation significantly reduced the stability of the soil aggregates

especially in the top horizons of both soils.

The uncropped group of the Erickson soil under dry year conditions

(B- group) had Èhe lowest aggregate stability value in the first horizon

than other groups of the same soil. The reduction in the aggregate

stability values in the second and the third horizons of all groups of

the Erickson soil was less dramatic as compared to the top horizons. In

these horizons, cropped soil columns had slightly higher values than



Table 4.5.2.1 Soil Aggregate StabílÍty Index for Èhe

Roblin Soil

Soil
Samples

0riginal
Treated

A- Group
B- GrouP
C- Group
D- Group

First

Note: Orígína1 - Samples collected before effluent application

L6.9s9

9.016
B. 484
9. 503
9.294

Ilorizon

Table 4.5.2.2 Soil Aggregate Stabilíty Index for the
Erickson Soil

Soil
Sarples

92

Second

Original
Treated

A- Group
B- Group
C- GrouP
D- Group

L4.36L

IL.72I
13. 391
1/, <10

r4.844

Note: Original - Samples collected before effluent application

First

21. 085

13.050
9. 836

L5,7Lt+
L4.93r

Horizon

Second

24.240

L6.273
15. 319
Lt.4Lt
16.340

Third

25.56L

T4.4TB
14. 4JJ
19 .408
17.331
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uncropped ones. In all of the second horizons of the cropped columns of

the Roblín soil there was slight increase in the aggregate stability

values. For the uncropped colurnns the reductions vrere not appreciable.

Further, in rnost of the cases, there lrere not appreciable changes in the

aggregate stability values for sirnilar horizons under different 1eve1s

of effluent application wíthin each soil.

From the results it is apparent that crop had a significant effect in

naintaining higher aggregate stabilíty values. The reduction in these

values could have been due to the soil deflocculating action of Na

applied through effluent

Sessing (1961) showed Ëhat a decrease in aggregate stability could be

reflecÈed in an increase in bulk density. However, in this study there

lras no appreciable increase in bulk density.

4.5.3 Root Mass

The amount of root mass obtained per core sample from the top horizons

of individual boxes is shov¡n in Table 4.5.3. There was slight variation

in the group means. A significant variation r^ras observed between the

means of the trrTo soils. The analysis of variance (table E-2, Appendix

E) also shows that. soil type had a significant effect on the amount of

roots produced. The level of effluent application within eaeh soil did

not have any significant effect on the anount of root mass. f)uncan's

nultiple range test (table E-5, Appendíx E) indicated that the nean

values of root mass produced in the two different soils were different.

There was no correlation between root mass and initial bulk density nor

between root mass and the amount of effluent applied.



Table 4.5.3 Analysis of Root Mass

Treatment Group
and Number

Roblin Soil
C- Group
Box No.

8

16
T7
18
20

Mean

D- Group
Box No.

6
1I

74
15

L9

Mean

Erickson Soil
C- Group
Box No.

29
â^JU

31
37
39

Mean

D- Group
Box No.

¿4
28
^ôJ¿
JJ
36

Mean

Root Mass
per Core Sampler

(e)

94

0.0880
0.1034
0. 0886
0 .17 46
0.1408

0.1191

0. 1451
0. 0918
0 .0647
0. 1086
0.1677

0. 1156

Core sampler (52.4-rnrn diameter and 77.l-rnm depth) used for
taking undisturbed samples

0.0777
0.L479
0.1220
0. 0457
0.0663

0.0919

0.1192
o.0494
0. 1041
0. 0550
0.070s

0.0796



4.6 CHÄNGES IN CHEMICAL

4.6.1 Major Nutients
l

4.6. I.l Nitrate Nítrogen

Results shown in Figs. 4.6.1.1.I and 4.6.I.I.2 indicate that in the

cropped groups there vras almost no change in the original NOr-N 1evel in

the soil. This was due to crop removal as explained in section 4.7.2.

However, there was a general increase in the N03-N content of both soils

after effluenË irrÍgation under no-crop conditions.

The A- group (average year, wíthout crop) of the Roblin soil gained

about 130 kg of NOr-N per ha in the top 100 crn profile. For the same

group, the Erickson soil gained about 130 kg ha-I for Ëhe same depth.

The B- group (dry-year, without crop) of the Roblin soil gained about

-ti20 kg ha ' of NOr-N in the top 100 cm depth while the Erickson soil

gained about 150 kg ha-l for the sâme group for the same depth. The

increase vras, therefore, higher in both cases of the Erickson soil

columns even though in the B- group of the Roblin soil the loading of

effluenÈ was higher than Èhe loading in the corresponding group of the

Erickson soi1. The two figures also show that in general, the total

NO3-N content in the first horizons of the non-cropped soil columns was

much higher rhan that in the rest of the profiles although the first

horizon had a shallower depth cornpared to the rest of the profíle.

Further, from Tables B-1 abd B-2 of Appendix B the concentration of

Ng^-N in the first horizons of the non-cropped columns were much higher
J

than that in the lower horizons. Sessing (1961) showed slmilar results

in his lysimeter study.

PROPERTIES OF SOILS
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4.6.1.2 Avallable Phosphorus

Frour Fig.4.6.I.2.1 ít is apparent that the available phosphorus content

of the first horizons of the uncropped boxes of the Roblin soil

fncreased in accordance r¡ith the amount of the effluent applied. In the

entire IOFcn depth the A- group of the Roblin soil had about 50 kg ha-l

more aval-lable phosphorus than B- group in spite of the fact that the

amount of effluent applied to the A- group was much smaller than that

applied to the B- group. In the cropped Roblin columns (both C- and D-

groups) there lras almost no increase in the phosphorus concentration

either in the first or in the second horizon.

The Erickson soil which is generally deficient in phosphorus did not

shov¡ a similar tendency (Fig. 4.6.1.2.2). The phosphorus content of the

first horizons increased whether there \^7as a crop or not. In the second

horizons of the Erickson soil, available phosphorus content, in general,

did not change. However, there was a slight reduction in the available

phosphorus content of the third horizons of all groups as compared to

the original values and thís reduction was naximum in the B- group. No

such trend was observed in the second horizons of the Roblin soí1.

98

After only one season of irrigation with municipal effluent there llas no

phosphorus need Ín the Erickson soils, alÊhough the original soil had a

phosphorus need of about 20 kg h"-1.

There nas a higher percentage of finer particles (Tab1e B-3, Appendix

B) in the first horfzon of the Roblin soil than the same horizon of the

Erickson soil. Further, the first horizon of the Erickson soil had a

high percenÈage of partlcles (by urass) with diamerer greater than 2.0 mm

(table B-6, Appendix B). The above two statements explain why the
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accumulation of available phosphorus l¡as higher in

sections of the Roblin soíl than the Erickson soil.

4.6.1.3 Available Potassium

The soil was originally rich in potassíum and effluent irrigation added

extra potassium to the individual horizons of both soils under crop as

v¡el1 as no-crop conditions. The amount of increase was substantially

higher than that applied through irrigation. Figs. 4.6.1"3.1 and

4.6.1.3.2 give a comparision between the initial and the final values of

the available potassium for Èhe individual horizons of both soils.

The available K concenËration in the first horizons of both A- and B-

groups vras identical. Although, the amount of effluent application Ëo

the A- group of the Roblin soil vras lowest, accumulation of K in its

second horizon was higher than that of the B- grouP. The availble K

content of the fírst 100 cn of the profiles of both C- and Þ groups

(dry- and average-years under crop respectively) were almost identical-

There vras no appreciable increase in the available K content of Èhe

first horizons of all the groups of the Erickson soil. The second and

third horizons of the A- group had higher concentrations of available K

as compared to the similar horizons of the B- group. The total

available K concentration in both C- and D- groups up to a depth of 100

101

the uncropped

crn urere identical.

Loss of K through drainage cannot be taken as a major factor for the

lower available K content of the first 100 crn of the profile of the B-

group of the Roblin soil than that of

the leachates in the B- grouP t^rere not

the A- group. The reason being,

excessively high. In this studY,



1900

1800

1 700

I

òD

&
0)

(ú

(n

1600

1500

1400

1300

1 200

tr
T

LEGEND

First horizon

Second horlzon

1 100

1000

900

800

L02

¡tíg 4.6.1.3.1 Changäs ln the ava11able K content of the Eatulatlon exÈracts
Roblin sotl after irrlgation v¡lth nunícipa1 sel'age effluent'

Orlglnal Treeted groups

of the



I 100

1050

1000

9s0

900

850

800

750

700

650

600

550

'(!

òD

ú
OJ

+
(ú
Þ

N
ffi
a

I,EGEND

Flrst horlzon

Second horÍzon

Third horizon

103

500

450

400

Orlginal Treated grouPs

Flg. 4.6.1.3.2 Changes ln the avaflable K content of the saturation extracts
of the Erlckson soil after irrigetíon wlth rnunicipal sewage

effluent.



K r¡as not determined in

effluent was less than I

of K in the leachates can

changes. Any such change can be expected in soil itself,

particles are large storehouses of potassium.

4.6.I.4 Sulphate Sulphur

The SOO-S content of boEh soils increased after irrigation with effluent

(rigs . 4.6. t .4 . I and 4.6.I .4.2) .

The concentration of SO4-S was extrernely high in the first horizons

of all groups of the Roblin soil as compared to the second horizons.

There r,¡as also an increasing tendency of S04-S accumulation in the

second horizons of all groups of the Roblin soil. Maximum accumulation

of SOO-S was in the C- group v¡here the amount of effluent application

was maximum.

In the Erickson soil columns the fÍrst horizons of the A- and B-

groups had higher leve1s of SO4-S than the second and the third

horizons. However, in the cropped groups (C- and D- groups), the S0O-S

content in the first horizons was not highest among the three horizons.

In the C- group, the third horÍzon had the highest concentration of

SO,-S where as the second horizon of the D- group had the highest
4

concentration. The concentration of SO4-S in the first 100 cm of the

profile of the C- group had the highest concentration of SO4-S cornpared

to all other groups in the soll. The depth of effluent application in

this group r^7as also the highest.

the leachates. The concentration

-tmeq L '. This suggests that the

not be excessively high to cause
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of K in the

concentraËion

such dramatic

because, clay
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The high concentration of SO¿-S in the effluent rlas a rnajor cause for

such drastic increase in one irrigation season. It can be assurned that

the accumulated sulphur can be leached dor^m the prof íle as there !7as

significant amount of SO¿-S in the leachates. Berger (1972b) pointed

out that ín arid regions the leaching of sulphur frorn the root zone is

usully low and ít simply noves dovmward by the limited rainfall. He

also suggested that the recurrent accumulation may reduce Èhe growth of

croD s .

4.6.2 Exchangeable Cations

Except for K, other exchangeable cations such as Na, Ca, and Mg were

determined from the soil analysis, The avaílable K as described in the

previous section r,las a combination of both exchangeable and

water-so1ub1e potassiurn. No separate test vlas done to determine the

concentration of exchangeable K.

There r^ras a significant increase in the exehangeable sodium

concentration in the top horizons of both soils irrespective of croppíng

ef fect (figs. 4.6.2.I and 4.6.2.2). The Na concentration r+ras directly

dependent upon the level of effluent application. In the cropped

columns of the Erickson soiI, there was an increasing tendency for Na

accumulation in the lower horízons as compared to the initial values.

Further, refering to the section 4.5.2, the Na content I{as high for the

horizons for which the aggregate stabilíty index v¡as 1or¡. The high

sodium concentration ín the effluent mighÈ have caused a breakdown in

soil structure. The smal1 decrease in bulk density shovm in some of the

colur¡ns of both soils (Tables 4.5.1"1 and 4.5.L.2) could be due to

factors such as experimental errors or the addition of residues.
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Magnesium concentration increased in most. of the horizons of both

soils (figs. 4.6.2.3 and 4.6.2.4). In the sane Íray as described before,

the increase in Mg concentration in the Roblin soil was correlated to

the amount of application. Slight increase in Mg concentrations took

place ín the B-, C- and D- groups of the Erickson soil. The maximum

increase ln Mg concentration was observed in the first horizons of the

C- groups of both soils. The amount of Mg lost through leachates was

negligible, The crop removal (described later in this chapter) was 1ow

as compared to the amount of addition through irrigation. This element

was retained in the exchange sites when Ca was lost fron the soil.

The most peculiar thing observed was the pattern of loss of Ca from

some soil horizons (figs. 4.6.2.5 and 4.6.2.6). In Èhe Roblin soil

columns the concentration of Ca in the second horizons was 1ow as

compared to the original values. The concentrations in the top horizons

changed slightly subject to a maximum increase of about I5 percent in

the B- group. The concentration of Ca in the leachates was higher as

compared to that of the effluent. Hor,rver, the amount of Ca leached out

in each group (tables 4.3.I and 4.3.2) \.tas too low to justify this

reduct ion.

In the Erickson soi1, there was a slight reduction in the ¡mount of

exchangeable Ca in the first horizons. Crop renoval of Ca could be one

of Èhe rnajor reasons for such reductions in the C- and D- groups. In

the same groups, there sras an increase in Ca concentration in the lower

horizons. Due to the extremely short duration of study, a finn

conclusion on this point is not possible. A sufficiently long study is

essential ln this regard.
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The SAR of the saturation extracts from the top horizons of both

soils increased considerably as compared to the initial values (figs.

4.6.2.7 and 4.6.2.8) while in the lower horizons the changes Ì^7ere either

small or negligible. However, the SAR of the saturatíon extracts from

all horizons were still well below the critical Iírnits which would cause

problems in crop growth.

4.6.3 Soil pH and Salinity

From Figs. 4.6.3.1 to 4.6.3.4 it can be observed that there vtas a

general increase in the pH and in the salinity of the soils at the end

of effluent irrigation. Both horizons of the Roblín soils were slightly

acidic before effluent application (FiC.4.6.3.1) but after the end of

irrigation all the Roblin soil horizons turned to slightly alkaline. In

the A- group of the Roblin soil a maximum rise of pH of 1.0 unit was

observed although the amount of effluent added to the particular grouP

vras the lowest among all groups and the pH of the leachates under this

group was substantiatly below that of the effluent'

Similar trends r^rere observed in the Erickson soil columns (nig.

4.6.3,2). Initially, the pH of the toP horizon was almost neutral and

the rest of the horizons vtere slightly alkaline. At the end of

irrigation all horizons were in the alkaline range. The change in the

pH values of the soils can be attributed to the addition of Ca and l'1g

through irrigation.

The changes in

appreciable in the

irrigation. A high

salfnity (EC from Figs.4.6.3.3 and 4.6.3.4) were

first horizons of both soils after a single season of

EC value of 1.0 tS "t-l was observed in the C- group
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of the Roblin soil against an initial value of 0.I mS cm-l. The amount

of effluent added to this group vJas the maxinum. However, it was found

that the increase in salinÍty lras not proporrional to the amount of

effluent application. In the D- group' the amount of increase in

salinity was lowest in the first horÍzon, although, the relative amount

of effluent added v¡as not the minimum. In the Erickson soil similar

trends r.¡ere also observed. The first horizons of A-' B-, and the C-

groups had the highest levels of salinity. For the D- group, the third

horizon had the highest salÍnity value. The salinity of the first

horizon of the D- grouP was equally hígh as compared to the similar

horizon of the C- group. The amount of effluent application to the D-

group !¡as also not the híghest. There sras no correlation betr,Teen the

increases in pH and salinity for individual groups.

Initially, the soil samples were free from chlorides as shovm in

Tables B-l and B-2 of Appendix B. After the end of effluent irrigation

the chloride concentration in the first horizons increased

substantially. There was an increasing tendency for Cl accumulation in

the lower horizons. The concentration of chlorides in the leachates was

considerably low as compared to that of the effluent. As plants do not

remove Cl, in this study no attenpt was made to deterrnine the CI content

of the plant tissues.

4.6.4 Trace Elements

Frorn Tables B-l and B-2 of Appendix Brit is clear that there ú¡ere some

changes in the concentration of extractable metals. The following

elements were studied in the pre- and post- treatment analysis of the

soils .
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Copper: There vras a general trend in the accumulation of Cu in the top

horizons of the Roblin soil. In the second horizons there !7as no

significant change. In the Erickson soil there was no appreciable

change in the concentration of Cu in the top horizons but there was a

slight change in Cu content of the lower horizons. The application

1eve1s did not have a significant effect on Èhe amount of increase in Cu

content. Loehr et al. (1979d) found that an increase in pH can greatly

increase Cu adsorption in the soils. However, after the irrigation of

one season with the effluent the Cu concentration was well below 1.5 ppm

in all the soils even though there $ras a reasonbly large increase in the

soil pH. This is primarily due to low concentration of Cu in the

effluent.

Zinc: There was a slight increase in the Zn concentration of the top

horizons irrespective of the soils. In the non-cropped colunns the

concentration llas related to the leve1 of application. It should be

recalled that the rainwater had a higher zinc concenÈration than the

effluent. In the cropped columns a part of the applied Zn was removed

by the plants as discussed in section 4.7. According to the findings of

Olsen and Barber (1977> discussed in section 2.5, the phosphorus loading

in this experiment vras not high enough to induce Zn def.iciency symptons

in plants.

Iron: There vlas a tendency of Fe accumulation in the top horizons'

Inherently, the Erfckson solls were lol¡ in Fe as compared to the Roblin

soil and the Fe concentration remained Proportionally low after

frrfgation r¡ith ef fluent.
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llanganese: Mn concentration of the second horizons of the Roblin soil

was lower than that of the first horizon before the application of

effluent to the soil. At the end of Èhe study, Hn concentration of both

the horizons increased and the increase was higher in the second horizon

than the first horizon. The Erickson soil responded differntly to the

applied lln. There was a clear increase ín the first horizon' The

second and the third horizons showed a decrease.

Cadurium: There was aparently no change in the Cd

soils except a minor one in the Erickson soil.

effluent was virtually nil. Concern about Cd in

1ike1y arise.

Nickel: There was no sígnificant increase in Ni content of the soils.

In the Erickson soil there r,ras a slight decrease j-n the Ni level in both

the cropped and uncropped sections in the top horizon'

Lead: There v¡as a slight increase in Pb concentrations of the top

horizons. Probably this v¡as due to its fixation to the organic matter.

4.6.5 Soil Organic Matter, Total Nitrogen and Total Phosphorus

From the results of the soil analysis it was observed that there was a

slight increase in the percentage of organic matter in the top horizons

of both soils at the end of effluent irrigatíon. A similar tendency was

observed for the percentage of organic carbon. There rlas a negligibly

srnall decrease {n both organlc matter and organic carbon percentage in

both soils 1n the lower horizons.

concentration in both

The Cd content in the

thís project will not



The percentage of total N ltas almost stable in the

Írrespective of crop cover and the level of application.

of the soil was about t2:1. Under aerobic conditÍons, the

of organic Eatter is faster at a C:N ratio of about l0:l

1979e). Temperature and moÍsture conditions of the

importanÈ roles in this decornposition. The greenhouse conditions

have induced mineralization of organic nit.rogen to NH4 and N03 ions.

This could be expected to be one of the rnajor factors in increasing the

NO3-N contenË of the soils. However, close monitoring of the amount of

organic nitrogen added through irrigation was not possible.

There sras an increase in the total P content in the top horizons of

the Erickson soil in all groups. However, ín the cropped groups of the

Roblin soil the total P decreased in some horizons. Similar decreases

in total p content. of some horizons of the Roblin soil (wit.hout crop

cover) were observed although there was no loss of P due to crop removal

and loss of P in the leachates from these groups \"ras not significant.

125

soil profiles

The C:N ratio

decompos ition

(Loehr et al.,

4.7 CROP RESPONSE

4.7.I Yield of DrY Matter

Table H in Appendix H shovrs Èhe dry matter yield from the individual

boxes of both soils at the two different levels of effluent application.

Table 4.7.I.1 shows the average yield of dry rnatter from each group of

both soils in t h"-I. The rnass of dry mâtter in Table 4'7'l'1 refers to

an average moisture content of 5.5 PercenÈ expressed on a wet basis'

The fresh grass at the time of harvest had a moisture content of 75

percent expressed on a eret basis and the harvested mass Per cut r'ras more

soil also play

could
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-lthan 12 t ha-' which was about two times higher than that obLained in a

subsequent field study r¡ithout irrigation. In two cuts' the total

r|.êr hâïvesfed ranped from 5.5 t ha-I to 7.0 t h"-1.anount of dry maÈter harvested ranged fron 5.5 t

In the Roblin soil the yield of dry rnatter was higher at the high

application 1evel, in the Erickson soil higher yíeld r¿as obtained at the

lower level of effluent application, but the analysis of varíance listed

in Table E-3 of Appendix E shows that soil type had no particular effect

on the yield of dry matter. The nean values of dry matter from both

soils were not significantly different at the 0.05 leve1 (Tab1e E-5,

Appendix E). A product moment correlation analysis (table 4.7.I.2) r.7as

done to find out the relationship among bulk density' root mass' anount

of effluent addition to individual boxes and the yield of dry matter'

It qras noticed that v¡ithin the evapotranspiration requirements of the

crop, a linear relationship existed between the yíeld of dry matter and

the amount of effluent added. This has been conmon in most sÍmilar

projects in the first few years of study.

A linear regression analysis between the yield of dry matter and the

amount of effluent applied within the range of evapotranspiration gave a

significantly high value for the coefficient of correlation' The

prediction equation has the following form:

Ill,t = 3.395 + 0.036 EFFL

where, DM is the harvested amount of dry matter frorn each box

expressed in g and EFFL vras the depth in mm of effluent applied to the

lndividual boxes. Initíal bulk densíty had no irnpact upon the anount of

dry uratter harvested fron each box.



Table !+.7.7.I

Soil and
TreaËment

Roblin Soil
C- GrouP
D- GrouP

Erickson Soil
C- GrouP
D- Group

Yield of Dry Matter

Harvested Mass of Dry Matter (t ha-1)

Cut No.l

Determined at a moisture content of 5.5 percent

1 t16 /
, '71rì

3. 315
e Ql<

Cut No.2 Total

Table 4.7.7.2 Product Moment Correlation Analysis

3. 933
2. 808

3.r47
3. 138

L2l

Factor

6.965
5.538

6.462
6.935

Bulk
Density

Root
Mass

Dry
Matter

Effluent
Quantity

.Lú

Bulk
Density

Correlation between:

1. 0000

Root Dry
Mass Matter

Original bulk density of the soil ín the top horizons of
of the columns

-0.1027

1.0000

-0. 2988

0. 3987

1. 0000

Effluent
Quantíty

0.0937

0. 3280

0. 8513

1. 0000
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4.7.2 Nutrient Uptake

The results of plant tissue analysis of the grass harvested on the

Roblin and the Erlckson soils are shov¡n in Tables F-l, and F-2 of

Appendix F respectively. The first cut on the Roblin soil took place

five days earlier than on the Erickson soil" The second cut was on the

same day at the end of the study. It r,tas aPparent that in the first

cut, plant tissues from the Roblin soil were slightly less mature than

the plant tissues from the Erickson soil. In the second cut on the

oÈher hand the plant tissues from the Roblin soil were five days older

than those of the Erickson soil.

The analysis of samples collected prior to the application of

effluent was carried out Èo obtain the baseline ínformaÈion making Ít

possible later to check whether effluent irrigation had any significant

effecÈ on the accumulation of certain elemenÈs in the plant tissues.

These baseline samples $iere a mixture of stalks of the original sod and

leaves which developed in the greenhouse in the period between plantÍng

and the first írrigation with effluent. In that particular analysis the

concentrations of certaín elements like N, Fe, and }ln htere quite

variable among the individual groups of each soil

similar groups of the two soils.

From the results of the two cuts after irrigation

1.¡as observed that the nutrient concentrations in all samples trere

different but within close limits. Concentration of N in the plant

tissues of the Roblín soil between the two cuts were different although

the concentration between the individual samples in each cut r.tas not

rnuch different. There was an approximately 23-percent reduction in the

and between the

with effluent it
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concentration of N ín Èhe plant tissues of the second cut as compared to

the first cut. The concentration of N in the plant tissues of the

Erickson soil during the first cut was slightly lower than that of the

Roblin soil. In the second cut there vras an ll-percent reduction in the

concentration of N in the plant tissues. This concentratlon was

slightly higher compared to the the concentration of N in the plant

tissues in the second cut of the Roblin soil although, the grass in the

Erickson soil grew for a relatively short period of time compared to

that in the Roblin soil.

There was also wide variation in the lln content in the plant tissues

in individual groups of both soils between the tv¡o cuts. As there was a

slight variation in the growth periods for each harvest, differences in

maturiÈy could have caused this unequal uptake. Another explanation of

different nutrient uptake between the two cuËs can be based upon the

r¡ork of Palazzo ( 19 8I ) who f ound that the uptake of nutrients r¿Ias

different in trlro separate cuts. According to him, the rate of uptake

continued at a higher level for a particular gowÈh period and then

decreased.

It was further noticed that the N and P content. of the plant tissues

were in general lower than the minimum levels of plant nitrogen and

phosphorus as suggested by the Provincial Soil Testing Laboratory.

A1though, the Erickson soil was deficient in phosphorus (Table 4.2) the

Roblin soil had a substantialty higher concentration of phosphorus in

both horizons. Further, there v¡as some additlon of P through

irrigation. Stil1 then there was phosphorus deficiency in the plant

tissues of the Rob1in soil. On the other hand, both soils !¡ere
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deficient in NOr-N. Effluent application did not add any substantial

amount of nitrogen in the form of NH^-N which constitutes a ul,ajor

portion of nitrogen in the sewage laggons located in the northern

climates. The organic nitrogen which increased the N03-N content of the

uncropped soil columns can not be expected to be at similar

concentrations in the storage drums as that in the sewage lagoons

itself, because, organic nitrogen transforts to ammonia nitrogen at high

temperature which finally escapes to atmosphere. However, such

difficulties do not arise in field experiments.

Table 4.7.2.I shows the amounts of nutrients removed by crop harvest.

To calculate the uptake of the nutríents, the amount of nutrients

removed by each cut was calculated separately and added to find the

total uptake.

It hTas observed that the amount of K uptake lras higher than the

uptake of N. IÈ is difficult to say whether it was luxury consumption.

Table 4.7.2.2 shows the najor nutrient requirements of the individual

treatment groups of both soils at the end of the experinental irrigation

with municipal sewage effluent.6 0r,1, nitrogen was needed in both soils

for the cropped sections. The phosphorus and sulphur requirement of the

Erickson soil was satisfied at the end of the season.

6 *""orr"nded by the provincial Soil Testing Laboratory



Table 4.7.2.1

Soil and
Treatment

Removal of Major Nutrients by the Crop

Roblin Soil
C- GrouP
¡- Group

Erickson Soil
f,- GrouP
D- Group

Mass of Major NuLrients (kg ha-')

L44.3
118. 4

L29.4

Table 4.7.2.2 Recommended' Major Nutrient
of the IrrigatÍon Season

18.2
_t¿+. J

L5.'¿
18.1

181 .0
| 4h 1

L7I.2
187. 0

Soil and
Treatment

131

12.6
1^ )

L2.6
t4.5

RoblÍn Soil
A- Group
B- Group
C- Grourl
D- GrouP

Erickson Soil
A- Group
B- GrouP
C- GrouP
D- GrouP

42.0
34.7

37 .9

11 A

13. 6

l'lass of Major Nutrients (kg ha-')

0
n

110
110

0
0

110
110

Application at the End

t Ru"o.*."nded by the Provincial Soil Testing Laboretory

n

0
0
0

0
0
0
0

0
t_.,

n

ô

IJ

0
0
0

0

0
0

0
0
0



4.8 FATE OF SELECTED NUTRIEMS

Changes in the status of the rnajor nutrients in the soil columns after

irrigation with effluent are presented in secËion 4.6 and shown in

Appendix B, Tables B-1 and B-2. Crop removal of rnajor nutrients is

shor^m in Table 4 .7 .2.1 and Tables 4 .3 . t and 4 .3 .2 show the amounts of

selected chemicals leached out. Tables 4.4.4 and 4.4.5 show the amounts

of nutrients added through effluent irrigation.

It is Ínteresting to know the fate of different elements in a land

treatment system because lt gives an insight into pollution of soils and

groundwater and into crop removal of essential and toxic elements. It

can be acconplished by balance studíes of the specified nutríents and

chemicals.

For practical reasons such as lirnítations in time and resources in

this study, no attempt has been made to carry out any nutrient balance

studies. Phosphorus and potassium were not determined in the leachates

and close monitoring of other forms of nitrogen in addition to N03-N02-N

in the lrrigation lrater r¡as not possible. Assuming that plant removal

of Na was negligible, Na was not deterurined in the plant Èissues. Above

all, the study was of short duration as it was carried out to determine

the basíc changes in the physical and chemical properties of soÍls

before the actual lnitiatíon of a larger field experiment.
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5.1 CONCLUSIONS

I. The evapotranspiration of brome grass measured in the greenhouse

vras significantly higher than that expected in the Roblin area

Chapter V

CONCLUSIONS AND RECOMMENDATIONS

OF TIiE STIIDY

for Èhe same duration v¡ith similar crops.

exposed to extremely harsh condit.ions.

2. Greenhouse irrigation water requirements of the grass under the

simulated dry- and average- year rainfall were similar for both

soil types and were not statistically significant at 5 percent

1eve1. l.linor variations r^rere caused bv the differences in plant

maturity and plant population.

The effluent qras apparently free fron heavy uretals which impose

serious environmental threats.

?

4. Changes in soÍ1 bulk densities after one season of irrigation

with sewage effluent srere not significant.

5. The r'rater stability index of the soil aggregates vras reduced

considerably in the top horizons of both soils at the two

treatment levels whether cropped or uncropped.

6. The root mass developed at a depth of 15 cm below the soil

surface was not dependent upon the treatment level. The type of

soil appeared to have an irnportant influence on the development

of root mass.

-133-
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Although the chemical analysis of effluent did not show the

presence of significant amount of N03-N02-N, the presence of

nítrogen in other forms such as organic-N in the sewage effluent

was evident from the soil and plant tissue analysis.

Accumulation of N in plant tissues and the íncrease in N03-N

level in the uncropped soil columns showed the presence of N in

the effluent in other forns.

The presence of phosphorus and S04-S in the effluent replenished

the P and S deficiencv of the Erickson soil.

7.

B.

9. The accumulation of S04-S after one season of

quite remarkable.

10. Increase in Èhe Na content of the toD horizons

application irrespective of crop cover.

t l. Sodium Adsorption Ratio and electrical

indicated that accumulation lras proportional to the depth of

increasing trend after effluent application and

higher in the top horizons.

12. The final leve1s of pH in the lower horizons

higher than the original values.

13. Trace element concentration was not sisnificantlv different than

the original values. However, in general a slightly increasing

trend was observed.

14. Organic carbon, organic

the soil did not change

15. The accumulatlon of

irriga t ion r.ra s

of both soils

different horizons could be expecÈed to be slightly different in

conductivity showed

the increase was

nitrogen and total phosphorus contents of

significantly at the end of the study.

the above nentioned chemicals in the

r^rere considerably
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a field-scale study due to the ¡nethod of rdater application. On

an annual basis, their concenÈratLon fn the soll will be

considerably lower due to their leachtng through sprfng runoff

and intense 6torlDs.

16. crop yield was substantially htgher than that expected in the

Roblin area without irrigation even though, the plant tissues

were slightly deficient in nitrogen and phosphorus'

5"2 SUGCESTIONS FOR FUTI.IRE I.IORK

l. A theoretical estlm¡te of the rnaxÍmum ammonium adsorption

capacity of the soils by the exchange courplexes should be carried

out during a field-scale 6tudy to estlmate the anount of ammonium

nít.rogen that can be retafned by the sofl. For this purpose, the

NH4-N, Ca and l"1g contents of the effluent should be closely

monitored preferrably at the application sfte'

Z. phosphorus adsorption capacity of the soils should be deterrnined

in the laboratory at the begining of a field-scale study to

estimate the arDount of P that can be adsorbed on Èhe solid

surfaces.

3. Groundl¡ater samples fron observation wells at the irrigation site

should be analysed ln regular intervals in conjunction with the

samples drann aÈ or below the root zone using Porous ceramic cups

or lysimetrlc technlques.

4. A leachlng percentage based upon Èhe mlnimum reduction ln croP

yíeld and groundwater pollution should be deterurined.



5. Monitoring of the different

effluenÈ should be given high priority.

6. A mass balance study of the applied major nutrients such as N, P,

S and cations like Nâ, Cl should be done at the end of each

seas on.

7. In case of excessive concentration of N in the effluent, measures

supporting denitrifícation in soil should be explored.

8. Close moniÈoring is suggested for elements like B and Mn as

their presence in the effluent is relatively high.

9. More reseach is recommended to find out the suitability of

effluent irrigation for growing grain, fodder and vegetable croPS

using different rnethods of irrigatíon.
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Table A Characteristics of the Dominant Soils at the Roblin
I.iastewater Irrigation Proj ect

Parameters

No. of sites
Dominant texture

Horizons

B

C

Average thíckness
(cm)
å̂
A+B

Dominant class
Draínage

Surface runoff
Perviousness
Erosion

Water
StonÍness

Dominant sloPes
TYPe
Range, %

Position
Land use
Soí1 class

Parent material

Roblin (RBN)

31

Loam
Clay
Clay loam

27 .9
68. 6

Poorly drained

Very slow
Medium

ni1
ní1

Complex
Less than 2

Depression
Crops
Orthic Dark Gray
Chernozem
Morain till

Soil Type

Erickson (ECK/C)

148

186

Loam
Clay loam
Clay loam

18. 7

4r.6

Moderate to
well drained
Moderate
Medium to slow

Slight
Slight

Complex
2to9
Mids lope
Crops
Humic Luvic
Gleysol
Morain till
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Table B-1 ResulÈs of sofl Änalyers for the Roblin sorl at the concluslon of the Expeliment

PareDeterg

pH (untts)_ 6.4 7.I
Ec (ms en-t) o,t o.l
No3-N (ppn) I.2 0.2

(kg ha- ¡ ) 6.7 1. I
Avatl, P (ppn) . 38.4 3g,B

(kg ha-¡) 215.0 388.3
Avall. K (ppD) Z2S.O L37.O

(k8 ha-r) 1260 t2o6
SOr-8 (ppn) 2.4 2.O

(kg t¡a-l) r3.4 17.6
Exchangeable lons (neq L-l)

ori*rnalsorl ffi 
--ffiut=

c1

Catlon Exchenge
Capactty (CEC)

(oeq 100 g-r)
Ca
Mg
Na

DPTA exrracrable (ppn)

Zn
Fe
Hn
cd
N1
Pb

Z Or8anlc Hatter
Z Organlc Carbon
7" CaCO3
Z Total N

Total P (ppn)

TreateC Soil
.r^-^^l

t. t I.q
1.0 0.2
1.8 1.0

10.1 8.8
38.2 41.8

2L3,9 367.8
320.0 L82.O

1792 1602
100.0 10.0
560.0 88.0

22,?0 2,50

r54.7 79.8
35.5 16.4
22.6 1.60

0.71 0.38
6.00 1.40

120 7L
14.0 22.O
o.22 0.04
1.40 0.2I
L.20 0. 55

5.4 1.2
3.6 0.7
o.73 0.84
o.25 0.07

472 497

0.00 0.00

23.0 t2.4
L49.7 109.8
23.0 14,0
t.Ll 1.04

0.85 0.56
5.30 1.20

130 88
11.0 2.5
o.24 0.08
1.80 0.68
1. l0 0. 53

5.1 7.7
3.0 1.0
0.60 0.73
o.2J 0.08

495 495

7.3 1.3
0.5 0.2
l. 6 1.4
9.0 I2.3

37.6 39.6
210.6 348.5
300.0 195.0

1680 1711
46.0 8.0

258.0 70,4

17.00 1. 80

149.7 74,8
29 .6 15. 6
14.30 1.30

0.98 0.48
7.1 1.70

130 72
39,0 22.0
0. 19 0.06
2.30 0.13
1 . 60 1.00
5.7 0.7
3.4 0.4
o.32 0.48
o.25 0.07

445 345

,.¿ t.t
0.5 0.1

16.2 2.6
90.7 22.9
48.8 49.8

273,3 438.2
300.0 208.0

1680 1830
28.0 4.O

156.8 35.2

10.00 0.00

L59,7 89.8
26.3 18.1
4.22 1.35

1.30 0.58
6.10 1.40

140 9L
32.0 35.0
0.24 0.08
3.10 0.58
1. 90 0.'t 4

6.1 1.3
3.6 0.8
o.27 0.45
0.25 0.01

330 2Ls

7.2 7.5
0.6 0.1

2r.4 1,0
119.8 8.8
50.8 42.8

284.5 376.6
300.0 195.0

1680 1716
76.0 4,0

425.6 35,2

20.00 0.00

t64.7 79.8
30.4 17.3
9.57 0.95

1.30 0.70
6.70 2.30

140 100
44,O 58.0
0. 16 0.04
1.80 0,52
I.70 o ,92

5.4 t,2
3.6 0.7
0.66 1.40
0.25 0.07

535 420

H



Table B-2 Results of Soll Ànalys{s for the Erlckson Soll at Èhe Concluslon of the Experfnent

Paramåters

pH (mltc),
EC (ES cE-.')
N0¡-N (ppn)

(kg hs-t)
Avatl. P (ppn)

(kg ha-r) 2g.r
Avatl. K (ppu) 258

(kg he-r) 722
Sor-S (ppn)

(kg ha-r)

" Horl.zons
Frü; smnd Thrrd-

Orltlnal Soll

Exchangeable tone (neq L-l)
Ca
Mg
Na
ct

6.9
0.2
L.2
3.4

10. 4

7.5 7 ,6 7.7
o.2 0.2 0.9
0,4 0.6 0.8
2.5 3.5 2.2
4.0 3.8 16.0

22.4 22.0 44.8
160 140 273
896 8r2 76h

2.O 2.2 62.0
LL.z I2.8 173.6

cat.lon Exchan8e _r
Capacity (neq l00g )

DPTA extractable
(ppn)

2.6

Cu
L1
te
Hn
cd
NI
Pb

184.ó 249.5 259.5 L79,6 3O4.4 354.3 2o4.6 284.t 259.5 184.6 254.5 244,5 199.6 244.5 259.5
30.4 32.I 32.9 46.L 32.9 34,6 41.9 35,4 3't.7 30.1 30.1 32.9 37.0 32.1 35.41.87 0.70 1.57 22.20 9.10 4.30 2r.70 5,70 1.70 5.90 1.30 1.30 13.90 2.00 1.40
0.0 0.0 0.0 13,8 8.8 6.8 24,5 12.5 5.3 6.8 1.0 0.0 15.8 3.0 0,0

7.6 8.0 7,9
0.7 0.5 0.9
o.2 0.2 2.2
1n 1t q7
t.6 2.8 16.0

18,0 16.4 41.6
L67 150 295
835 878 767
52.O 50.0 82.0

260.0 292.6 213.2

26.6

o.77
1.4

31

0. 16
2.OO
0. 56

4.8
2.8
0, 95

o.22
190

Z Organic !|atter
Z Organlc Carbon
Z Cacog

Z Total N

Total P (ppm)

2t.7 t8.7

1.r0 1.00
0.4 0.6

t7 l1
8.8 5.2
0.06 0. 11
L.60 0.66
o.52 0.64

2.2 L,4
1.3 0.8
4.OO 20.10

0.11 0.07
140 155

7.8 8.0 1.4 7.8 8.3
0.7 1.0 0.6 0.3 0.2
0.2 0.2 31.8 7.4 2.2
1.0 L.2 89.0 37.0 L2.9
4.0 2,8 L3.2 4.4 3,2

20 .0 16. 4 37 .O 22 .O 18. 7

195 125 274 195 t72
975 732 767 975 1007
54,0 19.0 28.0 6.0 3.6

210.0 111.2 78.4 30.0 2L,l

o.72 0.87
3.8 0.9

95 2r
8.1 5.4
o,25 0.19
1.20 1.20
1.60 1, 70

5.4 2.L
3.2 r.2
0. 11 2.7

o,23 0. 11
280 155

1.00 0.56
0. I 3.2

15 54
3.8 8.7
0. 18 0.13
0. 35 1.00
1.00 0.01

1.0 5.1
0.6 3.0

19.50 0,30

o.o7 0.22
130 240

7 .9 7,8 8.2
0.8 0.5 0,3

25.4 13.4 3,2
71. t 67.0 18.7
15.4 3.8 1.8
43.t r9.0 10.5

258 185 140
722 925 819
62.0 18.0 3.0

173.6 90.0 t7.6

0.83 I.20
0.6 0.5

16 l0
4 .8 3.5
0.03 0.05
1.30 0.41
r,20 1.10

2.r 0.80
7.2 0.5
3.60 19.60

0. 11 0. 07
130 130

0.56 0.84
3.0 0.6

29 15
7.8 4.8
0. 14 0.13
0.96 1.00
1.00 1.00

4. I L.7
2.4 1,0
0.80 4.10

o.21 0.11
205 155

0.99 0.59
0.4 4.1

l0 39
4,9 7.5
0.05 0.14
o,44 0,85
0.75 1.30

t 1 q2
0.6 3.1

20.80 0.10

0.07 0.23
140 2L5

0. 83 1. 10
0.8 0,7

22 16
5.3 E,6
0.09 0. l0
1.40 0.56
1.60 1.30

2.2 1.3
1.3 0.8
I . 40 19.00

0.12 0.07
130 155

Ltt



Table B-3 Detaíled Textural Anal-ysis

Sample
Des crip t ion

Roblln Soil
Fírst horizon
(0 to 40 cm)
Second horizon
(40 to 100 cm)

Erickson Soil
First horizon
(0 to 20 cm)

Second horizon
(20 to 60 cm)
Thírd horizon
(60 to 100 cm)

Very
Coarse

Coarse

2

2

Sand (Z)
Medium

3

5

B

7

6

Fi ne

2

4

r)

10

11

L2

o

Very
Fine

8

I¿+

l1

L2

9

Total
Sand
(7.)

f-'

l1

sil r
(o/\

25

L+¿

6

8

9

(7")

54

42

34

JJ

36

40

4I

36

Texture

2T

IO

Sí1t
Loam
Loam

Loam

Loam

Loam

LO

/.o

zo

H
\JI
NJ



Table B-4 Gravimetric Moisture content of the Aír-dried soí1

Sample DescriPtion

-ttobl].n ÞOl-r
First horizon
(0 to 40 crn)

Second horizon
(40 to 100 cm)

Erickson Soí1
First horizon
(0 to 20 cm)

Second horízon
(20 to 60 crn)

Third horizon
(60 to 100 cm)

Sarople No. I Sample Nô.2
(percent) (percent)

5. 18

2.47

4.34

4.L7

3.43

Table B-5 Field-measured Soil Bulk Densities

Sample Descri-Ption

') l,')

4.36

/, t'l

J. 4I

Mean
(pe rcent )

Roblin Soí1
First horizon
(0 to 40 cm)

Secon horízon
(40 to 100 cm)

Erickson Soil
First horizon
(0 to 20 cm)

Secon horizon
(20 to 60 cm)

Third horizon
(60 to 100 cm)

153

5.28

/, 10

No. I

Bulk Densíty of Samgles (g .t-3)

1 1./,

L.92

1\)

L.82

r.44

l\o. z

L.O¿

L.82

L.l2

L.66

1.58

No. 3

1. 5s

1. 91

1. 68

1. 45

1 ¿O

No. 4

L.62

t.6r

1 qq

7.46

1. 53

Mean

1.53

1. B1

L.62

1. 60

L. )L



Table B-6 Percentage of particles Greater than 2.0 nrm

Sanpl-e Description

Roblin Soil
Fírst horizon
(0 to 40 cm)
Second horizon
(40 to 100 crn)

Erickson Soil
Fírst horizon
(0 to 20 cn')
Second horizon
(20 to 60 crn)
Third horizon
(60 to 100 cm)

Samole No.1

¿,4

u\

J.-f

Sar¡.o1e No. 2

l-54

€, .6

)R

Mean

? ?n

8. 05

4. IU
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Table C-l Quality of Leachates Collected under the Roblin Soil

Parame ter

pH
Electrical Condu-
ctivitY (mS cm-1)
Na (mg l-')
ca (rg L-i)

-1.Me (mg L ')
Total Kjeldahl ,
Nitrogen (¡ng L-')
N0 g-Nóz-N (tg l-- t )
S04-S (mg,L-')
C1 (rng Ll ^ )
n (mg L-')
Hs¡,(ng 1,r)
Total CaCO3lmg fI)
Filtrable
Residue (*e L- t )
Calculated
Sodium Adsorption
Ratio (SAR)

ö

--^t. tv

r.25
69.50

196.0

2.4
6. 60

365.0
7Rô
0.52

276
777

1000

1 1?

Treatment Grouo

B

8. 36

r.20
55. 50

126.7
33. 9

¿.J

1. 11
190.0

82 .5
1. 55

39L
32r

835

1.12

8. 07

r.22
63.93

782.3
51. I

2.2

356.7
61. 0

0. 60
N.A.
N.A.

r 30c

1. 07

Note: N.A.

156

D

7 .53

2.20
r89. 00
309. 0

'1 ) \

2.9
8. 70

530.0
440.0

^ 
t^¿.4U

N.A.

1B 70

I /,O

Information
of leachates

not available because of sma1l amount
co11ec ted



Table C-2 Ouality of Leachates Collected under the Erickson Soil

Parameter

pH

Electrícal Condu-
ctivity lmS cm t)
Na (ng l -')
Ca (mg L-')
ug (mg L-1)
Total Kjeldahl
Nitrogen (og r,- i )
NO 3-NCz -N (tg i, - t )
SO4-S (mg L -' )
C1 (mg r,-r)
B lrng r,-I)
HCOs (mg l-')
Toral CaCO3 (rg l-t)
Filtrable
Residue lrng t -I)
Calculated
Sodium Adsorgtion
Ratio (SAR)

B. 30

0.86
28.0

L46.7
44.4

2.25
13.30
15 .0

0.61s
264
276

56C

0.57

Treatment Grouo

B

8.27

0.64
13.9

49 .6

1.53
8.60

45.7
?R, ?

r.07
)o/,
24r

443

0. 30

7.80

1.00
43.6

130. 0

s0. 5

2.L0
3. 40

73.0
15 .0
0. 38

.+L+ ¿

JO¿

620

0. 82

l-57

D

8.22

1. 16
/+I.4

1?A ?

6l-.2

L.67
0.72

65.0
193.0

1.53
298
244

793
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Blaney-Críddle Formula for Determiníng Evapotranspiration :

u-

Iu--KF
kf

where t

U-

K:

I_

Consumptive use of the crop for the entire growing period

Empirical consumptive use crop coeffícient for the season

Sum of rnonthly/periodic consumptive use factors for the

growÍng season (surn of the products of mean monthly tenperature

and monthly percentage of day light hours of the year)

Periodic consumptive use

Empirical consumptive use coefficíent for the partÍcu1ar

growing period

Periodic consumptive use factor

(r. p) /roo

1. -Á-

I_

where,

t = Mean monthly or períodic air temperature' oF

Modifications:

ç-t-

L59

k=k..kÍõ

where,

k = A climatict
k = 0.0173t -t

.c

Note: The following table shows the detailed calculations

as Der the U. S. Department of Agriculture Techinical

Release No. 2I.

= A coefficient reflecting the growth stage of crop

coefficient which is related to mean aír Èemperature

0. 314



Table D

:iI

EvapotransPiratíon of Grass in

.J
t{
CJ

Ê¡

.u
d

t

õ
ô
.rl
tr
0.)

q-l
o
¡J

.rl

'rl
E

MaY 1- I Mav 15

{"i'I lt,r''"rs
J urY r | .rrrlv 15Ausustl lillí,"ts
August 18 ¡ 

a""o

rn
>'

.rl
EO

$'rlrrE

the Roblin Area (Bl-aney-Crlddle Method)

]Jê

oo
l]Øo$
Pr c)

€oòDÐË
ñ 'rlF-t B

o rr-l

@¡

-l

fueust,l l R*rg,r"t rs l roz
Sepc. r I qo-r 15 | t:s
sept. 30 | 

""'-' 
¡ryl

o

tr.rl Ð

€G)
o!
HrJ
ocd

a)

ooEEr

15

46
76

101

U)
lr^
5+J

.¡J ¡r

,r-l v
r-l
>'
(d

13. 4
41. I
69.r
91. 8

49 .4

64. 0
63. 5

CJ
C')

qJ

Þ.rl tl..ì
Ð

o+J
oçú

I.¡
rH
qi
oñ

þ
oj¿.¡
Ð
d+J
'Fl 0J
r-l '-{(JO

ro.76
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Table E-l Anallrsis of Variance for Changes in Bulk Density

Items

First horizon

Source

501- t-

Crop
Soil*Croo
Effluent

( Soil)
Effluent

(Soi1*Crop )
Error

Degree of
f reedorn

Second horizon
Soil 1

Crop I
So11*Crop 1

Effluent
(Soí1) 2

Effluent
(Soil*Crop) 2

Error 32

1

I
1

Total

Sum of
square

0. 00012
0.00097
0. 00006

0.00119

0.00072
0 .06166

Mean
square

L

32

Third horizon

39

L62

0.0001-2.
0.00097
0.00006

0.00059

0.0c036
0. 00206

F
value I

Total

0.06472

Soil 0
Crop 1
Soíl*Croo 0

Effluent
(Soil) 1

Effluent
(soll*crop) 1

Error 16

0.20
2.10
0. ls

L.66

0. 19

0.00054
0.00804
0.00080

0.02L97

0.0c557
0 .047 54

I F values not associated r,ríth any symbol are lnsígnificant
N.A. - Not determined due to zero degree of freedom

39

0.00054
0.0c804
0. 00û80

0. 01t99

0.00279
0.00i49

Total

0. 08446

0 .00000
0.00359
0.00000

0.00328

0.00039
0.02952

0. 05
2.89
0.29

3. 9s

1R7

19

I\.4.
0.0c359

0. 0c328

0.00c39
0. 00184

0. 03678

N.A.
9.27
N.A.

8.46

0.27



Table E-2 Analysís of Variance for Root Mass

Source

Soil
Effluent ( Soil)
Error

Total 19

Degrees of
f reedorn

* ^.^ Sísnificant at 0.05 level

1

¿

16

Sum of
squares

Source

0.00498
0.00041
0.02329

501-L
Effluent (Soil)
Error

0.02867

Mean
Souares

Degrees of
freedom

Total

0.00498
0.00021
0. 00146

163

Values not associated with any symbol are insígnificant

F
--^f..^VdfUE

1

2

16

Surn of
squares

24.42*
0. 14

79

13. 0896
r00.2891
6L7.1703

7 3C .5496

cñ11ârêq

13.0896
50. 1lr4E
38.5713

F
value 2

c.26
1. 30



Table E-4 Duncants Multiple Range Test for Mean Values of the
Changes ín Bulk DensiÈy

Parameters

Soil type
Roblin
Erickson

Crop type
I^Iith croP
I{ithot crop

First
horízon

Changes in Bul-k Density (g 
"t-t)

N.A. - Third horizon does
â, b, c, d, and e

Mean values are not

0.008
0. 012

0.015
0. 005

a

c
c

Table E-5 Duncants Multiple Range T,gst for Mean Values of
Root Mass'and Dry Matter'

Second Third
horizon horízon

Soil type

0.042
0. 049

0.060
0.031

not exist

significantly different at 0.05 leve1

b
b

d
d

L64

Roblin
Erickson

t
)

Mass of rooË mass per sample
Mass of dry matter harvesËed Per
ot b Mu"rrs with dÍfferent letter

at 0.05 leve1

N.A.
0. 034

0. 048
0.021

Root Mass
(e)

e
e

O.LL7
0.086 b

Dry Matter
(e)

box

are significantly different

25.0r
26.63
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Table F-1

Item

Results of Plant Tíssue Analysis for the Roblin Soí1

Major Nutrients
(7" of dry rnatter)

N

P

K
S

Ca
Mg

Major Nutrients (PP*)
Zn
Cu
Fe
¡kr
Cd
Nl-
Pb
Mb

Before Effluent
Trri onfi on

2.L
o.2r
2.I
0. 18
0.49
0. 17

JI
10. 0
53
77
0.8
I\ . .¿\.

N.A.
N. A.

1.6
0. 19
r.9
0. 17
0.74
0.22

37
11. 0

111
114

0.1
0.4
2.1
4.4

N.A. - Information not available due to smaller síze of sample

TreatmenË Grou
First Cut

Aftef Application

2.4
0.26
¿.o
0. 19
0 .67
0.2?.

24

69
95

ta

0.6
0.4
t<

0. 19
2.7
0. 18

^ ^/,
0. 19

24
6.3

50
79
0.3

1t

1a
I.J

Second Cut

1.9
0.26
?q
0. 18
0. 59
o.2r

2L
6.5

44
110

0.7
1.8
0.7

0.7

1.8
0.25
2.5
0. 18
0.57
0. 19

20

56
BO

0.9
0.7
0.2

0.7

H
o\



Table F-2 Results of Plant Tissue Analysís for the Erickson soíl

Item

Major Nutrients
(% of dry rnatter)

N

P

K
S

Ca
Mg

Minor Nutrients (PP*)
Zn
Cu
Fe
l,{n

Cd
N].
Pb

Mb

Before Effluent
Trri çnti on

2.6
0.26
,o
0.27
0.67
0. 20

/.')

11. 0
153
TI4

0.4
1n
rìo
N. A.

After Applicatíon

1.3
0.2L
r.7
0 .23
0.57
0. 20

t+¿

11.0
L73
T2T

0.4
0.1
r.9
¿+. L

N.A. -.Information not available due to smaller size

Fírst Cut
Treatment Grou

o.26
2.6
0. 19
ñâ7
0.22

¿¿+

5.8
69
95
'ln
0.1
0.9
1.3

e

2.L
o.22
)^
0.20
0 .62
0.22

23
6.7

65
115

1.0
0.1
0.2
1.1

Second Cut

)1
0.26
?R
0.23
0. 54
0.22

2l
6.5

ô¿
140

1.0
no
1-7
0.7

r.9
0.25
2.7
0. 19
0. 55
0.20

24
6.0

230
139

1.1
2.5
r.2
0.5

of samr¡le

ts
!
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Calibration Details for the Transducer

2

ELEVATION

Calibration Equations :

1

YZ = 2'109 + 74'52L x,
2r = 0.999939

Linearity = 0.57 Percent

r69

Scale 1:2

)

PLAN

Y3 = 10.024 + 20'732 x,

t2 = 0.999983

Línearity = 0.27 percent

Note:

l.xandY
s train)

2. Suffix
? l-t iq

refer to apolied load (kg) and indicateci
respectíve1y.

2 and 3 refer to'the second and third hole
the coefficient of correlation.

strain (mici:o-

from the beam.
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YIELD OF DRY MATTER
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mt-raD-Le í

Treatment Group
and Number

Yield of Dry Matter for Brome g.""" n

KoDlr-n Þol-r
D- GrouP
Box No.

6
7

I4
LJ

19

Mea.n

C- Group
Box No.

a

16
I7
18
20

Mean

Erickson Soí1
D- Group
Box No.

?tt

28
32
33
36

Mean

C- Group
Box No.

29
30
^aJI
3t
39

Mean

Yeí1d of Dry Marrer(g) per Box

Cut No.1

13.40
14. 30
4.65
8. 10

54.20

Cut No.2

L7I

14. 00
r4. 40

\ 1'7

t5.¿l
13.66

56. 16

11.00
T2.6I

8. 50
17. 0B

12.05

67.24

Total

21.40
28.7 6

L0 .42
16.?7
2t .41

110. 36

15. 65
18. 38
L2.60
16.56
r).40

18 .65

19. 60
11. 85
11. B0
]-8.25
14. 80

76.30

72.60
13.25
15. 3s

8. 50
16.60

66. 30

26 .50
30.99
2I.LO
JJ. O¿+

27.5L

139.89

* DeËer¡nined at

L6.I4
oe?
aAl

L3. ¿+6

l-J. oo

62.7 5

a moÍsËure content of 5.5 percent

35.74
2L.67
21. 41
3r.77
28.46

139.05

25. Bl
25.88
,o /,a

17 .04
29.42

r29.23

!3.2r
12.63
14. 13
8.54

L4.4¿

62.93


