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INTRODUCTION



INTRODUCTION

Urbanisation results in the production of
increased municipal waste, Sewage and municipai wastes
present immense problems of disposal. In.fact, the
sewage and sewage water disposal presents a more serious
problem than other municipal waste, for which incineration
Has been developed in recent years., This presents a much
clever disposal coupled with energy production during
the incineration., However, disposal of sewage and sewage
sludge has presented problems, though in certain loca-
tions they have been used for land fill. 1In some other
situations they have been discharged to rivers, waterways,

seas and oceans,

More than hundreds of cities and towns in this
country have complete 'to partial sewage systems while
nearly 700 have open drain sewage system, Sewage availa-
ble in these areas amount to 800-1000 million gallons per
day. The organic matter comes to 1500 tonnes per day or
about 6 lakhs tonnes per year., The plant nutrientS from
these quantities would come to 35,000 tonnes of N, 8000
tonnes of P205 and 20,000 tonnes of K20. Huge amounts of
heavy metals like Cu, Zn, Mn, Fe, Cd, Cr and Mn are also

found,



The open sewage system and the discharge of sewage
into the rivers from the various towns and cities on
the banks of the sacred Ganga has polluted the river to
such an éxtent as to make the Government of India take
up the purificatien of Ganga Project at an expenditure

of thousands of crores of rupees.

One of the important-ways for disposal of sewage
however, has been its application to agricultural land.
The concern has been in terms of changes ié soil proper-
ties poth beneficial and harmful, The choice of crops
grown in areas where sewage-is disposed is also very
critical, Land.application of sewage is beneficial in
terms of the better performance of crops grown in them
and the nutrients NPK added to them., They are harmful
in that heavy metals get added through the sewage to the

soil and leafy vegetables especially accumulate these

heavy metals when grown in such soils.

Considerable research exists on the effects of
sewage on soil properties. Tamil Nadu Agricultural
University has conducted some studies on the physical
and chemical propertie; of sewage applied soils. These
results are not as such applicable to the situations of

our sewaqe farms.



The present in§estigation was carried out from the
samples collected‘from the Sewage farm, Valiyathura,
Trivandrum, 'The farm has an area of3%;33 hectares and
was established in 1962. In this afea plots are availa=-
ble with continuous irrigation with sewage water for
20 years, 15 years etg. These plots where guinea grass
is mostly grown,di%iirrigated by the opem channel system.
Earthen pipes buried at 79 cm depth below the soil surface
drains the water through the holes in them and such an
underéround drainage system takes the water to a small
riverlet "Parvathiputhanar", The soils of this tract
are sandy and guinea grass grown in these soils are
supplied to dairy animals in Government Farms in Trivan-

drum City and also to others in the City.

Since no significant information is available on
soil properties due to continuous irrigation for nearly
20 years, the present investibation was undertaken, The
main emphasis on the study has been to bring out the
results on the changes in the physical and chemical
properties of the soils and of micronutrients and heavy

metals in the grass produced in the farm,



Some of the major aspects covered in the study

to fulfil these objectives are:-
1. Physical properties of the sewage applied soils.

2, Secondary and micronutrient status of the sewage

incorporated soils,
3, Depth-wise distribution of total and available
macro and micronutrients,

4, Macro and micronutrient status of sewage irri-

gated graés.
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CHAPTER II
REVIEW OF LITERATURE

Though voluminous literature is available on many
aspects of trace element toxicities due to additions of
both liquid and solid sewage sludges on crop lands, little
information is available on the effect of continuous use
of sewage waéte on Indian soils, especially‘their influence

on soils of Kerala,

The review of literature pertaining to heavy metal
toxicity of sewage application to crop lﬁnds, the benefi-
cial and ill-effects of its continuous use on crop lands
and its relationship to various physical and chemical

properties of soil are presented in the following pages,

2,1, Influence on Sewage treatments on soil properties

2,1.1. Physical properties

2,14141. Moisture holding capacity

Lunt (1953 and 1959) reported that digested sewage
sludges application to loamy soils-at rates upto 260 cu,yd/
acre resulted in moderate increases from 3 per cent to

23 per cent in the field moisture capacity,

Hortenstine and Rothwell (1973) from a green house
study reported that w&ter retention of the Arrendando sand "
was generally increased when pelletized compost from muni-
cipal refuse was use@ as a soil amendment and plant nutrient

-S0Urce,



Mays et al. (1973) observed that incorporation of
compost made from municipal refuse and sewage sludge
over a period of two years significantly increased the

water holding capacity from 30 per cent to 40 per cent.

Epstein {1975) found that raw sludge retained twice
the amount of water as that of digested sludge,

Epstein et al. (1976) reported that the application
of sludge and compost increased the water content as well

as the water retention capaciiy of a silty loam soil,

Gupta et al.(1977) reported that incorporation of
sewage sludge into a sandy soil resulted in an increase
in soil water retention. Most of this increase in water
retention was aé a result of water adsorbed by the organic

matter at 15 bar water,

Paglai, Guidi, Launargoe et al. (1981) reported that
there is increase in water retention at high and low rate

of sewage application,

Jayaraman (1984) reported that.ithe water holding
capacity of the sewage farm s@il ‘improved compared to non-

sewage irrigated soils with a year,



Wei and Peterson (1984) reported that soil moisture
retention capacity increased as a result of sewage irriga=-

tion in a silty clay loam soil,

241.1.2. S0il aggregation

Lunt (1953) reported that soil aggregation increased
from 25 per cent to 60 per cent when loamy soils were

applied with sewage sludge upto 260 Cu,yd/acre,

Sessing (1961) reported that high sodium content
sewage effluent caused severe physical impairment of the
soil such as decrease in capillary pore space as well as
in the moisture holding capacity, a marked deterioration

in the aggregation and stability of aggregates,

Epstein (1975) observed that per cent stable aggre-
gates increased as a result of sludge addition, Raw sludge

has highest per cent stable aggregates,

Subbiah {1976) reported that addition of sewage
wastes improved the structural indices such as stability
index and per cent aggregates., Stability index was posi-
tively correlated with per cent aggregate stability in
all the four soils - black, red, alluvial and lateriate
studied,

Epstein (1975) has reported that raw and digested

sewage sludge applied to silty loam soil increased the



aggregate stability,

Jayaraman (1981) reported that 25 years of irri-
gation with sewage water prominently improved the per

cent aggregate stability and stability index of the soil,

2,1.1,3, Soil clogging

Thomas et al. (1966) observed from Lysimeter trials
that soil clogging under sewage spreading proceeded in

three phases,

1. Slow decrease in infiltration under aerobic

conditions,

2, Rapid decrease in infiltration under anaercbic
condition,
3. Further graﬁual decrease under anaerobic condi-

tions,

Thomas et al. (1968) reported that reduced rate of
clogging under sewage spreading was related to pore gas
and moisture content changes which occurred in the sewage

dozing and drainage cycle,

Daniel and Bouma (1974) attributed the cloggiﬁalof
s$0il due to sewage spreading with that of the suspended

solids in sewage water,



Magdoff et al., (1974) reported that the crust which’
developed on addition of septic tank effluent to a subsurface

" may be the reason for the cause of soil clogging.

2,1e1+4. Hydraulic conductivity

Epstein (1975) reported that addition of sewage sludge
initially increased the saturated hydraulic conductivity
and after 50.-to 80 days the hydraulic Eonductivity dropped
- to that of the original soils, After 79 days all treatments

. had essentially the same hydraulic conductivity,

Subbiah‘(1976) reported that the addition of sewage
wastes significantly decreased hydraulic conductivity with

depth in soils of Tamil Nadu.

\ Gupta et al.(1977) 'stated that at any given water

content unsaturated hydraulic conductivity and soil-water

chffusivity decreased as rates of sludge addition decreased,

Jayaraman (1981) reported that sewage irrigation by
contrast had a depressing effect on the hydraulic conducti=-
. vity compared to sewage unirrigated field., Due to sewage

irrigation the hydraulic conductiviti?decréased with depth,
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2.141,5, Bulk Density and compression strength

Mays et al.(1973) reported that incorporation of
municipal refuse, compose and sewage sludge over a period
of 2 years significantly decreased bulk density and

compression strength of the soil,

Jayaraman (1981) reported that there was significant
decrease in Bulk density of the sewage farm soil after
25 years of sewage treatment due to the continuous irriga-

tion of sewage water,-

24116, So0il porosity

Application of digested sludge to loamy soils at
rates upto 260 cu, yd/acre resulted in moderate increase

in non-capillary porosity (Lunt 1953, 1959),

Sessing (1961) reported that high sodium content
sewage effluent caused severe physical impairment of the

soil in decreasing capillary pore space,

Subbiah (1976) reported that addition of sewage wastes
increased total capillary and non-capillary pore spaces of
soils studied in Tamil Nadu, In Block so0il, sewage appli-
cation was better in improving the total and capillary
pore spaces than control., This may be due to the colloidal
nature and binding action of sewage material, In laterite
soil sewage sludge addition enhanced the non-capillary

pore space,



Jayaraman (1981) sewage irrigation irrespective of
depth and periods of irrigation tended to improve the
total and capillary pore space, By the application of
sewage wastes the total and cabillary pore space in Black

soils of Tamil Nadu improved significantly,

2.1.2, Chemical properties

Bocko and Szerszen (1962) reported that a permanent
supply of sewage resulted in a decrease of pH. This was
later confirmed by Ramati and Mor (1966), Subbiah (1976)
‘ad% Ramanathan et al.(1977)

Schaffﬁm and Kick (1970) reported that when the
sewage sludge (3.6 to 4.2 per cent N content) applied to
slightly podsolised loamysand carrying oats in the first
year and potatos inlihe second year found that there was
little effect on soil pH apart from a slight decrease in

the second year.

micdina et al.(1971) found that air drying of digested
sewage sludge increased pH from near neutral to about 8.6
when sludge was in contact with air, The rise in pH was
due to decrease of carbon dioxide concentration dissolved

in digested sewage sludge -upon aeration,
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Nahedh et al,(1973), Cunningham et al,(1974) and
King and Morris (1972a).reported that treatment of sludge
decreased soil pH. They attributed the drop in pH to be
due to nitrification of the applied NH, -N and organic

Nitrogen and probably from oxidation of sulphides,

Epstein et al.(1976) reported that when the sewage
sludge and sludge compost were applied over a period of
two cropping seasons, the soil pH decreased less than one
unit. This was particularly significant in relation to
heavy metal uptake by crops, since heavy metals generally

becomeé more available to the plants as soil pH decreases,

Sidle and Kardose (1977) reported that the soil pH
did not change siénificantly after sludge treatment in a

sludge treated forest area,

Jimmy et al,.(1978) has reported application of sewage

slﬁdge as pH increased water soluble cadmium decreased,

2.7.2.2., Soluble salts

Muraiwsky and Ramati (1959) did not observe any accue
mulation of salts with continued irrigation of sewage water
on shifting sand,

Bennett et 2l,(1973) while comparing sewage effluent
with that of standard irrigation water observed significant

effects of sewage effluent on increasing soluble salts at
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16=-30 cm depth, Nehedh et al,(1973) stated that aerobic
sludge produced an initial increase in soil salinity,
while anaerobic sludge caused less effects on soil salinity

on the free hold sandy loam soil,

Epstein et al.(1974) reported that soluble salt
content was 0,41, 4.1 and 5,5 mmhos/cm in control, high
compost and high siudge treatments respectively. King
et al.(1974) observed no increase in conductivity due to
the application of liquid sewage sludge along with town

refuse,

Gaynor and Halstead (1976) reported an increase in
electrical conductivity of saturation extracts ranging
from 2,9 to 3.7 mmohos/cm by incubating sludge plus ferti-

lizer for 11 months,

Jayaraman (1981) .stated that there was no percepti-
ble change in the salinity levels due to sewage water
irrigation irrespective of years of sewage treatments in

Tamil Nadu soils.
2.1.,2,3, Cation Exchange capacity

Lunt (1953) reported that the application of digested
sewage sludges to loamy soils at rates upto 260 cu,yd/acre
resulted in moderate increase in cation exchange capacity.

Hortemstine and Rothwell (1973) reported that pelletised
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~municipal refuse compost in the Arredando sand increased
C.E.C. in addition to water retention, Epstein et al.
(1976) observed that the soil cation exchapge capacity
increased as much as three fold as a result of addition.
of sludge and sludge compost, The increase. in C.E.C, was
greater with sludge than with compost and at the highest
sludge rates ieﬂ 240 t/ha, C,E.C. increased nearly three
fold, |

Sidle and Karcios (1977) reported that the C,E.C,
of the 0-7.5 cm depth was 18,4 me/100 g, soil while that
of 7.5 - 15 cm depth was 8.4 me/100 g soil in the sludge
treated forest soil, The h%gher C.E.C, in the surface depth
is largely related ts its organic matter content (10,6
per cent) which was épproximately twice that of the 7,5-
15 cm interwell (5.4 per cénﬁ);

Jayaraman (1981) viewed treatmentwise sewage irriga-
tion tended to improve the cation exchange capacity in

Tamil Nadu soils,:

2,1.2,4., Exchangeable cations

Sessing (1961) observed that the application of
sewage to soil caused addition of calcium magnesium and

sodium, but the predominance of sodium saturation in the

soil.,
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King and Morris (1973) reported that the addition
of slﬁdge~in a sandy loam increased sodium but decreased
the dilute acid extractable potas;ium, calcium and magne-
sium and had no effect on phosphorus. Epstein et al.(1976)
observed that calcium, magnesium and sodium lévels in
soils decreased with increasing rates of both sludge and

compost,

Gaynor and Halstead (1976) found that the application
of sewage sludge to a sand loam and clay soil increased
exchangeable calcium, Giordano and Mortvedt (1976) reported
that the heavy metal contamination of gound water is not
likely in heavy textured soils where sewage sludge applica-
tion was-aCCOMpanied by N fertilization at least for a

short period of time,

Jayaraman (1981) viewed treatment sewage of irrigation
tended to improve the cation exchange capacity in Tamil Nadu

soils,

2.7.2.5. Soil orgﬁnic matter

Lunt (1953) reported.that application of digested sludge
to loamy soils at rates upto 260 cu yd/acre resulted in
large increases in organic matter. Muravsky and Ramati(1959)
reported that organic matter content in the upper layer was

substantially increased in sandy treated with urban sewage,
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This was latter confirmed by Ramati and Mor (1966).- Day
and Strochleine (1972), Gaynor and Halstead (1976) and
Lagerwerff et al,(1976)

Mays et al.(1973) observed that incorporation of
compost made from Municipal refuse and sewage sludge increa-
sed the soll organic matter content from 1,58 per cent with
no compost to 4,22 per cent with highest compost rates,
Hortenstine and Rothwell (1973)"reporteq that the péllattised
municipal refuse compost increésed-the organic matter content

of the soil..

Touchton et al.(1976) reported that the surface appli-
cation of liquid sewage sludge increased the organic matter

content in the crust with increased rate of sewage sludge,

Masand et al.(1978) observed through measurement of
infiltration capacity and hydraulic conductivity of sandy
soil in which sewage suspension was applied, the accumulation

of organic matter mainly at the soil surface.

Hohla et al.(1978) reported that wifh the soil organic
carbon in the top 15 cm increased from 0,95 to 2.29 per cent
over the period of six years furrow irrigation with 298 t/ha
of anaerobically digested-sludge in the silt loam soils,

No significant differences were.observed beiow 30 cm bétween
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control and treated plots. Increase in total organic carbon
due fo sludge application were two to three fold from a
minimum of 12,5 mg/litre in control plots to a maximum of

32,0 mg/litre in sludge treated plots,

Jayaraman (1981) reported that enough irrigation
with sewage water increased the organic matter content in

the sewage amended soils supported the findings.

Rajarajan (1978) has also reported that enough
irrigation with sewage water had increased the organic

matter content in Tamil Nadu soils,

2,1,2,6. Soil Nitrogen

Rothwel and Hoftenstine (1969) reported that nitri-
fication of sewage sludge decreased with increased rates of
sewage sludge, Braids et al.(1970) observed that NO5-N was
increased when an acre in ch of liquid digested sewage

containing 330 1b N, 180 1b P and 40 1lb K was applied;

Premi and Cornfield (1971) observed that the accumula-
tion of mineral nitrogen during aerobic incubafion of a sandy
loan-( pH 7.1) treated with 0,5, 1 and 2 per cent leveis of
dried sludge increased with the time and level of added
sludge. King and Morris (1972b) observed that two highest
rates of 10,0, 20,0 cm sludge applied to coastal Bermuda

grass resulted in significant increases in soil nitrate in
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the 0-120 cm profile,

Milne and Graveland (1972) stated that nitrification
increased upto 101 t/ha level of sludge on all types of

soils, They reported a decrease in NH,-N.

Lance and Whisler (1972) stated that short frequent
cycles of flooding soil columns ( 2 days flooded and 5 days
dry) with secondary sewage effluent caused no net removal of

N but transformed almost all of the N to NO The net N

3e
removal duriﬁg longér cycles ie, 9=-23 days flooding and 5 days
dry was 30 per cent and half of N-'remaining in the water

was concentrated into a wave of nitrate water, which repre-
sented 10 per cent of the total volume of reclaimed water

and was collected and found that it contained 67 per cent

less N than the incoming sewage water, Alternate flooding

and drying periods were necessary for constant N removal,

The net N removal was probably due to a combination of

several reactions dominated by denitrification because the

so0il microorganisms nitrified most of the NHZ and N can be

removed from the system as inert gas by denitrification, -

Kelling et al.(1973) conducted field experiments on
two types of soils over a two year period to determine the
effect of liquid diges{ed sewage sludge on soil total N,
NH,-N and {NO, + NOS)-N to 150 cm and reported that large
addition of sludge caused N loss probably by leaching or

denitrification on the silt loams,
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King (1973) observed that when 2,5 inch depth of
liquid sewage sludge was either surface applied or
incorporated with a quantity of soil and incubated under
lgboratory conditions at the end of 18 weeks, NO5-N accumula-
tion was 22 per cent of the épplied N, 'when the sludge was
incorporated with soil, Thé gaseous N losses rangéd from
16 to 22 per cent of ‘the applied N when the sludge was
incorporated with the soil and 21=36 per cent in the surface

applied treatments,

Nnalmeka and Sabey (1973) studied the effect of
addition of anaerobically digested sewage sludge and wood
residues to soils on NO3 and found that mixtures of 25 per
cent wood bark, 75 per cent sludge had a relative NO3 accumula
tion index range of 0,51-0,83 and 0,16-0,48 respectively

compared to sludge alone after four months incubation,

Epstein et al,(1974) concluded that NO5-N at 20 cm
depth was higher for all treatments with sewage sludge and
sludge compost than control, whose values were almost lowest
indicating denitrification. King and Morris (1974) reported
that NH,~N in the liquid fraction of sewage sludge was
susceptible to volatalisation more so on bare soil than sod.

Leaching loss of NO,~N was increased by incoming water rates,
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Stewart et al,(1975) found that the application of
sewage sludge to a loamy soil at rates of 2,5 and 5,0 cm
per ha resulted in significant increases 1in soil nitrogen

at 90 cm soil profile.

Epstein et al.(1976) reported that the addition of
sewage sludge, NO,-N levels were highest at 15,20 cm depth
and decreased sharply below that level. Gaynor and Halstead
(1976) found that NOB-N decreased in soils studied under 8
weeks incubation possibly because of microbial fixation or
denitrification. Lund et al,(1976) stated that the practice
of ponding liqu;d sewage sludge and effluenis on open porous
soils is a potential source of NO,-N NH,-N and P contamination
of underground water supplies..Keeféf,gj al.(1976) observed
the total N accumulated at 0=5 cm layer where sludge was

applied in a well drained sandy loam soil,

Kelling et al.(1977) reported that digested sewage
sludge applied at rates from 3.75 to 60 t /ha significantly
increased cone of inorganic nitrogen and organic nitrogen
in a sandy loam and silt loam soil. At sludge rates of
30 t /ha or more substantial losses of sludge applied N
occurred by leaching, Ramanathan et al. (1977) found that
the total N content in soil irrigated with well water was
greater than that in soil irrigated with sewage, But the

available N content in soil irrigated with sewage water was



greater than that in soil irrigated with well water,
thereby suggesting that sewage application increases soil
available N, Raj and Singh (1977) studied the rate of
mineralisation of nitrogen in town compost mixed with
different soils of Bihar and found that mineralisation
rate was slow upto 4th week, but gradually increased,
reaching a peak by 8th to 10th week NO,-N/NH,-N ratios
were persistently greater than unity, indicating nitrogen
mobilisation in all three soil types and no significant
difference in mineralisation rate was observed betwéen

these soil types..

Yoneyama and Yoshida (1978) reported from incubation
experiments that when sewage sludges applied to soils could
result in the accumulation of high concentrétion of Ammonia
Nitrite and Nitrate. However the simultaneous application
of organic matter low in nitrogen such as rice straw with
the sludge could reduce the accumulation of inorganic nitro-

gen as a result of its immobilisation by the organic matter,

Riekerk (1978) reported the difference between the
sludge treatments reflected the degree of aeration and
dec¢omposition of NOB—N production and P fixation, These
differences were more pronounced deeper in the soil,
except for K which was more controlled by the stage of

weathering. Taylor et al.(1978) reported that NO,-N adjacent
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to and beneath the sludge was generally higher with
digested than raw sludge, After 160 days NO 3=N levels in
raw sludge were higher than those in digested sludge,
This accumulation in raw sludge indicated that nitrifica-
tion had occurred, Ammoniacal Nitrogen levels were high

after 160 days in raw sludge treatments.

Soon et al.(1978) reported that high concentrations
of nitrates were present in the soil to the 90 cm deﬁth in
the grass field after 3 years of ;ludge application at
rates supplying 800 kg N/ha but not at 400 kg N/ha,

Schalscha et al.(1979) found significant amounts of
NO,-N in the surface soil irrigated with untreated sewage

water, The values were around 32 mg/litre of soil solution.

Jayaraman (1981) reported that sewage irrigation
different depths and periods of irrigation were significantly
better than sewage‘unirrigated soils and accumulation of N
at 0-15 cm depth was markedl; brought out in ‘Tamil Nadu

soils, Similar results were also reported by Mohamed Harpén

(1983) in.Madurai soil.

2.1.2,7, Soil phosphorus

Joshi (1945) reported that 85 per cent of total POg
in sewage sludge in inorganic form and that nearly 37 per
cent of the total P,Og is in water soluble inorganic form

and 68 per cent in available form,
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Shemyakina (1969) found that irrigating the agricul-
tural land for 4 years did not affect the content of mobile
form of P and K or of exchangeable basis but decreased
exchange acidity, *Braids et al, (1970) reported that an
acre inch of "sludge applications increased the heavy metal,
évaila?le P and K, organic carbon and pH in 0=2 inch soil
layer, Milne and Graveland-(1972) observed that the availa-
ble P increased for ail the soils treated with sewage sludge
from the two week incubation study, There was an increase
in total P suggesting that P was not limiting particularly

!

at the high rates of sludge application.

A

Day' and Stroehlein (1972) reported that irrigation
with municipal waste water increased phosphorus than.soil
irrigated with well water, This reﬁorthis in confirmity with

Bennet et al,(1973) and Ramanathan et al.(1977).

Hortenstine and Rothwell (1973) reported that soil P
was "increased at the rates above 64 t/ha when pelletised
refuse compost was applied as a soil amendment and natural
source of P for sorghum, King and Morris (1973) noted that
sludge application had no effect on soil P, Hortenstine
(1974) reported that P content increased from 0,08 ppm to'
1.25 at 60 cm, 1.00 ppm at 90 cm and 0.85 ppm at 120 cm
after 3 years when the podsols irrigated with secondary

treated sewage effluent. King et al. (1974) found that



plant available P concentration was increased in the 0 to 15 cm
layer by sludge treatment to agricultural lands, Epstein et al.
(1976) reported that Bray-P which is an index of P availability

increased with increasing rates of both sludge and compost,

Kardos and Hook (1976) reported that clay loam soil
irrigated with secondary treated sewage effluent had an
average P concentration in' the treated plot, Gaynof and
Halstead (1976) reported that by adding sewage sludge to a

Fox sandy loam soil, NaHCO, extractable P was found to increase,

Keefer et al,(1976) réported that soil P increased with
sludge rate to 15 cm depth in the first year and to 30 cm
,depth in the second year when different rates of sludge
(0,21,42, B4 t/ha) were applied to a sandy loam soil,

Lund et al.(1976) observed that the practice of ponding
liquid sewage sludge and effluent in open, poroﬁs soils 1is

a potential source of P contamination of underground water
supplies, 'It depepds upon -the depth of water table, downward

flow rates of soil solution and the resultant mixing,

Reneau and Pettry (1976) monitored the P accumulation
in varina and Goldsboro sandy loam from septic effluent in
_natural soil s?stem by placing Piezometers adjacent to the
drain-field, It was found that'orthophosphate (POZ3-P) concentra-

tion in the ground water decreased with the distance from the
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septic tank to drain field in both the soil and soil P
fraction were present predominantly as NH45? and NaOH
extractable P with some organic P present adjacent to the

drain field.

\ Beek et al.(1977) observed from a sewage farm which
has been used during the past 50 years for treatment of
raw sewage water of domestic and industrial origin that
no significant difference is found for soil layers below
70-80 cm and the accumulation is predomiﬁantly limited to
‘the top 50 cm soil layers. This indicates that the phos=-

phate bonding mechanism is still extremely efficient in

fhis soil,

Kelling et al. (1977) observed that liquid digested
sewage sludge was found to increase Bray-P in a sandy loam
and a silty loam soil in Wisconsin. Ramanathan et al,
(1977) reported that both total and available P,0 in soil
were found toc be increased when irrigated with sewage wafer

than with well water.

Taylor et al.(1978) reported that addition of sewage
sludge compost to different soils result in varying amounts
of extractable P and S, Sewage sludge compost can be used

to correct P or S deficient conditions in soils.
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Jayaraman (1981) observed the superiority ot sewage
incorporation on total and available phosphorus status of
soil was well brought out in Tamil Nadu §oils. Similar
effects were reported by Mohamed Haroon (1983) in Madurai

soils,

2.1.2.8. Soil Potassium

Shemyakina (1969) observed that irrigating with sewage
on soils did not effect the content of mobile form of K
but decreased exchange acidity. Braids et al, (1970) reported
that addition of liquid digested sewage sludge increased
available K in the O to 2 inch so0il layer, King and Morris
(1973) reported that addition of sewage sludge resulted in
decreased dilute acid extractable K and suggested that addi-
tion of dolomite lime stone and supplementing K fertilizing
would be required for sustained productivity of solls receiv-
iné sewage slugge. .

Hortenstine and Rothwell (1973) reported that applica-
tion of pelletised municipal refuse compost increased soil
Ke. Hortenstine (197@) observed that irrigating with second-
ary treated sewage effluent increased K confent from 0,05 ppm

to 14 ppm in oil,

1

Ramanathan et al.(1977) reported that total available
and water soluble K were increased in soils with continuous

sewage treatment for a number of years.



Palazzo and Jenkins {1979) suggested that concentra-
tions of K remained loﬁ in the soil solution and tended to
decline with time in the soil that received waste water
over a 5 year period, The inadequate supply of K at this
site was related to the low K/N ratio in the waste water
applied. No evidence of leaching in his study was observed

below a soil depth of 30 cm,

Rajarajan (1978) and Jayraman (1981) found a signi-
ficant increase in total K due to sewage irrigation and
stated that total K content increase with depth, The
former did not find a favourable effect of sewage irrigation
on available K, While the latter found an increase in
available K content, 1In non-tilled plots of Madurai sewage
farm Rajarajan {1978) found low available K due to high pH
inspite of high total K. The K content also increased
with depth,

Similar effects were reported by Mohamed Haroon (1983)
in Madurai soils,

2,1,2,9. So0il Micronutrients and Heavy metals

Schafer and Kick (1970) repofted that the residual
action of sewage sludge containing heavy metals in a field
and found that only the highest rate of sludge caused Cr
and Zn and particularly Cu and Fe contents in the crops to
increase, Tan et al.(1971) studied complex reactions of Zn
with organic matter extracted from sewage sludge and found
that the lower molecular weight fulvic compounds and poly-

saccharide infrared characteristics are chemically, the most
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active material in sewage sludge and that is responsible for
complexing of zinc, King and Morris (1972a) found that sludge
treatments increased exchangedble and water soluble Mn and
exchangeaﬁle Zn in soil, Available Zn in the soil is likely
to be greatly increased by the addition of sewage éludge.

The same applies to lesser extend with regard to copper

(Berrow and Webber 1972 and Webber 1972).

Mays et al. (1973) observed that incorporation of
compost made from municipal refuse apd sewage sludge over
a 2 year period increased Zn and Mg levels, Silviera and
Sommers (1974) reported that the availability of metals- to
plants grown on sludge treated soil will depend on tﬁe sludge.
added and on the lapse of time since the sludge additions.
BosewZl) (1974 observed that application of municipal sewage
éludge.increased zinc content in the soil from 33 ppm to
1419 ppm. Epstein et al. (1976) reported that chloride levels
- of the s;turation extract increased as sludge or compost

application rates increased.

Sidle et al.(1976) reported that the accumulation of
heavy metals in the treated soils was more 93 per cent of
the amounts applied in 1972 and 1973 for all heavy metals' in
the Reed Canary grass area and slightly less in the corn area;
SEOHE and Sopper (1976) reported that soil cadmium levels were

not significantly affected by waste water irrigation except
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for the increase in soil cadmium in the O to 35 cm depth, The
Cd/Zn ratios of the vegetation foliage were not significantly
different between the treated and control areas, Touchton gt al.
(1976) reported that the liming decreased the Zn concentra-
tion in forage from plots receiving high sludge rates and

also the concentration of P, Fe, Zn, Cu, Pb, Cr and Cd in

the crust.

Baerug and Maxinsen (1977) observed from a plot yield
experiment in potatoes with two ypes of sewage sludge, one
poor and one rich in heavy metals applied in moderate and
heavy quantities, that this sludge increased the content of
total cadmium, Nickei and lead and the eontent of readily
soluble copper and zinc in the soil. The increase was greatest
for copper and zinc and was more pronaounced in the second

year than in the first vear,

Sidle and Kardos (1977) reported that extractable soil
copper increased significantly at all depths in both high and
low sewage sludge treatments. These increases were greatest

in the upper soil depth and smaller in the lower depths,

Otte and La Conde (1977) reported that the repeated
sludge application have resulted in surface accumulation of
cadmium, copper, Nickel and Zinc, Metals have not moved beyond
the depth of incorporation at most sites studied. Zn was the

most mobile of the heavy metals studied.



30

Iskandar (1978)_reported that movement of applied
heavy metals to a depth of 15=30 cm under high waste water
treatment,rates was thought to result from a drop in soil

pH and were confined to the top 15 cm of soil,

Subbiah and Sreeramulu (19g%) reported that the
application of sewage wastes increased the concentration
of total and available zinc and copper and the concentra-
tion were more at surface ( 0 to 5 cm) compared to bottom
( 15 em). They also reported that the availability increased
with level of sludge addition. Jayaraman (1981) found that
the total and available zinc and cadmium content of soils
increased upto 30 cm by sewage irrigation whereas Fe and Mn

content increased with depth.

In Madurai sewage Farm Ram raj (1982) found that the
total and available Mn decreased in sewage t;eatéd plots
than control, The available Fe decreased at surface (0 to 5 cm)}
layer and subseguently increased. The available Fe, Mn Zn
and Cu content increased in all the sewage treated plots than
control, The total Ni, Cr and pb contents of sewage irrigated

soils also increased significantly,

Rana et 2l,(1983) reported that in Punjab Agricultural
University that at higher pH adsorption of cadmium was greater
bécause of less competition of H+ ions, Sewage irrigated soils

with high pH, organic carbon and C.E.C. could contain higher



amounts of cadmium and with greater force than normal soils.

The soils can thus act as a zinc for disposal of cadmium,

Chang et al.(1984a) reported that by repeated sludge
application, changes in the distribution pattern of heavy
metals remained the samé. Even after termination of the sludge
application the distribution pattern of heavy metals remained

the same.

Chang et al,(1984b) reported that heavy metals accumula-
ted at (0-15 cm) soil depth. He has also observed that heavy
metals are often under estimated due to inability of extraction

procedure and decrease in soil bulk density.

2.1.3, Chemical composition of sewage

Sommers and Nelson (1974) from their study on variations
in the chemical compecsition of sewage sludge for heavy metal
concentrations obtained at different times at the same source,
revealed that data on sludge composition should be obtained
at several different times prior to formulating recommendations

for sludge application rates to agricultural lands,

Bradford et al.(197%) reported that metropolitan sewage
sludges and effluents are characterised in relation to their
total and water extractable trace elements, their reaction with
soil and their effects on plants. The total concentration of

trace elemenis in sludges and effluents are highly variable
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depending on the source and often much higher than con-
centration found in soils, The marked variability in
concentrations observed is probably related to different

industries discharging effluents in the sewer systems,

2,1.4, Effect of freguent appli&ation of sewage sludge on

soil

Dudas and Pawluc (1975) observed that sewage appli-
cation resulted in striking increases in uptake of Zn and
Cd. They also revealed heavy or continued application of
sewage sludge would result in build up of the insoluble

trace elements,

PLANT ANALYSIS

2.2, Giordano et 21.(1970) reported that content of Zinc
and Cadhium in vegetative parts were higher than in repro-
ductive parts,

Lagerwerf (1971) observed that an increase in the
extractable metal content in the s0il coincided with a
-significant increase in raddish yield especially in the
tops of plants. Thus a ten fold increase in the lead content
of the soil was-reflected in an increasé in lead content

of raddish by a factor of less than 2,

Hook et al.(1974) reported that frequent cutting
was found to be necessary for controlling Nitrogen leaching,

No cut plot was effective in controlling Nitrate loss,
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Vahtras and Wiklander (1974) observed that the
Nitrate content was high in spring and lowest in autumn

in sewage irrigated areas,

Bingham et 3&.(&975) reported that cadmium is
accumulated by a wide variety of crops species in response
to cadmium concentration, More over cadmium content of
plant varies from according to plant species and plant
tissues, Cereals acéumulate less cadmiﬁm than leafy
plants, '

Day gi'g;.(1975) showed that higher grain yield
obtained from gewage irrigated fields were due to the |

production of more tillers.

Sabey et al,.(1975) reported that in no case the
content of any element studied was high enough in wheat
grains to be outside the normal range expected in most
plant tissue,

Maenomet al.(197%) observed that the mean content
‘of cadmium copper, zinc¢ and lead measured in ppm in brown ,
rice were 0,08 + 0,01, 3.9 = 0,08, 22,5 + 0,4 and 0,25 % 0,2
respectively, when grown in upland field conditions,Cadmium
concentration was high in Cocoyam and Turnip and copper
content was high in Cocbyan and Groundnut, There was positive
correlation between cadmium and copper or zinc contents,

Walsh et al,(1977) reported that sludge application
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shows a tendency for the sorghum to increase yield., But
yield reduction due to excess salts NH,-N 1s also noticed,
Uptake of N increased with increased sludge application,

P increase with increased sludge application,

Jimmy et al.(1978) reported that because P applied
to soil did not significantly affect yield a dilution
effect of plant cadmium concentration can be ruled out,
as a factor causing decreased cadmium concentration, As

PH increased water soluble cadmium decreased.

Williams et al.(1978) carried out a study "Cadmium
accumulation by Meadows", He has found that corn fertili-
zed with sludges was found to contain 1.82 ppm, Cd, and
Sorghum herbagé contained 4,50 ppm Cd, Eight diets and
sypthetically control diet were formulated to study these
herbages, Significant accumulation of Cd in Kidneys and

liver was noticed,

Kamalam et al.(1979) reported that the yield of
Bhindi was adversely affected by application of Tannery
effluent and the effect was more promounced with increase
in concentration,

Palazo et al.(1979) reported that amount of k taken
up by plants exceed the amount of N applied or removal is
increased,

Kamalam et al.(1980) reported that germination,
dry matter production and nutrient uptake of the crop was
reduced significantly by increased concentration of the

effluent, \
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Marten et al.(1980) reported that grass treated
with high level of effluent was more digestible and

.grass treated with low level are less digestible,

Gestring et al.(1983) reported that plant analysis
showed that P, Zn, Fe, Mn, Cd, Ni, and Pb in high concen-

tration.

Simconi et al.(1984) reported that Lettuse and
oats differed in their ability to accumulate.Cd and Zn
and both give high yield,

Soon et al.(1985) stated that concentration

increased in most plants for Mo, Co etc, in plants,

Logan et al.(1985) reported that high Cd content
in sludge, acid'pH and low organic matter will be the

reason for more uptake of Cd by the Plant,
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CHAPTER 1III
MATERIALS AND METHODS

The details regarding the sewage farm on which the
study is based, methods of collection of soil samples
and various methods adopted for physical and chemical

analysis of the samples are presented in this Chapter,

3e1. Sewage farm

The Sewage farm, Valiyathura, Trivandrum belongs to
the Dairy Development Department, Kerala Statg. It was |
established in 1962 with an area of. 33,33 hectares, By
using the sewage water for irrigation grasses such as
guinea, napier are‘grown. The total area under grass
cultivation is 30 hectares, The whole area is divided
into” 60 blocks of 0,6 to 0,4 hectares, Each block is
irrigated by open channel system., There are earthen .pipes
‘with holes on the sides which are buried below a depth of
. 70 icms., The sewage water which is flowing through the
'field will be filtered through different depths and the
effluent water is collected through the pipes and directed
to the Parvathiputhanar river, A total quantity of 30
lakh gallons of sewage water is entering for treatment
everyday, of which only 20 lakh gallons are utilised for
cultivation and the remaining effluent sewage water is

directed to the river.
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3¢2, Collection and preparation of soil samples

The soil in the sewage farm is generally sandy in
nature being close to the c¢oast, Six profiles were
taken upto a depth of 70 cm, ie., 3 pits each in blocks
having received 20 years of-irrigation and the other 3
each in 15 year sewagé irrigated areas, In addition 3
controlled profile pits for purpcses of comparison were
dug up from the nearby farmers fields (non-sewage water
irrigated area) but surrounding the sewage farm, These
9 profiles provided 36 soil samples at thé rate of 4 per
pit and at depths 0-15 cm, 16-30 cm, 31-45 cm and 46-70 cm,

Being in a sandy area special methods had-to be
improvised to enable sample collection at definite depths
of the profile, Wooden planks were driven to a depth of
70 cm on all four sides of an area of 1 m3. Samp;gs from

the entire area up'to the stipulated depthwe.r.e carefully

scooped out,

The soil samples so collected were initially dried
undershade in the Office of the sewage farm and later
dried in shade in the College laboratory after transport.

They were passed through a 2 mm sieve,

3.3, Collection and preparation of plant samples

The plant sampleﬁ from area above the surface of the
profile taken was drawn and dried in shade, It was then

powdered and the powdered material was taken for analysis,
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3.4, Collection and preparation of surface sqil samples

and plant samples

Thirty surface soil samples and plant samples
corresponding to represent entire sewage farm ensuring
that 30 per cent of the samples are located in 20 year
sewage irrigated areas and the remaining 50 per cent in
15 year sewage irrigated areas. The soil and plant
samples were dried in the shade, The soil samples were
sieved through a 2 mm sieve. The plant samples were
dried in an oven at 60°C and powdered through a grinding

mill, The samples were stored for analysis,

3.4.1, Methodfof Soil Analysis

3e4.1,1. Mechanical analysis

Mechanical analysis was conducted with reference to
clay content alone by the hydrometer method (Guéta and
Dakshinamoorthy 1980). The correctness of this method
was checked in 4 samples'by the International Pipette

method,

3e4e1,2, Physical properties-

3e4e1.2.1. Particle density
Particle density was calculated by the specific

gravity bottle (Gupta and Dakshinamoorthi 1980),
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3.,4,1,2,2, Bulk density

The weight of the soil samples collected in metal
container of known volume were determined, The soils
were thep oven dried at 105°C and the weights were again
recorded. From the data the bulk density was calculated
(Gupta and Dakshinamoorthi 1980), The formula used was

Bulk density = Weight of airdry soil
Volume of soil,

3¢441.2,3, Hydraulic conductivity

The soil sample collected was saturated over night
with water, The saturated soils were serially arranged
and the water circulation maintained to a constant hand
of water over the soil, The water passing through the
soil column in a stipulated time was collected and measured
till concordant values were obtained, Then the values were
calculated using Darcy's equation (Gupta and Dakshina-

moorthi, 1980). The formula used was

K = =
A
Where
K = Hydraulic conductivity
Q = Quantity of water conducted per unit time 't',
L = Length of the soil column., ' -
A = Area of cross section of the soil column.
H = Hydraulic head,



3.4.1.2.4, Aggregate Analysis

The analysis was based on the technique modified
Yoder method of Gupta and Dakshinamoorthi (1980), 100 g
of soil sample prepared for analysis was kept on the top of
a set of sieves having openings 5,2,1, 0,5, 0,25 and 0,1 mm,
The set of sieves is then immersed in a shaker, Switch on
the shaker for 10 minutes and then removéJ/the sieves and
collectthe soil retained on each screen and the per cent
soil partitles in each size group is calculated using the

formula

a) per cent aggregate stability =

Weight soil particles (0,25)~ Weight of sand (0,25)x 1d
Oven dry weight sample - weight of sand (0,25)

b) Stability index =

= Sum of percentages of soil particles - sum of percentage
of primary partic14

3.4,1,2,5, Water holding capacity

The maximum water holding capacity of the soil was
determined, from the data of the capillary porosity by

- determining the weight of the soil.

3e441.3, CHEMICAL ANALYSIS
3e441e3e1. Moisture
A known weight of the soil was dried in an oven at

105°C to a constant weight and the loss in weight was expressed

as percentage of moisture (A,0.A,C. 1962),



3e4e1.3.2, Loss of ignition

A known weight of the soil sample was ignited for
eight hours and the loss in weight was calculated gmn

ovendry basis,

3¢4.1.3.3. Soil BReaction

The pH of the soil was estimated in pH meter in a

soil water suspension of 1: 2 ratio in RefrkinElmer.

3.4,1:3.4, Electrical conductivity

The electrical conductivity was determined with the
s0il bridge (Elico) in the supernatent solution of soil

water suspension prepared for pH defermination (Hess%)1971).

3.441.3.5, Organic carbon and organic matter

Organic carbon was estimated by the chromic acid
wet digestion method of W & B method as described by Black
(1963) and organic matter was computed from the values of

organic carbon.,

3.,4,1.3.6, Total phosphorus

The soil was digested with HNO3 and peréHBric acid
and made upto a constant volume, Total phosphorus-was esti-
mated from the aliquot by the V%nadomolybdate yellow colour
method (Jackson 1973).



3.4,1.3.7. Total Nitrogen

’

Total nitrogen was determined by the macro-iKjeldahl

method. (Jackson,1973)-.

3e4e1.3.8., Total potassium

Total potassium was determined from an aliquot

using EEL flame photometer (Jackson}1973),

 3.4.1.3.9. Total Calcium and Magnesium

From the aliquot total calcium and magnesium were
~

b
w

also determined (Jadkson)1973).

Sede143.10, Available Nitrogen

Available nitrogen in the soil was determined by the
alkaline permanganate method described by Subbiah and

Asija (1956)

3e4.1.3.11, Available phosphorus

Available phosphorus in the soil was egtragted in
Bray No.1 dilute acidflouride solution (0,03N NHJ:and
0,025 N, HCl) as described by Jackson (1973)‘and cglori-
metric determination of phesphorus in the extract by the
chlorostannous reduced molybdophosphoric blue colour method

in hydrochioric acid system,



3e4.1.3:.12, Available potassium

The extract using neutral normal ammonium acetate
was employed. The potassium was estimated by flame photo-

meter method (Stanford and English,1949).

3,4,1.3.13, Total sodium

This was estimated by using 'EEL! flame photometer

using the acid extract,

3.4,1.,3.,14, Available sodium

The equilibrium extract using neutral normal ammonium
acetate was employed, Sodium was estimated by flame photo-

meter method (Stanford and English)1949).

3e4.1.3:,15, Cation exchange capacity

" Al
The .method of Schollenberger and Dreibetbis (1930)
was followed, This was estimated by using normal ammonium

acetate and éxpressed as milliequivalents per 100 g of soil

3e4e1.3.16. Exchangeable plus wateﬂsoluble calcium
|

Exchangeable plus watersoluble calcium was estimated
in a known volume of ammonium acetate leachate by titration
with standard versenate (Disodium salt of ethylene diamine

tetracetate) (Jackson, 1973).
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3.441.3.17., Exchangeable plus water solubles

Magnesium

This was estimated in a known volume of ammonium

acetate leachate (Jackson, 1973).

. 3.4.,1.3.18, Exchangeable plus watersoluble potassium and

sodium

Thege constituents were determined in the ammonium
acetate leachate by using 'EEL' flame photometer (Toth and
Prince,1949),

3¢441.3.19, Estimation of inorganic forms of Nitrogen

?
(a) Ammoniacal Nitrogen

-Soil samples were extracted with 10% sodium chloride
solution acidified to pH 2,5 with HCl, Ammoniacal nitrogen
in the_ektract was estimated using Nessler's reagent by mea-
suring the colour intensity at 410nm using a photoelectric
colorimeter,

(b) Nitrate nitrogen

Nitrate nitrogen was estimated by pheno-disulphonic

’ J

acid yellow colour method as described by - Jackson(j973)
and the colour intensity was read at 420 nm using photo-

electric celorimeter,
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3.4,1.3,20, Total micronutrients

1. Total Gopper

This was estimated in the perchloric acid extract
in the atomic absorption spectrophotometer PE 3030
(Perkin Elmer) using copper cathode lamp (Holmes.1945),

2, Total Iron

This was estimated in the perchloric acid extract
in the atomic absorption spectrophotometer PE 3030 using

iron cathode lamp.

3. Total Manganese

The perchloric acid extract of the soil was directly
read to the atomic absorption spectrophotometer PE 3030
using manganese cathode tube,

4, Total Zinc

This was estimated in the perchloric acid extract
with_atomic absorption spectrophotometer PE 3030 using zinc
cathode tube,

5, Total Cadmium

This was estimated in the perchloric acid extract with

absorption spectrophotometer PE 3030 using cadmium cathode,

Total Mercury

This was estimated in the perchloric acid extract
with atomic absorption spectrophotometer PE 3030using

mercury cathode,
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3e4.1.3,21, Available micronutrients

The soil was extracted with DTPA extractant (DIPA
extractant 'is prepared by mixing 0,005 M diethylene
triamine pentaacetic acid with 0,1 M triethanolamine and
0,01 M calcium chloride) in the ratio of 1:2 shaken for
2 hours and estimated with atomic absorption spectrow

photometer PE 3030 (Lindsay and Norvell, 1978),

1
By using this method, the available Copper, Iron,

Manganese, Zinc, Cadmium and Mercury were estimated".

3.4,2, Statistical analysis

3.4.2,1. Soil Samples

The data from the 15 year and 20 year sewage irriga-
tion and control plots (without sewage irrigation) were
statiétically analysed by completely randomised factorial
design, Correlation studies of the different factors were

also done,

3.4.2,2, Plant samples

The plant samples from the 15 year and 20 year sewage

irrigated plots were compared by using 'T* test,
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CHAPTER IV
EXPERIMENTAL RESULTS

This chapter presents the various results obtained

in the present investigation.

4,1, Analysis of sewage water

The sewage water samples were collected from the
influent channel in polythene containers, transported to
the Laboratory and analysed for EC, pH, Total solids, Total
micro and macro nutrients, The results of the analysis are
presented in Table 1., The daily épplication of about 1;355
lakhs- litres of irrigation corresponds to 1,355 cm of irri-
gation/ha and application of 11 kg of total soluble N/day/ha.
Harvesting at fifteen day$intervals of-the forage due to
growth ensured the addition of 165.kg of Nitrogen per fortw
night in the form of sewage irrigation since computations
on irrigation water recomﬁﬂthis removal, This irrigation
also leads to the application of 5 kg phosphorus /day /ha
and 2.84 kg of K per day/ha., This irrigation may also cause
further inclusion of 22 kg of calciumajZ kg of magnesium
and 3 kg of sodium in the soil per day. The micronutrient
supplied per ha/day are 9,9 milligrams of iron, 0,04 milli-
grams of zinq, 0,03 milligrams of manganese, 0.06 milligrams
of copper and‘0.003 milligrams of cadmium, These results

indicate the adequacy of sewage irrigation for N P K,secondary



Table 1

Composition of sewage water
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November 1985

Sé' Particulars influent to gg??iggt12§6
* sewage farm sewage farm
1. Total solids (mg/litre) 1983 2103
2, pH 7.2 7.5
3, Electrical conductivity 0,95 1.00
(mmhos/cm)
4, a) Total Nitrogen (mg/litre) 82,5 81.4
b) Amoniacal Nitrogen (mg/litre) 69,8 70.5
c) Nitrate Nitrogen(mg/litre) 0,7 0,6
5., Total Phosphorus(mg/litre) 37.0 36,5
6. Total Potassium (mg/litre) 21,0 17.3
7. Total Calcium (mg/litre) 163 162
8, Total Magnesium (mg/litre) 90 89
9, Total Sodium (mg/litre) 173 175
16. Total Micronutrients
a) Iron (p.p.m) 9900 8600
b) Zinc ( p.p.m.) 398 410
c) Manganese { p.p.m) 280 275
d) Copper ( pe.p.m) 580 575
' 25 29

e) Cadmium
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and even micronutrients in general, for forage cultivation,

4.2,1. Physical properties

4,2,1.1. Bulk density

Different periods of sewage irrigation were significant.
The lowest value of bulk density was associlated in the
treatment T, without sewage irrigation viz. 20 years,
Significant change in bulk density could be noticed with
depth. In fact, the bulk density was the highest at the
maximum depth (D4) (1.62 g/cc) and lowest in the surface-
layer (D1) (1.29 g/cc).

The interaction between depth and time has also been
found to be significant, In the sewage irrigated blocks the
highest and lowest wvalue of bulk density has been noticed
at the lowest depth and the surface in both the 15 years

and 20 years irrigated blocks,
4,2,1,2, Per cent aggregate stability

The value of per cent aggregate stability varied
significantly among treatments, Soils that have received
sewage irrigation for the longesﬁ period (T1) recorded the
highest per cent aggregate stability (66.68) over those that
have received sewage irrigation for a lesser period or no
sewage irrigation, In.fact the differences among the
latter are also significant. Aggregate stability also

decreased with depth,



Table 2

Effect of sewage on bulk demsity (g/cc)
(Mean value of 3 replications)

Profile Sewage irrigation gi&gggt Mean
Depth T ’ T irrigation
(cm) 1 2 T
- 20 'years 15 years 3
0=-15 1.63 1,25 0,98 1.29
16=30 1.68 1.33 1.08 1436
31-45 173 1.42 1.24 146
46=70 1.85 1.64 1.37 1,62
Mean 1.72 1.41 ‘ 1.17
Comparison of significant effects
Level of significance C.D
1. Time 0,05 0,14
2, Depth 0,05 0.21

3. Time x Depth 0.05 0,25



Table 3
Effect of sewage on per cent aggregate stability
(Mean value of 3 replications)

Profile

Sewage irrigation

Without sewage

Depth T1 T2 1rri%at10n Mean
(cm) 3
20 years 15 years
0=15 68.12 6721 57,00 64,11
16=30 65,32 66,13 58,54 63,33
31445 67 .97 63,35 56,35 62,56
46=70 65,35 61,85 - 55,31 60,83
Mean 66,68 64,63 56,80
Comparison of significant effects

Level of significance C.D.

1 Time 0,05 1,77

2, Depth 0,05 3.07

3. Time x Depth 0,05 1.53



In the case of aggregate stability also amongst the
soil profiles and the samples there from depth- time interaction
could be observed. Among various periods of sewage irrigation,
D, recorded the highest value (64.11) of per cent aggregate
stability, while D, recorded the lowest (60.83), Among
various depths , 20 years of sewage treatment enhanced the
per cent aggregate stability while a mild effect was found in

the control, (Table 3),

4,2,1,3, Stability Index

- The different periods of stability index have a signi-
ficant effept in the sewage irrigation which ranges between
50.42 and 4:5.08 respectively, The highest value of 50.42 for
the stability index was associated with the longest period
viz, 20 years of sewage irrigatioqawhile the minimum value

(43.08) was observed in the control with no sewage irrigation.,

The stability index differed among wvarious depths and
values ‘ranged from 48.21 to 44,73 while it was not significant
for the different depths in the profile for the 20 years
irrigated plots, significant difference between the surface
and the deapest\layers could be noticed in the profile for 15

year sewage irrigation,

A significant interaction existed between time and depth.,
Among different periods of sewage irrigation,the maximum and

minimum values of stability index were noticed in D, and D4

1
depths respectively,



Table 4

Effects of sewage on stability Index
(Mean value of 3 replications)

Profile Sewage Irrigation Without sewage
depth T ©T irrigation Mean
(cm) 1 2 T3
20 years 13 years
0=15 51,2 48,32 45,13 48,21
16-30 97,5 46,85 43,52 47.29
31=45 49,8 44,80 42,20 45,60
46=-70 49,2 43,50 41,50 44,73
Mean 50,42 45,86 43,08
Comparison of significant effects
Level of-signi- c.D,
ficants
1. Time 0,05 1,78
2, Depth 0,05 3,07
1.54

3. Time x Depth 0,05
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Considering different depths and making a treatment
cohparison it may be seen that longer the duration of

sewage irrigation higher, the stébility index.
- 4.2.1.4, Hydraulic conductivity

The hydraulic conductivity expressed in cm/hr decreased
from 37.69 to 21.05, The highest value was found in the
profile for the plot receiving longest period of sewage
irrigation while shorter duration of sewage irrigation to

still lesser values and in the no sewage irrigated samples,

The influence of depth was no impressive on hydraulic
conductivity, Maximum hydraulic conductivity was associated
in the depth of 46-70 cm (33,16) while the minimum (29.03) -

hydraulic conductivity, in the top surface 0-15 cm,

The interaction between depth and time on hydraulic
conductivity was found to be significant, Among different
periods of sewage irrigation, the hydraulic conductivity

steadily increased with depth (Table 5),.

4.2,1,5, Water holding capacity

From the results, it can be seen that the duration of
sewage irrigation enhances the water holding capacity,
Thus, 20 year sewage treatment records the highest WHC.
Similarly higher WHC is exhibited with the surface horizons

of treatments T1 and T2. In the control profile the absolute



Table 6
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Effect of sewage on water holding capacity

( per cent)

(Mean value of 3 replications)

Profile

Sewage irrigation

Without

Mean
Depth T T sewage |
1 2 irrigation
(cm) © T
20 years 15 years 3
0=15 48,50 45,70 36,6 43,6
16=30 41,10 38.80 28,5 36,13
31=45 35,50 29,60 27,5 30,88
46=70 33,30 28,50 26,8 29,53
Mean 39,60 35,65 29,85
Comparison of significant effects
Level of significance C.D.
Time 0,05 1,70
Depth 0.05 0.98
0,05 0.85

Time x Depth



Table 5

Effect of sewagé on hydraulic conductivity
(Mean value of 3 replications (cm/hr)

Profile Sewage irrigation With sewage

Depth T1 T2 irrigation Mean
(cm) 20 years 15 years T3

0=15 21.76 30,17 : 35,17 29,03
16-=30 20,95 31,31 32,87 28,37
31=45 20,54 33,31 44,40 32,75
46-70 20,98 40,17 38,32 33,16
Mean . 21.05 33,74 37.69

Comparison of significant effects

Level of significance C.D,
1. Time 0,05 1.78
2. Depth 0,05 1.03

3+ Time x Depth 0,05 0.89
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value of WHC was observed to be considerably lower
though depth-wise a trend similar to one observed in

T, and T, could be seen (Table 6),

The depth and time manifested significant interaction.
4,2,1,6, Total porosity

The influence of different periods of sewage irriga-
tion on total porosity is apprent and the trend of results
was similar to that of water holding capacity of the soils,

Here, T, recorded 30,15%, T, 32,47% and T, 49.35%.

Effect of different depths on total porosity due to
sewage irrigation was found to be significant. D1 recorded
the highest total porosity (40,90%) and the value decreased

as the depth of profile increased,

The results of interaction between depth and time
revealed that irrespective of depth, T, treatment could

increase the total porosity over the others (Table 7).

4,2.1.7. Clay content

Sewage irrigation appears to increase the clay content
as indicated by higher clay content in T, and compared to T,.
T, recorded the highest value (14,71 per cent) while T, recorded
10,69 per cent and T3 5,70 per cent. A depthwise decrease
in clay content could be noticed in all the profiles, The
highest value of clay content was associated in the depth of
0~15 cm and it decreased and reached the value of 7.58 in the

depth of 46-70 cm.
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Table 7

Effect of sewage on total porosity ( per cent)
(Mean value of 3 replications)

Profile Sewage irrigation With sewage Mean
Depth T T irrigation
1 2 T3
20 years 15 years
0=15 54,30 35,20 33,20 40.90
16=30 51.50 32,30 29,50 37.77
31-45 46,40 31.50 29,40 35,77
Mean 49,35 32,47 30,15
4
Comparison of significant effects
Level of significance C.D.
1. Time 0,05 ' 2,17
2, Depth : 0,05 1.25

3. Time x Depth 0,05 1,08



Interaction between time and depth showed that T,

is the superior treatment (Table 8).

4,2,2., Chemical properties.

4,2,2,14 Soil reaction

The soil reaction differed significantly in blocks
receiving sewage irrigation for different periods, The
Treaﬁment T1 recorded the highest {6.68) followed by T,
(5,75 and T3(4.70).

The pH was also influenced by depth of the soil,
the value being high at Dy (46-2? cm) and low at D1(Og15 cm) .

But the difference was significant only in Dye

Depth and time interaction also suggested significant

difference (Table 9).’

4,2,2,2, Total soluble salts

The Electrical conductivity expressed in mmhos/cm of
soil ranged from 0.42 to 0,65, Since the range is only
between Q.42 and 0,65 though significance exists between

treatments much is not to be made out of it (Table 10),

4,2,2.3, Organic matter

The different periods of sewage irrigation recorded the

superiority over the sewage unirrigated blocks in increasing

b

the organic matter content in soils. Treatments, T1‘and T2
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Table ‘&
Effect of Sewage on Clay content ( per cent)
(Mean value of 3 replications)

Profile Sewage irrigation Without sewage
Depth T T irrigation
(cm) 1 2 T3 Mean

20 years 15 years

0-15 16,60 14,20 8.50 13,10
16=30 14,30 11.30 7.50 11,03
31-45 13,20 9.10 4,50 8,93
46=70 12,30 8.16 2,30 7.58

Mean 14,10 10,69 5.70

Comparison of significant values

Levels of significance C.Dos
Time 0,05 0,76
Depth : 0.05 0,44

Time x Depth 0,05 0.38



Table ¥

Effect of sewage on soil reaction

(Mean value of three replications)

Profile Sewage irrigation Without
Depth T T sewage Mean
{ cm) 1 2 irrigation
T
20 years 15 years 3
0=15 6,50 5,30 4,10 5,30
16=30 6,10 5,80 4,80 2.57
31-45 710 5.80 5.00 5,97
16=70 7.00 6.10 4,90 6,00
Mean 6,68 5.75 4,70
Comparison of significant effects
Level of signi- c.D,
ficance
Time 0.05 0,35
Depth 0,05 0,59
Time x Depth 0,05 0,29
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Table 10
Effect of sewage on total soluble salts (mmhos/cm)

(Mean value of three replications)

Profile Sewage irrigation Without
Depth T T sewage Mean
(cm) 1 2 irrigation
20 years 15 years T3

0=15 0,73 0.72 0.48 0.64
16=30 0,66 . 0,46 0.40 0451
31=45 0,69 0.70 0451 0,63
46=-70 0.53 O.41 0.30 0.41
Mean 0.65 0,57 0,42

Comparison of significant effects

Level of significance C.Do,
Time 0,05 0.02
Depth 0,05 0,12

Time X Depth 0,05 0,02
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increased the build up of organic matter content, There
is statistical significance in T, and T, where T1 is the

superior treatment.

The effect of depth on organic matter content was also
well pronounced, D,1 recorded the highest organic matter
content (2,57 per cent) and the same decreased as depth
increased, The content of orgéﬁic matiter in different

depths was statistically significant.

The interaction between time and depth show that there
is significant difference in organic matter content among
various periods of sewage irrigatione Period of irrigation
had most pronounced effects on the accumulation of organic

matter at depths (Table 11).

4,2,2.,4, Total Nitrogen

Sewage irrigation favoured significantly the total
Nitrogen contenf of soils, T1 and T2 recorded 0,08 and 0,07
per cent of total Nitrogen, while T, recorded only 0,03 per
cent, Nitrogen content in treatment T1 and T, are signi-
ficant.

Total N content of the soils also showed differences
depending on the sewage irrigation., Thus, treatment T1 and
T, sewage irrigated plots showed higher contents than con-
trol plot T;o  The N content decreased depthwise both in

sewage irrigated and non-irrigated plots. In the latter



Table 11

Effect of sewage on organic matter ( per cent)

(Mean value of three replications)

Profile Sewage irrigation Without sewage Mean
Depth T T irrigation
(cm) 20 y;ars 152years T3
0-15 4,62 2,56 0,54 2,57
16=30 3.60 2,10 0.70 2,13
31-45 3,32 1.80 0,43 1.85
46=70 2,02 157 0,30 1.29
Mean 3.39 2,00 0.49
Comparison of significant effects
Level of significance C.D,
Time 0,05 C,32
Depth 0,05 0,55
Time x Depth 0,05 0,27
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it followed the usual soil profile trend while in the
former this was magnified by the sewage irrigation. The
total Nitrogen decreased as depth increased., The nitrogen
content in different depth was statistically significant.
There is significant interaction between time and depth

(Table 12),

4,2,2,5, Available Nitrogen

The highest availabke Nitrogen content in the soil
was also observed in T, which had received maximum duration
of sewage irrigation followed by T, with lesser duration of
sewage irrigation and T3 with no sewage irrigation, Depth-
wise also, available nitrogen significantly decreased,
Thus, the highest value of available Nitrogen was recorded
in D, and the same declined steadily and progressively upto
Dye Incidently, surface layer (D4) recorded a two fold
increase in available Nitrogen in the treatment under largest
duration of sewage irrigation., Interaction between depth and
time show that irrespective of irrigation both sewgge or no
irrigation, the surface soils (D1) and the lowest layer
(D,) recorded the highest and lowest values of available
Nitrogen, A significant increase due to sewage irrigation
in D, was noticed, but no such increase was found in Do,

Dy and D, (Table 13),



Table 18.

Effect of sewage on Total Nitrogen (per cent)
(Mean value of three replications)

Profile Sewage irrigations Without sewage
Depth irrigation Mean
(cm) _ _._T‘l T, T,
20 years 15 years
0=15 T 0,22 0.13 0,05 0,10
16=30 0,03 0.08 0,02 0,03
31-45 0.03 0,03 0,02 0,02
46=70 - 0,04 0,05 0,01 0,02
Mean 0.08 0.07 0,03
Comparison of significant effects
Level of significance C.D..
Time 0.05 0,03
Depth 0,05 0,02
0,03

Time x Depth 0,05



Table 13

Effect of sewage on Available Nitrogen ( ppm)

" {Mean value of three replications)

Profile Sewage irrigation Without
Depth - sewage Mean
(cm) T4 T, - irrigation
T
20 years 15 years 3
0=15 226 140 82 149,33
16=30 135 122 118 125,00
31-45 105 90 89 94,67
46-70 93 82 80 85,22
Mean 139,75 108 - 92,42
Comparison of significant effects
Level of significant C.D,
Time 0,05 7489
Depth 0,05 ' 13,65

Time x Depth 0,05 6.83



4,2,2.6, Ammoniacal Nitrogen

Ammoniacal Nitrogen expressed in ppm ranged from
17 to 40, Sewage irrigation in T1 significantly recorded
ke higher value of ammoniacal nitrogen than seen either in

T2 and T3 which themselves were on par,

The Ammoniacal Nitrogen content due to depth puwaz
not significant, The pattern of distribution was a decrease

in ammoniacal nitrogen as depth increased,

Depth and time interaction showed that D1 and D4
recorded the highest and lowest value under different periods

of sewage irrigation as well as in non-sewage irrigated fields,

(Table 1&).

4,2,2,7. Nitrate Nitrogen

Considering Nitrate Nitrogen content each treatment
significantly contributed to the Nitrate Nitrogen content
over the other levels, The treatment 'I‘1 is superior and T2
and T3 are on par.

Depth did not cause any significant increase in

Nitrate Nitrogen content, However, D1 and D4 recorded the

highest Nitrate Nitrogen content.

Interaction of time and Depth indicate that the
lowest layer in treatment T, recorded the highest value

(Table 15).
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Table 1%

Effect of sewage on Ammoniacal Nitrogen (ppm)
(Mean value of three replications)

Profile -Sewage irrigation Without sewage

Depth T T irrigation Mean

(cm) 1 2 T,

20 years 15 years .

0=15 65,30 36,90 18.20 40,13

16-30 36,30 29,60 19,20 28,36
- 31-45 - 28480 21,20 13.10 21,03

46-70 29,90 22,30 17.63 23,27
Mean 40,07 - 27,50 17.03 |

Comparison of significant effects

Level of significance CoDo
Time 0,05 20,45
Depth 0,05 35,40

Time x Depth 0.05 17.71
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Table 15

Effect of sewage on Nitrate Nitrogen (ppm)
(Mean value of three replications)

Profile Sewage irrigation Without sewage
Depth T T irrigation : Mean
(cm) 1 2 T,

20 years 15 years

0-15 20,50 17,60 8.20 15.45

16=30 17,76 13,30 7.10 12,72
31-45 14,40 - 12,30 11.10 12,60
46-70 23,10 20,50 14,10 - 19,23
Mean 18,94 15,94 10,12

Comparison of significant effects

Level of significance C.D.
Time 0.05 8446
Depth 0,05 14,65

Time x Depth 0,05 7432
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4,2,2,8, Total phosphorus

The influence of periods of sewage irrigation on
total phosphorus is similar to the pattern of results
obtained for Nitrate Nitrogen, though the magnitude and
relative proportion of Total phosphorus content varied,

The tregﬁment T1 was superior to both T2 and TS' The total
phosphorus content in various treatments were statistically

significant,

As depth increased total phosphorus content
decreased, The total phosphorus content was 0,05 in D1 and
it decreased as depth increased and reached 0,03 in Dye
But the content of total phosphorus was not statistically

significant,

Interaction between time and depth reveals that
different periods of sewage irrigation has an effect in
increasihg the phosphorus content of the soil, 'I'1 was
superior and it was found to be statistically significant

(Table 16) .

4,2,2,9, Available phosphorus

The effect of sewage irrigation on available
phosphorus was also identical to that of total phosphorus,
though the magnitude of available phosphorus varied considera-

bly(25.25 in T, and 15,94 in T, and 4,08 per cent in T3).



Table 156
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Effect of sewage on Total phosphorus ( per cent)

(Mean value of three replications)

Profile Sewage irrigation Without sewage
Depth T T irrigation
(cm) 1 2 T Mean
3
20 years 15 years
16~30 0,080 0.060 0,010 0.050
31=45 0,070 0.040 0,010 0.040
46-70 0,080 0.040 0,010 0,030
Mean 0.070 0,047 0.016
Comparison of significant effects
Level of significance C.D,
Time 0,05 0,02
Depth 0,05 0.04
0,05 0,07

Time x Depth
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Treatments T, and T, were on par but are statistically

significant over Ty

With depth a decrease in available phosphorus
is observed though not significant, The highest value

(18,11 ppm) is thus for the surface soils and the least

for the lowest layer,

The interaction between depth and time also establi-
shed similar trends though not statistically significant

(Table 17).

4,2,2,10, Total potassium

Sewage irrigation manifested a significant effect
on total potassium, Continuous irrigétion with sewage for
20 years produced an enhanced level of total potassium in
the profile compared to a lower period, 15 years, of irri-
gation or no sewage irrigation, However, depth-wise, a
progressive but non-significant apparent increase in potash
is observed, It may be observed in general while other plant
nutrients such as Nitrogen and Phosphorus decreased with
depth total potassium generally increased in depth, But
statistically total potassium content in D, and D, were on

par and that D3 and D4 were on par,

The interaction between time and depth show that

T, is the superior treatment (Table 18),



Effect of sewage on Available Phosphorus { ppm)

Table 1Y

(Mean value of three replications)
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Profile depth Sewageé irrigation Without
(cm) I Iy iiﬁgition fean
. 20 years 15 years T3
0=15 28,00 25,00 1.33 18.11
16~-30 - 24,00 17,00 5,00 15,55
31-45 26,00 10,00 5.00 13,66
4670 23,00 11,00 15,00 13,00
Mean 25,25 15.94 4,08
Comparison of significant effects
Levei of significance
Time 0,05 14,09
Depth 0,05 34,41
Time x Depth 0,05 12,20



Table P8

Effect of sewage on Total Potassium ( per cent)
(Mean value of three replications)
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Profile Sewage irrigation Without sewage

depth T T irrigation Mean
{em) ! 2 T

20 years 15 years 3

0=15 0.02 0,16 0,18 0,05
16=30 0,13 0.10 0,04 0.06
31-45 0.13 0.13 0,08 - 0.11
4670 0,20 0,07 0.19 0,15
Mean 0,13 0,09 0.08

Comparison of significant effect

Lével of significant C.D,
Time 0,05 0,02
Depth 0,05 0,15

Time- x Depth 0,05 0,02



‘Table [
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Effect of sewage on Available Potassium (ppm)

(Mean value of three replications)

Profile Sewage irrigation  Without
Depth T T sewage Mean
(cm) 1 2 irrigation

20 years 15 years T3

0-15 320,00 310,00 210,00 280, 00
16=30 360,00 320,00 213,00 264,33
31=45 375,00 330,00 202,00 302,33
46=70 380,00 360,00 182,00 307433
Mean 358,75 305,00 201,75

Comparison of significant effects
Level of significance CJ.D. .

Time 0,05 164,96
Depth 0,05 285,71
‘Time x Depth 0,05 142,85



Effect of sewage on Total Calcium

Table 20

(Mean value of three replications)

( per cent)

Profile Sewage irrigation Without sewage- Mean
Depth T T irrigation

(cm) 1 5 T,

20 years 15 years
0-15 3,00 1.83 0,03 1,62
16=30 1.45 0,53 0.04 0.67
31-45 2,75 1,79 0,02 1.52
46-T70 2.46 1,83 0,05 1,44
Mean 2 .41 1.49 0,04
Comparison of significant effects
Level of significance C,D,

Time ' " 0,05 0,62
Time x Depth 0,05 0.53



4.2.2.11. Available potassium

The different periods of sewage irrigation did not
influence significantly the available potassium status of
the soils. The potassium status of treatment T, is 358,75 ppm

and that of T2 and T3 were 305 and 201,75 ppm respectively,

The difference in available potassium status of the
soil at different depths due to sewage irrigation was not
significant, The lowest value was 264,33 ppm noticed in
D2 and highest value 307,33 ppm was found in D4. The
interaction particularly time-depth had no favourable

effect with reference to available potassium status (Table 19),

4,2,2,12, Total Calcium

The total calcium content significant differed
among the various treatments, The treatment T1 recorded
the highest value of total calcium (2.41%) while T, recorded

a calcium status of 1,49 per cent and T3 0.04 per cent,

The difference in total calcium status of soils at
different depths exhibited a similar behavious as that of
total potassium earlier reported, It decreased as depth
increased, But the time and depth interaction was not

conspicuous (Table 20).,
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Table 2}

Effect of sewage on Total Magnesium ( per cent)
(Mean value of three replications)

Profile Sewage irrigation . gizgg:t Mean
?ﬁg?h T1 T2 irrigation
20 years 15 years T3
0=15 2,83 T 1424 0.19 1.42
16=30 2.83 1439 0,12 1.44
31=45 1.96 1.20 0,05 1.04
46=70 1617 0.952 0s11 0, 60
Mean’ 2,20 1,06 0.11
Comparison of significant effects
Level of significance ' CoDs
Time 0905 1.04
Depth 0,05 1,80

Time x Depth " 0,05 0,90



Efféct of sewage on Total Sodium

Table 22,

(Mean value of three replications)

( per cent)

Sewage irrigation

Without

Profile Mean
sewage
depth T1 T2 irrigation
(cm) T,
20 years 15 years
0=15 3,06 2,48 1.12 2,22
16=30 2,60 j.90 1,10 1.86
31=45 2,43 1.80 0,83 1.68
46-70 1,70 2,30 075 1,58
Mean 2,44 2,12 0.95
Comparison of significant effects
Level of significance C.D.
Time 0,05 0,73
Depth 0,05 1.27
Time x Depth 0,05 0,63



4,2,2,13, Total magnesium

The total magnesium as influenced by different
periods of sewage irrigation was not statistically signi-
ficant except T1 treatment, The highest value of 2,20
per cent was associated with treatment T1 and lowest value
of 0,11 was found in Tse T1 is found is the superior

treatment and T2 and T1 are on par,

The accumulation was more in depths, D, and D,
and it decreased as depth increased. The accumulation of
magnesium noticed in different depths were not statistically
significant, The effect of interaction on total magnesium

was prominent (Table 21).

4,2,2,14, Total Sodium

Total sodium content differed markedly, The highest
yalue was observed in soils under continuous irrigation
for 20 years T, (2.44 per cent). The accumulation of
total sodium content was more in D, and D, than in lower
depths, But the difference in accumulation of total sodium

in different depths was not significant,

Depth and time interaction confirmed that accumula-
tion of total sodium in D, and D, as brought out above

(Table 22),



4,2,2,15, Cation exchange capacity

The influence of periods of sewage irrigation on
cation exchange capacity was found to be significant in
treatment T,. T, and T; recorded 19.20 me/100 g soil and

11.25 me/100 g soil respectively and wieiroaimeck on par,

The depth variations distinctly caused a change
in cation exchange capacity as it was evidenced from the
present investigation that with the increase in depth the
cation exchange capacity decreased, Pepth D1 recorded an
increased value of cation exchange capacity (19.03 me/100 g
soil). But the cation exchange capacity recorded in

different depths were not significant.

Depth and time interaction records that under all
periods of sewage irrigation‘and non-sewage irrigation
depths D1 and D, continue to record higher and lower values
respectively, Interaction also reveals that T1 recorded the
highest value of cation exchange capacity followed by T2
and T, (Table 28).

4,2,2,16 Exchangeable Calcium

The effect of different periods of sewage irriga-
tion on exchangeable calcium was well pronounced. The
treatments T, and T2 recorded higher values of exchangeable
calcium significantly than T,. Treatment T, and T, are on

par.
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Table 28.

Effecf of sewage on cation exchange capacity
(mm/4100 g soil)
(Mean value of three replications)

Profile Se¥age irrigation giig;gt Mean
?gg?h : 1 Ty irrigation
. TS
20 years 15 vyears

0=15 23,80 - 21.20 12.10 19,03
16=30 20,50 18,96 9.30 16625
31-45 19.80 18.46 11.40 16,55
46=70 . 19.16 18,20 12,20 16,52

" Mean 20,81 19.20 11.25
Comparison of significance effects
Level of Significance C.D,
Time : 0.05 8,72

Depth 0,05 15,11
Time x Depth 0.05 7 .55
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The varied.depths clearly manifested difference in
values of exchangeable calcium indicating that higher values
of exchangeable calcium were being associated with the
surface horizon and the same waiwe markedly reduced as
depth increases., But the accumulation of exchangeable

calcium in different depths were not statistically signi-

ficant,

Significant interaction between depth and time esta-
blished the presence of higher and lower amounts of exchange=
able calcium at the surface and the lowermost horizons
studied under different periods of sewage irrigation..

Further, the treatment under continéoisgewage irrigation

for 20 years viz, T, continued to be superior over others,
(Table 21#) .

4,2,2,17, Exchangeable Magnesium

The exchangeable magnesium showed significant varia-
tion in the soils under sewage irrigation and non irrigation.
Thus,treatments T1 and T2 recorded 16,33 ppm and 13,24 ppm
lrespectiveiy while T3 recorded only 4,06 ppm, Treatments
'1‘1 and T, are significantly superior to T, and they are on
par,

Difference in the accumulation of exchangeable
magnesium with depth could be noticed. The content of

exchangeable magnesium decreased with depth, It was also



Table 24

Effect of sewage on Exchangeable Calcium

(me/100 g soil)

(Mean value of three replications)
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Profile

Sewage irrigation

Without

Depth T T sewage Mean
(cm) 1 2 irrigation
' 20 years 15 years T3
0=15 39.10 38,90 2,50 26,83
1630 - 29,30 23,79 6,30 19.79
31-45 25,29 16,78 11,10 17,72
46=70 24,17 14,29 5.20 14,54
Mean 29,46 23,44 6.27
Comparison of significant effects
Level of significance C.D,
Time 0.05 17 21
Depth 0,05 29,80
Time x Depth - 0,05 14,90




inferred from the time and depth interaction that
different periods of sewage irrigation have certainly
increased the exchangeable magnesium irrespective at

different depths (Table 25),

4,2.,2,18. Exchangeable sodium

A perusal of the results showed that exchangeable
sodium was high in treatment T, and T, than control T,

T, and T, were statistically significant,

As depth increased the exchangeable sodium decreased
and reached the 1owest value in D4. The value in different

depths were also statistically significant,

Interaction of time and depth revealed that T1
is superior in the accumulation of exchangeable sodium

(Table 26),

4,2,2,19, Exchangeable Potassium

The values of exchangeable potassium varied signi-
ficantly among the sewége and non=-sewage irrigated areas,
Treatments T1 and T, wére found to increase the value of
exchangeable potassium over T3. The treatments are in the

order of T1, T2 and 'I‘3e

As depth increased the value of exchangeable
potassium decreased and reached the lowest value in’D4.

From the time and depth interaction studies, it
was learnt that the accumulation was due to treatment

T, (Table 27) .
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Table 25

Effect of sewage'exchangeable magnesium (me/100 g soil)
(Mean value of three replications)

Profile Sewage irrigation Without sewage Mean
Depth T T irrigation
(cm) 1 2 T
- 20 years 15 years
0~15 17,67 16,67 6,33 13,55
16=30 16,65 14,32 3.33 11,43
31-45 15,67 11.33 4,25 10.41
46,70 15,33 10,65 2,34 9,43
Mean 16,33 13.24 4,06
Comparison of significant effects
Level of significance C.D.
Time 0,05 091
Depth 0,05 11.97

Time x Depth 0,05 5.98



Table 26

Effect of sewage on exchangeable sodium (me/100 g soil)
(Mean value of three replications)

Profile depth Sewage irrigation Without sewage
(em) T T irrigation Mean
) 1 2 T,

20 years 13 years

0-15 2,90 _ 1.62 1.41 1,97

16=30 -+ 2,50 1,21 1.10 1,60
31-45 2,06 1.13 0,92 1.37
46=70 2,13 1,27 0.83 . 1.36
Mean 2,39 1,36 1,06

Comparison of significant effects

Level of significance C,D.
Time 0.05 0.31
Depth 0,05 0,54

Time x Depth - 0,05 0,27
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Table 2?

Effect of sewage on exchangeable potassium
( me/100 g soil)

(mean value of three replications)

Profile Depth Sewage irrigation Without

{cm) ’ T T sewage Mean
1 2 irrigation
20 years 15 years T3

0-15 2,20 1,90 1,00 1,70
16-30 2,15 1,66 0.97 1.59
31-45 2,10 1.89 0,80 1.59
46~70 1,70 1.68 0,74 1,37

Mean 2,03 1,78 0,87

Comparison of significant effects

Level of significance C.D.
Time 0,05 . 0.31
Depth 0.05 0,55

Time x Depth 0.05 0.27
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4,2,2,20, Total zinc

In the case of total zinc, sewage irrigated plots

recorded higher values than non-sewage irrigated ones.

Depth showed that D1 recorded a higher value
{71.13 ppm) and value of total zinc decreased as depth
increased. |

Interaction of Time and Depth show’ that T1 accu-
mulated more of total zinc (Table 2%).

4,2,2,21, Total Copper

Total copper content is higher in soils under
sewage irrigatio&and much more so in the treatment subje-
cted to a longer duration of irrigation (T1) compared to
othérs{

Variation in zinc due to different depths could
also be noticed. Howeverbhigh accumulation was found in

surface horizon D, (0O=15 cm) than at sub-surface layers,

Time and depth interaction suggests that sewage
incorporation resulted in an accumulation of copper in '

Treatment T, (Table 29).

4.2.2,22, Total Iron

Sewage irrigation favoured significantly the accu-
mulation of total iron in soil profiles. Treatment T1
accumulated 2,96 per cent of total iron while T2 and T,

accumulated 2,00 per cent and 0.29 per cent respectively,



Effect of sewage on Total zinc

Table 28

( ppm)

" (Mean value of three replications)
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Profile Depth Sewage irrigation Without Mean
(cm) sewage
] T T irrigation
1 2
- .TS
20 years 15 years
0~15 139,10 53,10 21,21 71,13
16=30 91,30 49,10 18,30 52,90
31-45 105,00 35,10 14,11 51,40
46~70 103,00 29,50 11.34 47,94
dean 109,00 49,70 16,24
Comparison of significant effect
Fevel of significance C.D,
Time 0.05 10,60
Depth 0,05 18.36
0.05 9‘18

" Time x Depth



Table aﬂ

Effect of sewage on Total copper (ppm)
(Mean value of three replications)

96

Profile Sewage irrigation Withoui.sewage'
(cm) 1 2 T,
20 years 15 years
O0=15 122,00 111.40 21.30 84.89
16=30 111.10 53.40 18421 60,90
31-45 . 72,66 53.10 18.21 ‘47,99
46-~70 ' 51,33 32,50 . 18,21 34,01
Mean 89,27 - 62,60 18.98
Comparison of significant effects
Level of significance C.D,
Time 0,05 9.95
Depth 0,05 17,23
Time x Depth 0.05 8,61
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T1 is the superior treatment followed by T, and T3.

Addition of sewage tended to improve total iron

at different depths, Accumulation was more at the surface

(Table 30).

4,2,2,23, Total Manganese

Total manganese content was significantly influenced
by sewage irrigation, Maximum accumulation was found in T1;
Treatments T1 and T2 are on par and significantly superior

Variation in depth had a profound influence on
manganese content. As depth increases manganese content
also increases,

Time and depth interactionlreveals that maximum

accumulation was registered at lower depths (Table 31.)

4.2,2,24, Total Nickel

Total Nickel was increased by sewage irrigation
treatments T,l and T2 recorded a nickel content of 1,105 ppm,
But the total nickel content in the three treatments are
not significant,

Variations in depth record that total nickel was
' associated in Treatment T1 and the accumulation was more
in Depths Dy D, and D

3 4° Time and depth interaction suggests



Table 30,
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Effect of sewage on total Iron ( per cent)

(Mean value of three replications)

Profile Sewage irrigation  Without sewage Mean
depth T T irrigation
(cm) 1 2 I,
20 vyears 15 years
16=30 2,53 1.08 0,18 1.43
31-45 3,46 3,06 0,40 2,31
46=70 3.23 1.66 0.42 177
Mean 2,96 2,00 0.29
Comparison of significant effects

Level of significance C.D,
Time 0005 0033
Depth 0,05 0,57
Time x Depth 0,05 0.28



Table 38

Effect of sewage on total Manganese ( ppm)

(Mean value of three replications)

Profile Sewage irrigation Without sewage
Depth irrigation
(cm) 'I‘1 T2 T Mean
20 years 15 years 3
0-15 40,21 89.80 32.21 54,07
16=30 78,52 21.30 65,32 55,04
31=45 73465 89,80 32,21 65,22
46-70 73,65 50,08 63,33 62,35
Mean 66,50 62,74 62,35
Comparison of significant effects
Level of‘significance C.D. .
" Time 0.05 7,71
Depth 0,05 13,36

Time x Depth 0,05 6,68
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that accumulation is more in sewage irrigated plots and
in the surface horizon D, (0-15 cm), since accumulation of
total Nickel was found in some plots (Table 32)(trans-

formed data {( x + 1) is used),

4,2,2,25, Total Lead

Total lead content was significant in treatment

T1 & T2 which are on par,

Depth of the profile suggests that accumulation of
lead was more in surface horizon D1(0-15 cm). As depth
increases the total lead content decreases, The highest

value is 1,2 ppm and lowest value is 1 ppm,

Depth and time interaction suggests that total lead
accumulation was more in the surface horizon in both the
treatments of sewage irrigated Blocks (since the accumula-
tion was found only in some treatments transformed data as

X + 1 is used )(Table 33),

4.,2,2,26, Total Mercury

Mefcury was not traceable in any of the treatments

and in any of the depths,

4,2,2,27, Available Zinc

The available zinc content due to sewage gnd non-
sewage irrigation varied significantly, Treatment T1(2O years

sewage) was significantly superior to others. The treatment



Table 3&

Effect of sewage on total Nickel (ppm)
(Mean value of three replications)

. R .o . Without
gggiﬁle ~ Sewage irrigation sewage Mean
(cm) 'l‘1 T2 ‘ 1rglgatlon
20 years 15 years 3
0-15 ' 1.1673 1.258 1,000 1,142
16=30 1.000 1.161 1.000 1.053
31=45 1.161 1,000 1,000 1,054
46-70 1,105 1,105 1,000 1.049
Mean 1,105 1105 1,000
(Transformed data X + 1)
Comparison of significant effects
Level of significance C.D.
Time ' 0.05 0,02
- Depth 0,05 0,02
0.02

Time x Depth 0.05
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Table 33

Effect of sewage in total Lead ( ppm)
(Mean value of three replications)

Profile Sewage irrigation Without sewage Mean
Depth ) T1 T2 irrigation
(cm) T,
20 years 15 years
0=15 1,20 1.40 1,00 1.20
16=30 1,10 1.00 1.00 1.03
31-45 1,10 1,01 ' 1.00 - 1,04
4670 1.00 1.00 1,00 1,00
Mean 1.10 1,10 1,00
Since all treatments does not show lead content
transformed data ( x + 1) is used,
Comparison of significant effects
Level of significance C.D,
Time 0,05 . 0,11
Depth 0,05 0,02

Time x Depth 0,05 0,02
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T1 recorded the highest mean value of available zinc, The
depth variations show that higher available zinc status at
surface layers and it subsequently reduced as depth increased,
The highest value of available zinc was noticed in D,

(5.43 ppm) and lowest in D, (1.83 ppm).

The above finding was enlightened by a significant

interaction between time and depth (Table 34}.

4,2.,2,28, Available copper

The tremendous influence of sewage irrigation on
available copper over non-sewage irrigation was brought out,
It is of\interest to add thafAthe sewage incorporated fields
(T1 and T2) registered an increase of 94 and 89 per cent
over the non-sewage ifiigated fields (TS)' The prevalence
of available copper was more in depths D, and D, than the
other depths, where the variatian in the available copper

was not impressive.

From the time and depth interaction it was observed
that more :éccumulation of copper in depths.D1 and D2 and less
at deeper layers irresbective of sewage and non=-sewage irri-
gations. Among depths, 20 years of sewage irrigation (T1)

improved the available copper status (Table 35).

4,2,2,29, Available Iron

The available iron in the soil distinctly and

progressively increased significantly as the period of sewage



Table 3/

Effect of sewage on Available Zinc ( ppm)
(Mean value of three replications)
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Profile Sewage irrigation Without sewage
Depth T T irrigation Mean
1 2
(cm) T3
20 years 15 years
0-15 13.10 1.10 2,10 5.43
16=30 6,20 3.80 2650 4,16
31=-45 3,50 2,10 2,30 2,63
4670 2,20 1.20 2,10 1.83
Mean 6625 2,05 2.25
Comparison of significant effect
Level of significance C.D,
Time 0,05 1.54
Depth 0,05 2.68
Time x Depth 0,05 1.34
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Table 36

Effect of sewage on Available Copper ( ppm)
(Mean value of three replications)

NS

hS-

Profile Sewage irrigation Without sewage
Depth T1 T, irrigation Mean
(cm) ' Ia
20 years 15 years

0=15 12.90 8470 0.33 7431
16=30 . B.70 2,20 0,23 3.71
31-45 5,30 2,00 0,15 2,48
46=70 9,20 1.80 0.13 2,37
Mean 8,02 3,67 0.21

Comparison of significant effects

Level of significance C.D,
Time 0,05 0,70
Depth 0,05 1.22

Time X Depth 0,05 0.61
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irrigation increased, T1 is the best treatment followed
by T, and TS’
The influence of different depths was found to be
significant on available iron. The general oﬁservation was
that the availability of iron decreased with increase in
depth, In this context it is well fitting to recall that

total iron increased with an increase in depth in contrast

to available iron.

Interaction between time and depth showed that
sewage irrigation always favoured the available iron

irrespective of different depths (Table 36).

4,2,2,30, Available Manganese

The available manganese increased significantly as
the period of sewage irrigation increased. The treatments

(T,1 and T2) are significantly superior to Tj.

Thé result of different depths on available manganese
was significant, The depth D1 recorded the highest availa-
ble manganese over the remaining depths, Here alsoc the
available manganese decreased the depth increased (Table 37),

4,2,2,31, Available Nickel

The available nickel in sewage irrigated and non-
sewage irrigated Blocks was not significant,
Depth also showed no significant difference in

available Nickel,
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Tables 36
Effect o%‘sewage on Available Iron ( ppm)

(Mean value of three replications)

Without sewage

Profile Sewage irrigation
Depth T T irrigation Mean
(cm) 1 2
: 20 years 15 years TS
0=-15 0.58 0,33 0,05 0,32
16=30 0,48 0,21 0,03 0,24
31=45 0,44 0415 0,02 0,21
46=T70 0.35 0.14 0.01 0.16
Mean 0.46 0,21 0,03
Comparison of significant effect
Level -of significance C.D,
Time 0,05 ' 0,02
Depth 0,05 0,10

Time x Depth 0.05 0,02



Table.gg

Effect of sewage on Available Manganese

Profile Sewage irrigation " Without Mean
Depth T T sewage
(cm) 1 2 irrigation
20 years 15 years . T3
0=15 5.20 4,25 0.04 3.16
16-30 4,58 4,12 0,03 2.89
31-45 3.21 3.21 0,03 2,15
46=70 2,42 2:17 0.01 1651
Mean 3.83 3,42 0,02

Comparison of significant effect

Level of significance C.D,
Time 0.05 0,87
Depth 0,05 0,50

Time x Depth 0,05 0.43
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Time and Depth interaction also does not give

much significance (Table 3%).

Since accumulation of available Nickel was not

found in all Blocks X = 1 data is used for analysis,

4,2,2,32, Available Lead

Only Traces of available lead is present and

only in 2 plots. The Pb content is only in traces,

4.,2,2,33, Total Cadmium

Cadmiqm is a heavy: metal, Its occurrence in
traces at present will not cause-alarm, It is present only
in traces in some treatments and a% some depths, But the
total cadmium was not signifiqant either in sewage treat-

ment plots or with depth (Table 39).

4,2,2,34, Available Cadmium

AvaiTable cadmium was present in traces in some
treatments, The available cadmium in Treatments (T1) was

significant to that of T, and T, treatments,

Different depths also show that cadmium content

is not significant (Table 4%@.'



Table 3%

Effect of sewage on Available Nickle ( ppm)
(Mean value of three replications)
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Profile . Sewage irrigation Witbout_sewage
?§g§h T, T, 1rrlg?t10n Mean
20 years 15 years . 3

0-15 1.01 1.02 1,00 1.01
16=30 1.00 1.04 1.00 1.01
3145 1,02 1,00 © 1,00 1,00
46=~T70 1.02 1.00 1,00 1.00
Mean 1,01 1.01 1,00

-~

Since all treatments do not show available nickel

content, transformed ( x +1) is used

Comparison of significant effect

Level of significance - C.D.
Time 0,05 0,02
Depth 0,05 0.02
Time x Depth 0,05 0,02

All the Blocks do not contain available Nickel

hence {(x + 1) is used for analysis,



Table 39

Effect of sewage on total Cadmium

Frofile Sewage irrigation Without Me
' sewage ean
D?g;? T s irrigation
20 years 15 years T3

0=15 0.0068 0,011 0,000 0,007
16=30 0.0043 0,005 0.000 0,003
31=45 0,000 0.000 0,000 0,000
46=70 0.000 0,000 0,000 0,036
Mean 0.004 0.004 0,000

Since values are not obtained in all treatment X = 1
transformation is used

. Comparison of significant effect

Time
Depth

Time x Depth

Level of significance C.D,
0,05 0.009
0,05 0,004

0.05 ‘0,004
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Table 40
Effect of Sewage on Available Cadmium (PPmM)
(Mean value of three replications)

. Sewage irrigation Without

Profile < s . Mean
sewage irrigation
Depth T, T, 7
(cm) 3
20 years 15 years

0-15 0,003 0,005 0.000 0,0017
16=30 - 0,001 0.000 0,000 00,0005
31=45 0,005 0,000 0.000 0,0018
46-70 0,002 0,000 0,000 0,0008
Mean 0,002 0,001 0.000

Since values are not obtained ip all treatments X = 1
transformation is used

Comparison of significant effect

Level of significance CuDs
Time 0,05 0,001
Depth 0,05 o 0,009

Time x Depth 0,05 0,005
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PLANT ANALYSIS

Twelve plant samples each were collected from the
15 year and 20 year sewage irrigated plots., These guinea
grass plant samples were analysed forlthe different macro
and micronutrients and heavy metals, These nutrients
eventhough showed variation in the 20 year and 15 year .
sewage treatments it does not showed significant differences
. in the two treatments except in Calcium and Iron contenfs;
Nitfogen

Different periods of sewage irrigation showed slight
difference even_though the results were not statistically
significant,

Phosphorus

Different periods of sewage irrigation does not show

statistically significant results.

Potash

Different periods of irrigation does not show statisti-

cally significant difference in the centent of K in plants,

Calcium
The content of Calcium was found more in 20 year
s ewage irfigated Block; and the difference in content was

statistically significant.
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Magnessium

The results show high content in 20 year sewage irfi—
gated plants than 15 year irrigated plants even_though the
results are not statistically significant,
Bodium .

" There is not much difference in the Sodium content of

plants due to different periods of irrigation.

Zinc

The content of Zinc in plant does not show significant
difference in different periods of sewage application,

Coppexr o \

Plants does not show any significant difference in[éﬁpper

content at different periods of sewage application,

Iron

Different periods of sewage irrigation-showed signifi-
cant difference in iron content in plants. -
Manganese

Different periods of sewage irrigation does not .show
significant difference in plant manganese content,
Nickel

Plants does not show statistically significant difference
in Nickel content due to different periods of application of
Nickel,

Lead
Plants does not show statistically significant difference

in Lead content,
Cadmium

There is no statistical difference in plant Cadmium

content by application of Sewage in different periods,
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PLANT ANALYSIS

(Average of 12 observations)

S1.No. Name of element ‘zgwgggrs ;,ngggrs Remarks
irriga- irrigation
tion

1. Nitrogen % 2.38 1.80

2. Phosphorus 0,19 0,17

3., Potassium % 0.99 0.93

4, Calcium % 0,27 0.19

5, Magnesium % 0,24 0.19
6. Sodium % 0,40 0.34

7. Zinc % : 0,01 0,005

8. Copper ppm 0,05 0,03

9, Iron _ 0,005 0,002

10, Manganese ppm 0.002 0,001

11, Nickel ppm 0,003 0,001

12, Lead ppm _ 0,002 0,001

13, Cadmium ppm 0,002 0,001
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CHAPTER V

DISCUSSION

Ah attempt was made to study the influence of
sewage irrigation for 15 and 20 years on soil properties
in comparison to adjaceﬁt sewage non-irrigated plots fram
the sewage farm area of Valiathura near Trivandrum, A
- simultaneous attempt was made to study the plant nutrient
content also in order to assess the plant effects due to

sewage irrigation.

The observation and findings reported earlier are

discussed in this Chapter,

Analysis of sewage water in relation to guantities used

in irrigation - Nutrient load of sewage water and possible

effects based on quantities used

Baséd on the resulits obtained, it is seen that daily
application of 1,355 lakh litres of irrigation water corres-
ponds to the application of 11 kg of total soluble N2,5 kg
P295 and 2,84 kg of K20 per day per ha, The irrigation also
supplies 22 kg of Ca0, 12 kg of Mg0, 3 kg of Na as Nacl.,

'Iﬁ also leads to addition of micronutrients such as Fe, Zn,
Mn and Cu to the extend of 9.9, 0,4, 0,03 & 0,06 mg per day
per ha besides the addition of the heavy metal Cd to the
extent of 0,003 mg,
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These results indicate the enormous quantities of NPK
added to the soil between harvest intervals of the forage at
13 to 15 days. Obviously high quantities are not being utilised
for forage production., The enrichment of the soil in 15 year
and 20 year plots do not account even 1 per cent of the total
addition, The enormous leaching losses and removal from the
site of application is mainly due to the sandy nature of the
soil and the two distinct periods of monsoon viz., South-west
and North-east monsoon with an average annual precipitation of

3000 mm,

5.1. Influence of sewage irrigation on soil physical proper-

ties

A significant decrease in bulk density of the sewage
farm soils due to 20 years of continuous sewage irrigation
was noticed., These differences are significant upto a depth
of 13 cm and from 15=30 cm, from 30-45 and 45-70 the bulk
density has not been significantly enhanced, indicating the
depth of penetration and retention of organic matter from the
sewage irrigation, Similar observations have been recorded by
More&xchan et al.(1972) and Mays et al. (1973) in their studies
on incorporatioen of Municipal refuse, compost & sewage sludge
to the soil. 1In India, Subbiah (1976) and Jayaraman (1981)
reported similar effects in respect of soils studied in Tamil
Nadu. Between bulk density and organic matter upto 15 cm

highly significant negative correlation could be obtained (-0,958)
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Significant negative correlation with organic matter in

soil between 15=30 cm could also be seen,

5.1.2; Structural Indices

Twenty years of sewage irrigation prominently improved
the per cent aégregate stability and stability index of the
soil ( Table 3 & 4), Subbiah (1976) also observed that addi=-
tion of sewage wastes improved the structural indice such as
stability index and per cent aggregate stability. Similar
effects were reported by Jayaraman (1981) in Tamil Nadu soils,
Addition of sewage‘waste could have a striking effect which
may be dué to the factors promoting aggregate stability,
presence of large amounis of calcium and ﬁagnesium. ‘Neverth-
less addition of lime in any fgrm to the soil is found to be
superior to no addition in increasing the water stable aggre-
gates of the soils, From the results discussed earlier, it
has been shown that application of 1,355 lakh litres of irri-
gation water/day/ha is equivalent to the application of 22 kg
of calcium oxide and 12 kg of magnesium oxide. As associated
features, a positive correlation was established by correla-
ting aggregate stability with organic matter under the -
influence of sewage incorporation (0.13.0 for T, and 0,763 for
T3). In the case of water holding'capacity a positive correla-
tion was established with aggregate stability (0,255 for T,

and 0,848 for T2). Available Nitrogen does not show correla-



119

tion with per cent aggregate stability. Available phosphorus
showed a positive correlation with per cent aggregate stability

(0.633 for T, and 0,763 for T,).

5.1+3. Hydraulic conductivity

The sewage irrigation had a depfessing effect on hydrau-
lic conductivity when compared to the unirrigated blocks, Due
to sewage irrigation, the hydraulic conductivity of the surface
soils especiallf ubto 15 cm depth, significantly increased.,
This increase is mainly attributed to accumulation of organic
matter, However, the lower layers are not similarly enriched
with organic matter consequently the difference between hydrauw
lic conductivity of the surface and the subsurface layer
becomes larger and significant. . Organic matter from the
sewage waste could have clogged the sand - gravel interfaces
of the sandy soil or the production of gums derived by enhan-
ced microbial activity due to the organic matter present in
the liquid waste could have increased the per cent aggregate
stability (Table 3) and consequently the hydraulic conducti-
vity., According to Thomas et al.(1966) soil clogging under

sewage Spreading proceeded in three phases,

(i) slow decrease in infiltration rate under aerobic

conditions

(ii) rapid decrease in infiltration rate under anaerobic

conditions and

(iii) further gradual decreases under anaerobic conditions ,



In the present investigation the reduction in hydrau=-
lic conductivity observed might be due to the above stated
TEasons, Fiﬁeiy divided particles occurring in the aerated
effluents could have more easily penetrated the relatively
porous sandy soils reducing the overall penetrability, A
significant negative correlation was registered between clay
content and hydraulic conductivity (=-0.818 for T, and -0,588
for Tz). Exchangeable sodium correlated negatively with

hydraulic conductivity (-0,360 for T, and -0,919 for T,

5.1.4, Water holding capacity

Continuous irrigation with sewage water increased the
water holding capacity of the farm soil as compared to the
non-sewage irrigated soils, Mays et al. (1973) obserVed that
incorporation of municipal refuse and sewage sludge compost
over a period of two years, significantly improved the mois=-
ture holding capacity from 30 per cent to 40 per cent.
Epstain et al.(1976) recorded that application of sludge and
compost increased the water eontent as well as the water
retention capacity of a silty loam soil., It is pertinent to
point out that the accumulation of organic matter in the
soll by way of sewage incorporation could have helped the
formation of soil aggregates and thu%}improved the moisture

retention capacity,



5.1.5. Soil EorOSitY

Sewage irrigation irrespective of depth and periods
of irrigation tended to improve the total and capillary pore
space, In the sandy soils both 15 year and 20 year periods
of continuous irrigation with sewage water had significantly
increased total and capillary porosity. This increase is
related to improvement in aggregation in the surface soils due
to deposition of colloidal and soluble organic materials
carried by the irrigation, By the application of sewage water
the total and capillary pore space in the Black soils of
Tamil Nadu were improved significantly {Subbiah 1976) and
(Jayaraman 1981).

The colloidal nature, binding action of sewage material
and increased biological activities were correlated with pore
space, These in turn might have influenced the secretion, of
various organic compounds that are necessary for improving
the physical condition of the soil. This is in conformity
with the observation of Bocko and Szerszen (1962) who reported
that application of sewage wastes caused accumulation of
organic substances in the soil and increased biological acti-
vities.

5.2, Influence of sewage irrigation on soil chemical

properties

52,7« Soil Reaction

The difference due to sewage ti¥ecatment prominently

influenced the soil reaction by lowering the pH value. The
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mérked reduction in pH with sewage irrigation suggests that
it may be due to the nitrification of some of the applied
ammoniacal and organic nitrogen from oxidation of sulphides
that could have brought down soil reaction.Nahedh (1973)
and Cunnigham et al., (1974) reported that continuous sewage
sludge addition to the soil was accompanied by a decrease
in pH. Literature on the effect of sewage addition in pH
redubtién is too voluminous, neverthless there ig close
agreement with findings of Bocko and Szerszen (1962),
Rgmate and Mor (1966), Subbiah (1976), Ramanathan et al.(1977)
Rajarajan (1978) and Jayaraman (1981) who have obtained

similar results due to liquid sewage additions.

The reduction in soil pH‘Was notable in the upper
0-30 cm than in the lower depths. This might probably be
due to the increased microbial activities in the sewage amended
surface layer upte 30 cm., Sewage incorporation and its
positive impact on microbial activities find extensive support

in the work of Gilbert and Miller (1973).

52,2, Total soluble salts

There was no great change in salinity levels due to
sewage water irrigation irrespective of years of sewage treat-
ment., In fact)Muravsky and Ramatic (1959) and Kelling et al.

(19?3) had shown that séwage irrigation could not alter the
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salinity status of the soil markedly., Nahedh et al., (1973)
also reported that the application of anerobic sludge caused
less effects on salinity, The conductivity values were
slightly high in the surface (0-15 cm) layer than in lower
depths., Similar observations were expressed by Miller (1974)
who reported that sewage amendments caused sliéht increase in

soluble salt content in the land.

De2e3e Organic matter

Irrigation with sewage water had increased the
organic matter content in the sewage amended soils. Thua,
both 15 and 20 years continuously sewage irrigated soils
significanily recorded higher organic matter content than the
control soils, Furtheg,the organic matter accumulatidn
persists till 45 cm depth iyfspite of the fact that the
profile was sandy. However, 0=15 cm accumulates the maximum
amount of organic matter and this was much more so in 20 yr
sewage irrigated plots. This supported the findings of Lunt
(1953) Rgmati and Mor (1966) Day and Stro@blein (1972)
Gaynor Halétead (1976) Lagerwerff et al, (1976) Subbiah
(1976), Rajarajan (1978} and Jayaraman (1981). The build up
lpf organic matter content was 20 to 50 pgr_cent. 20 -years of
'QEWage irrigation recorded a’meap of 3.?@ per cent of organic
matter while only a mean of O.%éiper cent wés registered with

native irrigation, More organic matter was found in the
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surface depth of (0=15 cm). This @ay be due to the resistance
of sewage to further decomposition b)‘; microorganism at lower
depths Murovsky and Remati (1959) emphasisea that the presence
of more organic matter to further decomposition. A sighi-
ficant and positiyve correlation‘uﬁmb noticed between organic
matter and macro and micro-nutrients, Available nitrogen
showed a correlation (0,835 for T1 and 0,936 for T2 treatments)
Available phosphorus (0,725 for T1 and 0,548 for T2 treatments)
Cafion exchange.capacity,(0.498-for T1.and 0,282 for T

2

treatments) Available zinc (0.454 for T, and 0.735 for T

1 2

treatments).

5.244., Soil Nitrogen

The sewage irrigation at different depths and
periods showed significantly high nitrogen content than
sewage unirrigated soil and accumulation of nitFogen at 0-15 cm
depth was markedly brought out. Unirrigated sewage block had
a poor nitrogen content, Increased N accumulation consequent
on sewage irrigation finds suppo;t in the work of Keefar et al.
(1976) and several others, Stewart et al.(1975) reported that
the application of sewage sludge to a loamy soil at the rate
of 2,5 and 5 cm per hectare resulted in a significant increase
in soil nitrogen at 90 cm soil profile, 7This may be probably
due to the large addition of organic matter to the soil which
in turn might have increased the soil total nitrogen.‘Similar

results were obtained by Jayaraman (1981) in Tamil Nadu soils.
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In general, available nitrogen also increased_significantly
in continuously sewage irrigated plots compared to unirrie
gated one, The effect was more with longer duration of
sewage irrigation as evidenced by the high nitrogen content
in 20 yr sewage irrigated plot. This increase further
correlates well with the increase in both Ammoniacal nitrogen
~and nitrate nitrogen recorded in Tables 14, 15, 16 and 17,
Thus irrigation with sewage water increased the concentra-
tion of Ammoniacal nitrogen in the surface layer and decreased
the same with‘depth. This might be due to the retarded
microbial activities and subsequent poor nitrification
processes, as a result of reduction in soil pH which might
have resulted in the greater release of Ammoniacal Nitregen
in the sewage amended surface soil. Menzies et al. (1974)
observed a higher NH, - N content in the soil layer just
below the surface which received raw sludge, Another explana-
tion for the ingreased NH,-N content could be that NH 4=N
present in the sewage might have been adsorbed by the soil
colloids upon the addition of sewage wastes to soil with
subsequent leaching with water, A similar observation was
made by Lance (1972} that the soil intermittantly flooded
with sewage adsorbed NH,-N during the periods under flooding.
Ammeniacal nitrogen was correlated positively with available
phosphorus (0,917 and 0,104 for 15 and 20 years sewage irri-

gation). Similarly ammoniacal nitrogen was also positively
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correlated with total nitrogen (0,300 and 0.885 for 15
and 20 years of sewage irrigation). While Ammoniacal
nitrogen was of a higher order in sewage treated soil,
NO,-N concentiration was comparatively low, irrespective of
the years of treatment (Taylor et al.(1978) and Son et al.
(1978). The increase in nitrate nitrogen content could be
attributed to the increased microbial mineralisation of
organic N and also due to oxidation of NH45N to NOS-N.

The high content of NO4;=N in the third layer may be attri-
buted to the favourable nitrification processes in the
surface and the leaching of the nitrate so formed to the
lower layers, This agrees with the findings of Jayaraman

(1981) also,

Sewage irrigation showed an increase in available
nitrogen status over the sewage unirrigated soils, This may
be due to high organic matter addition and microbial activi-
ties which in turn might have influenced the higher availa-
bility of nitrogen, Ramanathan et al,(1977) and Jayaraman
(1981) in their works showed that sewage irrigation directly

influences the availability of nitrogen in soil,

562,95, S0il Phosphorus

Superiority of sewage incorporation on total and
available phosphorus status of soil was well brought out,

Twenty years of continuous irrigation with sewage water inccreased



127

the P205 content of the soil 7 fold as compared to sewage
unirrigated soil, A higher available phosphorus status in
soils consequent to sewage irrigation has been reported by
perusal made from Tamil Nadu Agricultural University such

as Subbiah {1976}, Ramanathan et al.(1977), Rajarajan{1978)
and Jayaraman (1981). A perusal of Table$18 and 19 reveals
that the concentration of both total and available phosphozrus
decreased with incfease in depth, This might be due to high
iron and manganese contents in the lower layers which could
have rendered phospﬁorus unavailable, Similar resulis were
also reported by Kardose and Hook (1976). There was a slight
migration of phosphorus from surface to lower depths indicat-
ing that phosphorus could move - to deeper layer{under condi=
tions of non-fixation by soil agencies that are responsible
for its fixation., Similar observations were reported by
Hortenstine (1974)0Bhosphorus movement to a depth of 3 meters
beneath a sewage pond.was reported by Lund et al.(1976).
Subbiah (1976), Ramanathan et al.(1977), Rajarajan (1978) and
Jayaraman (1981) had similar observation in Tamil Nadu soils.,
Total phosphorus was correlated, positively with available

phosphorus (0.833 for T, and 0,058 for T,).

De246, Soil potassium
" The total potassium in sewage incorporated soil was
high. But high total potassium content was noticed in the sub-

surface layer (45-70 cm), This may be due to leaching down of



potassium from the top layers through the sandy and porous
soils., Sewage treatment does not show much difference

in available potassium content due to depth, This is in
agreement with Palazzo and Jenkins (1979), The? have reported
that the concentration of K tended to decline with time in
the soil that have received waste water over a period of 5
years, Jayaraman (1981) had similar observation in Tamil
Nadu soils,

5.2,7, Cation exchange capacity

Sewage irrigation tended to increase the cation
exchange capacity of the soil (Table 25), The soils under
study are sandy. The content of clay is extremely low,
Further, continuous irrigation with sewage water has increased
organic matter content in the first 15 cm of the surface,

This increased level of humus in the soil is mainly responsi-
ble for the observed tendency for increased cation exchange
capacity in sewage irrigated sandy soils, Similar results
have been cbtained in Tamil Nadu soils by Ramanathan et al,
(1977) Rajarajan (1978) and Jayaraman (1981)., Further, the
cation exchange capacity has been observed to decrease with
depth (Table 25), This may be due to the accumulation of
organic matter in the surface layers as already discussed.,
Similar ebservations have been made by Siddle and Karolose
(1977) . Cation exchange capacity was correlated positively
with available nitrogen (0.145 for T, and 0,687 for T

5)
and also with other nutrients and clay content.
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J¢2,8+ Exchangeable cations

-Sewage irrigated soil contained higher concentration
of cations such as calcium, magnesium, sodium and potassium,
The higher concentration of exchangeable cations in the
surface layers may be due to the large addition of cations
through the sewage water, Similar results have been obtained
in.neighbouring Tamil Nadu Agricultural University (Jayaraman,

1981) by sewage addition.,

5.2.94 Microhutrients

3

Total and available zinc unde£ sewage irrigation
tended to increase, Adsorptive forces for zinc was probably
greater with the result that much of zinc was adsorbed in
the surface layer. Longer periods of sewage irrigation, 20
years of sewage irrigation increased the available zinc¢ content
éignificantly. There was no perceptible difference in the
lower layers with available zinc content, The increased content
of available zinc in the surface soil probably resulted from
zinc in sewage water. King and Morris (1972a) pointed out
that when a solid sewage sludge was applied to a soil in
which coastal Bermuda grass was cultivated and as the period
of sewage irrigation was increased there was increase in the
available as well as total zinc contents. Webber (1972),
Berrow and Webber (j972) reported that the available zinc in
the soil is likely to be increased with the addition of

sewage,
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Total and available copper contents showed distinct
difference due to different periods of sewage irrigation,
With regard to distribution pattern of total and available
copper, there was increase in the concentration in the first
two depths upto 30 cm than the lower depths, Similar findings
were reported by Berrow and Webber (1972), Gaynor (1973)
and Linnamann et al,(1973). In Tamil Nadu soils similar
observations were reported by Jayaraman (1981)., This higher
concentration of total and available copper in the sewage
farm soil are due to continuous use of sewage water which
contains more copper, Similar view was expressed by Page
(1974} who reported that the application of moist sludge
at the rate of 400 tonnes/ha will add more copper. The
surface horizons of sewage amended soils are further seen
to be enriched with trace elements, Total copper was correla-
ted positively with organic mattef (0.949 for T, and 0,871

for T2) and with available copper (0,903 for T, and 0,931

for T2).

Concentration of total iron in the sewage farm soils
was enhanced with increasing period of.sewage irrigation,
As regards depth, the concentration increased as depth
increased, The available iron also increased in sewage
treated soil, This is in line with the findings of Boswell
(1974) who reported that 0,1 N HCl - extractable iron content

of soil was increased by the addition of sewage sludge.,
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The greater availability of iron was recorded in the
surface layers and the same decreased gradually as the
depth increased, This may probably be due to the addition
of organic matter., This is substantiated by the positive
correlation obtained between the organic matter and availa-

ble iron (0,906 for T, and 0,956 for T2)°

JI

As regards the total and available manganese the
trend observed was similar to that of total and available

iron,

D.2,10., Heavy Metals

Sewage irrigation tended to increase the lead content,
both total and available in soil, In fact the lead content
was more in the surface layer, This higher concentration of
total and available lead in the surface as compared to sub=-
surface in continuously sewage irrigated soils is due to

addition of lead through the sewage irrigation,

The concentration of available lead is also found to
increase with both time and depth, Higher concentration was
noticed in the surface which may be due to fikhe higher content
of organic matter, The decrease in pH at the lower layers
-may alse contribute to the lesser concentration of lead in
the lower layers. Chang et al, (1984@in their findings
have reported that heavy metals (Cd, Cr, Cu, Ni, Pb) accu-

mulated at 0=15 cm and crop removal was insignificant,
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Col, Bourn P and Thornton (1978) have reported high
concentration of Pb in Adricultural soils near lead
mining and smel%iné site§. They further established a
reliable background range of Pb in non-contaminated soils
and a ratio of Pb in contaminated and non-contaminated

top soil,

Nickel concentration is found to increase with
continuous irrigation of sewage water, But the difference
in period of application does not show much difference in
‘concentration of Nickel, Available Nickel concentration is
alsg increasing due to sewage irrigation, The total Ni is
decreasing as the depth increases, but available Nickel
increases as depth increases, This may be due to the
higher mobility, Siddle et al. (1977) observed that heavy

metals move downwards through the soil column by infiltra-

tion.

Higher concentration of cadmium has been observed in
soils continuously under sewage irrigation, Further, the
concentration of cadmium is higher <in the surface-layers-
where greafer accumulation of organic matter also takes
place due to surface irrigation, Available cadmium was found
in traces only at some depth., It may be due to high'mobility

of the metal through infiltration and decrease in soil pH,
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Mahler R.J., et al. (1980) has reported that in addition

to the difference. in the amount of cadmium added to soil
concomittant decrease of soil pH explained the greater
availability of cadmium, Chang et al. (1984) reported that
heavy metals accumulated in 0-15 cm soil depth. Siddle et al,
(1977) reported that Cu and Cd move downwards through infil-

tration.

Repeated sludge application gave a definite distri-
bution pattern for heavy metals which was maintained even
after cessation of sludge application. Mercury was found

only in traces at some depth,

5.2.,1, Plant analysis

Plant analysis revealed that nutrient composition of
forage grass grown for different period of sewage irrigation
did not differ significantly except for their Ca and Fe
content, Furthe5 accumulation of toxic-heavy metals had not
taken place to any perceptible level in the forage grasses.
The results thus reveal that the heavy metals; though
accumulated;{%e only in very moderate concentration, This
is mainly because of the sandy nature of the soils and the

intense leaching to which the soils are subjected both under

irrigated and under rainfed condition,
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Major nutrients

Milne and Graveland (1972) did not find any toxic
symptoms for the sludge application rates upto 101 t/ha,
In sludge amended soil, nitrogen has been the main limiting
factor in crop growth, Phosphorus was released from the
sludge in sufficient quantities for crop growth; provided
nitrogen was available, The high residual P content of the

soill also confirmed this ¢observation,

Day et al.(1975) found that wheat grains grown with
Municipal waste water contain more total protein. Soon et al.
(1978) found that the sludge application at 1600 kg N/ha
each year for 3 years produced hazardous levels of NO; in

homegrass in the third year,

Soon et al.(1978) found that P and Mg concentration
in corn grass and stover were unaffected by Ca sludge treat-
ments whereas K concentration in corn stover and seedlings
decreased by Ca sludge treatments, P, Ca and Mg concentra-

tion increased in homegrass with Ca sludge treatments,

Karleen et al.(1976) stated that Ammoniacal and
nitrate nitrogen concentration was substantial throughout
most of the growing season, P concentration in the drainage
water was much. K concentration did not show large fluctua-

tion,



135

Walsh (1977) reported that uptake of N increased
with sludge application and phosphorus increased with

increased sludge application,

Schofer et al.(1970) found in ear leaf of corn,
higher levels of N, P, Ca and Mg in 112 t/ha of sludge
application. In a lab, experiment, Subbiah and Sreeramulu
(1979) concluded that sewade amendments increased ﬁhe
concentration as well as uptake of nutrients like P, K,

Ca and Mg in sorghum seedlings than controly

Micronutrients and heavy metals

i) Micro nutrients

Walsh et al.(1977) found that concentration in snap
bean leves and pods were less than 50 and 20 Ppm respec-
tively, Under conditions of severe copper toxicity, most
of the excess copper accumulates in roots, very little

translocated to aerial portion of the plant,

Cunnigham et al.(1974) reported that copper is
about twice as toxic as zinc. Corn and Rye took up more
copper from soil treated with sewage sludge supplying an
equal amount of copper, Dowdy and Larson (1975) did not
find any adverse effect of potato yields by amending the
soil with sludge upto 450 t/ha,
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Toxic heavy metals

Peterson (1978) found that in the soil at pH 5,1,

~ six levels after sowing toxicity symptoms and yield
depression were severe moderate and slight on p;ants

grown in soils treated with 80, 40 and 20 kg Ni/ha
respectively., At pH 7, 5 Ni treatments had no visible
effect on the plants, Total Ni level greater than 20 gm/kg
in soils of pH 5.5 or less may cause damage to Qeveral

CTOPS,

Investigation by Sabey and Mart et al,(1975) and
Clapp et al,(1980) indicated that where sewage sludge is
incorporated in the soil the lead contents of the above
ground portion of the plant or;seeds is not significantly
changed, If the sludge is applied as a surface dressing
where a crop is growing (Bose well, 1975), Chang et al.
(1984b) there may be an increase in lead content, Lager _
Werff et al.(1977) suggested that incubation combined with
an increase in pH from 5.1 to 6,5 by liming caused organic
matter to fern or strengthen heavy metals complexes, thus

protecting plants from deleterious effects of these metals,

Plant analysis
Comparison of results of plant analysis of the fodder
guinea grass, grown in the area from 15 year sewage irri-

gated plots in comparison to 20 year sewage irrigated plots
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reveals certain interesting trends which have to be

discussed in relation to the soil status and the nutrients,

Prolongation of irrigation from 15 year- 20 year
results in marked increased in the nitrogen status of the
surface soils (0-15 cm) (Table 12). This enhanced status
in available nitrogen (Table 13), total nitrogen (Table 1g)
Nitrate nitrogen (Table 15) and Ammoniacal nitrogen (Table 14
Teflects itself in the nitrogen status of the guinea grass
grown in them, Thui,on the éverage the nitrogen status of
the fodder frem 12 locations each under 20 years and 15 years
sewage irrigation are respectively, 2,38% nitrogen and
1.80% nitrogen respectively., The protein quality of the
guinea grass from 20 year irrigated plots are then signi-

ficantly higher than thait of 15 year sewage irrigated plots,

In respect of the content of the other two major
nutrients viz. P and K in the guinea grass harvested from
20 year and 15 year sewage irrigated plots, significant
differences have not been noticed, The differences observed
in the soil status in respect of P & K (Table 16 & )
have not reflected itself in the uptake of the same

nutrient by the grass grown in them,

Howeveg both calcium and magnesium contentsof Fhe
guinea grass grown in 20 year sewage irrigated plotsfﬁmﬁfound
to be higher than that in the 15 year sewage irrigated
plots.
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Micronutrients such as Zn, Cu, Fe and Mn show a
2 fold increésed concentration in the guinea grass in
20 year when compared to 15 year sewage irrigated plots;
From the results of the micronutrient status of healthy
guinea grass reported by J.J, Mortvedt, DA.MAYS and G, .
OSBORN it can be seen that the levels reported here are

lower,

From this}it is evident that the soils being sandy
can take up considerable amount of sewage irrigation,
since the major quantities of accumulated micro nutrients
are lost by leaching and through infiltration dufing the

rainy season,

Studies on the heavy metals such as nickel, lead,
and cadmium show that they have also accumulated to the
same extent, However, these heavy metals have not been
accumulated to any toxic level., This moderate levels are
maintained by the leaching and infiltration through the

highly porous sandy soils of the area,
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CHAPTER VI
SUMMARY AND CONCLUSION

An investigation was undertaken in the Sewage farm,
Valiayathura to find out the influence on sewage additions
on the physical and chemical properties of the Soil, The
effect of sewage treatment on the availability and accumula-
tion pattern of both macro and micronutrients in soil and
plant nutrient content were also investigated, The important

findings from the study are:

6.1, Physical parameters

1., Continuous application of sewage water over a period of
20 years decreased the bulk density upto 70 cm of soil
profile, |

2, Twenty years of sewage irrigation prominently improved

" the per cent aggregate stability and stability index.

3, Water holding capacity of the sewage irrigated soil
improved.

4, Hydraulic conductivity decreased as the period of irri-
gation increased.

5, Clay content showed an increase in soils which received

longer periods of sewage irrigation.

6.2, Chemical parameters

1, Sewage irrigation, irrespective of depth, decreased the

pH of the soil,



4.

Sewage irrigation tended to build up the organic
matter status of the soil, The accumulation was

more in surface layer

Sewage irrigation increased the accumulation of ,
nitrogen particularly at the surface O=1Stmmundbwage
irrigation increased the available nitrogen status also,

Incorporation of sewage promoted the total and availa=

ble phosphorus status of the soily

5.Total potassium status of the soil irrigated by

6o

7o

8.

e

10..

sewage water was. increased,

An increase in total and available zinc was manifested,
In the case of copper a similar increase in its total

and available status was noticed.

Total iron and manganese concentration enhanced with

‘time of sewage water application.

Sewage irrigation increased the cation exchange capacity
of the soils,

Areas under sewage irrigation were definitely superior
and having a higher concentration of catiorg such as

calcium, magnesium,sodium and potassium,

The nitrate nitrogen and available iron’ were leached

into the percolating waters as due to the sandy

nature of the soil,



6.3, Plant characteristics

Plant analysis revealed that neither the nutrient
elements grd nor heavy metals reached toxic concentrations

the grass grown in continuously sewage_irrigated areas,

CONCLUSICON

From the present study-it is established that the
sewage water irrigaiion can serve as a plant nutrient source
as well as a soil ameliorant, However, care should be
bestowed while utilising the sewage water for irrigation -
as the accumulation of zinc, iron and manganese in excess
amounts in soils may retard the activity of some of the
soll enzymes and cause disturbances in the process of nitrogen
mineralisation ete, Continuous sewage irrigafion has not
enhanced significantly the heavy metal concentfation in
either the soil or the grass grown in them, This is mainly
atributed to the sandy nature of the soil which allows per-
colation and leaching, Based on the above study it can be
"concluded that the-sewage is a very good source of plant

nutrients yet to be tapped fully.
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ABSTRACT

An investigation was conducted on the physical
and chemical properties of the sewage farm soil,
Valiyathura in Trivandrum District. The sewage farm
soil represents the loose sandy coastal alluvium,

Tﬁe area of the farm extends to 33 hectares under
sewage water irrigation, From the farm areg/é blocks
were selected representing 20 years and another 6
blocks representing 15 years of sewage irrigation,

A comparative study was also made by choosing an

adjacent block irrigated with well water, The whole

area is cultivated with Napier and'guinea grass,

Profile soil samples from different depths
(0-15, 16=30, 31=-45, 46<p0 cm) were collected for the
determinatioﬁof physical parameters such as bulk
density, aggregate stability, stability.index, hydraulic
conductivity, water ho}ding capacity and capillary and
noncapillary porosity, The soil chemical properties
such as soil reacti&n élgptrical conductivity, organic
matter content, total ammonical and nitrate nitrogeq’
total and available major nutrients, secondary nutrients,
micronutrients, cation exchange capacity and exchangeable
cations were also determined from the soil samples

collected at different depths, The plant nutrient
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contentsdue -to 15 year and 20 year sewage irrigation

were also examined,

The results indicated that application of sewage
EAaS'decreased bulk density and hydraulic conductivity
and the gec;ease was well pronounced upto the lowest
depth of YO cm. Sewage irrigation improved the per cent
aggregaté-stability, stability index, capillary and

total porosity irrespective of periods of irrigation.

Sewage irrigation decreased the soil reaction
because of the accumulation of organic matter especilally
in the surface layer of 0-15 cm, Ammoniacal nitrogen
content was in the higher order when compared to nitrate
nitrogen. The CEC of sewage irrigated soils was superior
to the adjacent blocks but irrigated with well water,
Sewage t;eatment§ favourably increased the total and
available NPK, The plant sample analysis showed negli-
gible difference in the major nutrients, secondary
nutrients and micronutrients., There was significant
accumulation of heavy metals such as Pb, Hg, Cd or Ni

in either the soils of the grass grown in them,
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