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ABSTRACT

The present study for evaluating the feasibility of using industrial wastes
in different crops was taken up on Typic Chromustert soil of Navsari during rabi
(1999) and swmmer (2000) seasons in two phases. In first phase, the first pot
experiment was carried out to study the impact of diluted effluents water (RIL
and UPL effluent) on onion (Alium cepa.L.) crop (Direct effect) to find out the
feasibility of curtailing fertilizer use when irrigated with diluted effluents water.
The second pot experiment was carried out in the same pots of first experiment
subsequently after first experiment to study the cumulative effect of diluted
effluents water on growth of fodder mairze (Zea mavs) crop. The results
indicated that 50 per cent recommended dosc of fertilizer nutrients could be
saved in both the cases i.e. direct as well as cumulative cffect due to increase in
fertilizer use efficiency.

The content and uptake of major (N, P and K), secondary (Ca Mg and S)
and micronutrients (Fe, Mn, Zn and Cu) were recorded higher under both the

effluent irrigation treatments as compared to canal water irrigation. The heavy



metals concentration (Pb, Cd, N1 and Co) in plant tissue was of lower limits. The
concentration of such metals remained below critical phytotoxic limits in both
direct and cumulative effect. In case of soil properties, the results did not
indicate deleterious effect due to both effluent irrigation as compared to normal
water lrrigation, The available nitrogen status and electrical conductivity of soil
and the nutrient element like P, K, Fe, Mn, Zn and Cu were increased
significantiy under effluents irrigation. DTPA extractabie heavy metal like Ni
and Co was slightly increased but remained within permissible limits.

As a second part of the study, two field experiments were conducted
wherein, the relative perlormance of different industrial solid wasles such as
biologic.al sludge @ 2.5 tha'and @ St ha'', pressmud @ 5 t ha™, biocompost @
5tha’ and FYM @ 5 t ha”’ alongwith full and half recommended doses of
fertilizers and one control (100 per cent RDF only) were evaluated on cabbage
(Brassica oleracea Var.Capitata) crop as a direct effect and on sumimer
groundnut (drachis hypogea) crop as a residual effect in four replication of RBD
design. The results revealed that direct application of organic industrial waste
could save half the recommended doses of fertilizers. Among the different solid
wastes, application of biological sludge @ 5 t ha™' performed significantly better
than the rest of the materials used. in case of head and stump (Unwrapped leaves
+ stem) yield of cabbage (25.91 and 24.09 t ha™', fresh head and stumip) followed
by FYM, biocompost and pressmud in decreasing order. Besides, application of
all the wastes alongwith 30 per cent RDF practically remained same with 100
per cent recommended doses of inorganic fertilizer only. The major (N, P and
K), secondary (Ca, Mg, S) and micro (Fe, Mn, Zn, Cu) nutrient content in plant
tissue and their uptake by cabbage crop were remarkably higher under

application of different industrial wastes alongwith 100 per cent RIDF, as



compared to control. The concentration ofhezhwy\.‘metals (Pb, Cd, Ni and Co) in
plant parts were below the ohytotoxic limits. Among the different soil
properties, pH remained unaitected. Organic carbon and electrical conductivity
status of the soil was slightly increased. Available major (N, P, K) and micro
nutrients (Fe, Mn, Zn and Cu) were increased under application of solid wastes
materials as compared to control treatment. The heavy metals (Pb, Cd, Ni and
Co) concentration in soil was found non-significant.

In case of residual effect, though the pod yield of groundnut under
industrial waste treatment recorded higher as compared to control but was found
non- significant. However, haulm yield showed good performance under sojid
waste application as compared to control. Maximum haulm yield was recorded
under pressmud application (9340 kg ha™') followed by biological sludge @ 5 t
ha™ treatment (9265 kg ha™). All the major and micronutrients uptakes were
higher under waste material application treatments both in pod and haulm except
N and Mg in pod. While micronutrient (Fe, Mn, Zn and Cu) uptakes by pod was
not significantly affected but in haulm which were higher under waste material
application treatments. The concentration of heavy metals (Pb, Cd, Ni and Co)
in both plant parts were below the phytotoxic limits. Among the different soil
properties, EC was slightly increased where as pH and organic carbon status was
not changed. Available N, P>0)s and K;O were marginally increased. The
available Fe and Zn were increased but ivin aad Cu remained unchanged. Heavy
metal concentration in soil was also not significantly affected as like the direct
effect.

Bulk density and water stable aggregate > .25 mm after harvest of

groundnut was not significarntly affected.
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INTRODUCTION

The current aim of sustainable agriculture is to develop farming systems
that are productive and profitable, conserve natural resources base, protect the
environment and enhance health and safety in long term prospective. Low input
farming system seeks to minimize the use of external inputs like fertilizers and
avoid pollution of surface and ground water and lower the production cost.

In the wake of technological advancement and with the increasing trend in
industrialization and urbanization there is tremendous increase in the production
of industrial effluent and solid waste materials and as a consequence waste
accurnulation has enhanced and its disposal has assumed a serious dimensioris
not only in the western world but also in the taird world. Waste may be of solid,
liquid and gaseous phases. Different kinds of wastes including domestic wastes,
city garbages, sewage efflucats and sludges, vegetable wastes, crop residues,
industrial effluents and sludges etc. affect the snvironment and the harmonious
relationship between the biotic and abiotic com yonents of the ecosysten.

To minimize the harmful effect of such vrastes on land, soil-water-climate
and on overall environment, recycling, reprocessing of wastes from different
sources and \ or putting them to productive use is a must. Limited availability of
fossil fuel and energy crisis are of great concern world wide and every countiy is
now exploring the possibilities of utilizing all the avatlable resources not only to
overcome the energy crisis but also for getting sustainable soil productivity.

Out of 1551 industries in the country 166 were identified as the highly
polluting industries. A huge volume (66 mcm \ annum) of industrial effluents
are given out (Juvarkar er a/., 1992) in India. Effluents \ Wastes, being as
whole toxic and pollutant, are required to be disposed of safely. Because of their
inherent ability to pollute the environment, unscientific disposal poses a very

serious problem to soil and water. With the increasing number of agro-chemical
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industries such problem of disposal of wastes b effluent has increased many fold
and has become a threat to the environment. However, the quality of industrial
waste \ effluents depends upon the raw material used and the products and by-
product produced. Industry wise considerable variation in the composition ol
eltfluent (Bahirat er a/., 1989 and Palaniswami and Ramula, 1994) as well as
solid waste (Bhagavati and Durai, 1996 and Raman et al., 1996) has been
reported. Though most ot the industrial wastes \ byproducts may act as pollutant,
yet some of them may be used profitably in agriculture provided they are used
scientifically and judiciously. There are some industrial wastes \ effluents
containing nutrient elements, manurial and ameliorative elements in appreciable
quantities necessitating their application in agriculture. Development of suitable
technologies to utilize these resources need much atlention., -

Many byproducts obtained from factory \ industry have good potential for
their suitable use in agriculture. Byproducts like phosphogypsum are already
being used as an agent for ameliorating salt aflected soils. It is already
mentioned that industrial solid wastes have good manurial and reclaimant value.
Some biosludge obtained from wastewater by treating suitable bioagents are rich
in organic carbon and others major and micronutrients have good potential to
use in agriculture. Carbonated pressmud or sulphonated pressmud which are
obtained as a byproduct in sugar industry contain high amount ol organic
carbon, nutrients like N, P, K, Ca, S and other micro nutrients (Abubacker and
Rao, 1995), has remendous potential to improve yield of crop. Biocompost, a
humus-rich organic manure {rom waste which is prepared by mixing pressmud
and distillery effluent in the ratio of 1:2.5 (Ramaswami, 1999) with the aid of
bacterial culture has potential to use in agriculture as a manure. Efforts have
been made by many workers (Raman er o/, 1996; Dang and Verma, 1996:
Tiwari es al., 1998; Sawarkar and Dikshit, 1990 and Sarkunan er «/., 1993) for

using pressmud and other industrial wastes for partial substitution of inorganic



fertilizer for improving soil productivity. Patel and Singh (1991) tried it as a
reclaimant in place of gypsum and found that application of pressmud @ 50 per
cent of gypsum requirement increased the dry matter production of rice and
wheat.

Considering the ever increasing demand for irrigation water some workers
(Ajmal and Khan, 1983; Pande er a/,, 1990; Yaduvanshi and Yadav, 1996) have
tried to use the industrial effluent profitably in agriculture giving due
consideration to the quality and quantity of effluent, soil type and crop. Sewage
from Ahmedabad, an important center of textile industries, has been successfully
utilized in growing valuable crops without having any ill effect on irrigated
lands, even though the sewage contains about 30 per cent industrial waste
mainly from textile industries (Mahida, 1981). Hence, there is need to properly
assess the pollution load in different industrial effluents \ wastes and *heir scope
for being utilized profitably. Direct use of wastewater in high concentration
should be avoided for its re-use in agriculture (Ranwa, 1999). Inspite of its
pollution hazard, effluents can be regarded as dilute, liquid organic material witl
fertilizer value. Efforts have been made by many workers (Bahirat ef al.,1989;
Malti et al,1998; Neelam and Sahai, 1988 and Traka ef al.,1998) for using such
effluents for partial substitution of inorganic fertilizer and improving soil
productivity. Therefore, it is necessary to understand in depth, the effect of
addition of effluents on soil properties and yield and chemical composition of
Crops.

Solid and liquid waste materials, if disposed of on land or in the river it
will result in polluting the land, water and atmosphere. All such waste materials
are to be processed systematically and scientifically and utilized profitably in
agriculture.

At present use of chemical fertilizers in agriculture is increasing day by

day, but the production of corarmercial fertilizer is not increasing to meet Iits



demand. l‘urther, with the removal of subsidics, fertilizers have become
éonsiderably costlier. Since, agrochemical eftfluent is rich in nitrogen and solid
wastes rich in organic carbon, nitrogen, phosphorus and potassium and other
macro and micro nutrients required for plants, it can be profitably utilized either
as irrigation water (effluents) or as a manure (solid wastes) to supply nutrients to
different crops. Though some research studies have been done in India and
abroad throwing considerable light on various aspects of the utilization of
industry effluent and solid wastes, yet information is lacking on the use of
effluent for irrigation purpose and solid wastes as a manurial and the prospects
of the possible reduction in the fertilizer use for different crops. Considering the
above views, it was thought worthwhile to undertake the present investigation
with the following objectives. :

1) to assess the quality of cffluent water and solid waste colleeted from
Rallis India Ltd., United Phosphorus Lid., Cynamide India Ltd. and
Chalthan Sugar factory,

1) to investigate the feasibility of usage of effluent and solid waste,

1)  to explore the possibility of saving N, P and K fertilizer through use of’
effluent and solid waste,

Iv)  tostudy the dry matter production and uptake of nutrients by dilTerent
crops,

V) to know the residual effect of solid waste and cumulative effect of
effluent water on different crops,

V) to monitor the soil chemical and physical changes due to effluent and

solid waste.
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T REVIEW OF LITERATURE

With linear increasing trend in industrialization and urbanization, there is
tremendous increase in the production of industrial effluents and solid wastes,
resulting in many times as source of soil and water pollution. Though, most of
the industrial wastes (byproduct) may act as pollutant; yet some of them tnay be
used in agriculture profitably, provided they are used scientificaily and
Judiciously. At present, the wastes are disposed of thrdugh open surface wat:: -
and land system taking it for granted that land is a neglected was“e store. The
quality of the effluent / solid waste affect the soil productivity, depending upon
the nature of the effluent/solic vvasts. the guantity used and thie soil parametoars.
Further, the local climatic conditions also affect the residual polluticn in the soil.
Keeping the above in vicw an attempt is made in this chapter to review _he work
done on some of the Iimportant aspects of effluent water/solid waste and tlieir
utilization for irrigation and manurial purposes, thzir response to the crop and
effect on soil properties.

2.1 Effect of eftflucnt water on crop growth, nutrient accamulation
and quality

The response of a plant to liquid pollutant is an integration ot the erfects
of many factors such as soil type, climate and nature of pollutant.

Larson et al. (1973) reported that industria: organic wastes could be used
safely and effectively with proper precautions to increase soil productivity.

2.1.1 Direct effect of effluent water

2.1.1.1 Distillery effluent (spent wash)

With a view to studying the utility of spent wash (distillery effluert) for its
manurial value, an experiment under field condition was conduct:d by Bajp:i

and Dua (1972) at Rarapur Sugar factory farm where in they used twventy mes



of

diluted spent wash on N basis so as to supply 100, 200 and 300 kg N ha™' and
they found an increase in sugarcane yield up to the dose of 200 kg N ha™', but
the higher doses affected cane yields adversely. They also noticed that the
application of spent wash did not affect cane juice quality up to 200 kg N ha™'.
While in Philippines, Gonzales and Tinaco (1982) applied spent wash to sugar
cane @ 83, 166 and 249 t ha™' in addition to the regular fertilizer. They observed
increase in cane yields over control by 12.3, 10.4 and 10.4 % and sugar yield by
15.4, 13.4 and 16.8 per cent, respectively. Ajmal and Khan (1983) studied the
effect of sugar factory effluent on Vigna radiata and pearimillet in Uttar Pradesh
and 25 % of effluent water substitution was reported to be good for irrigation.

In laboratory experiments, the effects of' 0, 1.0, 2.5, 5.0, 15, 30, 50, 75 and
100% distillery effluent solutions on germination and growth of Vigna radicara
were studied by Sahai er af. (1985). They observed that the germination with O
to 5, 15, 30, 50 and 73% effluent water was 98 to 100, 80, 64, 38 and 18 %,
respectively. Increased eftluen: concentration reduced the earliness of
germination. Treauments up to 5 % effluent increased root and shoot length,
plant biomass, chlorophyll content and seed out put compared to the control.
Above 5 % effluent concentration all values decreased. Mukherjee and Sahai
(1988) observed that in C. cajan the rates and percentage germination and root
length were maximum with the use of 5 % effluent, while shoot length was
maximum due to 2.5% effluent concentration.

The lower concentration of distillery effluent increased seed germination
and early seedling growth in cowpea, rice and sorghum while higher
concentration 1 ztarded not only seed germination but also early seedling growth
(Rajaram and Janaradhanan, 1988). On the other hand iIn soybean the
percentage germination and early seedling growth were markedly suppressed.

Zalawadia and Raman (1994) conducted a green house trial to study the effect of



diluted distillery waste water in sorghum crop grown on a clayey Typic
Chromurstert soil. They indicated that 75 % of the recommended fertilizer
application and irrigating with distillery waste water, produced the yield which
was at par with 100 % recommended dose of fertilizer application with normal
water irrigation. The percent utilization of applied N, P and K though were more
in distillery waste water irrigation with 75 % fertilizer dose than with normal
water irrigation with 100 % fertilizer dose.

Devarajan and Oblisami (1995) conducted a field trial on a loamy sand
soil  (Inceptisol) at Sakthi Nagar, Tamil Nadu on sugarcane CV. Co-853
irrigated with distillery effluent diluted 10 to 50 fold and compared with water
(control). Irrigation with 50- fold dilution gave the highest cane yield of 182.8 t
ha' as compared with to control (159.5 t ha™'). The cane yield decreased with
increasing concentration of the efflucnt in the irrigation water, but the yield was
significantly decreased at 10-fold dilution (149 t ha™). Juice quality also
decreased by with increasing concentration of effluent in irrigation water.
2.1.1.2 Dairy ctfluent

Zabek (1976) working in light soils observed that irrigation with dairy
effluent increased the N, P and K contents of root crops, green fodder, wheat
grain and rapseed by 1.5 and 2 times. But it decreased the Ca and to some extent
the Mg, Cu, Ni and Mo contents particularly in root crops. Dmitrieva er ol
(1979) observed that the irrigation of pastures with dairy effluent at 30-120 mm
(containing 295-1200 kg N, 167-200 kg P,Os and 90-900 kg K0 ha™") resulted
in considerable increase in the green and dry herbage yields visa a visa irrigating
with normal water along with application of mineral fertilizers. The dairy
effluents increased the contents of Ca, Mg, P and K in the plant.

A series of experiments were carried out by Jenson (1981a) from 1971 to

1978 in which dairy waste water was applied to a number of crops on sandy



soils and compared with non-irrigated, non-nitrogen fertilized plots. Application
of 360 mm of dairy waste water increased yield of cereals by 75 %, grass and
clover grass mixture by 67 % and root crops by 46 %. Ajmal er al. (1984)
observed that the plant height was reduced by the use of dairy processing
effluent (100 %). But, 25 % or 75 % effluent resulted in increased plant height
in kidney bean and pearl millet.

Gautam and Bishnoi (1990) reported that germination of wheat seed with
undiluted and diluted (1:1) dairy effluents and tap water was 96, 96 and 92 %,
respectively. The diluted effluent was most effective in increasing growth and
biomass production, followed by tap water and undiluted effluent in that order.

2.1.1.3 Papermill effluent
Rajannan and Oblisami (1978) observed a reduction in germination and

growth of rice, blackgram and tomato crops with the use of papermill effluent,
when used directly. But, the diluted effluent enhanced the growth of these
crops.

Chaudhari et a/. (1987) reported the germination percentage and seedling
growth of maize seeds to increase with the effluent concentration of up to 25%
and decreased at the higher concentration. It was suggested rthat papermill
effluent after proper dilution (25 %) can be used for irrigation to maize crop.
Fazeli er al. (1991) reported that the concentration of Cu, Pb, Zn, Ni, Co and Cd
in coconut water, root and leaf were above the permissible limits when irrigated
by papermill waste water. On the other hand Malti ef al. (1998) observed the
possibility of the use of diluted papermill effluent (1:1) for irrigating rice crop

without any adverse effect on the growth and yield of rice.



2.1.1.4 Fertilizer and chemical factory effluents

The effect of pollution by effluent from a chemical and fertilizer factory
on several growth parameters on wheat crop was investigated by Tripathi and
Ambasht (1981) on four sites [I II III and IV (control) affected by decreasing
pollution levels]. They showed an inversely proportional and significant
relationship between the growth parameters and levels of pollution. Although
the length of shoot and number of tillers in case of least polluted habitat (site
III), were slightly higher than that of control habitat there was a sharp reduction
in shoot length (37 %) and number of tillers (39-60 %) at moderate and highly
polluted habitats (site 11 and site I). The number of leaves and stem diameter of
wheat plant was reduced considerably at the polluted habitats. There was 35 to
45% decrease in the average length of ears at heavily and moderately polluted
site. The overall growth performances of plants on sites I and II was very poor
and on site IIT it was slightly less than that of the control plants (site IV).

Striban er al. (1986) studied the effect of chemical fertilizer factory
effluent containing 84-308 kg N ha™ on potatoes. The commercial tuber yiclds
increased with N rates up to 252 kg ha applied through the effluent water.

Neelam and Sahai (1988) investigated the impact of various concentration
[viz., 1, 2.5, 5,10, 15, 30,50, 75 and 100 %)] of fertilizer factory effluent on
seedling growth, pigment content and biomass of sesamum (Sesamum indicum
Linn) and indicated that values of germination percentage and speed of
germination index increased with an increase in the effluent concentration up to
5 % and decreased thereafter. The length of radicles, seedling biomass and
pigment content increased when the plants were treated with up to 10% effluent,
then decreased. The carotenoid content, however, increased with effluent

concentration up to 30 %. Fertilizer factory effluent, normally highly toxic to
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plants, may be used for irrigation after dilution to 10 % of the original
concentration.

To evaluate agricultural usefulness of a byproduct containing ammaonium
sulphate and ammonium nitrate obtained during simultaneous desulphurization
and denitrogenization of power station flue gases as a fertilizer; a pot experiment
was set-up with maize crop by Niedzwiecki er a/. (2000). The equivalent of 0.3,
0.9 and 2.7 g N pot”' was supplied as the byproduct, ammonium sulphate or
ammonium nitrate or no fertilizer was applied. N application significantly
increased the content of total N in the upper parts of the maize and its roots. The
by-product was recommended as a useful N fertilizer for maize.
2.1.1.5 Tannery effluent

Pande et al. (1990) studied the effect of tannery effluent applied to
sugarcane field in graded concentration viz., 0.0, 8.75, 17.5, 35.0, 70.0 and 140
m® ha! on sucrose content and cane yield. The dry matter production of leaves,
sheath stalk, cane height and weight markedly increased up to 70 m’ ha™' supplv
of the effluent. Sucrose content in cane juice showed a significant enhancement
due to effluent up to 35 m® ha™! and reducing sugars showed a linear increase up
to 140 m® ha' supply. Raw tannery effluent reduced N, P and K uptake by finger
millet crop but the diluted effluent increased the uptake (Kumaravelu er al.
2000).
2.1.1.6 Other effluents

Jensen (1981b) found that irrigation with potato factory etfluent increased
yields of barely, rye, oats, rape, potatoes, beet and grass by 13.4, 14.3, 28.9, 8.1,
4.4, 8.9 and 53.1 hay kg ha’', respectively compared to irrigating with normal
water and application of P and K fertilizer. A field study conducted by King

(1982) showed that grass yields with untreated and treated industrial waste water
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was equal to or greater than yields with control. Recovery of nitrogen applied
through waste water ranged from 20 to 30 %.

Ajmal and Khan (19¢4a) reported that germination of pea and wheat
seeds were 80 % and 90 %, respectively when raw undiluted brewery effluent
was used for irrigation. The germination’s were 100 % in both the crops with
50% and 25 % brewery effluents. The growth of the plants was maximum in soil
irrigated with 50 % effluent.

Smith and Hayden (1984) reported the nitrogen from potato processing
waste water to produce a maximum corn yield with about 200 kg N ha
annually. Kansal and Singh (1983) observed that the plants (maize, berseen,
cauliflower, spinach) collected from municipal waste water irrigated soils had
considerably higher contents of Fe, Mn, Zn, Cu, Pb and Cd than those from tube
well irrigated soils.

Khatri and Jamajum (1988) based on field trials conducted on a clay loam
soil observed that sewage water irrigation increased the total dry matter yield of
sweet corn. The Ni, Cd, and Pb content in leaves and seeds were unaffected by
irrigation with treated waste water, whereas the content of N and K increased
The P content tended to get reduced marginally.

Marecos er al.  (1989) observed higher yield of sorghurn crop with
sewage water than plots irrigated with potable water and given commercial
tertilizers, suggesting that th: nitrogen content of waste water can replace the
commercial fertilizers. No significant crop composition changes were noticed.

Tripathi er al. (1988) observed maximum tuber yields with treated sewage
effluent irrigation (28 t ha™') followed by raw sewage (22 t ha™') and tube well
irrigation (16 t ha™'). Very low concentrations of heavy metals (below
permissible limits) were observed in tubers from the raw sewage Irrigations

treatments,
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Stahl and Williams (1986) reported that oil shale process waste water was
toxic and lethal to blue bunch wheat grass, whereas, in a pot culture study
Stehlik (1987) observed that undiluted yeast factory waste water had little or no
inhibitory effect on sinapsis alba germination. The dry matter and fresh yields
increased up to 50 times diluted waste water irrigation. Plant Ca, Mg and P
content reduced and Na content increased by the mixed waste water application.

Siiigh et al. (1991) studied the effect of refinery effluent on yicld :nd
heavy metal contents of berseem grown on a salt affected soil. The results
indicated that the dry matter yield of berseem decreased significantly with
increasing number of iriigation win refinery effluent water. The concentration
of Fe, Mn, Zn, Cu, Pb. Cd, Ni and Cr in plant tissues increased significantl,
with increasing number of iirigation.

Traka er al. (1998) studied the effects of treated effluent from a waste
water plant or a nutriert solution on the production of green howu.e tomatoes, in
combination with two substrates [ perlite and a 1:1 mixture of perlite and
zeolite] in Thessaloniki, Greece. Fertigation with treated waste water, without
supplying additional nutrients improved fruit quality (% of soluble solids) but
increased the incidence of blossom-end rot. The pH of the fruit juice and fruit
firmness, were not affected. The number of marketable fruits decreased by 18
%o, their total weight dec case:l by 34 % ar 1 mean fruit weight decreased by 13
% in comparison with fertigation with the nutrient solution. Reduction in fruit
yield and increases in physiulogical disorder caused by unbalanced nutrition
could be corrected by ad isiing the concentraticnn of autrients in waste water
effluent.

Gladis er al. (1999) to study the effect of waste water irrigation ard
graded levels of N and P fertilization on hydrogen cyanide (HCrl) and nitrate

content of fodder sorghuni Var. Co-27. The HCN and NO; contents were high ir.
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waste water irrigated fodder and the highest value was registered with cattle
shed wash. Application of N increased and that of P decreased these¢ toxiz
components in fodder. As crop advanced, a decrease in HCN and NOs contents
was observed. The trends suggested that a delayed harvest of the fodder would
extremely prove safe,

Influence of treated sewage and tube well water irrigation with differeit
fertilizer levels on rice was studied by Tiwari et al (1996). With eight
treatments combination involving four levels of fertilizer (0, 25 %, 50 % and
100 % RDF) and two levels of water i.e. tube well water and treated sewage
water. They found that 50 % of fertilizer for production of rice could be saved
when rice crop was irrigated with treated sewage water.

Ranwa (1999) recommended that treated waste water when used in low
concentration with canal and tube well water may have a good effect in crop
growth and yield. The direct use of waste water in high concentration should be
avoided for its reuse in agriculture.

2.1.2 Cumulative effect of effluents
2.1.2.1 Sewage effluenf

Narvaal er al. (1991) cor fucted a green house study to investigate thc
effect of nickel enriched sewage water on the accumulation of nicke] and other
heavy metals in corn. They found that corn yield varied depending upon the
level of Ni and nature of soil. Lower levels of applied Ni showed beneficial
effect on corn yield, V/hereas, at higher levels there was sharp reduction in
yield. The maximum reduction in yield occurred at 200 ppm Ni. Application of
sewaze water for eight years to soil did not result in accumulation of Ni, Zn, F2,
Mn and Cu in the plant tissues. Nickle showed a synergistic effect on the uptake
of Mn and Fe, but the levels of these metals were within the concentrat.on range

considered tc be normal for plant growth.
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Cambell er al. (1983) studied to assess the long-term effects of applying
municipal wastc water on agricultural land under semi-arid condition of alfalla,
sweet corn and wheat crops. Plants grown on effluent irrigated sites had greater
growth rates, dry weights and yields than did plants grown on irrigated control
sites. Chemical analysis for metals in plant parts showed that Na was higher in
plants growing on the waste water site, whereas Cu, Fe and Zn were much
higher in plants harvested on control sites.

Jayaraman (1988) studied the effect of different nitrogen levels on forage
yield of bajra hybrid under sewage irrigation. Irrigation with sewage effluent
gave higher yields in the 2" year than in the 1% year. Datta er al. (2000) studied
the effect of long-term application of sewage effluents on fodder crops. They
indicated enhance K removal as a result of higher dry matter production. They
also observed that concentration of metals in all crops were below the
generalized critical level of phytotoxicity except Fe. Plant analysis revealed that
metal toxicity has still not inflicted these soils inspite of these having been
irrigated with sewage effluents for more than three decades. Among the different
crops (Citrus, chillies, brinjal, hybrid brinjal, carrot, bottle guard radish and
rose), citrus and rose was poor accumulators of metals and could be grown on
metal polluted soils and growing of the vegetables on such soils could be
avoided.
2.1.2.2 Industrial effluent

Day et al. (1976) indicated that, cotton, sorghum and barley grown in
rotations and irrigated with standard sludge treated waste water containiag 24
mg N, 8 mg P and 10 mg K L' or given N P K fertilizer and irrigated with well
water produced comparable yields.

Yoshika (1981) conducted a field trial for ten years irrigating different

crops with waste from a potato starch factory and found that application of 20 L

IS



m? resulted in excessive vegeuative growth in maize and wheat. He also
concluded that the quality of effluent water to be used for irrigation should be
based on the optimum quantity of K requirement of the crop and N and P should
be applied as fertilizer.

Field trials on agricultural crops were conducted during 1986-87 at
Rastriya Chemicals and Fertilizer Ltd. Thal (Maharastra) by using urea factory
effluent of 50 to 600 ppm N concentrations as irrigation and nitrogen sources
Nitrogen added through effluent during the crops season ranged between 22.8
and 1583.1 kg ha™'. Efftuent irrigation and fertilizer increased the forage and
grain yields of maize. Grain yield of maize was recorded 3.83 t ha”! when
nrigated with effluent of 600 ppm N concentration with basal dose of P,O; and
K20 @ 30 : 30 and 60 : 60 kg ha™' generated maxil'num grain yield of 6.0 and
4.10 t ha™! during 1986 and 1987, respectively. The performance of groundnut
and jute crop under effluent irrigation at higher input rates of phosphorus
fertilization showed that percent increment in yield of groundnut pod and jute
grain over conventional recommended practices and maximum percent
increment was noticed to be 49.8 and 80.4, respectively (Bahirat e al., 1989).

In a lysimeter study Totawat (1991) observed that zinc smelter effluent
did not alter the yields of kharif ard rabi maize, urid, gram and wheat crops. The
diluted smelters’ eftluent when used for irrigation increased the content of zinc
in seed and stover of rabi crops, but did not have apy effect on combination of
kharif crops.

Pathak er al. (1998) carried out a field experiment to study the feasibility
of distillery effluent for irrigation. During rabi and kharif seasons of 1993-94,
wheat and rice were grown in sequence on the farm of Oath sugar mills, Sitapur
(UP). They found that application of distillery effluent increased the biomass
yield of wheat and rice. Similarly, Achari er al, (1999) studied the effect of
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paper mill effluent on the yield of rice and reported that effluent irrigation did
not affect the grain and straw yield of rice in both the seasons.
2.2 Effect of effluent water on soil changes

Use of eftluent as irrigation water has been reported to affect the soil
markedly. It has been reported that effluent water reduces the soil pH (Intraweck
et al.,1982), affects the microbial population (Emmiamath and Rangaswami,
1971), retards the nitrification process (Pang et al.,1975), increases ground water
pollution (Smith, 1976) results in accumulation of salt (Subbiah and Ramula,
1979) and increases losses of N through leaching, volatilization and
denitrification (Smith, 1976), but if used in a proper way, it may not create any
problem and many times it has been reported to improve the soil productivity
(Adarkatti and Rao, 1980 and Anon.,1989).

2.2.1 Direct effect of effluent on soil changes
2.2.1.1 Distillery effluent

Singh (1961) used neutralized spent wash and observed marginal decrease
in soil pH. The values regarding total nitrogen, total and available potassium and
available phosphate were found higher in treated plots with spent wash than n
control. Similarly Yang (1968) applied diluted spent wash (1:3) with chemical
fertilizer and studied soil properties after harvest of sugar cane crop. He noticed
increase in available K status of the soil.

With a view to study the utility of spent wash (distillery effluent) for its
manurial value an experiment under field condition was conducted by Bajpai
and Dua (1972) at Rampur Sugar factory farm. Due to addition of 20 times
diluted distillery etffluents, the pH value were not affected while organic carbon
content was decreased and N content was increased. In a small scale field trial
Subba Rao (1972) studied accumulation of salts and organic matter in the soil

due to application ot 10 times diluted anaerobic lagoon treated spent wash as a
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source of hrrigation water. He noticed increasing available K to the extent of
about 5000 kg ha™'. The soil pH was increased from 7.5 to 8.0 and EC from 0.1
to 0.4 dSm™'. On the basis of | year dates he concluded that addition of distillery
effluent had no deleterious effect on soil properties and on the crop yield.

Somawanshi and Yadav (1990) conducted a soil column experimen: with
spent wash (distillery effluent) on soil chemical properties and composition of
leachate at Rahuri. They observed that very dilute spent wash did not add much
of the soluble salts to the soil, if sufficient soil solution was drained out. But
higher quantity of concentraied spent wash would build-up the salt load
particularly of CI" and SO™ of Ca, Mg and Na both in the soil and in the
underground water.

Zalawadia and Raman (1994) studied the effect of diluted distillery waste
water on sorghum crop grown in a clayey Typic Chromustert and indicated that,
after the crop harvest, the electrolyte conductivity, organic carbon, available N,
Pand K in soil were higher with the use of effluent water than the normal water
at the same level of fertilizer application. Similarly Devarajan and Oblisarmni
(1995) observed that soil pH, salinity, N, P, K, Ca and Mg content were
increased with the distillery eftluent irrigation as compared to normal irmgation
water,
2.2.1.2 Industrial effluent

A field study was conducted by King (1982) to determine whether
untreated industrial waste water can be applied to soil without adversely
affecting crop growth and soil properties or posing ground water pollution
hazard. The result indicated that waste water irrigation increased the
concentration of P, K, and Ca in soil and increased soil pH (7.4 to 7.8), sodium

accumulated in sub soil to an exchangeable Na percentage of 10.
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Ajmal and Khan (1984a) observed that the application of brewery effluent
to the soil increased the contents of available nutrients in the soil. The content of
available potassium, organic matter, ammonical nitrogen and phosphorus
increased while the pH decreased, with increasing concentration of the effluent.
The CaCQ; content of the soil decreased when irrigated with 100 % or 75 %
effluent, while it increased with 50 % to 25 % effluents. The surface soil had
higher values of N, P, K and organic matter than the sub-surface soil. They
(1984b) further studied the effect of vegetable ghee factory effluent in four
different concentration (25 %, 50 %, 75 % and 100 %) on certain physico-
chemical properties of fertile soil. The effluent at all dilutions raised the
concentrations of water soluble salts, CaCQ;, NH,-N, potassium, phosphorus and
organic matter of the soil. The greatest changes were, however, caused by the
undiluted effluent.

In the soil irrigated with dairy processing effluent, there was increase in
the pH, organic carbon, CaCQ;, water-soluble salts, cation exchange capacity,
nitrogen end phosphorus (Ajmal ef a/.,1984). Addition of oil shale process water
in the soil, increased concentration of Ca, Mg, Na, NQOj; and NH, nitrogen and
electrical conductivity of the soil (Stahl and Williams, 1986). Rasiab er «/.
(1990) reported that the oil refinery effluent reduced the water retention in soil
by approximately 10 % but increased the saturated hydraulic conductivity by
about 50 %.

Sivaswami (1990) studied the effect of tannery effluents and tannins on
microbial population and nutrient states of the soil. In taniliquor treated soil,
Azotobacter population increased whereas, bacterial and fungal population
decreased. Except nitrogen copper and iron all other elements contents
increased. In 1991, he suisequently reported that the taniliquor treatiment

slightly reduced the pH and available N of the soil, whereas, tanin amendment
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increased N, P and K content in soil. But depleted copper and iron in soil and
improved manganese status and increased slightly Zn status of soil.

A pot experiment was carried out by Singh ef al. (1991) to study the effect
of refinery effluent on the yield and heavy metal content of berseem grown on a
salt affected soil. The results indicated that DTPA extractable Cd, Cr, Cu, Fe,
Mn, Ni, Pb and Zn contents in the soil increased significantly with increasing
number of refinery effluent irrigations. Totawat (1991) found that the use of of
diluted zinc smelter’s effluent for irrigation resulted in several hundred-fold
increase in DTPA extractable Zn in the surface layer of soil. A marked build-up
of the available metallic catioas especially Fe, Zn and Cu occurred at a depth of
60 cm in soil. The accumulation was more in fine textured soil than in soil with
low clay content.

Malti et al. (1998) carried out a field experiment at Agricultural College
Research Institute, Killikulam (T.N) to study the influence of the paper factory
effluent on soil available micronutrients and yield of rice. They reported that
diluted effluent irrigation (1:1) increased the available N, K status whereas, I
status in soil decreased.

A pot experiment with maize was set up to evaluate agricultural
usefulness of a by product containing ammonium sulphate and ammonium
nitrate obtained during simultaneous desulphurization and denitrogenization of
power station flue gases as a fertilizer by Niedzwiecki er al. (2000). They
observed similar effects on the contents of total N, available K, P and Mg, total
major elements (I, P, Mg, Ca, Na) and trace elements (Co, Cd, Ni, Pb, Cu, Fe)
in the soil except that the by product ammonium sulphate decreased the soil

reaction.
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The tannery effluen: irrigation increased bulk density, pH, Elec‘rica'
conductivity and organic carbon of :0il in pot culture condition after har e:t of
finger mrillet crop (Kur-aravelu er al., 2000).

2.2.2 Cumulative effect of effluents on soil changes
2.2.2.1 Distillery effluent

Escolar (1966) reported that the application of four acre inch of distillery
slops and black strap molasses had a favourable effect on soil aggregates
stabilization in the clay soil. Soil hydraulic conductivity values i2nded o
increase. The relatively bigh content of we =r stable aggregates in the soi’ at th,»
time of removal of fourth crop indicated resistance to decomposition of the
organic cementing or binding tgent present in the slops and molasses.

A preliminary laboratc -y expcrianent was u-.dertaken by Jadhav (1973) to
study the influence of anaerobically treated spent wash used as Jrrigation on
some physical and chemical properties of non-calcareous medium blaclk soil. [He
reported that, due to periodical addition, the soil pH increased slowly, whereas,
EC, water-soluble cations and anions, sodium adsorption ratio and potassium
adsorption ratio increased rapidly There was benreficial effect of periodica:
spent wash addition o.1 available N, P and K contents of the soil. Pathak = a/.
(1998) studied the feasibility of distil.ery efi uent for irrigation in sandy loem
soil on wheat and ricz grown in sequence at Sitapur (U.P.) Applicution of
effluent increased the F.C in the post harvest soil after wheat cron. However, the
EC of the soil after ric~ crop decreased. There was not significant change in soil
pH due to application of effluent after wheat and rice crop. An increase in
organic carbon content as well as K status was observed with effluent

application.
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2.2.2.2 Industrial eft’ ucat

Kannan and Oblisami (1990) reported that the irrigation of sugarcane
crops w.:h combined pulp and papermill effluent increased soil pH, orgesaic
carbon, N, P, and K. Over a period of 15 years, effluent application increased
exchangeable Na by 4.5 fcld compared with control soil (Well wazer irrigation).
Similarly the soluble sal*, organic carbon and available K content in sandy loam
soils of Coimbatore was observed due to prolonged use of a papear mill effluert
by Palaniswami and Ramul: (1994).

Bansal et al. (1992) while working at Punjab Agricultural University,
Ludhiana on accumulation and bio-availability of Zn, Cu, Mn and Fe in soils
polluted with industrial v.aster water (IWW) found that soils irrigzted with IWW
had lower pH but higher organic carbon as compared to those, which received
tube well water (TW) as a source of irrigation. DTPA extractable Zn, Cu, Mn
and Fe largely accumulated in the upper 15 c¢m depth and the extent of their
accumulation depended on the period of use of IWW. In the 0-5 cm :50il laye-
the respective value of DTPA available Zn Cu, Mn and Fe were 0.9, 1.6, 5.2 and
28.5 mg kg! soil where tube well water was used for irrigation end the use of
IWW for five consecutive yea:s increased these values by 52, 16, 4 and 3 times,
respectively. The biouvail: bii vy of (hese e'ement: to wheat depended no* only
on their content in soils but also on the levels of intecacting metal icns.

Achari et al. (1999) studied the effect of effluent of the paper mitls. Soils
irrigated with papermill effluent revealed higher pH and EC. Effluent irrigation
in general increased the wvailable N and K and decrezsed available P. DTPA
extractable Fe, Mn, Zn and Cu were also increased due to effluent irrigation.
Malt et af. (2000) at C.heramahadevi (T.N.) observed that soils hrrigated v.it":
paper mill waste water increased the pll and E Z in both the seasons »° rice Crop.

Gypsum was better in 'owering pH than rice husk ash, whereas, for EC the rice
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husk ash was proved better. DTPA extractable Zn, Cu, Fe and Mn lLuge.y
accumulated in the upper 1[5 cm soil depth and the extent of accumulation was
increased with increased time of application.

2.2.2.3 Sewage Walter

Kuhad er al (1989) studied the mobility and accumulation of heavy
metals in agricultural soils receiving sewage water trrigation enriched v/ith
heavy metal industry effluents. The soil was highly contaminated with Cc, Pb,
Ni, Zn, Cu and Fe duc¢ to long term use of raw sewage waters for irrigating
crops. Maximum accuir.u.ation of heavy metals was observed in the surface
horizon. Khatri and Jamajum (1988) reported that waste water usage increased
soil EC and organic matter content of surface soil compared with normal water.
Further, the waste water irrigation greatly increased extractable soil P snd K.
The trace nutrients were slightly increased and heavy metals were not affected.

In a loamy sand soil where liquid sewage sludge of Cairo city was used as
source of urigation Abdou and Nennah (1980) reported that with the use of
liquid sewage sludge year after year, the total and soluble forms of
micronutrients (Fe, Mn and Zn) increased in the =oil. Subsequently Nennah er
al. (1982) found that use of sewage effluent increased soluble boron and heavy
metals (Pb, Cd, Cu, Cr and Co) in soils of Cairo.

Long term sewage irrigation increased soil crganic matter content and
improved the physical-chemical and hydrological properties of the soil (Bocko,
1980). The influence of territory treated domesiic effluent on 14 soil
biochemical properties was studied in a Monterey pine (Pinus radiates) forest
on voleanic soil. The soils were irrigated with either effluent or water with 1wo
ordinary ratss (49 and 75 mm wk'™') surface soils (0-5 cm) were collected from
the effluent irrigated ard adjacent non-irrigated control sites anniually for 3 yrs

and for 2 yrs from the -.vater irrigated sites. Effluent irrigation significantly
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increased pH, invertase activity, denitrification, mineralizable N and extractable
nitrate. These increases were not observed in the water irrigated soil, suggesting
that changes resulted from effluent chemistry rather than additional water
loading. Phosphate activity decreased with both water and effluent irrigation. No
changes were observed in a total N, total K, basal respiration, microbial
biomass, sulfatase activity or extractable ammonium in the effluent and water
nrigated soils. Both rates of effluent application had the same effect on soil
properties indicating that the threshold rate, which changed soil properties was
49 mm of effluent per week (Schipper et al,,1996).

Datta et al. (2000) compared the soil properties between sewage effluent
irrigated soil and tube well water irrigated soil at IARI, New Delhi. In sewage
effluent irrigated soil variation ranging from 7.1 to 8.4 in pH and 3.5 to 7.7 e
kg in organic carbon. The corresponding value of pH and organic carbon in
tube well water irrigated soils were 7.3 to 8.4 and 3.7 to 5.8. Accumulation of
available P occurred in sewage effluent irrigated soil, such an increase was 180
% on the contrary decrease to the extent .»f 20% was in available K. IDTPA
extractable Zn, Cu, Fe, Mn, Ni and Pb content were increased by 127, 200, 22,
247, 100 and 29 % due to long term use of sewage effluents over adjacent soils
irrigated through tube well water. The DTPA extractable Cd and Co were below

the limits of analytical detection.
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2.3 Effect of solid waste on crop growth, nutrient accumulation and
quality

2.3.1 Direct effect

2.3.1.1 Industrial solid waste

Sawarkar and Dikshit (1990) conducted a green house experiment with
maize and soybean in Kharif 1987-88 on a soil (chromustert). Oxalic acid
manufacturing waste material was applied @ 0, 10, 20 and 30 t ha’ in both the
experiments. They found that dry matter yield of maize and soybean increased
with increasing levels of waste material. This increase was about 70 % with
highest level of waste material (30 t ha™') over control because of wasie material
contained 16 % sulphur. They also noted the increase in uptake of sulphur,
phosphorus, potassium, calcium and magnesium with increasing levels of waste
material.

Kumar and Mishra (1991) studied two types of pressmud cake
(sulphitation and carbonation) on the growth of rice. They revealed that
application of either type of pressmud cake was beneficial for rice, but the
application of pressmud cake was most beneficial up to 10 t ha™, beyond which
the response decreased. Further more, total N, P and K uptake by rice plants
increased with increasing dose of pressmud cake up to 10 t ha™' but above this
dose, a marked decrease occurred. The material obtained by sulphitation process
appeared to be better than the one obtained by carbeonation process.

Patel and Singh (1991) studied the effect of application of gypsum (25 ofze/

50 % of the gypsum requirement), pressmud and pyrites (@ 25, 50 and 75 %
of gypsum requirement) on yield of rice under percolated and unpercolated
condition on silly loan (sodic) soil. They showed that different levels of
amendment significantly increased yield of rice and wheat. The highest yield of

rice was recorded with pressmud followed by gypsum and pyrites. Pyrites was



25

found to be as effectives as one third of gypsum when applied on total sulphur
content basis.

Thrze years field experiment was carried out by Kapur :ind Kanwar
(1993) at Jalandhar on a normwl sandy loam soil (Typic Ustochrept) involving
treatments of 10 and 20 Mg ha' each of sulphitation {filter cake (SFC),
carbonation filter cake (CFC) and farm yard manure (FYM) alongwitn a control.
SFC showed better effects in increasing root sugar yield of sugarbeet than TYT.
The application of 10 and 20 Mg ha' of SFC increased the root yield by 21.9
and 48.3 % in comparison o 15.9 and 31.4 % under FYM. The increase in sugar
yield was 22.6 and 45.4 per cent in SFC compared to 17 and 35.4 % in FYM.
The total uptake of N and P by the sugarbeet crop was also highest in SFC and
lowest in CFC treated plots. K uptake, however, was highest in FYM and lov/est
in SFC treatiments.

Sarkunan er al. (1993) studied effect of ferrochrome slag on the yield and
nutrient content of rice ¢.1 acid soil (Ultisol), The slag was applied @ equivalent
to 0, 0.25, 0.50, 1.00 and 1.50 times the lime requirement (L..R). They found that
application of slag did not cause any adverse effect on rice plants, but increascd
grain straw yields up to 0.5 L.R. levels of its’ addition. At higher levels, the
yield, however, decreased. The P content in both grain and straw increased up to
0.5 L.R. levels of slag :ddition and decri:ased thereafter. The slag ad:ition
however, significantly decreased K, Fe and Mn content in both straw and grain
and Cu and Zn in straw while €1 content showed an increase.

Abubacker and Rao (19+5) carried »ul a pot culture study maintaining 10,
20 and 30 % concentration of press mud cake along with control aa rice crop.
They indicated that Sheath length was maximum in 20 % concentration o
pressmud cake, root and leaf length was maximum in 30 % concentration of

press mud. The fresh ard :dry weights were also maxim.m in 30 % treatment.
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The moisture content was maximum in 20 % treatment of pressmud cake
whereas, biosynthesis of some enzyme was more in the plants treated with 10 %o
pressmud cake,

Pressmud application was found as the best for paddy nursery in Scuth
Gujarat condition. Application @ 20 t ha™ reduced the nitrogen and phosphorus
requirement through fertilizers by 50 %, though with full dose there was
additional effect (Anon., 1994),

Green house and laboratory experiments were carried out with Vertic
Ustochrept by Patil and Shinde (1995) to study the effect of spent wash, spent
slurry and pressmud composts on maize. Air dried 8 kg soil was placed in
earthen pot after mixing it with 1.5 per cent spent wash and spent slurry
composts, FYM, pressmud and lagoon-dried spent wash solids (SWSL) and
spent wash liquid (SWL). Spent wash / spent slarry (2:1, 3:1, 4:1, 5:1 and 6:1)
were composted in laboratory with pressimmud. The 200, 75 and 150 ppm N, P, K
respectively were applied. They found that application of FYM and spent slurry
(3:1) composted increased maize plant height over control. While remaining
treatment were at par with control. FYM, spent slurry 3:1 and 5:1 compost and
spent wash 6:1 compost resulted in significantly higher dry matter of maize than
control. While, SWL showed a decrease. The FYM proved better than all other
sources except spent-slurry (3:1) and (5:1) and spent wash (6:1) composts. The
SWL treatment showed significant decrease in plant Zn uptake than control. The
uptake of Cu also decreased for this treatment compared with FYM, PM, SWSL
and higher ratio composts.

In a fleld experiment Trivedi ef al (1995) showed increasing efficiency of
fertilizer phosphorus through addition of organic amendment in groundrut in
Jalalpur series of Navsari Ustochrept great group. They also indicated that

phosphatic fertilizer applied in conjunction with FYM and pressmud increase:l
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pod and haulm yield of groundnut, total P uptake combined application of P and
organic amendments showed higher beneficial effects. Application of pressmud
@S5tha + P @ 22 kg ha™! proved superior for all parameters.

In a laboratory condition sterilized oxalic acid (a problematic waste of
oxalic acid industries of M.P.) as a carrier for Rhizobium inoculants and its’
effects on soybean were studied by Kaushal et al. (1996). They allowed
Rhizobium to multiply at both the temperature (ambient i.e. ranging from 7.5 to
30 C® and 40 C°) up to 90 days as compared with lignite. Nodular mass, grain
yleld and nitrogen contents of shoots of soybean were substantially increased by
the bionoculant development from sterilized oxalic acid industrial waste.

Raman e al. (1996) carried out a three years field experiment to know the
feasibility of some industrial wastes for soil improvement and crop production.
The treatment consisted of three industrial by product/waste viz., gypsum, flyash
and pressmud and each was applied @ 6 t ha™' in absence and presence of rice
straw @ 5 t ha™', with one absolute control. Application of all these materials
resulted in significantly higher grain and straw yield of sorghum crop. The cost
benefit ratio analysis indicated that pressmud was slightly better than tlyash,
though, all the three when applied alorie were superior to control.

Dang and Verma (1996) carried out a green house experiment to study the
sulphitation pressmud cake [SPMC) and Carbonation pressmud cake (CPMC) to
determine the fertilizer equivalence of pressmud cake for rice and the residual
effect on succeeding wheat crop. Application of either type of cake was
beneficial for rice crops. The SMPC was better than CPMC. The fertilizer
equivalence of 10 t ha™' of SPMC was 50 per cent while that of CPMC was 28
per cent of fertilizer recommendation for rice.

Tiwari et al. (1998) studied long term effect of press mud and nitrogenous

fertilizer on sugarcane and sugar yield at Sehore (M.P.) They found that
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continuous application of pressmud and nitrogenous fertilizer significantly
increased sugarcane crop and sugar yield and also increased available soil
nitrogen,

A field study was conducted for four seasons from 1997-1998 at Tamil
Nadu Agricultural University Farm, Coimbatore on Alfisol by Selvakumari et
al (2000). The results of the pool :d mean analysis indicated that the treatments,
which received flyash @ 20 and 40 t ha™', recorded a rice yield increase of 10.3
and 16.6 per cent, respectively over no flyash addition. The highest yield was
recorded when flyash applied was @ 40 t ha™' in combination with fertilizer,
compost and Azospirillum. The significant increase in the uptake indicated that
fly ash could serve as a source of plant nutrients.

23.1.2 Sewage Sludge

Sludges of controlled metal addition were used in pot trial by Sanders ef
al. (1987) to assess effect of sludge borne, Zn, Cu and Ni on the growth of
clover, barley and red beet in sandy loam soil (pH 6.5). No phytotoxic effects of
Cu and Ni on crop yields were measured at the maximum soﬂ concentration
used of 95 mg Cu kg™’ and 77 mg Ni kg™, The total concentration of Zn in the
same sensitive soil likely to give rise to critical tissue concentration was
estimated as 250 ppm. Similarly Mark . (1980) also reported that sludges
contained more less normal amount of Zn, Cu and Ni were applied at
approximately 20, 40, 70 and 150 t ha"' (dry solids). No phytotoxic effect on
crop yield were measured even though soil metal content was raised to 79 mg Ni
kg'!, 237 mg Cu kg and 474 mg Zn kg™

Carlton Smith and Stark (1%87) showed that very little Pb was taken up by
ryegrass and concentration in plant tissue were independent of the levels in soils,
which increased te a maximum value of 25000 mg Pb kg™ in the sludge treated

soil examined. Vigerust and Sclmer Olsen (1986) similarly confirmec that there
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was no crop uptake of Pb from sludge treated soils. Koeppe (1981) concluded
that Pb had no toxic eftects on plants due to low bicavailability and because any
absorbed Pb is immobilized in the roots. Pollard (1991) also reported the same
confirmation. He noted the concentration of Pb in ryegrass grown on a sludge
treated soil in the field was typically about 8 mg kg™ for a soil containing
approximately 1760 mg Pb kg™

Carlton Smith (1987) assessed dietary intake of Cd arising from the
utilization of sludge in agriculture. The field experiment was conducted at three
sites on soil and the trial was conducted over five growing seasons. The six
crops growrn were selected to include major constitute of the human diet (wheat,
potatoes and cabbage) sensitive indicator crops (red beet and lettluce) and rye
grass was also included. The concentration of Cd in crop tissues approximated
to a simple linear function of the total concentration of Cd in soil and amounts in
the crops grown decreased in the order lettluce > redbeet > wheat > rye grass >
potatoes > cabbage.

Ramchandran and D’Souza (1999) conducted green house experiment to
evaluate the uptake of Cd, Zn and Mn by two successive maize (Zea mays L.)
crops from increasing levels of Cd enriched sewage sludge and city composts,
amended Ultisol, Alfisol, Entisol and Vertisol. A significant yield reduction of
maize shoots of both first an: second crops was obtained only in Ultisol and
Alfisol amended with higher rates of Cd-enriched sewage sludge / city compost.
Amending the four soils with Cd-enriched sewage sludge / city compost resulted
n significantly higher accumulation of Cd and Zn in the successive maize crops.
The plant tissue concentration of Mn was significantly reduced in Ultisol,
whereas, an enhancement was noticed in Alfisol and Entisol and no significant

differences were obtained in Vertisol.
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A pot experiment was conducted by Singh and Pandeya (2000) to study
the influence of application of organically complexed Cd on rajmash (phaseolus
Vulgaris L.) on ten sewage sludge treated old alluvium, non calcareous and non
saline soils of Patna wherein a ' rajmash” rop was grown after treatment with 0
and 5 mg kg™ isotopically tagged and organically complexed Cd. The results
indicated that the application of Cd through cadmium-fulvic acid complex in
soil did not influence the dry matter yield of the crop, though it significantly
increased the concentration >f Cd in the plants and it’s uptake by the crop.

Ortiz Hermandez er al. (1999) found no toxicity or undesirable high
leveis of heavy metals in maize crop due to application of sewage sludge for two
years in Vertisol soils.

2.3.2 Residual effect

Kumar and Mishra (1991) carried out a green house experiment to study
the effect of two types of pressmud cake (sulphitation and carbonation) on
growth or rice-maize. They observed that both types of pressmud cake were
found beneficial for residual maize crop up to 10 t ha”', beyond which the
response decrease. Total N, P and K uptake by maize plants increased with
increasing dose of pressmud cake up to 10 t ha™ but above this dose a marked
decrease occurred. The material obtained by sulphiatation process appeared to
be better than the one obtained by carbonation.

Dang and Verma (1996) conducted a green house experiment to study the
sulphitation pressmud cake ( SPAC) and carbonation pressmud cake (CPMCQC) to
determine the fertilizer equivalence of pressmud cakes for rice and residual
effect on succeeding wheat crop. Application of both type of cake was found
beneficial for wheat crop. The residual effect of CPMC on wteat showed

improvement in its’ efficiency but was lower than the SPMC.
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The residual crop yield was significantly increased over N P K treated
control by conjunctive use of basic slag with green leaf manure at higher level

was observed by Mohandas and Appavu (2000) at Madurai in sandy clay loam

soil.

2.4 Effect of solid waste on soil changes
2.4.1 Direct effect

24.11 Industrial waste

Sweden and Atkinson (1951) studied the effect of waste sulphite liquer
solids (WSLS) on changes of light and heavy soils. They founa that WSLS
greatly increased the percentage of larger water stable aggregates and decreased
the pH of both the soils. The WSLS also increased the organic matter content
and moisture equivalent particularly in loamy sand soil.

In the soils of Madurai (T.N.) Mayalagu (1983) observed that both coir
waste and pressmud reduced the bulk density from 1.54 to 1.13 g cm™ with
tremendous increase in the infiltration rate. While evaluating the effect of coir
pith in the medium black soils of Tamil Nadu, Nagarajan et al. (1986)
observed that coir pith either alone or with culture on NPK did not affect the soil
pH, N and P values, but the K values increased substantially.

Sewaram et al. (1992) reported that infiltration rate was increased by
about 50 % along with mean weight diameter of aggregates due to pressmud
application @ 4 t ha™', in the clay loam soils of Dehradun. While in black soil ac
Rahuri, application of pressmud @ 15t ha! reduced bulk density slightly with a
small increase in the water stable aggregate values and hydraulic conductivity
value two fold (Shinde et a/. 155).

A three years field trial on Vertic Ustochrept showed that application of
gypsum reduced soil pH and increased the electrolyte conductivity. Fly ash and

pressmud did not have any effect on soil pH and EC, but organic carbon content
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significantly increased due to pressmud application. Application of all the three
materials enhanced the infiltration rate. The water stable aggregates were also
significantly higher in the amencad soils and pressmud was found to be the best
(Raman et al.,1996).

Dang and Verma (1996) observed increase in organic carbon, avzilable P,
K, and Zn in soil from ihe use of sulphitatior pressmud cake than from the
carbonation pressmud cake. Hovvever, the use of carbonation pressmud cake
showed slight ‘ncreasing frerd in pH and CoCQ; contents.

Chithra et a/. (1998) studied the impact of organic waste on the nitrogen
availability in rice soils of Thambirabarani river tract, Application of organic
wastes irrespect.ve of thie source recorded increased .available N status of soil
over no organic in both the se:sons. Green leaf manure tieated plots recorded
the bi shest values at all stages followed by the treatments in order of composte 1
coir-pith > pressmud > FYM > composted sugar cane trash > raw ccir-pith >raw
sugarcane trash.

The in‘luence of s!.adge addition (0.5, 1.0 and 2 % of soil sample) on t..e
physical aind chemical pr.perties of the soil was studied in pot exweriments by
Mohamed and Awad (1998). Bulk density in sandy soil decreased with addiion
of sludge (from 1.72 to 1.65, 1.55 and 1.55 g cm™ with 0.5, 1.0 and 2 %
application rate, respectively). Loam soil followed a similar trend with decrease
from 1.58 to 1.50, 1.41 and 1..‘3 g cm’, respectively.  Hydraulic conductivity
decreased in sandy soil from 14.58 to 9.32 cm hr' but increased in loam soil
from 592 to 6.94 c¢cm hr'. The organic inatter, total nitrogen, CEC, -.otal
porosity, I2C, WHC, FC, WC and available w-ter were increased in sandy and
loam soil follewing the additior. of slu-ige.

Fierro gf al. (1999) cairied out a-. experiment at Quebels, Canada to study

the application of papermill sludge along with N and P fertilizer on soil physical
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properties. The sludge was incorporated at 0 and 105 t ha™' before seeding tall
wheat grass. Nitrogen at (315, 630 and 945 kg N ha') and P at (52.5 and 105 kg
P ha™) were also applied to all plots. After 823 days C concentration were 43
and 69 % of that day 5, for the low and high N rates, respectively. With time the
proportion of C in the heavy (> 1.8 g cm™) fraction increased from 20 to 55 %
but remained near 20 % in the fine (<53¢g cm'3) fraction.

Selvakumari ez al. (2000) noted a significant increase in EC,
exchangeable Na, available P, K, Ca, Mg, S and Si in the post harvest soil after
fourth crop of rice under continuous addition of lignite flyash. The increase in
pH was not significant. The results also confirmed that even after continuous
addition of flyash for three seasons, there were no hazardous levels of heavy
metal content that would affect soil health and crop production.

A field experiment was carried out by Shrikanth er a/. (2000) to study the
direct effect of enriched composts on soil properties (Alfisol) in comparison
with FYM, vermicompost and inorganic fertilizers. They found that pH and iC
were slightly decreased in enriched composts treatments. There was significant
increased in organic carbon, available N, P and K and exchangeable Ca and Mg
in enricheé compost of industrial waste treated soil in comparison to other
treatment.
2.4.1.2 Sewage Sludge

The long term use of sewage sludge resulted into progressive increase in
soil pH, organic matter and P in sandy loam soil (Hani ez al, 1996). Whereas,
due to oxidization of fifty percent applied organic matter through liquid digested
sludge, lowering the soil pH in fine sandy loam soil was observed by Robertson
etal. (1982).

An experiment was carried out with direct application of sewage sludge

on Vertisol soil in mexico by Ortiz Hermandez et al. (1999). The soil was used
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t0 grow maize annually for two years, using rates from 1 to 5 t ha'. The
composition of sewage sludge having organic matter 50 %, total N 4.93 ¢,
phosphorus 1.28 % and different concentration of macro and heavy metals. They
found that sludges application was beneficial in providing additional nutrients
and organic matter. The PH value was lower at the end of the experiment. Soil
nutrients were at normal levels.

Field experiments were conducted on sandy clay loam soils at central
farm of Agril. College and Research Institute Madurai to study the effect of
added levels of basic slag with green leaf manure on rice. Addition of graded
levels of basic slag viz., 500, 750, 1000 kg ha significantly increased the soils
available P, Ca, Mg, Fe and Si. Application of 1000 kg of basic slag with 12.5 or
1825 t ha of green leaf Manure recorded the highest soil availabje nutrients
(Mohandas and Appavu, 2000). Mc Grath and Cegarra (1992) reported the poor
movement of Pb through the soil plant pathway was reflected in the very iow
concentration of Pb present in the solubje and exchangeable fraction of both the
sludge amended soil and control soil (which had received only mineral fertilizer)
at Woburn. Further more, there was no change in the proportion of soluble and
extractable Pb in sludge amended soi! with time even though 20 years had
elapsed since the last application of sludge to the field. However, Aidridge and
Alloway (1993) warned agamst possible complacency about Pb in sludge
amended soil after reviewing more than 400 references on Pb in soils and food
crops. They emphasized that soils are dynamic systems responding to changes in
environmental factors and that it may be in appropriate to assume that the
current environmental and soil chemical condition will persist indefinitely.

2.4.2 Residual effect
Webber (1978) conducted field experiment at Guelph to determine elfect

of applying up to 376 metric t ha' of faw, non-segregated shredded solid waste
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plus 4.6 cm of an aerobically digested sewage sludge. Four years of study w'th
maize they found that soil carbon and nitrogen and water stable aggregation
increased, while bulk density decreased with increments of solid waste added.
Soil moisture, expressed volumetrically (cm® ¢cm™) and retained at pressure of
0.04, 0.33 and 15 bars and available water was not significantly affected by
waste addition.

Kumar and Mishra (1991) reported that soil pH increased and available P
decreased by application of carbonation pressmud, whereas, no change in the pH
occurred and available P content increased by addition of the sluphitation
pressmud. Both types of pressmud increased the organic carbon and available K.
content of the soil, but the effect of sulphitation pressmud were more
pronounced than the carbonation pressmud in rice maize sequence.

Patel and Singh (1991) carried out a green house experiment at Kanpur on
silty loam (sodic) soil to study the effect of gypsum, pressmud and pyrites on
leachate composition and soil properties. Rice as taken test crop under
percolated and unpercolated condition. The residual effect was studied on what
crop. They reported that gypsum treatments were tnore effective in removing
leachate, Na” and Ca’' + Mg " whereas, the cumulative removal of CQO;  +
HCDs ~ as higher with pressmud treatments than that of gypsum and pyrites
under percolated condition. Gypsum was more effective in reducing the pH,
ESP and increasing exchangeable Ca and Mg in the soil than the pressmud and
pyrite. Soil properties were improved more under percolation condition than
unpercolated condition.

Yaduvansht and Yadav (1996) conducted field experiment to study the
residual effect of pressmud cake with nitrogen in sugarcane ratoon at Indian
Institute of Sugarcane Research, Lucknow (U.P.). They observed that an

increased addition of sulphitation pressmud to plant had a significant residual
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effect on the increased avatlability of N, P and micronutrient in the soils for the
succeeding ratoon crop. As a result, the cane yield and the quality of cane juice
increased significantly due to the increased residual soil fertility. The fertilizer
doses for N, P and micronutrient may be reduced considerably in ratoon when
sulphitation pressmud is applied to plant crop.

An Investigation to study the residual effect of enriched composts, FYM,
vermicompost and fertilizer on properties of an Alfisol was carried out at
Gandhi Krishi Vignana Kendra, University of Agriculture Sciences, Banglore
during 1996 (Shrikanth ef al., 2000). The results showed lower pH and higher
organic carbon in enriched compost treatments. The higher available N, P and
exchangeable Ca and Mg content were observed in enriched composts of
industrial waste treatment as compared to FYM and inorganic fertilizer. There
was a slight decrease in bulk density of the soil after the harvest of second crop

in soil amended with compost compared to inorganic fertilizer treatments.
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III MATERIALS AND METHODS

Keeping in mind the objectives, the investigation was taken up in three

parts as below,

)

i)

3.1

3.1.1

3.1.2

Assessment of the quality of effluents waters and solid wastes collecied
from different locations and their Zeasibility of usage in agricultural crop
production.

Pot culture study to evaluate the feasibility of effluents water use with
simultaneous reduction in fertilizer application in crop as well as
cumulative effect of effluents water on succeeding crop.

Field study to find out the scope of reduction in quantity of fertilizer use
through solid wastes usage and their residual effect on succeeding crop.

Assessment of the quality of effluents water and solid wastes

Industrial effluents water samples and solid wastes were collected from
different industries located at Ankleshwar, Vapi, Chalthan and Atul
Analysis of effluents water and solid wastes

After collection and preparation of effluents water\solid waste
samples, the physico-chemical characteristics were determined as per
standard procedures (Trivedi and Goel, 1984). The methodsemployed for
analyzing different parameters are given in Table-1, while some of the
properties of the diluted etffluents water, .. canal water and solid waste

used 1n present study are given in table 2 and 3.



Table 1. Methods employed for physico-chemical analysis of effluents

water / solid wastes

Sr.No. Characteristics Method employed
1. pH Potentiometry.
2. EC Salt bridge.
3. Carbonate Volumetric titration
4. Bicarbonate Volumetric titration
5. Chlorides Volumetric titration
6. Sulphate Turbidometry
7. Calcium Versenate titration
3. Magnesium Versenate titration
9. Sodium Flame photometry
10. Potassium Flame photometry
11, Nitrogen Micro kjeldahl
12. Phosphorus Colorimetry
13. Iron Atomic absorption
spectrophotometry
14. Manganese Atomic absorption
spectrophotometry
15. Zinc Atomic absorption
spectrophotometry
16. Copper Atomic absorption
spectrophotometry
17. Lead Atomic absorption
spectrophometry
18. Cadmium Atomic absorption
spectrophotometry
19. Nickel Atomic absorption
spectrophotometry
20. Cobalt Atomic absorption

spectrophotometry
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Chemical analysis of diluted effluents water (200 times diluted)

Sr.No Characteristics Rallis India L.td. United Phosphorus Ltd. Canal water

1.
2,

3.

10.
11.
12.
13.
14.
15,
16.
17.
18.
19.
20.
2].

pH
EC (dSm™)

6.25
2.65

Ca”+Mg'? (mel') 8.8

K" (me 1)
Na'(me 1)
CO;™ (me I'")
HCO; (me ™)
Cl " (me ™)
SO, (me 1)
Fe (ppm)

Mn (ppm )
Zn (ppm )
Cu (ppm )
Cd (ppm )
Co (ppm)
Pb (ppm )

Ni (ppm )
SAR

RSC (me 1)
Total Nitrogen(%s)

Total Phosphorus

(ppm)

Traces

7.75
11.2
3.2
1.62
0.1033
0.092
0.005
0.0034
0.0034
0.0CH7
0.009
0.013
3.69

2.4

0.042

6.78

7.94
4.83

7.6
0.09
3.78
5.27
5.70
22.70
0.0067
0.065
0.0034
0.0034
0.0017
0.0080
0.007
0.010
4.50

Negative

0.055
0.01

7.77
0.29

2.20

Traces
0.75
2.00
0.18
0.82

Traces

Traces
Traces

Traces

0.72
Negative

Traces
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Table 3. Physico-chemical properties of industrial solid wastes used in
experiment

Sr.No. Characteristics Biological $!ludse Pressmud Biocompost

1, pH 6.6 6.25 7.10

2. EC (dSm™) 3.46(4:28)  3.68(1:10) 4.10(1:10)

3. Organic carbon (%) 28.7 24.0 16.5

4. N (%) 2.65 1.25 1.45

5. P (%) 1.76 2.10 2.80

0. K (%) 0.08 0.79 1.45

7. Ca (%) 2.40 2.32 2.42

8. Mg (%) 12.70 0.40 0.70

9. Na (%) 0.48 0.02 0.80

10. Fe (ppm) 9950 5250 7280

11. Mn (ppm) 340 260 305

12. Zn (ppm) 232 40 58

13. Cu (ppm) 304 84 120

14, Ni (ppm) 150 50 %6

15. Co (ppm) 66 26 30

16. Cd (ppm) 2 2 4

17. Pb (ppm) 30 20 28

18. C: N ratio 10.8 19.2 13.44



11

3.2 Pot Studies

After assessing the quality of effluents water collected from Rallis
India Ltd. (Ankleshwar) and United Phosphorus Ltd., (Vapi), the same were
tested for its practical utility through pot experiment to study its effect on
crop yield, nutrient content and soil properties. Pot experiment was
conducted in earthen pots with 14 kg soil for testing direct and cumulative
effects on onion and fodder maize, respectively. Analyses of diluted (Rallis
India Ltd., and United Phosphorus Ltd.) effluents water along with canal
water are given in table 2.

3.2.1 Potexperiment -I : direct effect
The first pot experiment was conducted with onion as test crop to find

out the feasibility of curtailing fertilizer use when irrigated with diluted
effluent water. The details of technique adopted for this experiment are given
below.
3.2.2  Description of soil

The soil used belongs to Jalalpur series of Typic Chromustert
predominated with smectite type of <c¢lay minerals, particularly
montmorillonite. Soil was medium in organic carbon, marginal in available
phosphorus and sufficient in available potash. Some important physico-
chemical properties of the surface soil are given in table 4.

3.2.3 Experimental details

1) Treatments
1. Canal water + recommended dose of NPK (RDF)-- NW +100
2. Rallis effluents (200 times diluted) — R+0
3. Rallis effluents (200 times diluted) + 50 % RDF--R+50
4. Rallis effluents (200 times diluted) + 75 %% RDF--R+75



7.
8.
9.

10.

i)
iii)
1v)
v)

V1)

vii)

viii)
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Rallis effluents (200 times diluted) + 100 % RDF--R-+100
United Phosphorus Limited (UPL) effluents (200 times
diluted) --U+O
UPL effluents (200 times diluted) + 50 % RDF--U+50
UPL. effluents (200 times diluted) + 75 % RDF--U+75
UPL effluents (200 times diluted) + 100 % RDF--U+100
Canal water + no fertilizer - NW+O

Test crop : onion

Varicty : pusa red

Design : completely randomized design

Replication : four

Recommended dose of fertilizer: 125-50-50 kg ha™' or 55.8-

9.75- 18.60 ppm N P K
Date of transplanting : 15/12/99
Date of harvesting : 14/4/2000
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Table 4. Important physico-chemical characteristics of the experimental

soil
Sr.No. Characteristic Method Under pot Under field
employed study study
(0-22.5¢m)
A Physical

[ Particle size distribution Interr.ational
Pipette (Piper, 1956)

a) coarse sand (%) 0.65 0.56
b) fine sand (%%) 11.10 26.95
c) silt (%%6) 19.90 14.45
d) clay (%) 67.20 58.10
II Texture Clayey Clayey
IIT Water stable aggregate Wet sieving -- 72.58
(%) > 0.25 mm (Yoder, 1937)
IV Bulk density (Mg m~) Clod method -- 1.48
(Dewis and Freitas, 1984)
B Chemical
1. pH (1:2.5, soil: water) Potentiometry 8.17 8.30
(Jackson, 1973)
2. EC(1:2.5, soil: water) Salt bridge 0.31 0.15
dSm’" (Jackson, 1973)
3. Organic carbon (%) Walkley and 0.63 0.39
Black’s fitration
(Jackson, 1973)
4, Total N (%) Kjedahl’s 0.041 0.038

distillation
(Jackson, 1973)



.
7.
8.

9 Exchangeable cations
(C mol (P) Kg'

. Available N (ppm )

Available P (ppm )
Available K (ppm)

Available S (ppm)

a) Ca

b) Mg

c) K

d) Na

10.

cations (ppm )

Fe (ppm )
Mn (ppm )
Zn (ppm )
Cu (ppm)
P'b (ppm)
Cd (ppm )
Ni (ppm )
Co (ppm )

DTPA extractable

Alkaline 105
permaganate
(Subbiah and Asija,1956)

NaHCQO; extractable 5.01
(Olsen et al.,1954)

Neutral N NH,OAC 225
(Jackson, 1973)

Heat soluble 8.90

(Williams and
Stainbergs, 1959)

Neutral N 32.00

NH,OAC

(Chapman, 1965)
~-do- 13.80
-do- 0.56
~-do- 1.80

Atomic absorption
spec‘rophotometry
(Lindsay and Norvell,
1978)
8.78
15.40
0.96
3.44
1.06
0.06
0.78
0.68
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87

5.65
208

9.30

31.50

14.40

0.60

9.33
14.10
0.51
2.08
0.84
0.07
0.74
0.84
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3.2.5

3.2.6

Experimental techniques
Forty pots each of which was filled with 14 Kg soil. The fertilizer

nutrients, N, P, and K were added through (NFH,),SO,, Ca(F, PQO,)> and
KCl, respectively. 100 per cent of P and K and 50 per cent of N were
applied as basal. After mixing fertilizer thoroughly, the soil of these pots
were brought to field capacity by adding known volume of water and
were allowed to cquilibrate for two days and then 25 days old 5 seedlings
were transplanted in each pot.

The crop was initially irrigated with normal water for
establishment. Thereafter, the crop weas irrigated regularly at an interval
of 2 to 3 days with diluted effluents water. Remaining N was given in two
splits viz., 25 per cent each at 3 and 6 weeks after transplanting. Crop was
harvested at maturity. Fresh and dry weight of bulb and leaves oénion
were recorded for each pot. The plant and soil samples from each pot
were taken after harvest of the crop for chemical analysis.

Pot experiment — I1 : cumulative effect

The second pot experiment was carried out in the same pots
subsequently, after first experiment to study the cumulative effect of
diluted effluents water on growth of fodder maize as test crop, and soil
properties.

Experimental details

1) Treatments : same as first pot experiment,
i1) Test crop  : fodder Maize.
1ti)  Variety lranga safed — 2.

iv)  Design : completely randomized design
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V) Replication : four

vi)  Recommended dose of fertilizer :
120-60-0 N : P,Os : K,0 kg ha™’
(33.57 - 11.70 -0 : N: P: K ppm)

vii) Date of sowing  : 28/4/2000

viii) Date of harvesting : 28/6/2000

Experimental techniques

After harvesiing onion crop a representative soil sample was
collected. 100 per cent dose of P and 50 per cent N was applied as basal
through (NH.),SO, and Ca (H,POy),. After mixing fertilizer thoroughly,
the pots were brought to field capacity by adding known volume of water
and were allowed to equilibrate for two days. Twenty sceds of fodder
maize anga safed-2 were dibbled at | cm depth in each pot. The
germination was almost completed within 7 days. The plants were thinned
to 14 after a period of 7 days from the date of full germination.

The crop was initially irrigated with normal canal water for
establishment. Thereafter the crop was irigated with effluents water
regularly at an interval of 1 to 2 days. Remaining 50 per cent N was
applied at 30 days after sowing. The crop was harvested at initiation of
tasseling. The green and dry fodder yield per pot was recorded. The plant
and soil samples from zach pot were taken after harvest of the crop for

chemical analysis.
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Field studies

After studying the physico-chemical properties of different solid
wastes, the pressmud, biocompost and biological sludge were tested for
practical utility through field experiments. Some of the properties of the
solid wastes used in expariment are given in table 3.

Field experiment — Y : direct effect

The first field experiment was conducted to ascertain the possibility
of‘saving N, P and K fertilizer through use of solid waste. For this,
different solid wastes were applied to field crop as per the treatment.
Cabbage crop was grown as test crop. The techniques adopted for this are

described in details as below.

Description of soil

The soil used belongs to Jalalpur series of Typic Chromusterts,
predominated with smectitic type of clay minerals particularly
montmorillonite (Kaswala and Deshpande, 1983). Some of the important
physico-chemical properties of the surface soil (0-22.5 cm) are given in
table 4. The soil was clayey in texture and normal without any salinity and
sodicity problem. It was low in organic carbon, marginal in available

phosphorus and sufficient in available potash.

Experimental details
a) Trealments
Ty = Recommended dose of fertilizer (RDF) — control.
T, = Biological sludge (BS) @ 2.5t ha™ plus 100 per cent RDF
T; = Biological sludge (BS) @ 5t ha™ plus 100 per cert RDF
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T, = Farm yard manure (FYM) @ 5t ha"plus 100 per cent RDF
Ts = Pressmud (PM) @ 5t ha™' plus 100 per cent RDF

T, = Biocompost (BC)@ 5t ha™’ plus 100 per cent RDF

T, = Biological siudge (BS) @ 2.5t ha™! plus 50 per cent RDF
Ty = Biological studge (BS) @ 5 t ha™' plus 50 per cent RDF
To=FYM @ 5 tha™ plus 50 per cent RDF

Tyo= Pressmud (PM) @ 5 t ha”' plus 50 per cent RDF

T,,= Biocompost (BCY@ 5t ha! plus 50 per cent RDF

b) Test crop  : cabbage

c) Design : RBD

d) Replication : four

e) Plot size . Zross 4.5x2.7m°
net 3.6 x1.8m°

) Spacing 145 x 45 ¢cm

2) Recommended fertilizer dose :

75-37.5-37.5 N : P.Os : K,0 kg ha'!
h) Date of transplanting : 01/11/99
1) Date of harvesting : 05/1/2000, 17/1/2000, 27/1/2000, 8/2/2000

334 Experimental techniques

The experiment was conducted in field on cabbage crop at soil and
water management farm, Navsari with experimental details as given in
section 3.3.3. The biological sludge, FYM, pressmud, biocompost and in -
organic fertifizer were applicd on dry weight basis as indicated in the
treatment details, The whole quantity of phosphorus and potassiun was

applied as basal dose through single super phosphate and muriate of



3.3.5

3.3.6

49

potash, respectively. Basal dose of 50 % N was applied through
ammonium sulphate and remaining was applied through urea at 30 days
after transplanting. The irrigation was given regularly as and when
required. The other agronomic practices like interculturing, hand weeding
and plant protection measures were carried out as an when required for
the crop up to maturity. The cabbage head was harvested at maturity. At
harvesting, representative samples of cabbage from each of plot and yield
were recorded separately.

Field experiment-II : residual effect

The second field experiment was conducted on same plot for
ascertaining the residual effect of first experiment treatment. For this
summer groundnut crop was grown as test crop. The techniques adopled
for this are described 1n details as below.

Experimental details

a) Plot size : gross - 4.5 x 2.7 m’
net —3.5x2.1m°
b) Spacing : 30 ¢cm between two rows.

¢) Fertilizer dose : 25-0-0 N : Py05: KO kg ha™
d) Seed rate : 100 kg ha™
e) Date of sowing : 21/2/2000

f) Date of harvesting : 6/6/2000

3.3.7 Experimental techniques

The whole quantity of N was applied as basal dose through
ammonium sulphate. The irrigation was given regularly as an when

required. The other agronomic practices like, hand wezding, inter
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culturing were followed as per the recommendation. At harvesting
representative sample of pod and haulm were collected from each of net
plot and number of mature pods plant” and pod vyield and haulm yield

were recorded separately.

Collection and preparation of soil samples

After the harvest of the crop, the soil in each pot was thoroughly
mixed and representative sample was collected. Soil sample from each
plot of field experiment was also collected. A separate undisturbed soil
clod of suitable size was also collected from each plot for determination
of bulk density. Then soil samples were brought to the laboratory, air-
dried and powdered with a wooden mortar. It was passed through 2 mm
sieve and mixed thoroughly and necessary precautions were taken to
avoid any contamination from extraneous sources. The samples were
analyzed for different nutrients following standard methods as given in
table 3.

Plant analysis
The harvested portion of the crops were first washed with large

quantity of tap water to remove the secil and dust particles. Afterwards
they were washed with distilled water twice as the materials were to be
analyzed for major, micronutrient and heavy metal. The heads, bulbs
pods, shoots and leaves were cut with the help of stainless steel cutter and
were air-dried first and subsequently dried in oven at 65 °C. Then all
samples of each crop were powdered with the help of stainless steel
grinder.

The concentration of elements viz., N, P, K, Ca, Mg, S, Fe, Mn, Cu,

Zn, Pb, Cd, Co and Ni were determined. For the determination of
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secondary and micronutrient and heavy metal acid extract was prepared
by digesting 0.5 gm sample with binary acid mixture of HNO; and HCIO,
in the proportion of 10 : 4, making the final volume to 100 ml.

The chemical methods followed for the estimation of different
constituents are given below.
1. Nitrogen - Kjeldahl’s method (Jackson, 1973)
2. Phosphorus - Vanadomolybdo phosphoric acid yellow

colour method (Jackson, 1973)

3. Potassium - Flame photometric determination

(Jackson, 1973)

4. Calcium and - Versenate titration method
magnesium (Jackson, 1973)
5. Sulphyr - Turbidometry . method

(Jackson, 1973)
6. Micronutrient- The estimation of Fe, Mn, Zn, Cu, Pb, Ni,
and Heavy Cd and Co were carried out by using
metal Atomic absorption spectrophotometer

(Perkin Elmer Model-3110)

Uptake of nutrients

The uptake of nutrients by different crops was calculated by using

following formula.

(1)  Nutrient uptake = content (%) x vield (g pot™) x 1000
(mg pot™) 100
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(2)  Nutrient uptake = content (%) x vield (ke ha™)
(kg ha™" 100

3.7 Statistical analysis

The data collected from various aspect of studies were subjected to
statistically analysis as per the method suggested by Gomez and Gomez

(1984), for interpretation of the resulits.
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IV EXPERIMENTAL RESULTS

The results obtained from pot and field experiments with respect to
vield and its attributing parameters, nutrient content and uptake, physico-
chemical characteristics of soil, available major and micronutrient as well as
heavy mezal contents in soil and plant are described in this chapter under
following subtitle.

4.1 Feasibility study of fertilizer reduction through effluents watcr

Based on the dilution (200 times) of both the effluents water
analysis, pot experiments were conducted to explore the feasibility for reduction
in the fertilizer dose to the crops when irrigated with the 200 times diluted with
effluents water. For this, as mentioned before, the experiments were conducted
with two crops viz., direct effect on onion crop and cumulative effect on fodder
maize. The relevant results obtained are presented below.

4.1.1 Direct effect on onion crop
4.1.1.1 Dry matter yiel:i
Both the fresh and dry yields of onion bulbs were significantly

affected due to different levels of fertilizer as well as the quality of irrigation
water (Table 5). With increasing levels of fertilizer in conjunction with both
effluent water treatments, there was increase in the yield. It varied from 110 g
pot” at NW-+O to 320 g pot’ at R+100 in case of fresh yield. The corresponding
figures for dry yields were 13.63 and 39.40 g pot”. At the same leve! of
recommended dose of fertilizer, the yield with both effluent water was
significantly higher when compared to normal water. Applied fertilizer response
was obtained up to R+75 treatment in case of Rallis India Ltd. (RIL) effluents.
Whereas, in case of United Phosphorus Ltd. (UPL) effluents, the response was

up to U+100 treatment. It is also interesting to note that the yield obtained with
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Table 5. Direct effect of diluted industrial effluentand graded
fertilizer levels on fresh and dry weight of onion bulb
and leaves

Treatments Bulb (g pot™) Leaves (g pot’")
Effluent+RDF (%) Fersh Dry Fersh Dry
NW-+100 239.75 29.66 67.50 8.27
R+0 202.50 25.12 56.25 6.92
R+50 241.25 29.94 75.00 9.17
R+75 295.00 36.69 97.50 11.89
R+100 320.00 39.40 98.75 11.98
U+0 185.00 22.92 41.25 5.09
U+50 218.75 27.14 62.50 7.68
U+75 227.50 28.26 70.00 8.56
U+100 285.00 35.49 92.50 11.26
NW+0 110.00 13.63 28.75 3.62
S.Em + 11.42 1.45 3.62l 0.44
C.Dat 5% 30.90 4.17 10.44 1.27
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50 per cent recommended dose alongwith effluents water were statistically the
same as that obtained with application of 100 per cent RDF and irrigated with
normal water.

Similar to bulb, the yield of leaves also increased with increase in
the fertilizer doses. Flowever, the yield obtained at 100 per cent recommended
dose with normal water and 50 per cent recommended dose with both effluents
were at par. Though, the yield obtained at R+100 and U+100 at par between
themselves, yet, significantly +uperior to NW+100 (100 per cent RDF plus
normal water lrrigation}).

4.1.1.2 Nutrient content and uptake
4.1.1.2.1 Major nutrients
There were significant differences in the N content of bulb due to

fertilizer levels and effluents water as source of irrigation water (Table 6). As
the per centage of fertilizer dose increases, there was increase in the N content in
bulb with both the effluent treatments. The content recorded at R+100 (2.16 %)
and U+100 (2.12 %) was at par but significaritly better than that of NW-+100
(1.90 %). Significantly minimum value (1.10 %) was recorded at NW+O
followed by at UPL effluents and RIL effluents irrigation without fertilizer
application (U+0 and R+QO).

The P content in different treatments varied from 0.15 per cent in
normal water with no fertilizer treatment (NW-+QO) to 0.28 per cent in RIL
effluents with 100 per cent fertilizer treatiment (R+100), but latter treatment was
statistically at par with U+100 (UPL effluents irrigation + 100 per cent RDTF). At
the same level of recommended dose (100 per cent RDF), application with either
of the quality of the irrigation water the contents were at par. The content of P
was statistically same with respect to same fertilizer levels, irrespective to

quality of irrigation water ¢xczpt at no fertilizer application.
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Table 6. Direct effect of diluted industrial effluents and graded
fertilizer levels on major nutrient content and uptake by

onion bulb

Tretments Content (%) Uptake (mg pot™)
Effluent +RDF (%) N P K N P K
NW-+100 1.90 0.24 1.60 563 70.52 474
R+0 1.78 0.21 1.45 444 52.34 363
R+50 2.01 0.21 1.62 601 71.35 485
R+75 2.08 0.26 1.71 762 94.7] 626
R+100 2.16 0.28 1.80 843 108.97 706
U+0 1.75 0.19 1.40 401 43.18 320
U+50 1.96 0.22 1.58 532 59.72 428
U+75 2.02 0.23 1.67 570 65.16 472
U+100 2.12 0.24 1.76 751 85.12 624
NW+0 1.10 0.15 1.10 149 20.20 149
S.Em+ 0.02 0.02 0.03 24 3.75 19
C.D at 5% 0.07 0.05 0.08 70 10.83 54
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The K content was maximum (1.80 %) in RIL effluents water
application with 100 per cent RDF and it was statistically same with U+100
(1.76 %). The content recorded at 100 per cent fertilizer dose with normal water
was at par with 50 per cent fertilizer doses with both the effluents water
treatment.

The N uptake at the 100 per cent fertilizer dose with normal
irrigation water was 563 mg pot”' (Table 6), which was statistically the same as
that obtained with 50 per cent fertilizer dose with RIL effluents irrigation (601
mg pot™) and UPL effluents irrigation (532 mg pot!). But these values were
significantly lower than that recorded with RIL and UPL effluents irrigation
alongwith 100 per cent fertilizer dose. Further, the N uptake recorded at normal
water irrigation with no fertilizer was significantly lower than that recorded at
both of the effluents water irrigation with no fertilizer treatment.

The P uptake was also of the same trend as that of N and maximum
removal of P was recorded in RIL effluents irrigation with 100 per cent fertilizer
dose (108.97 mg pot™'). The ireatments NW+100, R+50 and U+75 remained at
par and the removal of P in these treatments was statistically lesser than that of
R+100 and U+100 treatments.

The K removal was lowest at no fertilizer with normal water
irrigation (149 mg pot™") and increased significantly with every level of fertilizer
application in both the effluents irrigation. The maximum uptake of K was
recorded at R+100 (706 mg pot™'). The uptake at 100 per cent RDF with normal
water irrigation (474 mg pot™'), was at par with R+50 (485 mg pot™') and U+50
(428 mg pot™).

The N content of the leaves varied from 0.39 per cent (NW-+O) to
0.92 per cent (R+100). With successive increase in the fertilizer dose, there was

increase in the N content in leaves in both the effluents water treatments



o8

(Table 7). With the same level of fertilizer dose (100 per cent recommended
dose) the N contents in leaves at R+100 and U+100 were significantly more as
compared to NW+100. However, the N content at NW+100 was statistically at
par with 50 per cent RDF and irrigated with either RIL effluents or UPL
effluents water.

The trend of P content pattern in leaves was almost same as that of
N content pattern. But the value between R+100 (0.089 %) and U+100 (0.080
%) were statistically differ. There was no significant difference between the P
contents recorded at R+50 (0.076 %) and NW+100 (0.078 %) treatments.

The K contents in the leaves was maximum (1.02 %) at R+100
followed by U+100 (0.96 %) and differed significantly from values recorded at
R+75 and U+75 treatments. Sinilarly, the values of K among NW+100 (0.89
%), R+50 (0.89 9%6) and U+50 (0.85 %) were statistically same but significantly
differed from R+O (0.74 %) and U+O (0.70 %).

The removal of N, P and K by the leaves followed idenfical patter: .
For N, P and K eclements the removal was highest (110.04 mg N pot™’, 10.65 mg
Ppot’ and 121.9 mg K pot™') at R+100 treatments. Which were significantly
higher than the corresponding values at any treatments. With the increase in the
fertilizer dose, there was significant increase in the uptake of N, P and K
nutrients in both the effluents irrigation. The removal of N and K at R+50 (74.53
mg N pot”’ and 81.36 mg K pot') was significantly higher than that of NW+100.
The latter treatment removed more N and K as compared to U+50 (58.88 mg N
pot’ and 65.04 mg K pot'). The uptake of P was statistically same as obtained
at R+50, U+50 and NW+100.

4.1.1.2.2 Secondary nutrients
The Ca and Mg content in bulb did not differ significantly due to

different treatments (Table 8). Though the Ca content in leaves found to be
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Table 7. Direct effect of diluted industrial effluents and graded
fertilizer levels on major nutrients content and uptake by
onion leaves

Treatiments Content (%) Uptake (mg pot™)
Effiluent +RDF N P K N P K
__(*0)

NW+100 0.80 0.078 0.89 65.83 6.43 73.43
R+0 0.73 0.068 0.74 50.23 4.68 50.97
R+50 0.81 0.C76 0.89 74.53 6.95 81.36
R+75 0.86 0.081 0.94 101.60 9.62 111.4
R+100 0.92 0.089 1.02 110.04 10.65 121.9
U+0 0.69 0.062 0.70 34.91 3.14 35.54
U+50 0.77 0.071 0.85 58.88 5.43 65.04
U+75 0.80 0.074 0.90 67.73 6.30 76.59
U+100 0.88 0.080 0.96 98.74 8.99 107.8
NW+0 0.39 0.05 0.50 13.85 1.80 18.12
S.Em+ 0.03 0.002 0.02 2.37 0.26 2.70

C.Dat 5% 0.07 0.006 0.07 6.82 0.75 7.779
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Table 8. Direct effect of diluted industrial effluent and graded
fertilizer levels on secondary nutrient content and uptake
by onion bulb.

Treatments Content (%) Uptake (mg pot™)
Effluent+RDF (%)Ca Mg S Ca Mg S
NW+100 0.42 0.29 0.26 124 85.6 77.0
R+0 0.37 0.27 0.24 92.4 67.5 60.8
R+50 0.40 0.28 0.26 119.1 83.2 77.5
R+75 0.43 0.29 0.28 157.2 105.4 101.9
R+100 0.46 0.30 0.30 178.3 116.2 115.8
U+0 0.36 0.26 0.25 74.2 59.0 57.0
U+50 0.38 0.27 0.30 103.0 72.9 81.3
U+75 0.40 0.28 0.37 112.4 78.9 104.2
U+100 0.44 0.29 0.39 154.1 100.9 137.7
NW+0 0.33 0.25 0.13 44.7 33.7 17.5
S.Emz+ 0.03 0.02 0.02 4.69 4.09 4.06

C.D at 5% NS NS 0.05 13.5 11.8 11.7
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significant  (Table 9). No fertilizer treatments (NW+0O) were recorded
significantly lower Ca content in leaves than that of any other treatments, though
R+O and U+O remained at par between themselves but significantly superior te
NW+O. Mg content in leaves as like the bulb was also found non significant.
The contents of S in both bulb and leaves differed significantly due to different
treatments. The S content in the bulb varied from 0.13 per cent at NW+O to 0.39
per cent at U+100, both of them differed significantly between themselves. But
treatment NW+100 (0.26 %), R+50 (0.26 %) and U+50 (0.30%) were
statistically at par with one-another. Similar types of accumulation of S was
observed in case of leaves. In this case the U+O (0.46 %) was statistically same
as obtained with NW-+100 (0.49 %) and R+50 (0.50 %).

The uptake pattern of Ca and Mg in onion bulb as affected by
different treatments was morc or less similar. The Ca and Mg removal by bulb
were statistically maximum at R+100 (178.3 mg Ca pot”! and 1162 mg Mg
pot'l). The values were minim:um at NW+QO. Statistically the same amount of
these two nutrients were observed to be removed at N+100, R+50 and U+75.
The S uptake by bulb varied widely ranging from 17.5 mg pot! at NW+O tc
137.7 mg pot’' at U+100. With every increase in the fertilizer dose there was
significant increase in the S uptake in both the effluents irrigation treatments. At
the same levels of fertilizer (100 per cent recommended dose) the uptake at
R+100 and U+100 were significantly more as compared to NW+100. The
removal of S at the latter treatment was statistically same as that recorded at
R+50 and U+50 trcatments.

The uptake of Ca and Mg by the leaves as affected by different
treatments was almost similar. With the same level of fertilizer (100 per cent
RDF) the removal of Ca and Mg was more at R+100 and U+100 as compared to

NW-+100. The S uptake was statistically highest (73 mg pot') at U+100 and the
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Table 9. Direct effect of diluted industrial effluents and graded
fertilizer levels on secondary nutrient content and uptake
by onion leaves

Treatments Content (%) Uptake (mg pot™)
Effluent+RDF (%%)Ca Mg S Ca Mg S
NW+100 1.40 0.59 0.49 116 49 40
RA+0 1.34 0.60 0.42 92 41 29
R+50 1.41 0.60 0.50 129 55 46
RA+75 1.43 0.61 0.51 169 72 60
R+100 1.45 0.62 0.55 173 74 66
U+0 1.32 0.58 0.406 67 29 23
U+50 1.39 0.58 0.50 107 45 38
U+75 1.40 0.59 0.59 120 51 50
U+100 1.42 0.61 0.65 160 68 73
NW-+0 1.15 0.57 0.26 42 21 9
S.Em+ 0.04 0.02 0.0l 5 1.75 1.52

C.D at 5% 0.10 NS 0.04 14 5 4
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lowest (9.0 me pot™) at M W+Q, Though the-e was terdency for reguiar
significant increase, v ith increases in the fertilizer dose in both of the ¢ ffluents
water irrigation.

4.1.1.2.3 Micronutrients
The results regarding concentration of Fe, Mn, Zn and Cu in onion bulb

and leaves are reported in table 10 and 11. Concentration of Fe in bulb and

lezves varied significandy due to eifluents water application and fertilizer d- <es.
Significantly higher concentration of Fe in bulb was recorde:. with R+100
treatment (76.35 mg kg™') which was at par with R+75 (77.15 mg kg™') and
R+50 (74.¢ mg kg™") treatments. The concentration of Fe at U+100, U+75 and
U+50 were 68.48, 66.%C and 67.38 mg kg, respectively. The:e all the values
recorded with RIL and UPL effluents water along with 50, 75 and 100 per cenl
- recommended doses were significantly higher than that of treatment of normal
water plus 100 per cent recommended dose (61.23 mg kg™"). As like the bulb, the
concentration of Fe in leaves was also higher under the treatment of eitner R (L.
or UPL effiuents water irrigation alongwith any dose of fertilizer. The
concentration of Mn in oulb and leaves wire also higher under k¢ th effinents
irrigation treatments at compared to normal water irrigation (36.48 mg kg ). The
maximum was recorded ¢ R1-75 trea ments in case of bulb (£0.20 mg kg™') and
R+100 treatments in case of reaves (60.5¢ mg k2 ™"). In case of Zn content in
bulb, it varied from 13.55 mg kg™ at NW+O to 34.73 mg kg™ at R+50 tr: atment.
While in ieaves it ranged from 14.40 mg kg™ at N+O to 42.23 mg kg™ at R+1 00
treatments. Though Zn concentration was higher w:der RIL effluents irrigation
as compared 1o UPL efiluents irrigation both in bulb and leaves. With respect to
Cu content in bulb and leaves, there was no significant difference hetween ihe

content recorded at 100 per cent RDF alongwith either RIL (13.25 13.98 my
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Table 10. Direct effect of diluted effluents and graded fertilizer levels
on micronutrient content and their uptake by onion bulb

Treatments Content (mg pot_l) Uptake (mg pot'l)

Effluent +RDF (%) Fe Mn Zn  Cu Fe Mn Zn Cu
NW+100 61.23 36.48 23.38 11.93 2.28 1.09 0.70 0.33
R+0 58.10 41.32 22.50 10.43 1.85 1.04 0.56 0.26
R+50 74.00 5598 34.73 13.83 275 1.67 1.04 0.42
R+75 77.15 60.20 34.15 13.44 321 222 126 0.50
R+100 76.35 57.20 34.53 13.25 3.53 226 137 0.52
U+0 50.90 38.70 21.50 10.55 [.el1 0.89 0.48 0.24
U+50 67.38 50.78 28.44 12.70 2.21 1.38 0.78 0.35
U+75 66.50 47.95 29.18 12.88 229 136 0.82 0.36
U+100 68.48 50.15 28.25 13.08 2.93 1.79 1.02 0.48
NW+0 2045 1035 13.556.13 0.40 0.14 0.198 0.05
SEm + 2.67 214 2.03 1.09 0.15 0.11 0.09 0.04

CD at 5% 7.71 6.17 586 3.16 042 033 0.27 0.11
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Table 11. Direct effect of diluted effluents and graded fertilizer levels
on micronutrient content and their uptake by onion leaves

_1)

Treatments Content (img gg"lj uptake (mg pot
Effluent+RDF (%) Fe Mn Zn Cu Fe Mn Zn Cu
NW+100 76.53 43.05 27.20 12.65 0.63 0.36 0.23 0.10
R+0 73.63 44.30 26.58 12.15 0.51 0.31 0.19 0.08
R+50 91.95 58.85 41.60 14.38 0.85 0.54 0.3870.13
R+75 87.9 58.7541.90 14.23 1.06 0.70 0.50 0.17
R+100 89.48 60.60 4223 13.98 1.07 0.73 0.51 0.17
U+0 70.03 40.13 25.33 10.55 0.36 0.21 0.13 0.06
U+50 31.42 4938 33.75 13.15 0.63 0.38 0.26 0.10
U+75 80.90 49.90 33.93 12.98 0.69 0.42 028 0.11
U+100 82.93 49,95 33,98 13.03 0.94 0.56 0.39 0.15
NW+0 29.62 14.73 14.40 6.88 0.11 0.06 0.05 0.02
S.Em -+ 3.14 290 186 1.07 ° 0.06 0.03 0.02 0.01

CD at 5% 9.08 8.39 537 3.09 0.16 0.10 0.07 0.04
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ke') or UPL (13.08 and 13.03 mg kg') and 100 per cent RDF plus normal water
imigation (11.93 and 22.65 mg kg™).

The data reported in table 10 and 11 also indicate the uptake of Fe, Mn,
Zn and Cu by onion bulb and leaves.

In case of bulb, Fe uptake varied considerably, as it ranged from 0.40 mg
pot” with NW+O to as high as 3.53 mg pot”' with R+100. At the same level of
fertilizer dose (100 per cent RDF) the Fe removal registered at R+100, U+100
and NW+100 were 3.53, 2.93 and 2.28 mg pot’', respectively. It is also seen that
the removal of Fe at NW+100 was practically remained same as that recorded
under 50 per cent RDF alongwith either RIL or UPL effluents. Almost, similar
pattern of I'e uptake was noted in case of leaves. The uptake pattern of Mn by
leaves and bulb was almost similar. The maximum uptake of Mn was recorded
at R+100 (2.26 and 0.73 mg pot™') which was significantly higher than that of
any other treatments. The Mn removal was slightly higher under RIL effluents.
In case of Zn uptake of bulb, the maximum was registered under R+100 (1.37
mg pot’') followed by R+75 (1.26 mg pot™) with respect to RIL effluents while,
1.02 and 0.82 mg pot™' Zn was removed under the treatment effect of U+100 and
U+75. The removal of Zn at R+50 (1.04 mg pot') was much higher than that
recorded at U+50 (0.78 mg pot) and NW+100 (0.70 mg pot). The pattern of Zn
removal in leaves was almost similar to that of bulb. The uptake pattern of Cu
was almost similar to that of Zn uptake. Both in bulb and leaves the maximum
removal was recorded either with RIL or UPL effluents irrigation alongwith
inorganic fertilizer application. The total removal of Cu at NW+100, U+50 and
R+50 were remained practically same.

41.1.2.4 Heavy metal content
The concentration of Ni, Pb, Cd and Co in onion bulb and leaves arc

presented in table 12. The data revealed that the concentration of all the heavy
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Table 12. Direct effect of diluted effluents and graded fertilizer levels on

some heavy metal content in onion

Treatments

Effluent+RDF

_ (%)

Onion bulb (mg kg™

Ni Pb Cd Co

Onion leaves (mg g‘”

Ni Pb Cd Co

NW+100
R+0
R+50
R+75
R+100
U+0
U+50
U+75
U+100
N+0
S.Em +

CD at 5%

0.627 0.819 0.014 0.76

0.630 0.823 0.015 0.715
0.635 0.823 0.016 0.780
0.633 0.825 0.015 0.765
0.631 0.822 0.015 0.780
0.629 0.820 0.015 0.765
0.629 0.827 0.015 0.830
0.628 0.825 0.014 0.830
0.629 0.826 0.015 0.845
0.197 0.264 ND 0.410
0.005 0.006 0.002 0.036

0.015 0.016 0.004 0.103

0.722 0.970 0.018 1.130
0.728 0.971 0.019 1.00

0.731 0.975 0.018 1.155
0.733 0.973 0.018 1.160
0.734 0.973 0.019°1.155
0.731 0.973 0.018 1.075
0.731 0.973 0.018 1.210
0.728 0.972 0.018 1.210
0.728 0.968 0.018 1.205
0.227 0.303 ND 0.523
0.005 0.005 .0009 0.033

0.015 0.014 0.002 0.095
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metals determined in the different treatments was statistically same except, the
treatment of no fertilizer application alongwith normal water (NW-+QO), which
accumulated very low concentration of metals.

4.1.1.3 Soil Study
4.1.1.3.1 Physico-chemical properties
The Physico-chemical properties like; soil reaction, electrical conductivity

and organic carbon status of the soil were affected significantly due to different
quality of irrigation water (Table 13).

The soil reaction value varied from 7.71 at 100 % RDF with RIL effluents
to 8.19 at no fertilizer with normal water irrigation. In case of RIL effluents
irrigation, the soil reaction value varied from 7.79 (R+0) to 7.71 (R+100) and
both value found statistically at par between themselves. Similarly in UPL
effluents water irrigation the soil reaction value varied from 8.00 (U+Q) to 7.95
(U+100) and also found non-significant between themselves. Though, soil
reaction value after 100% RDF with normal water irrigation (8.13) was
significantly higher than any dose of fertilizer with both effluents irrigation.

The EC (Electrical condu:tivity) value increased significantly with the
usage of both c¢ffluents water when compared to normal water. In RIL effluents
water irrigation the EC value at R+O (1.22 dSm™) significantly differed from
R+100 (1.39 dSm™) and R+75 (1.34 dSm™). Similarly in UPL effluents the
same trend was also observed. Irrespective of fertilizer level, the EC value after
wrigating with RIL effluents was significantly lower than that noted after UPL
effluents irrigation.

The organic carbon content increased significantly with both of the
effluents water treatments when compared to normal, water irrigation (0.71 %6).
Among the different fertilizer levels with RIL effluents water, though the
maximum (1.05 %) was observed at 100 % RDF it was at par with 50 % RDF.
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Table 13. Direct effect of diluted industrial effluents and graded
fertilizer levels on physico-chemical properties of the soil

Treatments Physico-chemical properties of soil
Effluent +RDF (%6) pH EC Organic carbon
(1:2.5) (dSm™) (%)
NW-+100 8.13 0.67 0.71
R+0 7.79 1.22 0.92
R+30 7.76 1.30 0.96
R+75 7.75 1.34 0.98
R+100 7.71 1.39 1.05
U-+0 8.00 2.14 0.95
U+50 7.99 2.16 0.96
U+75 7.95 2.23 0.99
U+100 7.95 2.23 1.01
NW+0 8.19 0.35 0.70
S.Em.+ 0.03 0.04 0.04

C.D at 5% 0.09 0.11 0.11
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In case of UPL, eftluents, there was no significant difference observed due to
different levels of fertilizer.

4.1.1.3.2 Available major nutrients
The available N status jumped from 102 ppm with normal water with no

ferulizer to 436 ppm after RIL effluent irrigation with 100 per cent
recommended fertilizer (Table 14). With the same level of fertilizer dose (100
per cent recommended) the value at NW+100 (144 ppm) was significantly lower
than observed either with R+100 (436 ppm) or U+100 (170 ppm). In general the
accumulation of available N was more after RIL effluents irrigation as compared
to UPL cffluents irrigation. In both the effluents irrigation, there was tendency
for increase in the available N values, with every increase in fertilizer dose.

The available P content in soil varied from 4.32 ppm in no fertilizer with
normal irrigation to 13.24 ppm with 100 per cent fertilizer doses in conjunction
with RIL effluent. However the later treatment was significantly superior to
U+100 (8.82 ppm). The available P increased numerically with increase in the
fertilizer levels in both the effluents water treatments. There was no signitficant
difference between the treatment of NW+100 (6.36 ppm) and U+50 (6.65 ppm).

The available K was the highest at U+100 (332 ppm) and the lowest was
recorded at NW+O (219 ppm). The available K recorded at NW+100 (274 ppm),
R+75 (225 ppm) and R+100 (273 ppm) were statistically at par with each other
whereas K noted at NW+100 was significantly lower than that noted after
irigating with UPL effluents along with applying inorganic fertilizer.

4.1.1.3.3 DTPA extractable micronutrients
The mean available Fe values varied from 8.52 mg kg in NW+O to

13.13 mg kg' in R+75 (Table 15), both of them significantly differed between
themselves. Each of the fertilizer level with either RIL or UPL effluents

irigation accumulated significantly higher content of Fe than that of normal
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Table 14. Direct effect of diluted industrial effluents and graded
fertilizer levels on major available nutrient status of the soil

Treatments Available nutrients status (ppm)
Eftluent + RDF (%) N P K
NW+100 144 6.36 274
R+0 403 8.01 246
R+50 412 11.21 251
R+75 425 12.16 255
R+100 436 13.24 273
U+0 163 5.88 263
U+50 170 6.65 297
U+75 168 7.36 311
U+100 170 8.82 332
NW+0 102 4.32 219
S.Em.+ 9 0.33 8

C.D at 5% 26 0.97 22
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Table 15. Direct effect of diluted industrial effluent and graded
fertilizer levels on DTPA extractable micronutrient in

soil
Treatments DTPA- extractable micro nutrients (mg kg™")
Effluent +RDF (%) Fe Mn n Cu
NW-+100 9.80 17.40 0.96 3.68 B
R+0 12.07 17.55 0.98 3.72
R+50 12.73 19.22 1.21 3.68
R+75 13.13 22.77 1.18 4.33
R+100 12.92 19.32 1.23 3.66
U+0 11.68 30.07 1.01 3.80
U+50 11.66 29.33 1.03 3.50
U+75 11.98 32.73 1.16 4.45
U+100 12.18 31.36 1.16 3.68
NW+0 8.52 12.05 0.93 3.45
S Em+ 0.51 1.11 0.06 0.17

C.D at 5% 1.47 3.19 0.16 0.50
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water irrigation with 100 per cent RDF (NW+100) and without fertilizer
(NW+QO).

The maximum Mn cor.ent (22.77 mg kg') was observed at R+75
treatment in case of RIL effluents, it was statistically superior to NW +100
treatment (17.40 mg kg™'). After irrigating the crop with UPL effluent, the
maximum Mn content was accumulated at U+75 followed by U+100, these
freatments were significantly better than that of NW+100. Between two
efﬂuénts irrigation it was observed that, Mn accumulation in the soil was more
after UPL effluent irrigation as compared to RII. effluents irrigation.

After irrigating the crop with RIL effluents, the available Zn content
varied from 0.98 mg kg™’ in no fertilizer treatment to 1.23 mg kg™ with 100 per
cent dose. The corresponding value for UPL effluents was 1.01 to 1.16 mg kg
In both the effluents irrigation treatments, 100 per cent dose was statistically at
par with 75 and 50 per cent dose with effluents water but all these treatments
were significantly superior to NW+100 treatments (0.96 mg kg").

In case of RIL effluents, the available Cu varied from 3.72 mg kg (RIL
effluent + no fertilizer) which was significantly lower to 4.33 mg kg™ at 75 per
cent doses with RIL effluents water. The value after 100 per cent dose with
normal water and 50 per cent fertilizer dose with both effluents water was at par
with each other. Almost similar trend was observed in case of Cu after irrigating
the UPL effluents water.

4.1.134 DTPA extractable heavy metal
The Ni content in soil was found slightly higher after RIL effluents

irrigation as compared to UPL effluents irrigation (Table 16) which varied from
0.89 mg kg™ to 0.92 mg kg™' in case of RIL while corresponding value for UPL
effluents was 0.83 to 0.87 mg kg™'. Further the value of 0.79 mg kg™ at NW+100
increased to 0.92 mg kg™ at R+100 and 0.87 mg kg™ at U+100 treatments.



Table 16. Direct effect of diluted industrial effluents and graded
tertilizer levels on DTPA extractable heavy metal in

sotl

Treatments DTPA extractable heavy metals status (mg kg™")
Effluent -+ RDF (%) Ni Cd Pb Co
NW+100 0.79 0.068 1.11 0.65
R+0 0.89 0.075 1.21 0.65
R+50 0.91 0.070 1.25 0.71
R+75 0.92 0.070 1.23 0.71
R+100 0.92 0.073 1.27 0.83
U+0 0.83 0.068 1.12 0.78
U+50 0.85 0.070 1.22 0.80
U+75 0.86 0.080 1.21 0.96
U+100 0.87 0.075 1.21 0.88
NW+0 0.76 0.065 1.08 0.61
SEm+ 0.02 0.004 0.05 0.02

C.D at 5% 0.06 NS NS 0.06
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The content of Cd and Pb in soil, after harvest of onion was found to be
non- significant. However, the content of Co in soil was found significant
which varied from 0.61 mg kg™ at NW+O to 0.96 mg kg at U+75 treatments.
The result revealed that Co content after UPL effluent irrigation was found
slightly higher that of RIL effluents irrigation.

4.1.2 Cumulative effect of diluted effluents on fodder maize crop
4.1.2.1 Dry matter yield
The fresh and dry matter yield of maize fodder was 758.25 and 113.94 g

pot’!, respectively when 100 per cent of the dose of fertilizer was applied
alongwith RIL effluents water treatment (Table 17). However, these were
statistically at par with U+100 (712 g pot”' and 106.80 g pot! fresh and dry
matter yield) and R+75 (710.5 and 104.75 g pot™ fresh and dry matter yield),
respectively. The treatments viz., U+100 and R+100 also produced significantly
higher yield than obtained with 100 per cent recommended dose of fertilizer and
irrigated with normal water. It is interesting to see that 100 per cent of the
fertilizer application with normal water irrigation produced the yield statistically
same as 50 per cent recommended dose of fertilizer application with either UPL
or RIL effluents irrigation. Besides, the above result data also indicated that RIL
effluents irrigation responded to the extent of 50 per cent recommended whereas
UPL effluents irrigation responded up to 75 per cent recommended fertilizer
application.

4.1.2.2 Nutrient content and uptake
4.1.2.2.1 Major nutrients
The N content in maize fodder was maximum (2.07 %) at R+100 and this

was significantly higher than the contents recorded at all other treatments
except, U+100 and R+75, which were at par (Table 18). The treatments U+100,

U+75 and U+50 also were at par among themselves. The contents recorded at
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Table 17. Cumulative effect of diluted industrial effluents and
graded fertilizer levels on fresh and dry yield of fodder
maize

Treatments Fresh yield (g pot']) Dry yield (g pot™)
Effluent +RDF (%)

NW+100 589.00 85.41
R+0 446.75 63.89
R+50 675.50 95.34
R+75 710.50 104.45
R+100 - 758.25 113.74
U-+0 435.25 61.81
U+50 606.50 87.94
U+75 681.75 99.83
U+100 712.00 106.80
NW+0 151.00 20.99
S.Em+ 24.79 3.63
C.D at5% 71.60 10.47




Table 18. Cumulative effect of diluted industrial effluents and
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graded fertilizer levels on major nutrient content and their
uptake by maize fodder

Treatiments

Content (%)

Uptake (mg Dot"l)

Effluent +RDF (%) N P K N P K
NW+100 1.89 0.64 1.79 1608 546 527
R+0 1.77 0.55 1.65 1129 350 1052
R+50 1.90 0.65 1.83 1804 618 1743
R+75 1.97 0.69 1.90 2057 720 1892
R+100 2.07 0.72 1.98 2350 817 2248
U+0 1.69 0.53 1.66 1044 327 1025
U+50 1.86 0.62 1.78 1631 542 1562
U+75 1.91 0.65 1.86 1905 647 1854
U+100 1.99 0.69 1.92 2120 735 2047
NW+0 1.08 0.30 1.05 226 63 220
S.Em+ 0.04 0.02 0.04 48 I5 52
C.Dat 5% 0.13 0.04 0.11 137 42 151
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R+50, U+50 and NW+100 were at par and significantly more than the no
fertilizer application with either quality of effluent irrigation water.

The P content was recorded maximum with R+100 (0.72 2%), which was
at par with R+75 and U+100 and significantly superior to all other treatments.
The content recorded at NW+O (0.30 %) was the lowest. Moreover, the
treatment NW+100, R+50 and U+50 were also statistically at par to each other.

The K content of the fodder maize varied from 1.05 % in NW+0 to 1.98
% in U+100, both differing significantly. With the same level of fertilizer dose
(100 % recommended dose) the K content at R+100 and U+100 was statistically
at par and significantly more as compared to NW+100. There was also no
significant difference between the contents recorded at R+0O and U+O.

The uptake pattern of N and P by the maize fodder was almost the same
.The removal of N and P by straw was maximum (2350 mg N pot” ' and 817 mg
P pot) at R+100. This diftered significantly from all other treatments. The
removal of N and P was at par at R+75 and U+100. Similarly the treatments
R+50 and U+75 also practically remained the same, in respect to N and P
removal. The uptake of N and P at R+50 (1804 and 618 mg pot” N and P) was
significantly more than that at NW+100 (1608 mg N and 546 mg P pot™'). The
latter treatment was also statistically at par with U+50. The K uptake also was
maximum (2248 mg pot’') at R+100. In this case, the values at U+50 (156Z mg
pot") and NW+100 (1527 mg pot™) did not differ significantly but statistically
lower than that R+50. Further, the removal of K was more in both effluents
irrigation with no fertilizer treatment (U+0 and R+0) as compared to normal
water irrigation without fertilizer application (NW+0).

4.1.2.2.2 Secondary nutrients
The Ca content varied from 0.40 % at NW+O to 0.52 % at R+100 (Table

19). The content recorded at NW+100 (0.48 “0) were at par with R+50 (0.48 %)
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Table 19. Cumulative effect of diluted industrial effluents and
graded fertilizer levels on secondary nutrient content and their
uptake by maize fodder

Treatments Content (%) Uptake (mg pot™')

Effluent+RDF (%) Ca Mg S Ca Mg S

NW+100 0.48 0.38 0.20 406 323 170
R+0 0.44 0.37 0.16 280 235 102
R+50 0.48 0.38 0.20 454 358 189
R+75 0.50 0.38 0.20 521 395 229
R+100 0.52 0.40 0.24 587 453 272
U+0 0.43 0.36  0.18 266 222 111
U+50 0.46 0.38 0.22 400 330 191
U+75 0.47 0.38  0.25 467 378 249
U+100 0.49 0.39  0.28 522 445 297
NW+0 0.40 0.32  0.10 84 67 21
S.Em+ 0.02 0.03 0.01 13 17 K

C.D at 5% 0.07 NS 0.04 36 49 21
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and U450 (0.46 %). Though with increase in fertilizer dose, there was increase
in the Ca content in both the effluents irrigation, yet in most case, the adjacent
fertilizer dose treatments were at par. The Mg content was not affected due to
any of the treatments. The S content was higher (0.28 %) at U+100, which was
at par with the values of 0.25 % recorded at U+75 and 0.24 % recorded at
R+100. In this case also with increase in fertilizer dose there was increase in the
S content, in most of the cases the adjacent treatments were at par.

The uptake of Ca by fodder maize was maximum at R+100 (587 mg
pot™)), which was significantly superior to the other treatments. But treatments
U+100 and R+75 remained at par. Similarly R+50 and U+75 also behaved as
same .The removal of Ca at N+100 did not differ with U+50. The removal of
Mg by maize fodder straw was more or less same as that Ca uptake. In this case,
also significantly more Mg removal was recorded at R+100 (453 mg pot™) but
this treatment was statistically at par with U+100. The treatment R+75 and
U+75 did not differ between themselves. Similarly the uptake of Mg was also
not statistically different from the treatments of NW+100, R+50 and U+50.

The S uptake varied from 21 mg pot™' at NW+0 to 297 mg pot™' at U+100.
The latter treatment was significantly superior to other treatments. At the same
level of fertilizer (100 % RDF) the S uptake at NW+100 was significantly lower
than that at U+100 and R+100. The S uptake at NW+100, U+50 and R+50 were
statistically same among cach other and significantly higher than that of NW+0,
U+0 and R+0.

41223 Micronutrients
The results pertaining to concentration of Fe, Mn, Zn and Cu content in

maize fodder are presented in table 20. The data presented in table indicated that
the maximum concentration of IFe was recorded under the treatments of R+50

(292.5 mg kg'') followed by R+75 (281.0 mg kg™"). Though the treatments



81

Table 20. Cumulative effect of diluted effluents and graded fertilizer levels on
micronutrient content and their uptake by maize fodder

Content (mg kghl))

Uptake (mg pot-1)

Treatments
Effluent +RDF Fe ™Mn Zn Cu Fe Mn Zn Cu
(%)

NW+100 157.5 252 19.0 6.7 125 2.15 1.62 0.57
R+0 175.528.0 17.3 6.3 11.2 1.80 1.10 0.40
R+50 292.551.2 26.1 7.6 28.03 4.87 2.48 0.74
R+75 281.0 484 257 7.7 29.305.05 2.69 0.80
R+100 2795494 26.2 8.2 31.81 5.61 2.98 0.93
U+0 155.0 273 151 6.3 9.59 1.68 0.82 0.39
U+50 205.0 395 242 7.4 17.953.48 1.30 0.65
U+75 207.540.2 23.6 7.4 18.97 3.61 216 0.72
U+100 212.539.7 23.1 7.4 22.63 423 2.48 0.80
NW+0 215 14.1 123 4.3 0.46 0.30 0.26 0.09
S.Emi 11.26 1.28 0.88 0.39 1.63 0.19 0.10 0.06
CD at 5% 325 37 26 1.1 4.71 0.54 0.30 0.16
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R+100, R+75 and R+50 were at par to each other but significantly superior to
treatments of R+0 and NW+100 (157.5 mg pot'). The Fe concentration
recorded under the treatments of U+100, UU+75 and U+50 were 212.5, 207.5 and
205.0 mg kg', respectively and they were at par to each other but statistically
superior to NW+100 and U+0. Almost, similar trend of Mn was noted. The
maximum Mn was recorded 12 R+100 (49 4 mg kg™") followed by R+75 (48.4
mg kg™') whereas, the minimum was registered in case of NW+0 (1:.1 mg kg™).
In case of Zn content it varied from 12.3 mg kg™ at NW+0 to 26.2 mg kg ot
R+100 treatments. Though the latter treatment was at par with R+75 (25.7 mg
ke and R+50 (26.1 mg kg™') while the former treatment was significantly
lower than that of R+0 (17.3 mg kg™') and U+0 (15.1 mg kg™'). The maximum
Cu concentration was recorded in the treatment of R+100 (8.2 mg kg™
However, this treatment was statistically at par with the treatment effect of R+75
(7.7 mg kg™, R+50 (7.6 mg kg™"), U+100 (7.4 mg kg™"), U+75 (7.4 mg kg')
and U+50 (7.4 mg kg™*). The Cu concentration at R+0 (6.3 mg kg*) and U+0
(6.3 mg kg™') was at par between themselves but significantly superior to NW+0
(4.3 mg kg™).

The uptake pattern of Fe, Mn, Zn and Cu was spectacular (Table 20). The
uptake of Fe and Mn under the treatment of R+100 was 31.81 and 5.61 mg pot™
followed by R+75 (29.3.0 and 5.05 mg pot™). While the uptake of Fe and Min at
the treatment of U+100 were 22.63 and 4.22 mg pot’'. In both the efiluents wate -
treatment the uptake of Fe and Mn at R+50 ( 28.03 and 4.87 mg pot™') and U+50
(17.95 and 3.48 mg pot™') were significantly higher as compared to NW-+100
(12.50 and 2.15 mg kg™"). Fro the point of view of Zn, it was maximum ot the
treatment of R+100 (2.98 mg pot'), which was statistically at per with
treatments of R+75 (2.69 mg pot). It is also seen that Zn nutrient re:noval at

R+50 (2.48 mg pot') was same as that removed at U+100 (2.48 mg pot'l). These
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both values were also statistically more as compared to NW-+100 (1.62 mg
pot™). With respect to Cu uptake it was varied from 0.09 at NW-0 to 0. 93 mg
pot” at R+100 treatment. The latter treatment was statistically better than that of
NW+100 (0.57 mg pot™). Application of 100 per cent RDF and irrigation with
UPL effluents removed more Cu as compared to NW+100 (Normal water plus
100 per cent RDF). It is also seen that Cu uptake at R+0 and U+0 was also same
as that recorded with NW+100 treatments.

4.1.2.2.4 Heavy metals content
The data regarding the concentration of Ni, Pb, Cd and Co are reported in

table 21. The data revealed that concentration of Ni, Pb, Cd and Co differed
significantly only with the treatment of NW+0 (0.445, 0.590, ND and 0.735 mg
ke’ Ni, Pb, Cd and Co, respectively) the rest of the treatments did not differ
statistically among each other.

4.1.2.3 Soil Study
4.1.2.3.1 Physico-chemical properties
Soil reaction, electrical conductivity and organic carbon content of the

soil were affected signiticantly due to different quality of irrigation water (Table
22).

The maximum soil reaction value (8.15 pH) was recorded when the crop
was irrigated with normal water without fertilizer followed by N+100 (8.08 pH).
Both the values were statistically at par and significantly higher than that of
other treatments. The minimum soil reaction value was recorded at 100 %
recommended dose of fertilizer with RIL effluents (7.63 pH) followed by
R+75(7.67 pH). The pH recorded under UPL effluents irrigation with different
levels of fertilizer (0, 50, 75 and 100 % RDF) were non-significant among
themselves.

The electrical conductivity (EC) value increased numerically with

increase in the fertilizer levels. But the value between R+0 (1.51 dSm™) and
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Table 21. Cumulative effect of diluted effluents and graded fertilizer levels on
some heavy metal content in maize fodder

Treatments Heavy metal concentration (mg kgi)
Effluent+RDF (%) '
Ni Pb Cd Co

NW+100 1.075 1.150 0.040 1.355
R+0 1.1013 1.140 0.045 1.370
R+50 1.130 1.150 0.042 1.4:20
R+75 1.122 1.160 0.045 1.395
R+100 1.130 1.155 0.045 1.390
U+0 1.108 1.150 0.040 1.390
U+50 1.115 1.160 0.044 ..420
U+75 1.113 1.145 0.044 1.4¢5
U+1.00 1.113 1.160 0.044 1.425
NW+0 0.445 0.590 ND 0.735
S.Em + 0.023 0.029 0.002 0.037

CD at 5% 0.065 0.085 0.006 0.107
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Table 22. Cumulative effect of diluted industrial effluents and graded
fertilizer levels on physico-chemical properties and major
available nutrient status of the soil

Treatments Physico-chemical properties of soil  Available nutrient status

pH EC Organic N P K

Effluent+RDF (1:2.5) (dSm™') carbon (ppm)
(70) (%)

NW+100 8.08 0.78 0.69 149  6.56 265
R+0 7.75  1.51 1.06 438 9.52 250
R+50 7.73  1.60 1.10 445  12.19 260
R+75 7.67  1.69 1.08 459 13.01 275
R+100 7.63  1.65 1.02 470  14.05 291
U+0 7.96 2.47 1.06 185 7.10 280
U+50 7.95  2.50 1.07 194 7.73 310
U+75 7.90  2.59 1.00 191 8.20 330
U+100 7.91 2.65 1.08 196 9.76 347
NW+0 8.15 0.32 0.64 90  4.17 206
S.En.+ 0.04  0.05 0.03 9 0.46 9

C.Dat 5% 0.12  0.15 0.08 26 1.33 25
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R+50 (1.60 dSm™) were at par. Similarly EC value between 1J+0 and U+50
behaved statistically same. The maximum EC value was recorded at U+100
followed by U+75. With the same level of fertilizer dose (100 % recommended
dose) the EC value at U+100 (2.65 dSm™) and R+100 (1.65 dSm™') was
significantly higher as compared to NW+100 (0.78 dSm™).

Though there were significant differences in the mean organic carbon
values due to different effluents water application yet the trend was erratic
(Table 22). Further, the organic carbon values due to the different levels of
fertilizer treatments varied narrowly from 1.02 % in R+100 to 1.10 % in R+75 in
case of RIL effluents water treatments. The corresponding values for UPL
effluents ranged from 1.00 % in U+75 to 1.08 % in U+100. Although the 100 %
fertilizers treatment with normal water recorded significantly lesser organic
carbon status (0.69 %) of the soil than that any of the treatment of effluents
water irrigation.

4.1.2.3.2 Available major nutrients
The soil available N was significantly affected due to different qualities of

irrigation water. The mean available N varied from 90 ppm with NW+0O to 470
ppm with R+100 (Table 22). In RIL effluents irrigation, the available N at R+0O
was significantly lower than that of higher level of fertilizer whereas, in case of
UPL effluents irrigation there were non-significant differences due to different
levels of fertilizers. Although the value at NW+100 was significantly lower than
that of any levels of fertilizers with both the effluent irrigation. Further the N
availability was more with RIL effluents irrigation as compared to UPL
effluents irrigation.

The available P also statistically ditfered due to different qualities of
irrigation water and levels of fertilizer. It was maximum (14.05 ppm) at R+100,

which got reduced (4.17 ppm) at NW+0. There was no significant difference in
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the effect of R+100 and R+75. But U+100 and U+75 statistically differed. The
ava’lable P at NW+100 (6.96 ppm) was significantiy lower than that of I 1O
(9.52 ppm) and found same with the treatment effect of U+50.

The available K in the soil was maximum (347 ppm) at U+100, which did
not differ significantly from the values at U+75 (330 ppm) but was higher than
that of NW+100 (265 ppm). Though the value at R+50 and NW-100 was the
same, but significantly lower than that of values at R+100.,

4.1.2.3.3 DTPA extractable micronutrients
The maximum Fe content (23.65 mg kg™') in soil after harvest of maize

was observed at the recommended dose of fertilizer and irrigating wih RIL
effluents water (Table 23). But the value recorded at R+75 and R+50 was at par.
Though the lower content (19.66 mg kg') was found at R-++Q, ic was
significantly higher than that of NW+100. The Fe content varied from 13.24 mg
ke! to 15.76 mg kg “'in UPL. effluents urigation treatments. But these both
value were significantly be:rer than that ey NW+10J (10.71 mg kg™)

Stmilar to Fe content, the maximum content of Mn was recorded at
R+100 foilowed by R+75, which were significantly higher than that of NY/+10¢
treatment. The wvalues recorded in 100 %, 75 %. and 50 % fertilizer dose
alongwith UPL effluents firigation were statistically at par with each other and
significantly superior to N'W+100. Further, Mn content at, U+O and R+Q was
alsu more as compared 1o NW+100 and NW+Q.

The Zn content increased from 0.95 mg kg' at NW+100 to 1.29 mg kg
at U+100 and 1.28 mg kg at 100 % RDF alongwith RIL effluents irrigation.
The values recorded at R+50, R+75, and R+100 statistically remained same but
significantly superior to NW+100. Similarly the values of 1.20 mg kg™ and 1.19
mg kg™ recorded at U+100 and U+735, respectively werel also same but statically

better than that of NW+100 (0.95 mg kg™).



Table 23. Cumulative effect of diluted industrial effluents and
graded fertilizer levels on DTPA extractable micro
nutrient in soil

Treatments DTPA- extractable micro nutrients (mg kg™
Effluent+ RDF Fe Mn Zn Cu
(“o)

NW+100 10.71 22.50 0.95 3.45
R+0 19.66 35.89 1.03 4.19
R+50 21.43 37.51 1.26 4.18
R+75 21.67 40.80 1.22 4.18
R+100 23.65 44.12 1.28 4.44
U+0 15.30 28.87 1.07 4.22
U+50 13.24 33.38 1.08 3.67
U+75 14.06 32.01 1.19 3.96
U+100 15.76 32.01 1.20 3.86
NW+0 7.74 14.52 0.91 3.15
S.Em+ 0.85 1.29 0.05 0.14

C.D at 5% 2.45 3.73 0.15 0.40
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The Cu content varied from 3.15 mg kg™ at NW+O to 4.44 mg kg at
R+100. But the latter value was significantly superior to any other treatments.
On an average basis both the effluent irrigation increased the Cu content values

as compared to normal irrigation.

4.1.2.3.4 DTPA extractable heavy metals
The soil Ni values of 0.81 mg kg™ at normal water irrigation along with

100 % RDF (NW+100) increased to 0.93 mg kg™ at U+100 and 0.95 mg kg at
R+100. Further the values of 0.77 mg kg™ at normal water irrigation (NW+Q)
increased to 0.88 mg kg™ at U+O and 0.90 mg kg at R+0 treatments (Table
24).

As against the Ni content, the Cd content was found to be non-significant.
While concentration of Pb in the soil was increased from 1.13 mg kg' at
NW+100 to 1.28 mg kg™' at U+100 and 1.33 mg kg at R+100. In both the
effluents due to different levels of fertilizer, there was no significant difference
of Pb observed.

The Co content in soil was found to be significant due to different
treatments. Based on the mean value of different treatments it is observed that
application of both effluent water increased the values of DTPA extractable Co
content in soil as compared to normal water irrigation. The maximuin was
recorded at U+75 (1.08 mg kg'") and the minimum was observed at NW+O
(0.66 mg kg™).

4.2  FKeasibility of fertilizer reduction through solid wastes
To explore the feasibility of saving the fertilizer with the usage of solid

waste, field experiments were conducted at soil and water management, farm.
The different solid waste such as biological sludge, pressmud and biocompost

were applied @ 5 t ha™ with full and half recommended doses to study their
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Table 24. Cumulative effect of diluted effluents and graded fertilizer levels on
DTPA extractable heavy metal status of the soil

Treatments Heavy imetal concentration (( mg kg-1
Effluent +RDF (%0) Ni Cd Pb Co
NW+100 0.81 0.068 1.13 0.75
R+0 0.90 0.078 1.28 0.76
R+50 0.93 0.070 1.32 0.73
R+75 0.95 0.080 1.30 0.83
R+100 0.95 0.075 1.33 0.95
U-+0 0.88 0.080 1.19 0.90
U+50 0.91 0.083 1.29 0.93
U+75 0.92 0.085 1.28 1.08
1J+100 0.93 0.080 1.28 1.00
NW+0 0.77 0.060 1.06 0.66
SEm+ 0.02 0.005 0.05 0.02

CD at 5% 0.05 NS 0.13 0.06
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direct effect on cabbage crop and residual effect on summer groundnut. The
results are presented below.

4.2.1 Direct effect on cabbage crop
4,2.1.1 Fresh and dry matter yield
Datz pertaining to the fresh and dry matter yield of Cabbage head and

stump (unwrapped leaves + stem) as affected by the various treatments are
presented in table 25.

The results indicated significant differences in fresh and dry matter yield
of cabbage head, due to application of different solid wastes alongwith 100 and
50 per cent recommended fertilizer doses. Significantly highest fresh and dry
matter head yield (25.91 t ha' and 3050 kg ha') were obtained in case of
biological sludge applied @ 5 t ha™' with 100 per cent recommended dose of
fertilizer (T3). However, yield produced at this treatment was statistically at par
with the treatment effect of T4 (FYM @ 5 t ha + 100 per cent RDF), Ts (
pressmud @ 5 t ha'+100 % RDF and T (Biocompost @ 5 t ha™'+100 % RIDE)
which yielded 24.65, 23.00 and 23.07 t ha”' fresh and 2909, 2699 and 2723 kg
ha! dry matter heads, respectively. Further, yield produced under treatments of
T3, Ty, Ts and Ty were significantly superior to control (100 per cent RDF only).
It is also interesting to note that the yield (Fresh and dry) obtained with half
recommended dose alongwith application of BS (biological sludge), PM
(pressmud), FYM and BC (blocompost) were statistically at par with control
(T1). The application of BS (T;), FYM (Ta), PM (Ts), and BC (Ty) alongwith fuil
recommended dose yielded 34.89, 28.60, 19.37 and 20.43 per cent higher dry
matter head yield, respectively over control.

Cabbage stump yield (unwrapped leaves + stem) was also significantly
higher with application of solid waste in conjunction with 100 per cent RDF. At

the same level of fertilizer (100 per cent recommended dose), the dry stump



Table 25. Direct effect of different industrial solid wastes with graded fertilizer
levels on cabbage head diameter, fresh and dry yield of cabbage head

N

and stump
Treatments Cabbage head Stump
Head diameter Fresh yield Dry yield Fresh vield Dry yield
(cm) (tha™) (kgha') (tha')  (kgha"

Ti= Control- 11.51 19.17 2261 17.91 2687
100 % RDF

T,=BS 2.5t/ha 12.14 21.57 2545 19.42 2838
+100%RDF

T;=BS 5t/ha 14.19 2591 3050 24.09 3614
+100%RDF

T=FYM 5t/ha 13.85 24.65 2909 20.55 3307
+100%RDF

Ts=PM 5t/ha 13.75 23.00 2699 20.66 3100
+100%RDF

Te=BC 5t/ha 13.75 23.07 2723 20.95 3144
+100%RDF

T=BS 2.5t/ha 11.88 17.98 2121 17.25 2589
+50%RDF

Ts=BS 5t/ha 12.35 22.53 2659 21.65 3248
+50%RDF

Te=FYM 5t/ha 11.93 19.94 2357 17.50 2623
+50%RDF

T\;=PM 5t/ha 11.46 17.24 2035 16.75 2512
+50%RDF

T/=BC 5t/ha 11.88 18.85 2342 17.63 2645
+50%RDF

S.Em + 0.29 1.29 152 1.27 172

CD at 5% 0.84 3.73 437 3.65 497
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yield produced at T; (3614 kg ha?) T4 (3307 kg ha™') and Te (3144 kg ha™) were
at par with each other and significantly higher to control (2687 kg ha™).
Moreover, the stump yield at control was statistically lower than that of Tg (50
per cent RDI*+ biological sludge (@ 5 t ha'). Though there were practically no
differences in stump yield produced at T, T4, Ty, Tp and T, treatments.

FHead diameter pattern as affected by different treatments was almost
similar to head yield. The maximum head diameter (14.19 cim) was noted at T,
treatment followed by T’y (13.85 cm), Ts (13.75 cm) and T (13.75 cm). All these
were behaved as like and significantly higher as compared to control (11.51 cm).
Moreover, application of different solid waste alongwith 50 per cent RDF (Ty,
Ty and T,, treatments) recorded statistically same head diameter as that
obtained in control.

4.2.1.2 Nutrient content and uptake
4.2.1.2.1 Major nutrients
The data presented in the table 26 revealed that major nutrient contents

and their uptake by cabbage head were significantly influenced due to
application of solid waste with full and half doses of fertilizer.

Though the N content varied narrowly from 2.64 per cent to 2.79 per cent
yet the significant difference was observed among the treatinents. The maximum
N content was recorded at application of biological sludge @ 5t ha™ plus 100
per cent RDF (T3). It was significantly superior to rest of the treatments.
Besides, treatments T, 1’5, T, and Tg were statistically at par. Similarly, the
treatments T, T7, Ty, Ty and T, were also at par.

The P content also varied narrowly from 0.83 per cent at T; to 0.94 per
cent at T3 treatment, both of them significantly differed. Though the former
treatient ('I'7) statistically differed from that of any treatments except control.

The K content was maximum (2.42 %) in biocompost with full recommended
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Table 26. Direct effect of different industrial solid wastes with graded fertilizer
levels on content and uptake of major nutrient by cabbage head

Treatments Content (%) Uptake (kg ha-I)
N P K N P K
T,=Control- 2.66 0.86 2.30 60.11 19.45 51.98
100 % RDF
T,=BS 2.5t/ha 2.67 0.88 2.30 67.87 22.38 58.49
+100%RDF
T,=BS 5t/ha 279 094 2.32 385.05 28.44 70.58
+100%RDF
T,=FYM 5t/ha 2.68 0.93 236 77.90 27.11 65.55
+100%RDF
Ts=PM 5t'ha 270 0.92 2.39 72.72 24.72 64.40
+100%RDF
T=BC 5St/ha 272 094 2.42 73.85 25.53 65.82
+100%RDF
T,=BS 2.5t/ha 2.68 0.83 2.28 56.77 19.06 50.02
+50%RDF
T¢=BS 5t/ha 2.74 0.89 2.30 72.96 23.61 61.09
+50%RDF
Te=FYM 5t/ha 2.64 0.88 2.33 62.83 20.82 55.30
+50%RDF
T10=PM 5t/ha 2.64 0.88 2.34 53.84 17.76 47.53
+50%RDF
T;1=BC 5t/ha 2.64 090 236 61.88 19.37 53.24
+50%RDF
S.Em + 0.02 0.02 0.02 4.14 1.07 3.05

CD at 5% 0.05 0.06 0.06 11.97 3.09 8.82
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dose of fertilizer treatment (Te). But it was at par with either pressmud (Ts ) or
FYM (T, ) alongwith 100 per cent RDF. The content recorded at 100 per cent
RDF only (control) was at par with Ty, T3, Ty, Ty, T, Ty, T1p and T,; treatments.

The N uptake by cabbage head at full dose of inorganic fertilizer alone
was 60.11 kg ha™', which was statistically at par with that obtained in 50 per cent
fertilizer dose with application of either 2.5 t ha'! blosludge (56.77 kg ha')or 5t
ha'! FYM (62.83 kg ha') or S t ha’ pressmud (53.84 kg ha') or 5 t ha’
biocompost (61.88 kg ha™). But these removals of N were significantly lower
than that recorded with T; (85.05 kg ha™), Ts (72.72 kg ha'l), Te (73.85 kg ha''
and T (72.96 kg ha™).

The maximum P (28.44 kg P ha') was removed at the 100 per cent
recommended dose of fertilizer with application of biosludge @ 5 tha' (Ty)
which was at par with Ty and Ts. The latter two treatments were also at par with
Ts. Though the lowest uptake was found at Tio(17.76 kg ha') but it was at par
with the treatment effect of Ty, T4, Ty and Ty,.

The K uptake was also maximum (70.58 kg ha™) at T; followed by Ty, T,
and Ts, these treatments were statistically at par with each other. In this case also
the removal recorded at Ty, Ty, Ty, Tip and T,, did not differ significantiy.
Similarly T, and T behaved practically same.

The N content of the stump varied from 2.19 % (T7) to 2.29 % ( T and
T¢). Both the values differed significantly (Table 27). With the same level of
fertilizer dose (100 % recommended dose), the N content at T, (2.29 %), T,
(2260 %), T5 (2.28 %) and T, (2.29 %) were significantly higher as compared to
control (2.20 %). There were no significant difference in contents recorded
among the treatment of T, T, T, To, Tio and T),. Pattern of P content by
cabbage stump was similar to N contents. The K contents in the stump was

maximum (3.50 %) at 100 % RDF with application of @ 5t ha™ biocompost
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Table 27. Direct effect of different industrial solid wastes with graded fertilizer
levels on content and uptake of major nutrient by cabbage sturnp

Uptake (kg ha l)

Treatments Content (%)
N P K N P K

T,=Control- 2.20 0.33 3.38 59.03 8.81 90.47
100 % RDF
T,=BS 2.5t/ha 2.23 0.34 3.39 63.29 9.57 96.05
+100%RDF
T:=BS 5t/ha 2.29 0.39 3.40 82.62 14.03 122.78
+100%RDF
T,=/FYM 5t/ha 2.26 0.37 3.45 76.77 12.46 117.03
+100%RDF
Ts=PM 5t/ha 2.28 0.40 3.48 70.57 12.37 107.84
-~100%RDF _
Ts=BC 5t/ha 2.29 0.39 3.50 71.75 12.20 109.90
+100%RDF
T,=BS 2.5t/ha 2.19 0.32 3.36 56.63 8.23 86.96
+50%RIDF
Ts=BS 5t/ha 2.21 034 3.36 71.65 10.96 109.00
+50%RDF
Ty=FYM 5t/ha 2.20 0.33 3.38 57.68 8.63 28.64
+50%RDF
Ty ¢—PM 5t/ha 2.20 0.34 3.40 55.35 8.58 85.35
+50%RDF
T,,=BC 5t/ha 2.21 0.35 3.39 58.50 9.24 89.73

+50%RDF
S.Em + 0.01 0.014 0.03 3.61 0.41 5.42
CD at 5% 0.03 0.04 0.08 10.42 1.18 15.59




(Ts ), which did not differ statistically from the value at Ts (3.48 %) and T, (3.45
%), but its were higher than that of T, (3.38 9%). The values registered among the
treatment of T, Ty, Ty, Ty, T,y and T, were remained practically same.

The N uptake by stump varied from 55.35 kg ha! at 50 % RDF alongwith
application of pressmud @ 5 t ha' (T)o) to 82.62 kg ha! at T;. All the solid
waste treatments with 100 % RDF resulted in higher N uptake than that of
control. But the treatments T,, Ty, T3, Ty, T1o and T); remained at par with eacl
other. The P uptake was maximum (14.03 kg ha) at T, it was significantly
higher than that of any treatments. But the removal of P at T4(12.46 kg ha™), T
(12.37 kg ha*) and T; (12.20 kg ha™') were also statistically more as compared to
control (8.81 kg ha™). Though the latter treatment (T,) behaved as like the
treatments where solid waste was applied @ 5 tha alongwith 50 % RDF (T,
Tio and T};). The removal of K by the straw was found to be significant. The
maximum removal was recorded at T3 (122.78 kg ha™') followed by T4, Ts and
Ts. These four treatments were statistically remained same and significantly
superior to control. The K uptake at 50 % RDF with application of either 2.5 t ha
biological sludge (T,) or S t ha™' pressmud (T1o) or 5t ha’ biocompost (T;;) or 5
tha! FYM (Ty) statistically remained same as that obtajned at control.

42.1.2.2  Secondary Nutries.ts .
The Ca, Mg and S contents were not statistically affected due to the use of

different solid waste and fertilizer levels in both the plant parts (Table 28 and
29).

As against the contents, the uptake of all the tﬁree nutrients by both the
plant parts differed significantly due to different treat}nents. With regard to Ca
uptake by cabbage head it was maximum (40.96 kg ha) at T, which wus
significantly sﬁperior to other treatments, except T,. However, treatment (T,)

was statistiéally at pat with Ts, T and T. Similarly the treatment effect of 1y,
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Table 28. Direct etfect of different industrial solid wastes with graded fertilizer
levels on content and uptake of secondary nutrient by cabbage head

Treatments Content (%) Uptake (kg ha—l)
Ca Mg S Ca Mg S
T,=Control- 1.20 0.49 0.59 26.99 11.01 13.20
100 % RDF

T,=BS 2.5t/ha 1.27 0.51 0.62 32.09 12.95 15.61
100%RDF

T;=BS 5t/ha 1.35 0.54 0.66 40.96 16.36 19.88
+~100%RDF

T,=FYM 5t/ha 1.31 0.26 0.65 37.93 16.05 18.61
+100%RDF

Ts=PM 5t/ha 1.31 0.53 0.66 35.15 14.30 17.64
+100%RDF

Te=BC 5t/ha 1.32 0.53 0.67 35.79 14.39 18.13
+100%RDF

T,=BS 2.5t/ha 1.28 0.51 0.6l 26.96 10.65 12.79
+50%RDF

Ts=BS 5t/ha 1.31 0.51 0.63 34.62 13.53 16.55
+50%RDF

Toe=FYM 5t/ha 1.27 0.52 0.62 29.94 12.16 14.53
+50%RDF

T,p=PM 5t/ha 1.30 0.50 0.61 26.43 10.07 12.23
+50%RDF

T1,=BC 5t/ha 1.30 0.51 0.63 30.53 11.84 14.55

+50%RDF
SEm + 0.03 0.02 0.03 1.50 0.41 0.63

CD at 5% NS NS NS 4.33 1.18 1.82
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Table 29. Direct effect of different industrial solid wasteé*vs[iﬁighir;?gifajie’a fertilizer

levels on content and uptake of secondary nutrient by cabbage stump

Treatments

Content (%)

Uptake (kg ha'l)

Ca Mg S Ca Mg S
T,=Control- 1.59 0.81 0.71 42.41 21.58 18.92
100 % RDF

T,=BS 2.5t/ha 1.63 0.84 0.73 46.17 23.63 20.88
+100%RDF

T;=BS 5t/ha 1.66 0.89 0.80 60.48 32.28 28.63
+100%RDF

T,=FYM 5t/ha 1.65 0.86 0.78 55.81 28.80 26.25
+100%RDF

Ts=PM 5t/ha 1.64 0.89 0.79 50.88 27.47 24.26
+100%RDF

T=BC St/ha 1.66 0.90 0.80 52.06 28.08 24.72
+100%RDF

T,=BS 2.5t/ha 1.63 0.81 0.73 42.00 20.78 18.73
+50%RDF

Ty=BS 5t/ha 1.64 0.85 0.76 53.19 27.34 24.60
+50%RDF

To=FYM 5t/ha 1.63 0.86 0.75 42.71 22.38 19.56
+50%RDF

T17=PM 5t/ha 1.62 0.84 0.74 40.62 21.00 18.42
+50%RDF

T,;=BC 5t/ha 1.63 0.86 0.74 43.80 22.56 19.46
+50%RDF

S.Em + 0.03 0.03 0.03 2.27 1.24 0.87

CD at 5% NS NS NS 6.55 3.59 2.52

99
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T, Ty, Tio and T, also remained at par. Almost the more or less similar pattern
of removal was also observed in case of Ca uptake by stump and Mg uptake by
head as well as stump. The S uptake by both cabbage head and stump diftered
significantly due to different treatments. In both cases,it was the highest at T;
(19.8% kg ha’ by head and 28.63 kg ha™' by stump) followed by T4 treatment.
But in case of head uptake, the treatment T also practically remained same with
T; and T4 100 % RDF (T)) remained statistically at par with the treatment of 50
% RDF alongwith solid wastes application in both the cases.

4.2.1.2.3 Micronutrients
The results regarding the concentration of Fe, Mn, Cu and Zn in cabbage

head and stump at harvest stage are reported in table 30 and 31, respectively.
Concentration of Fe in head varied significantly between 58.83 to 74.41 mg kg™’
due to material used. Significantly higher concentration of Fe in head was
recorded with application of biosludge @ 5t ha™' plus 100 per cent RDF (74.41
mg kg™') which was at par wili rest of the treatments barring, control (58.83 mg
keg™'y and application of biostudge @ 2.5 t ha' plus 100 per cent RDF (66.14 mg
kg'"). In cabbage stump, the higher and lower content of Fe was registered with
BS @ 5t ha™ plus 100 per cent RDF treatment (60.95 mg kg) and control
(49.49 mg kg'"), respectively. The stump e content registered with half doses of
fertilizer alongwith either application of biosludge @ 5 t ha' (57.42 mg kéB or
FYM (52.45 mg kg') or pressmud (54.55 mg kg') or biocompost (55.38 my
kg'") was significantly higher than that of application of 100 per cent RDF alone
(49.49 mg kg''). The Mn content remained unaffected due to different solid
waste materials and fertilizer doses in head and stump (Table 30 and 31). With
respect to Zn content, it was noteworthy in head only. Among the different
treatments biosludge @ 5 t ha™' in conjunction with 100 per cent RDF recorded

comparatively higher value of Zn (23.97 mg kg™'). However, it remained at par



Table 30. Direct effect of different industrial solid wastes with graded fertilizer
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levels on micronutrient content and their uptake by cabbage head

Treatments

Content {mg kg'l)

Uptake (g ha-l)

Fe Mn Zn Cu Fe Mn Zn Cu
T,=Control- 58.83 23.73 18.63 6.79 132.96 53.87 42.09 15.40
100 % RDF
T,=BS 2.5t/ha 66.14 26.61 22.75 7.13 168.66 67.68 57.98 18.09
+100%RDF
Ty=BS 5t/ha 74.41 27.30 23.97 7.61 226.93 83.57 72.70 23.13
+100%RDF
T~FYM 5t’/ha 69.40 25.15 20.92 7.44 201.75 73.45 61.36 21.65
+100%RDF '
Ts=PM 5t/ha 69.77 24.85 21.28 6.91 187.90 67.13 57.60 18.69
+100%RDF
T¢=BC 5t/ha 72.03 25.33 21.38 0.98 196.48 69.25 58.33 18.89
+100%RDF
T,=BS 2.5t/ha 69.88 23.38 20.24 6.79 148.20 49.67 43.06 14.32
+50%RDF
T¢=BS St/ha 73.22 25.63 21.63 7.45 195.04 67.86 57.69 19.77
+50%RDF
To=FYM 5t/ha 70.40 24.23 20.98 7.12 167.26 57.42 50.67 16.40
+50%RDF
T0=PM 5t/ha 71.03 25.03 20.86 6.97 146.34 51.83 42.73 14.03
+50%RDF
T,,=BC 5t/ha 72.85 2485 21.19 7.21 170.32 - 58.32 48.76 16.96
+50%RDF
SEm + 1.59 1.20 1.52 0.43 11.91 5.32 5.54 1.41
CDrat 5% 459 NS5 438 NS 34.39 15.36 16.00 4.08
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Table 31. Direct effect of different industrial solid wastes with graded fertilizer
levels on micronutrient content - and their uptake by cabbage stump

Treatments

Content ( mg:_kg_])

Uptake (g ha N

Fe Mn Zn Cu Fe Mn Zn Cu

Ti=Control- 49,49 19.53 14.82 4.41 133.86 53.40 39.47 12.39

100 % RDF
T,=BS 2.5t/ha 55.87 20.83 16.38 5.10 159.52 58.74 47.03 14.25
+100%RDF
T3=BS 5t/ha 60.95 22.42 18.61 5.63 222.00 80.63 67.55 20.08
+100%RDF
Ta=FYM 5t/ha 54.20 20.17 17.34 4.90 180.50 68.17 58.67 16.27
+100%RDF
Ts=PM 5t/ha 56.14 21.67 17.50 4.55 173.68 67.22 49.53 13.62
+100%RDF
T«=BC 5t/ha 56.90 22.32 17.97 5.03 179.50 69.92 56.83 15.53
+100%RDF
T,-BS 2.5t/ha 53.65 19.57 15.54 5.07 137.87 51.20 40.22 13.21
+50%RDF
Tg=BS 5t/ha 57.42 20.85 16.60 4.85 186.18 67.29 53.21 15.80
+50%RIDF
To=FYM 5t/ha 52.4521.28 15.32 4.90 137.34 56.14 40.36 12.91
+50%RDF
To=PM 5t/ha 54.55 21.40 16.98 4.48 137.05 53.8042.56 11.13
+50%RDF
T, =BC 5t/ha 55.38 20.93 16.93 4.68 146.65 55.15 44.84 12.34
+50%RDF
S.Em + 1.58 1.57 0.81 0.44 11.98 5.56 437 1.17
CD at 5% 456 NS NS NS 34.59 16.06 12.63 3.38
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with the rest of the treatments, except control (18.63 mg kg'). Cu content in
cabbage head and stump did not exert any indicative influence due to various
treatments.

The data regarding the uptake of Fe, Mn, Zn and Cu by head and stump
are reported through tables 30 and 31. In head and stump of cabbage, Fe uptake
was significantly influenced due to different treatments. Application of
biosludge @ 5 t ha™' plus 100 per cent RDF removed importantly highest
amount of Fe (226.93 g ha™') which was at par with FYM plus 100 per cent
RDF (201.75 g ha™), biocompost plus 100 per cent RDF (196.48 g ha™) and
biosludge @ 5 t ha™ plus 50 per cent RDF (195.04 ¢ ha™").

In contrast, control treatment removed lowest amount of Fe i.e. 132.96 g
ha' and statistically it was at par with BS @ 2.5 t ha'+50.. per cent RDF
(148.20 g ha™"), FYM+50 per cent RDF (167.26 g ha™"), pressmud + 50 per cent
RDF (146.34 g ha') and biocompost plus 50 percent RDF (170.32 g ha™). In
case of stump, application of BS @ 5 t ha’! in conjunction with 100 per cent
RDF (222.00 g ha™') ranked first and next in order were BS plus 50 per cent
RDF (186.18 g ha™), BC plus 100 per cent RDF (179.50 g ha™') and PM plus
100 per cent RDF (173.68 g ha™). Considerably lower Fe uptake value of 133.86
g ha™ was obtained with control but it was at par with, FYM, BC and PM along
with 50 per cent RDF (Ty, Ty and T, treatments). Similarly, BS @ 2.5 t ha"'
alongwith half and full doses el in- organic fertilizer were also remained at par
with control.

Like Fe, Mn uptake also differed remarkably due to different treatment
effect. In case of head, application of BS @ 2.5t ha™' alongwith 50 per cent RDF
(49.67 g ha™') registered significantly less value of Mn uptake but it was at par
with application of 50 per cent RDF in conjunction with either FYM (5742 ¢
ha') or PM (51.83 g ha™') or BC (58.32 g ha™') and control (53.67 g ha™). Where..
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as, application of 100 per cent RDF in concomitant with BS @ 5t ha™' (83.57 g
ha'), FYM (73.45 g ha'), PM (67.13 g ha') and biocompost (69.25 g ha™)
established its’ superiority by removing the more Mn as compared to control.
With respect to Mn uptake by stump application of biosludge @ 5 t ha™ plus 100
per cent RDF (80.63 g ha™) noted significantly higher Mn uptake in comparison
to rest of the treatments. However, it was at par with application of 100 per cent
RDF along with either FYM (68.17 g ha™') PM (67.22 g ha™') and BC (69.92 ¢
ha™'). Application of BS @5 t ha™ plus 50 per cent RDF (67. 29 g ha') was also
at par with these treatments. Significantly lower value was recorded with
application of BS @ 2.5t ha™ along with 50 per cent RDF (51.20 g ha') and it
was at par with remaining freatiments.

From Zn uptake point of view in head, application of 100 per cent
recommended inorganic fertilizer along with BS @ 5 t ha™ (72.70 g ha™"), FYM
(61.36 g ha™), PM (57.60 g ha'') and BC (58.33 g ha') showed superiority over
rest of the treatments except, Tg treatment (BS @ 5t ha”'plus 50 per cent RDF).
In rest of the treatments uptake of Zn by head varying between 42.09 to 50.67 g
ha except, T, treatments which removed 57.98 g ha™! Zn. Za uptake by stump
was significantly higher with application of BS @ 5 t ha”' in conjunction with
100 per cent RDF (67.55 g ha™') which was statistically at par with BC plus 100
per cent RDF (56.83 g ha™') and FYM plus 100 per cent RDF (58.67 g ha™'). The
removal of Zn by stump was minimum with control (39.47 g ha™') and which
were at par with remaining treatments except Ty (53.21 g ha™). In rest of the
treatments Zn uptake was around 40 to 47 g ha™'.

In case of Cu uptake by head, the maximum (23.13 g ha™') was recorded
with application of BS @ 5 t ha''alongwith 100 per cent RDF followed by FYM
plus 100 per cent RDF (21.65 g ha™). Significantly lower Cu uptake was
recorded with application of PM @ 5 t ha™' along with 50 per cent RDF (14.03 g
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ha') and it was at par with remaining treatments except Ts, which removed
19.77 g ha'! Cu. The uptake pattern of Cu by cabbage stump was almost similar
to that of Cu uptake by head, in most of the treatments. The uptake value varied
from 11.13 to 20.08 g ha™'.

4.2.1.2.4 Heavy metal content
Data given in table 32 indicated that different treatment did not exert any

significant influence on Ni, Pb, Cd and Co content of cabbage head and stump.

The concentration of Ni, Pb, Cd and Co varied from 0,928 to 0.937, 0.840
to 0.847, 0.019 to 0.023 and 0.760 to 0.769 mg kg™’ in head respectively. While
the corresponding values of respective metal in cabbage stump fluctuated from
1.179 to 1.200, 0.975 to 0.980, 0,031 to 0.034 and 0.880 to 0.889 mg kg™’

4.2.1.3 Soil changes
4.2.1.3.1 Physico-chemical properties
The different levels of fertilizer and application of different solid waste

did not influence the soil reaction value (Table 33). It varied from 8.07 (T) o
8.22 (control).

The electrical conductivity (EC) values increased only where the
biological sludge was applied (T,, T5, T7 and Ty ) treatments as compared to
control. Whereas, pressmud and biocompost failed for such effect.

Organic carbon status ot the soil increased numerically when the solid
waste was applied but was failed to reach the significant level. It varied from
0.39 % at control to 0.52 % at T; treatments. The organic carbon status at T. [s
and T, was 0.49 %, 0.47 % and 0.51 %, respectively.

4.2.13.2 Available major nutrients
The maximum available N (251 kg ha™') was recorded at 100% RDF with

application of 5 t ha"' biological sludge (Table 34). Though this treatment
statistically remained same with T,, T4, Ts and Ty yet significantly superior to

control. The available N recorded at Ts, Tg, Ty, Tyg and T, was 211, 214, 208,
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Table 32. Direct effect of different industrial solid wastes with graded fertilizer
levels on heavy metal content in cabbage crop

Treatments Head (mg_kg ) Stump (mg k,q,'l)
Ni Pb Cd Co Ni Pb Cd Co

T,=Control- 0.928 0.840 0.019 0.760 1.179 0.975 0.031 0.880

100 % RDF
T,=BS 2.5t/ha 0.933 0.841 0.021 0.764 1.188 0.979 0.032 0.883
+100%RDYF
T3=BS 5t/ha 0.937 0.847 0.022 0.767 1.200 0.980 0.034 0.889
+100%RDF
Ts=FYM 5t/ha 0.931 0.846 0.022 0.767 1.118 0.976 0.032 0.882
+100%RDF
Ts=PM 5t/ha 0.933 0.846 0.022 0.769 1.191 0.977 0.034 0.884
+100%RDF
T«=BC 5t/ha 0.934 0.845 0.023 0.766 1.194 0.979 0.034 0.885
+100%RDF
T,=BS 2.5tha 0.935 0.844 0.021 0.763 1.190 0.977 0.032 0.88!
+50%RDF
Tg=BS 5t/ha 0.934 0.845 0.022 0.767 1.194 0.970 0.033 0.884
+50%RDF
To=FYM 5t/ha 0.932 0.884 0.022 0.766 1.193 0.978 0.033 0.884
+50%RDF
T10=PM 5St/ha 0.935 0.845 0.022 0.764 1.192 0.979 0.031 0.887
+50%RDF
T,=BC 5t/ha 0.935 0.845 0.022 0.764 1.192 0.979 0.033 0.884
+50%RDF
S.Em + 0.004 0.002 0.002 0.003 0.004 0.002 0.002 0.00Z

CD at 5% NS NS NS NS NS NS NS NS
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Table 33. Direct eftect of different industrial solid wastes and graded fertilizer
levels on physico-chemical characteristics of the soil

Physicochemical characteristics

Treatments

pH (1:2.5) EC (dSm™) Organic carbon (%)
T=Control- 8.22 0.17 0.39
100 % RDF

T,=BS 2.5t/ha 8.11 0.33 0.45
+100%RDF

T5=BS St/ha 8.C3 0.35 0.52
+100%RDF

T4=FYM 5t/ha 8.23 0.21 0.49
+100%RDF

Ts=PMM 5t/ha 8.18 0.19 0.47
+100%RDF

Te=BC 5t/ha 8.22 0.19 0.51
+100%RDF

T+=BS 2.5t/ha 8..1 0.26 0.44
+50%RDF

T4=BS 5t/ha 8.07 0.28 0.51
+50%RDF

To=FYM 5t/ha 8.19 0.19 0.47
+50%R DI

To=PM 5t/ha 8.18 0.18 0.48
+50%,RDF

1,,=BC 5t/ha 810 0.20 0.46
+50%RDF

S.Em + 0.04 0.02 0.03

CD at 5% NS 0.05 NS
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Table 34. Direct effect of different industrial solid wastes and graded fertilizer
levels of on avatlable major nutrient status of the soil

Available nutrients (kg hahll

Treatments
Nitrogen (N) Phosphorus (P,05) Potassium (K,O)

T,=Control- 196 30.65 581

100 % RDF
T>-BS 2.5t/ha 231 37.27 622
+100%RDF
T3=BS 5t/ha 251 46.03 644
+100%RDF
T,~FYM 5t/ha 235 41.31 658
+100%RDF
Ts PM 5t/ha 233 41.33 710
+100%RDF
T¢=BC 5t/ha 227 45.94 726
+100%RDF
T,-BS 2.5t/ha 211 30.30 599
+50%RDF
Tg-BS 5t/ha 214 35.37 610
+50%RDF
To=FYM 5t/ha 208 32.61 622
+50%RIDF
T,p=PM 5t/ha 211 31.03 646
+50%RDF
T,,=-BC 5t/ha 198 31.64 640
+50%RDF
SEm+ 8.00 1.53 16
CD at 5% 24.00 4.42 46
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211 and 198 kg ha’, respectively which were at par with each other and
practically remained same with control.

The available P,Os varied from 30.30 kg ha™! at application of 50 % RDF
with 2.5 t ha™' biological sludge (T7) to 46.03 kg ha' at T;. Both of them
significantly did differ between themselves. The latter treatment was
significantly superior to rest of the treatment except Ty (45.94 kg ha™'). The
treatment T,, T;, Ty, T,y and T,; were statistically at par with each other.
Similarly, T, and Ty also behaved same.

The available K,0O status was maximum (726 kg ha') at Ty treatment
followed by Ts. Though at T, it was more than Ts, statistically they were at par.
These both treatments (T, and T3) were also at par with Ty, Ty and T,,.
Similarly the treatments T;, T,, T;, Ts and Ty were also practically remained
same.

4.2.1.3.3 DTPA extractable micronutrients
The Fe content after harvest of cabbage crop was found to be significant

(Table 35). The maximum Fe value (13.44 mg kg'l) was recorded at T,
(application of biocompost + 100 % RDF) followed by T3 and minimum Fe
content (9.39 mg kg™') was observed at control (100 % RDF). Further 50 %
RDF alongwith solid waste material increased the Fe content in soil as compared
to control.

As like the Fe, content in soil, the content of Mn was also maximum
(22.23 mg kg™') at T,, which was at par with Ts (21.22 mg kg), Tg (22.03 mg
kg™), Ta (22.70 mg kg™), T; (20.84 mg kg™), T10(21.58 mg kg™ and Ty, (21.09
mg kg'). The lowest Mn content was recorded (14.89 mg kg™') at control and it
was significantly lower than that of other treatments.

The Zn content varied considerably due to different treatments. The

treatment 100 % RDF (Control) recorded significantly lowest value of Zn
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Table 35. Direct effect of different industrial solid wastes and gracled fertilizer
le els of on micronutrient status of the soil

"Micro nutrients status (mg kg'l)

Treatments

Fe Mn 4n Cu
T,=Contro 9.39 14.89 0.47 2.25

100 2% RDF

T,=BS 2.5t/ha 11.5% 18.29 0.80 2.50
+100%RDF
T3=BS St/ha 12.86 20.84 0.81 2.87
+100%RIDF
T4=FYM 5t/ha 11.59 20.70 0.68 2.38
+100%RDF
Ts=PM 5t/ha 12.46 21.22 0.57 2.44
+100%RDFEF
T=BC 5t/ha 13.44 22.22 0.58 2.98
+100%RDF
T+=BS Z.5t/ha 1] 86 18.01 0.43 2.50
+50%RDF
Te=BS Si/ha 12.71 22.03 0.69 2.6<.
+50%RDF
To=FYM 5t/ha 11.20 19.46 0.61 2.42
+50%RDF
T,,=PM 5t/ha 11.58 21.58 0.62 2.52
+50%RDF :
T,,=BC St/ha 1..53 21.09 0.59 2.43
+50%RDF
S.im *+ 0.41 0.82 0.05 0.10

t

CD at 5% .19 2.36 (.14 0.29
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content. However, it was at par with Ts (0.57 mg kg_l), Te (0.58 mg kg, T,
(0.48 mg kg™"), Ty (0.61 mg kg™) and T, (0.59 mg kg". The treatments T;, Ts,
Ty and T, registered significantly higher values of Zn content in decreasing
order, though they were at par with one-another.

In case of Cu content in soil after cabbage, it was significantly influenced
due to different treatments. Among the different treatments, T (2.98 mg kg™
recorded comparatively higher value of Cu content followed by T3 (2.87 mg
kg™"). The rest of the treatments statistically same Cu content in the soil.
4.2.1.3.4 DTPA extractable heavy metals

The data reported in table 36 indicated that DTPA extractable Ni, Cd, Pb
and Co did not differ significantly due to different treatments.

4.2.2 Residual effect on groundnut crop
4.2.2.1 Dry matter yield
The dry pod yield as affected by residual effect of various solid wastes

and fertilizer levels was found to be non significant (Table 37). However, the
yield ranged from 2410 kg -a' at control to 2986 kg ha™' at application of
biological sludge alongwith 100 % RDF (T3). The application of 100 % RDF
and either biological sludge (T;), FYM (Ty) pressmud (T5) and biopcompost
(To) each of 5 t ha™' to main crop, increased the yield of residual groundnut pod
by 23.10, 19.05, 20.1 and 17.72 %, respectively, over control. As like the dry
pod yield, number of mature pod per plant was also found to be non-significant.
As against the dry pod yield, the haulm yield of groundnut was foun: to
be significant due to various treatments. The maximum hauim yield was
produced at application of pressmud 5 t ha™ with 100 % RDF (T5). Though this
treatment was at par with T3, Ty, Ty, T; and Ty in decreasing order but they were
significantly superior to control. The treatment T~ and T, were also at par with

controf, whereas, Tg and Ty were significantly superior to control.
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Table 36. Direct effect of different industrial solid wastes and graded fertilizer
levels on heavy metal content of the soil

Heavy metal content (mg kg_l)

Treatments

Ni Cd Pb Co
T,=Control- 0.85 0.078 0.81 0.90
100 % RDF

T-=BS 2.5t/ha 0.83 0.075 0.87 0.92
+100%RDF

T5=BS 5t/ha 0.98 0.083 0.97 0.97
+100%RDF

T4+=FYM 5/ha 0.91 0.083 0.91 0.99
+100%RDF

T5=PM 5t/ha 0.88 0.080 0.89 0.95
+100%RDJF

Te=BC 5t/ha 0.89 0.085 0.94 0.99
+100%RDF

T=BS 2.5t/ha 0.85 0.075 0.86 0.97
+50%RDF

Tg=BS 5t/ha 0.97 0.085 0.90 0.97
+50%RDF

To=FYM 5t/ha 0.88 0.075 0.81 0.96
+50%RDF

T0=PM 5t/ha 0.90 0.080 0.86 0.94
+50%RDF

T,,=BC 5t/ha 0.89 0.085 0.91 0.93
+50%RIDF

SEm + 0.04 0.004 0.04 0.03

CD at 5% NS NS NS NS
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Table 37. Residual effect of different industrial solid wastes on number of mature
pod plant'l, dry pod and haulm wield of summer groundnut

Treatments No. of mature Dry pod yield Haulm yield
pod plant™ (kg ha™" (kg ha™”

T,=Control- 21.67 2410 6670
100 % RDF

T,=BS 2.5t/ha 22.90 2768 8662

+100%RDF

T5-BS St/ha 24.07 2986 9265

+100%RDF

T,=FYM 5t/ha 25.73 2869 8990

+.00%RDF

Ts-PM 5t/ha 24.67 2892 9340

+100%RDF

Te=BC 5St/ha 24.50 2837 8898

+100%RDF

T:=BS 2.5t/ha 23.07 2718 7432

+50%RDF

T¢=BS 5t/ha 23.13 2876 8106

+50%RDF

To=FYM 5t/ha 23.00 2715 8011

+50%RDF

T,=PM 5t/ha 22.73 2679 8200

+50%RDF

T,;=BC 5t/ha 23.27 2587 7568

+50%RDF

S.Em + 1.08 202 396

CD at 5% NS NS 1140
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4.2.2.2 Nutrient content and uptake

4.2.2.2.1 Major nutrient
An appraisal of data presented in table 38 revealed that the content of N, P

and K in groundnut pod was not significantly influenced by different treatments.
The N content in pod ranged narrowly from 2.62 % at T7t0 2.75 % at T3. While
P content in pod ranged 0.44 % at T, to 0.52 24 at T3 and Ty, similarly K content
varied from 0.54 % at T; to 0.63 % at Te.

Similar to the content, the N uptake was also found to be non-significant
due to application of solid waste with full and half doses of fertiljzer. The
highest uptake of p by pod was noted (1523 kg P ha™') with application of
biological sludge @ 5 t ha™ with 100 % RDF (T3) followed by Ts (14.63 kg P
ha™y and Ts (14.60 kg P ha™). The lowest uptake of P by pod was recorded at
control (10.85 kg P ha'l) but the latter treatment was at par with T, Ty, T, and
Ti1. Similarly the value at T> and Ty did not differ significantly. The maximuin
K uptake by groundnut pod (18.34 kg ha™') was recorded at application oy
biocompost @ 5t ha™ with 100 o RDF, but this value was at par with T, T,
and T treatment;, Though the lowest removal was found at contro] (13.24 kg ha
'), it was at par with 75 and Ty. Uptake registered at Tiw, T;; and T, also
statistically at par.,

It is evident from the data (Table 39) that application of different type of
solid waste alongwith ful] and half doses of fertilizer to main crop did not exart
any residual significant influence on succeeding groundnut haulm content of N,
P and K. In contrast, the uptake of N, P and K by haulm was exerting
significance influenced due to different treatment. In cage of N, the maximum
(118.16 kg ha™) removal was recorded at T; treatments followed by Ts, Ty and
Ty In decreasing orde~. All of this treatment was significantly better than that of

any other treatment. Though the N removal recorded at Ty, T, Ty and T, were
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Table 38. Residual effect of different industrial solid wastes with graded fertilizer
levels on content and uptake of major nutrient by groundnut pod

Treatments Content (%) Uptake (kg ha™)
N P K N P K

T\=Control- 2.65 045 0.55 63.86 10.85 13.24

100 «% RDF
T,=BS 2.5t/ha 2.68 047 0.56 74.18 12.95 15.41
+100%RDF
T:=BS 5t/ha 275 0.52 0.58 81.87 15.23 17.04
+100%RDF
T;=FYM 5t/ha 2.74 0.47 0.60 78.54 13.44 17.15
+100%RDF
Ts=PM 5t/ha 273 051 0.62 78.86 14.63 17.79
+100%RDF
Te=BC 5t/ha 275 0.52 0.63 77.81 [4.60 18.34
+100%RDF
T=BS 2.5t/ha 2.62 043 0.54 70.89 11.60 14.40
+50%RDF
Tg-13S St/ha 2.67 047 0.56 76.68 13.41 15.97
+50%RDF
Te=FYM 5t/ha 2.65 0.44 0.57 71.76 11.98 14.06
+50%RDF
Tyy=PM 5t/ha 266 0.45 0.58 71.18 12.00 15.43
+50%RDF
Ty =BC 5t/ha 2.67 045 0.60 68.90 11.50 16.00
+50%RDF
S.Em + 0.04 0.02 0.03 4.86 0.61 0.71

CD at 5% NS NS NS NS 1.77 2.06
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Tabtle 39. Residual effect of different industrial solid wastes with
graded fertilizer levels on content and uptake of major
nutrient by groundnut haulm

Treatments Content (%) Uptake (kg ha™')

N P K N p K
T,=Control- 1.20 0.08 1.16 79.82 5.30 77.28

100 ¢% RDF

T,-BS 2.5t/ha .22 0.08 1.18 105.22 6.81 101.64
+100%RDF
T5=BS 5t/ha 1.28 0.09 1.21 118.16 8.15 111.63
+100%RDF
Ts=FYM 5t/ha .24 0.08 1.20 109.97 6.96 106.83
+100%RDF
T5=PM 5t/ha 1.25 0.09 1.22 116.51 8.17 112,92
+100%RDF
Te=BC 5t/ha 1.27 0.09 1.23 112.69 7.95 109.21]
+100%RDF
T=BS 2.5t/ha 121 0.07 1.17 89.76 5.09 86.66
+50%RDF
Ts=BS 5t/ha 1.27 0.08 1.18 102.46 6.41 95.32
+50%RDF
To=FYM 5t/ha 1.22 0.07 1.19 97.45 5.62 95.10
+50%RDF
T\»=-PM 5t/ha .22 0.08 1.20 99.81 6.51 96.95
+50%RDF
T,,-BC 5t/ha 1.24 0.08 1.20 93.57 6.04 90.48
+50%RDF
S.Em + 0.04 0.01 0.03 4.00 0.58 3.59

CD at 5% NS NS NS 11.52 1.68 10.34
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at par with each other yet, significantly superior to control. The uptake of I
varied from 5.09 kg ha™' at T; to 8.17 kg ha™! at Ts. The latter treatment was at
par with the values recorded at T2, T4, Tg and T; in increasing order. The uptake
recorded at Ty, Ty, T}y, Ty, and T, were statistically same.

The removal of K by haulm was vVery conspicuous, significantly lowest
removal was recorded at control (77.28 kg ha™). The K remova] observed at Ts,
T;, Tq and T, were practically remained the same and significantly higher than
that of any other treatments. The uptake recorded at T, Tg, Tig and T;; were also
statistically at par with each other. Similarly the uptake recorded at T7 and
control was also at par.

4.2.2.2.2 Secondary nutrients
It is evident from the data (Table 40) that different solid wastes and

fertilizer levels did not evoke any significant influence on content of Ca, Mg and
S of groundnut pod.

The Ca uptake varied from 2.56 kg ha™ at control to 4.11 kg ha' at T.
(Biological sludge @ 5 tha'+ 100 % RDF) but the values differed significant;y.
The latter treatment statistically at par with Ty and Ts. The removal of Ca at T,
T3, Tg, Ty, Tyo and Ty, also practically differed than that of control. The Mg and
S uptake was not affected due to any of the treatments.

Data presented in the table 41 indicated that various application of
industrial solid waste and graded fertilizer levels did not exert any significant
influence on Ca, Mg and S content of groundnut haulm. However, the Ca
content varied from 0.54 % at control to 0.62 % at Ts. The corresponding value
for Mg and S content at same treatments were 0.47 and 0.15 to 0.51 and 0.19 per
cent, respectively.

The uptake pattern by haulm as affected by different treatments was more

or less similar in Ca and Mg. In both cases,the total removal by haulm of these
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Table 40. Residual effect of different industrial solid wastes with graded
tertilizer levels on content and uptake of secondary nutrient
by groundnut pod

Treatments Content (%) Uptake (kg ha™!)
Ca Mg S Ca Mg S

T;=Control- 0.11 0.15 0.22 2.56 349 5,12

100 % RDF '
T,=BS 2.5t/ha 0.12 0.17 0.23 3.30 4.74 6,40
+100%RDF
T3=BS 5t/ha 0.14 0.19 0.25 4.11 5.63 7.49
+100%RDF
T4=FYM 5t/ha 0.13 0.16 0.24 3.71 4.56 6.86
+100%RDF
Ts=PM 5t/ha 0.13 0.17 0.24 3.67 4.97 7.00
+100%RDF
Te=BC 5t/ha 0.13 0.18 0.24 3.59 5.04 6.83
+100%RDF
T.=BS 2.5t/ha 0.12 0.16 0.22 3.18 4.43 6.03
+50%RDF
Tg=BS 5t/ha 0.12 0.17 0.23 3.40 490 6.62
+50%RDF
To=FYM 5t/ha 0.12 0.16 0.23 3.22 436 6.27
+50%RDF
T1=PM 5t/ha 0.11 0.16 0.24 2.93 3.96 6.40
+50%RDF
T11=BC 5t/ha 0.13 0.17 0.24 3.29 4.40 6.21
+50%RDF
S.Em + 0.01 0.02 0.01 0.17 0.53 0.64

CD at 5% NS NS NS 0.48 NS NS




119

Table 41. Residual effect of different industrial solid wastes with graded
fertilizer levels on content and uptake of secondary nutrient
by groundnut haulm

Treatments Content (%) Uptake (kg ha™)
Ca Mg S Ca Mg S

T\=Control- 0.54 047 0.15 35.98 31.24 9.90

100 % RDF
T,=BS 2.5t/ha 0.55 047 0.16 47.32 40.82 13.83
+100%RDF
T+=BS 5t/ha 0.62 0.51 0.19 57.02 47.06 17.42
+100%RDF
T,=FYM 5t/ha 0.60 050 0.17 53.42 44.42 14.75
+100%RDF
T5=PM 5t/ha 0.61 049 0.18 56.41 45.68 16.56
+100%RDF
Te=BC 5t/ha 0.61 0.50 0.18 54.15 44.37 15.90
+100%RDF
T,=BS 2.5t/ha 0.54 0.48 0.16 40.02 35.56 11.72
+50%RDF
Ty=BS 5t/ha 0.59 049 0.17 47.72 39.66 13.60
+50%RDF
To=FYM 5t/ha 0.58 048 0.16 46.38 38.37 12.73
+50%RDF
T,=PM 5t/ha 0.58 0.48 0.17 47.44 39.29 13.84
+50%RDF
T,=BC 5t/ha 0.59 0.49 0.17 44.57 - 37.06 12.86
+50%RDF
S.Em + 0.02 0.01 0.01 1.73 1.68 0.63

CD at 5% NS NS NS 4.98 4.85 1.81
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two elements were statistically maximum at Tj (57.02 kg ha! Ca and 47.05 kg
ha™' Mg) but these were a par with Ty, Ts and T, in both the cases. The values
were minimum at control. Statistically the same amount of these two nutrients
was observed to be removed at T, Ts, Ts, Tip and Ty,. But all these treatment
were significantly superior to control (35.98 kg ha™' Ca and 31.24 kg ha™! Mg).
The S uptake by haulm varied widely ranging from 9.90 kg ha."' at control to
17.42 kg ha™' at T3. At the same levels of fertilizer (100 % recommended dose)
the uptake at T;, T, T¢ and T, though in decreasing order, they were
significantly higher as compared to control (T)). The removal at the latter

treatment was statistically lower than that of Ts, To, Ty and Ty, (50 % RDF with

solid wastes).

4.2.2.2.3 Micronutrients
It is evident from the data (Table 42) that varying treatments did not exert

any indicative influence on contents of Fe, Mn, Zn and Cu of groundnut pod as
well as their uptake by pod. However, the highest uptake of Fe (309.2 g ha™y,
Mn (294.1 g ha.™), Zn (72.7 g ha™) and Cu (40.2 g ha™') was recorded under the
treatment of application of BS @ S5 tha alongwith 100 per cent RDF. Whereas,
lowest removal of Fe (241.9 o g ha), Mn (195.0 g ha™), Zn (51.2 g ha™) and Cu
(30.7 g ha') was noted under treatment of control.

With respect to Fe, Mn, Zn and Cu content in haulm of groundnut barring
Cu, it was significantly affected due to different treatments (Table 43).
Significantly higher concentration of Fe was recorded with BS @ 5 t ha™! plus
100 per cent RDF treatment (151.4 mg kg') which was at par with either
application of full dose of fertilizer with BC (151.4 mg kg™'y or application of
half dose of fertilizer plus BS @ 5 tha' (1492 mg kg™') or application of pulf
dose of fertilizer alongwith FYM (147.5 mg keg™') or pressmud application

alongwith half dose of fertilizer (146.1 mg kg™") or biocompost application in
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Table 42, Residual effect of different industrial solid wastes with graded
fertilizer levels on micronutrient content and their uptake by
groundnut pod

Treatments Content (meg ke Uptake (g ha™))
Fe Mn Zn Cu Fe Mn Zn Cu

T,=Control- 100.4 20.3 213 12.8 241.9 195.0 51.2 30.7

100 9% RDF
T,=BS 2.5t/ha 102.5 21.1 225 13.1 283.8 234.7 62.3 36.0
+100%RDF
T;=BS 5t/ha 103.8 24.3 24.1 13.5 309.2 294.1 72.7 40.2
+1G0%RDF
T4=FYM 5t/ha 102.0 23.0 227 13.5 292.3 263.3 65.0° 38.8
+100%RDF
Ts=PM 5t/ha 100.8 229 234 13.2 291.6 263.6 67.4 38.4
+100%RDF
T¢=BC 5t/ha 103.0 23.1 23.5 13.3 292.6 263.6 654 37.4
+100%RDF
T,=BS 2.5t/ha 98.8 219 23.1 13.5 268.1 236.9 63.7 36.5
+50%RDF
T4=BS St/ha 106.7 23.6 23.7 13.6 307.2 271.3 67.4 39.0
+50%RDF
To=FYM 5t/ha 101.6 21.8 23.1 13.6 276.9 238.062.7 37.2
+50%RDF
T:¢=PM 5t/ha 100.8 21.8 23.1 134 269.7 235.1 62.1 35.7
+50%RDF
T,,=BC 5t/ha 100.5 224 22.5 14.2 259.4 231.5 63.8 36.9
+50%RDF
S.Em + 241 1.17 1.38 0.54 21.2 599 6.1 2.9

CD at 5% NS NS NS NS NS NS NS NS
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Table 43. Residual effect of different industrial solid wastes with graded
fertilizer levels on micronutrient content and their uptake by
groundnut haulm

Treatments Content (mg kg_]) Uptake (g ha™)

Fe Mn Zn Cu Fe ™Mn Zn Cu
T=Control- 138.2 255 163 103 921 " 170.3 108.7 68.7

100 % RDF

T-=BS 2.5t/ha 139.7 27.3 18.0 12.8 1211 236.7 155.5 110.0
+100%RDF
T3=BS 5t/ha 151.4293 209 13.6 1401 272.0 193.2 125.1
+100%RDF
Ti~FYM 5t/ha 143.2 28.3 19.7 13.0 1284 255.0 179.1 116.1
t100%RDF
T5=PM 5t/ha 144.3 29.0 203 133 1348 270.8 189.5 123.4
+100%RDF
Te=BC 5t/ha 151.4294 202 134 1347 261.7 179.0 118.9
+100%RDF
T:=BS 2.5t/ha 1397277 192 11.9 1037 205.5 143.0 87.9
+50%RDF
Ts=BS 5t/ha 149.2 289 20.2 13.0 1210 233.0 163.1 104.4
+50%RDF
To=FYM 5t/ha 147.528.3 199 127 1183 226.8 159.8 101.2
+50%RDF
T,\(=PM 5t/ha 146.1 28.4 18.7 12.1 1196 232.1 152.6 98.8
+50%RDF
T11=BC 5t/ha 145.5 293 202 129 1102 221.6 152.0 97.0
t50%RDF
SEm + 2.14 0.69 0.80 0.80 71.0 17.7 11.3 9.4
CD at 5% 6.2 20 23 NS 204.0 51.0 32.6 272
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conjunction with 50 per cent RDF (145.5 mg kg™"). Control treatment recorded
significantly lower concentration of Fe (138.2 mg kg™) followed by application
of 2.5 t ha™ BS along with 100 per cent RDF (139.7 mg kg'™"). As far as the Mn
content in haulm, all the treatments remained statistically at par, except control,
(255 mg kg, With respect to Zn content, all the treatments behaved
practically same barring, control and T, (BC @ 2.5t ha™ plus 100 per cent
RDF) which contained 16.3 and 18.00 mg kg™ Zn, respectively.

Data regarding uptake o Fe, Mn, Zn and Cu by haulm are reported in
table 43. Fe uptake was significantly influenced due 1o different treatments. The
application of 100 per cent RDF in conjunction with BS @ 5 t ha' removed
significantly higher amount of Fe (1401 g ha™') which was at par with FYM plus
100 per cent RDF (1284 g ha™), pressmud plus 100 per cent RDF (1348 g ha™y
BC plus 100 per cent RDF (1347 g ha'), BS @ 5t ha plus 50 percent RDF
(1210 g ha') and BS plus 100 per cent RDF. In contrast, control treatmoent
removed lowest amount of Fe j.e. 921 g ha™ and statistically it was at par with
application BC plus half recommended doses (1102 gha™) and BS application
251t ha plus 50 per cent RDF (1037 g ha’l). In remaining treatments Fe
uptake varied between 1182 and 1195 g ha'. The Mn uptake by haulm varied
from 170 to 272 g ha'. Barring, the control treatment (170.3 g ha’') and
application of 2.5 t ha! BS plus 50 per cent RDF (T7), all other treatments
behaved practically same with respect to Mn removal. The pattern of Zn
removal was almost similar to that of Fe and it was varied between 108.7 and
179.1 g ha™'. In case of Cu uptake, all the treatments behaved statistically same,
except those of control (68.7 g ha™), biosludge @ 2.5 t ha plus 50 per cent
RDF (87.90 g ha™') and biocompost plus 50 per cent RDF (97.0 g ha™).
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4.2.2.2.4 Heavy metal content
An appraisal of data (Table 44) expounded that concentration of Ni, Pb,

Cd, and Co in groundnut pod and haulm was not significantly influenced by
different treatments. However, their concentration in pod varied from 0.544 to
0.558, 0.645 t0 0.650, 0.013 t0 0.016 and 0.429 to 0.441 mg kg™ Ni, Pb, Cd and
Co, respectively. While in haulm it ranged between 0.676 to 0.695 mg Ni kg,
0.787 and 0.796 mg Pb kg™ 0.019 and 0.021 mg Cd kg™ and 0.719 and 0.723
mg Co kg™,

4.2.2.3 Soil changes
4.2.2.3.1 Physico-chemical propertics
The data presented in table 45 indicated that the residual effect of

different types of solid waste with half and ful] doses of fertilizers did not
influence the soil reaction values. But the glectrical conductivity value due to
different treatment was found to be significant. The maximum was observed
(0.32 dSm™) at 100 % RDF with biological sludge application, (T3) which was
at par with T, T7 and Ty. It was minimum (0.18 dSm") at control. As like the
PH value, the organic carbon status of the soil after harvest of groundnut was
also recorded statistically same due to different treatments.

4.2.2.3.2  Available major nutrients
The available N varied from 196 kg ha™' at control to 244 kg ha™ at T,

(Table 46). The latter treatment was statistically at par with T, and T, Like
wise, the former treatment also practically same with 50% RDF in conjunction
with application of solid wastes (T7, Tg, To, Typ and T)).

As like the available N, P nutrient status was also found significant due to
different treatments. The trend of P nutrient status in the soil was more or less
similar to available N. In this case also the maximum value (37.40 P,Os kg ha™
was recorded at T; treatments but it was at par with T4, Ts and Ty treatments.

Yet, all these treatments were significantly superior to control.
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Table 44. Residual effect of different industrial solid wastes with graded
fertilizer levels on some heavy metal content in groundnut

pod and haulm.

Treatments

Pod (mg ke™H

Ni Pb Cd Co

Haulm (mg kg™

Ni Pb Cd Co

T,=Control- 0.554 0.645 0.013 0.429 0.676 0.787 0.019 0.719
100 % RDF

T,=BS 2.5t/ha 0.550 0.648 0.014 0.436 0.689 0.788 0.020 0.721
+100%RDF

T3=BS S5t/ha 0.558 0.650 0.015 0.441 0.695 0.790 0.021 0.723
+100%RDF

T,=FYM 5t/ha 0.550 0.646 0.015 0.436 0.687 0.788 0.020 0.721
+100%RDF

T5=PM 5t/ha 0.553 0.647 0.014 0.437 0.682 0.787 0.020 0.721
+100%RDF

Te=BC St/ha 0.555 0.647 0.016 0.435 0.682 0.789 0.019 0.722
+100%RDF

T,-BS 2.5t/ha 0.553 0.647 0.015 0.434 0.683 0.788 0.019 0.720
+50%RDF

Te=BS 5t/ha 0.555 0.650 0.016 0.438 0.684 0.789 0.020 0.722
+50%RDF

Te=FYM 5t/ha 0.556 0.647 0.015 0.438 0.681 0.790 0.019 0.723
+50%RDF

To-PM 5t/ha 0.556 0.647 0.015 0.439 0.680 0.789 0.020 0.721
+50%RDF

T,=BC 5t/ha 0.554 0.648 0.016 0.438 0.686 0.788 0.020 0.721
+50%RDF

S.Em + 0.006 0.004 0.001 0.003 0.005 0.003 0.001 0.003

CD at 5%

NS NS NS NS

NS NS NS NS
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Table 45, Residual effect of different industrial solid wastes with graded
fertilizer levels on physico-chemical characteristics of the

soil

Treatments Physico-chemical characteristics
pH (1:2.5)  EC (1:2.5)dSm™ Organic carbon (%)

T\=Control- 8.14 0.18 0.36
100 % RDF
T:=BS 2.5t/ha 8.06 0.29 0.43
+100%RDF
T;=BS 5t/ha 3.04 0.32 0.52
+100%RDF
Ty=FYM 5St/ha 3.24 0.22 0.48
+100%RD
Ts=PM 5t/ha 3.15 0.26 0.47
+100%RDF
T¢=BC 5t/ha 8.18 0.20 0.49
+100%RDF
T:=BS 2.5t/ha 8.06 0.29 0.43
+50%RDF
Tg=BS 5t/ha 3.05 0.31 0.50
+50%RDF
To=FYM St/ha 8.15 0.22 0.45
+50%RDF
T10=PM 5t/ha 8.14 0.23 0.47
+50%RDF
T,1=BC 5t/ha 8.11 0.21 0.47
+50%RDF
SEm + 0.03 0.01 0.03

CD at 5% NS 0.03 NS
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Table 46. Residual effect of different industrial solid wastzs with graded
fertilizer levels on available major nutrient of the soil

Treatments Available major nutrients (kg ha™ )
Nitrogen (N) Phosphorus (P,0s ) Potassium (K,0)

T1=Control- 196 24.95 558
100 9% RDF

T,-BS 2.5t/ha 224 29.09 599

+100%RDF

T3=BS 5t/ha 244 37.40 630

+100%RDF

T4=FYM 5t/ha 231 35.41 638

+100%RDF

Ts=PM 5t/ha 224 34.4] 692

+100%RDF

Te=BC 5t/ha 230 37.35 705

+100%RDF

T,=BS 2.5t/ha 211 24.51 583

+50%RDF

Ts=BS 5t/ha 212 23.42 588

+50%RDF

To=FYM 5t/ha 206 25.98 601

+50%RDF

T0=PM 5t/ha 210 24.36 628

+50%RDF

T,1=BC 5t/ha 198 24.48 615

+50%RDF

S.Em + 6.00 1.34 15

CD at 5% 17.00 3.88 43
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The available K status value varied from 558 K,O kg ha™ at control to
705 K5.0 kg ha™! at application of biocompost and 100 % RDF (Ts). Though Ty
treatment was at par with T, and significantly higher than that of any other
treatments. The available K value at 100 % RDF with biological sludge (T3) and
FYM (T,) were 630 and 638 K;O kg ha’'. Both of this values were at par
between themselves and statistically same as that of T and T}, and significantly
superior to control. There was also no statistically difference among the
treatment of Ty, T, Ty and T,.

4.2.2.3.3 DTPA extractable micronutrients
The content Fe, Mn, Zn and Cy determined after harvesting of groundnut

(residual effect) are presented in table 47. The treatment differences were
conspicuous with relation to content of IFe and Zn, whereas, Mn and Cu content
did not differ significantly due to different treatments.

The significantly higher content of Fe was observed with application of
biological sludge alongwith 100 % RDF (11.88 mg kg™), which were at par with
To (11.66 mg kg™), Ty (11.21 mg kg™), Ty (10.84 mg kg™') and T, (10.76 mg
kg™). All these treatments were significantly superior to control (8.98 mg kg ).
The treatments T;, Ty and Ty also accumulated more Fe as compared to control.
So far as Zn content in soil is concerned, it was differed significantly due to
different treatments. Application of biological sludge alongwith 100 per cent
RDF (T3;) to main crop registered significantly higher Zn content than other
treatments under test except, Tz, Ty, T and Ty The rest of treatments were
observed practically same, in respect to Zn content in soil.

4.2.2.3.4 DTPA extractable heavy metals
The data presented in table 48 indicated that different types of solid waste

with full and half doses of fertilizer did not evoke any significant influence or1
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Table 47. Residual effect of different industrial solid wastes with graded fertilizer
levels on DTPA extractable micronutrient of the soil

DTPA extt:actable micro nutrients (mge ko™ )]

Treatments
Fe Mn Zn Cu

T,=Control- 8.98 13,13 0.46 2.24

100 % RDF
T,=BS 2.5t/ha 10.76 14.48 0.63 2.68
+100%RDF
T3=BS 5t/ha 11.88 15.03 0.69 2.71
+100%RDF
T4=FYM 5t/ha 10.84 13.25 0.62 2.40
+100%RDF
Ts=PM 5t/ha 11.04 14.53 0.54 2.39
+100%RDF
T=BC 5t/ha 11.66 15.51 0.58 2.41
+100%RDF
T,=BS 2.5t/ha 10.50 15.13 0.42 2.36
+50%RDF
Ts=BS 5t/ha 11.21 14.82 0.60 2.59
+50%RDF
To=FYM 5t/ha 10.47 13.46 0.56 2.32
+50%RDI¢
To=PM 5t/ha 10.50 13.73 0.59 2.37
+50%RDJF
T,,=BC 5t/ha 10.71 13.01 0.55 2.51
+50%RDF '
S.Em + 0.42 0.77 0.04 0.17

CD at 5% 1.21 NS 0.11 NS
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Table 48. Residual effect of different industrial solid wastes with graded fertilizer
levels on DTPA extractable heavy metal of the soil

DTPA extractable heavy metals ( mg ko)

Treatments

Ni Cd Pb Co
T-Control- 0.78 0.070 0.79 0.89
100 % RDF

T,=BS 2.5t/ha 0.83 0.070 0.80 0.89
+100%RDF

T4=BS 5t/ha 0.93 0.073 0.93 0.93
+100%RDF

T4=FYM 5t/ha 0.87 0.078 0.85 0.97
+100%RDF

Ts=PM 5t/ha 0.89 0.073 0.86 0.91
+100%RDF

T=BC 5t/ha 0.89 0.083 0.90 0.97
+100%RDF

T:=BS 2.5t/ha 0.80 0.073 0.77 0.95
+50%RDF

Ty=BS 5t/ha 0.91 0.078 0.87 0.94
+50%RDF

To=FYM 5t/ha 0.82 0.070 0.74 0.93
+50%RDF

T9p=PM 5t/ha 0.84 0.075 0.80 0.92
+50%RDF

T,=BC 5t/ha 0.80 0.078 0.90 0.89
+50%RDF

S.Em + 0.04 0.005 0.04 0.04

CD at 5% NS NS NS NS
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the contents of Ni, Cd, Pb and Co in the soil after the harvest of residual

groundnut

4.2.2.3.5 Physical properties of the soil

A perusal of data presented in table 49 revealed that different types of
solid waste with full and half doses of recommended fertilizer did not exert any
significant influence on bulk density and water stable aggregate of soil after
harvest of . - - groundnut. However, the bulk density of soil was reduced
from 1.50 Mg m™ at control to 1.43 Mg m™ at Ts. Similarly water stable

aggregate increased from 74.46 per cent at control to 78.0 per cent at Ty

treatment.
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Table 49. Lffect of different industrial solid wastes and graded fertilizer levels
on physical properties of the soil (After harvest of groundnut crop)

Bulk density(Mg m™) Water stable aggregate (%0) > 0.25mm

Treatments

T,=Control- 1.50 74.46
100 % RDF

T,=BS 2.5t/ha 1.45 75.00

+100%RDF

T3=BS 5t/ha 1.43 77.98

+100%RDF

T4;=FYM 5t/ha 1.44 76.70

+100%RDF

Ts=PM 5t/ha 1.45 75.95

+100%RDF

T=BC 5t/ha 1.45 77.45

+100%RDF

T:=BS 2.5t/ha 1.45 75.75

+50%RDF

Ts=BS 5t/ha 1.44 78.00

+30%RDF

To=FYM 5t/ha 1.45 77.00

+50%RDF

T1p=PM 5t/ha 1.45 76.00

+50%RDF

T,;=BC 5t/ha 1.47 78.10

+50%RDF

S.Em + 0.01 1.888

CD at 5% NS NS
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VvV DISCUSSION

The present investigation was carried out in two phases. In first phase,
two effluents water with 50, 75and 100 per cent recommended dose of fertilizer
were ascertained as direct and cumulative effect on onion and fodder maijze
crop, respectively. In this study observations viz., fresh and dry matter yield of
respective crop, nutrient content and uptake as well as heavy metal content were
recorded. Physical properties of the soil, available nutrients and heavy metal
content in soil were also recorded. Whereas, in the second part two field
experiment with the different solid wastes (biological sludge, pressmud,
biocompost) and one treatment of FYM for assessing direct and residual cffect
on yield performance of cabbage and summer groundnut, respectively were
conducted. In this experimert, some yield attributing character, dry matter
production, nutrient content and uptake as well as some heavy metal
concentration in plant and soil were recorded. Soil property changes due to
addition of wastes were also recorded. In the preceding chapter the results have
been described. Here, the highlights of the results obtained in the present studies
are discussed alongwith scientific reasoning through quoting the pertinent
research works carried out carlier. For convenience, whole discussion has been

sub divided into following parts.

5.1 Feasibility study of fertilizer reduction through effluents water
5.1.1 Direct effect on onion crop

50101 Fresh and dry matter yield

5.1.1.2 Nutrient content and uptake

5.1.1.3 Heavy metal content

3.0.1.4 Soil changes.

5.1.2 Cumulative effect on fodder maize crop
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5.1.2.1 Fresh and dry matter yield
5.1.2.2 Nutrient content and uptake
5.1.2.3 Heavy metal content
5.1.2.4 Soil changes
5.2 Feasibility study of fertilizer reduction through solid wastes
5.2.1 Direct effect on cabbage crop
5.2.1.1 Fresh and dry matter yield
52.1.2 Nutrient content and uptake
5.2.1.3 Heavy metal content
5.2.1.4 Soil changes
5.2.2 Residual effect on summer groundnut crop
5.2.2.1 Dry matter yield
5222 Nutrient content and uptake
52.2.3 Heavy metai content
5.2.2.4 Soil changes
5.1 Feasibility study of fertilizer reduction through effluents water
5.1.1 Direct effect on onion crop
3.1.1.1 Fresh and dry matter yield

The pot culture experiment conducted to explore the teasibility of
reduction in the fertilizer dose to onion with the effluents water (RIL and UPL)
has clearly indicated that 50 per cent of the recommended dose of fertijize:
nutrients can be saved. (Fig.1). It is also seen that at 100 per cent of fertilizer
application and use of both effluent water the bulb yield could be increased
more than with canal water. Similar to bulb, the yield of leaves was also same at
100 per cent recommended dose with normal water and 50 per cent
recommended dose with effluent water. Thus, it is clearly seen that the use of

both effluent water as a source of irrigation, provides not only water to the
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plants but also increases the nutrient availability to the plants ard efficiency of
the fertilizer applied. Bajpai and Dua (1972) reported similar type of beneficial
effect of effluent water in saving the fertilizer. They stated that 200 kg N ha™
was saved due to use of diluted spent wash for sugar cane. Use of daily effluents
was also observed to result in saving of fertilizer for different crop (Dmitrieva ez
al,1979 and Jensen, 1981a). Similarly Jensen (1981b) and Smith and Hayden
(1984) observed that the Potato factory effluents water could reduce the
fertilizer requirement of potato and corn crops. Zalawadia and Raman (1994)
observed that, diluted distillery effluents irrigation curtailed 25 per cent of
fertilizer requirement for sorghum crop under pot condition. Malti et al. (1998)
obtained the similar yield of rice irrigating with the diluted paper mill effluents
and normal irrigation water. The sewage water usage reduces the fertilizer
requirement of various crops were also reported by many workers. (Feign et al.,
1978 for rhode grass, Jayaraman,1988 in case of hybrid bajra, Marecos et al,
1989 in case of sorghum crop and Tiwari et al.,1996 for rice crop).

5.1.1.2 Nutrient content and uptake
The nutrients N, P, K Ca, Mg, S, Fe, Mn, Zn, Cu and heavy metals like

Ni, Cd, Pb, and Co content of bulb and leaves were determined and their uptake
was computed and presented in the preceding chapter. Data depicted in figure 2
and 3 showed that the concentration of major nutrients (N, P and ) of both oulb
and leaves increased with increase in fertilizer dose with both effluents water
irrigation. The contents (N, P and K) recorded at 50 per cent recommended dose
with both effluents water practically remained same with the content of 104 per
cent recommended dose and irrigated with normal water. This may be due to
higher concentration of above nutrients in effluents water. The finding
corroborates the report of Zabek (1976) for root crops, green fodder, wheat

grain and rapeseed and Dmitrieva ef al. (1979) for different crops with dairy
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effluents. The results are also akin with the findings of Zalawadia and Raman
(1994) for sorghum crop using distillery effluents water.

The uptake of N by bulb and leaves increased with increasing levels of
fertilizer. But there was not much difference between 50 per cent of fertilizer
doses alongwith either RIL or UPL effluents and 100 per cent fertilizer with
canal water. The same trend was observed in the case of P and K uptake by bulb
and leaves (Fig. 2 and 3). The applied fertilizer response was obtained up to 75
per cent RDF in case of RIL eftluents, whereas, in case of UPL c¢ffluents these
response to the extent of 100 per cent fertilizer application. The fact is morc
pronounced when the fertilizers use efficiency was worked out as the amount
of dry matter produced per unit quantity of nutrients. It is seen that the value was
maximum 37.11 with 50 per cent fertilizer alongwith RIL. effluents and 29.83
with 50 per cent RDF alongwith UPL effluents (Table 50). With 100 per cent
fertilizer nutrients applied with canal water, the figure was only 17.56. An
increase in the uptake of N, P and K by onion crop under both the effluent
irrigation treatments could be attributed to the addition of above nutrients
through effluents resulting in higher growth and ultimately yield and the nutrient
uptake. Such beneficial effect of increased nutrient uptake under effluents
irrigation were reported by Zabek (1976) in root crops, green fodder, wheat
grain, Dmiirieva er «/. (1979) in different crops with dairy effluents, Ajmal and
Khan (1983) in bean with electro plating factory effluents and Zalawacia et al.
(1994) in sorghum with distillery effluents.

Secondary nutrients such as Ca and Mg concentration in bulb were not
affected by effluents irrigation. However, Ca concentration in leaves was
affected due to effluents irrigation, though S content in both bulb and leaves was
greatly influenced due to effluents irrigation (Uable 8 and 9). Thi: might be due

to fact that effluents water contained more S than Ca and Mg consequently, their
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Table 50 . Fertilizer use efficiency of onion crop

Treatments Fertilizers Additional yield of crop Fertilizers use
Added over absolute control efficiency (%o)
(g pot™) (g pot™)
Effluent +
RDF (%)
bulb  leaves total bulb leaves total

NW+O 0.00 - - - - - -

NW+100 1.178 16.03 4.65 20.68 13.61 3.95 17.56
R+O 0.00 11.19  3.30 14.79 - -- -
R+50 0.589 16.31 5.55 21.86 27.69 942 37.11
R+75 0.884 23.06 8.17 31.33 26.08 9.35 35.43
R+100 1.178 15.77 8.36 34.13 21.88 7.09 28.97
U+0 0.00 9.29 1.47 10.76 -- -- --
U+50 0.589 13.51 4.06 17.57 2294 6.89 29.83
U+75 0.884 14.63 4.94 19.57 16.55 5.59 22.14

U+100 1.178 21.86 7.64 29.5 18.56 6.49 25.05
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concentration in plant part varied according to effluents content of these
element.

The uptake pattern of Ca and Mg were almost similar to that of N, P and
K uptake. Whereas, the uptake pattern of S was reverse. The uptake of S in UPL
effluents was more as compared to RIL effluents, as S content in UPL effluents
was more as compared to RIL effluents, Increased Ca, Mg and S uptake under
both effluent irrigation was mainly due to addition of these nutrients through
effluents irrigation. These findings are akin to those of Dmitrieva ef al. (1979) in
different crop with dairy effluents. In contrary, Zabek (1976) noted a decrease
Ca and Mg content of root crops due to use of dairy effluents.

In case of micronutrients content Fe, Mn, Zn and Cu were found
significant in bulb and leaves (Table 10 and 11). The values of Fe, Mn, Zn and
Cu concentration were increased under RIL. and UPL effluent irrigation as
compared to normal water irrigation. Addition of fertilizer further increased
such value both in bulb and leaves under both effluents water irrigation. This
may be due to effluents water content of such metals.

For assessing the treatment differences with respect to micro nutrient
removal, total uptake of all the micronutrient was worked out and reported in
table 51. The results revealed that among the treatment tested, removal of all the
micronutrients (Fe, Mn, Zn and Cu) was considerably higher with R+100 (RIL
effluents irrigated with 100 per cent RDF). In general, RIL effluents irrigation
treatments removed higher nutrients than UPL effluents irrigation treatments. Of
the three fertilizer doses, 100 per cent RDF removed higher micro nutrients
which was followed by 75 per cent doses in both the effluents i.e. RIL and UPL
irrigation treatment. 1t is also seen that the removal of Fe, Mn,Cu and Zn under

R+50 treatment was slightly higher as compared to NW+100. Whereas, the
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Table 51. Direct effect of diluted industrial effluents and graded fertilizer
levels on total micronutrient uptake by onion

Total uptake (g pot’!

Treatments Fe Mn Zn Cu
NW+100 2.91 1.45 0.93 0.43
R+0 10.94 1.35 0.75 0.34
R+50 3.60 2.21 1.42 0.55
R+75 4.27 2.92 1.76 0.67
R+100 4.60 2.99 1.88 0.69
U+0 1.97 1.10 0.61 0.30
U+50 2.84 1.76 1.04 0.45
U+75 2.98 1.78 1.10 0.47
U+100 3.87 2.35 1.41 0.63

NW+0O 0.51 0.20 0.24 0.07
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removal of such micronutrient under U+50 was marginally lower as compared
to NW+100. Utilization of Fe, Mn, Zn and Cu at R+100 was increased by 58.08,
106.2, 102.15 and 60.46 per cent, respectively over NW+100. Similarly, the
corresponding utilization of such nutrients at U+100 increased by 32.99, 62.06,
51.16 and 46.51 per cent, respectively. An increase in the micronutrient uptake
of Onion registered under the effluents irrigation treatments could be attributed
to the addition of above nutrients through effluents, which enhanced the crop
growth consequently, increased the uptake. The results are in accordance with
those reported by Fazeli et al. (1991); Singh et al. (1991) and Niedzwiecki et al.
(2000).

5.1.1.3 Heavy metal content
Though the concentration of heavy metal in onion bulb and leaves was

found to be significant yet, most of the treatment remained statistically at par
except NW+O treatment, which contained very low' concentration of heavy
metal (Table 12). It is mainly due to the fact that diluted effluents water used in
present study contained very low concentration of such metals. Besides, the
concentration found in onion bulb and leaves are below the phytotoxicity limits
as reported by Alloway (1990) for Cd (0.1- 2.4 mg kg™, Sauerbeck (1982) for
Pb (10 mg kg™'). Gupta (1994) concluded that of non-essential heavy metals
added at the rate of 40 mg kg'', Pb and Ni had the least adverse effect on the
yield of green gram, black gram and pigeon pea while Cd was more toxic.

5.1.1.4 Soil changes
The physico-chemical properties like, soil reaction, electrical conductivity

and organic carbon status of the soil under effluents irrigation were affected
(Table 13). In RIL effluents irrigation the pH value varied from 7.71 to 7.79
while in UPL effluents effluents irrigation these pH value ranged between 7.95

10 8.00. Soil reaction value after 100 per cent RDF with normal water irrigation
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(8.13) was higher than that of any dose of fertilizer with both effluents water. It
seems that effluents irrigation decreases the soil pH wvalue because of RIL
effluents was acidic in nature and low pH under UPL effluents might be due to
higher content of SO, ions. The results are in accordance with those reported
by Singh (1961) with spent wash, Ajmal and Khan (1984a) with brewery
effluent, Sivaswami (1991) with tannery effluent, Bansal er al. (1992) with
industrial waste water.

The electrical conductivity value increased remarkably with the usage of
both effluent water when compared to normal water. Though the UPL effluents
usage tended to increase more electrica, conductivity as compared to RIL
effluents water. These results are in accordance with those reported by Subba
Rao (1972); Ajmal and Khan (1984a); Stahl and Williams (1986); Somawanshi
and Yadav (1990); Devarajan and Oblisami (1995); Pathak ef al. (1998) and
Achart et al. (1999).

The organic carbon content increased with both of the effluent irrigation
when compared to normal water irrigation. The effluents contained organic
material, which was responsible for increasing organic ratter in the soil. These
results conform to those of Subba Rao (1972); Ajmal et a/. (1984); Stahl and
Williams (1986); Somawanshi and Yadav (1990) and Zalawadia and Raman
(1994).

The available N status jumped from 102 ppm with normal water and no
fertilizer to 436 and 170 ppm after RIL and UPL effluents irrigation with 100
per cent recommended fertilizer, respectively (Table 14). An increase in the
available N status of the soil registered under the both effluent irrigation
treatments can be attributed to the addition through effluents which contained
an average of 0.042 and 0.055 per cent N. In general, the accumulation of

available N was more after RIL effluents irrigation as compared to UPL
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effluents irrigation even though the former effluents content low nitrogen as
compared to latter effluents because of former effluents was acidic In nature
whereas, latter was slightly alkaline to alkaline in nature. Fillery and Viek
(1986) have reported higher losses of ammonia in irrigation water of high
alkalinity. The pH of the UPL effluents used in present studies was originally
8.23 (before dilution). Besides, higher losses of N through leaching and
Volatilization under effluents irrigation particularly at greater concentration has
also been reported by Bahirat e al. (1989). Increase in nitrogen status of the
soil after effluents irrigation was also reported by Zalawadia and Raman (1996);
Tiwari er al. (1996); Devarajan and Oblisami (1995) and Malti ef al. (1998).

The available P and K concentration in soil were higher under effluents
irigation. The available P also increased numerically with increases in the
fertilizer level in both the effluent water treatments. As like the nitrogen
concentration, the available P was also higher after RIL effluents irrigation as
compared to UPL effluents irrigation. This may be due to RIL effluents water
had a higher content of P>. As against P, available K was higher under UPL,
effluents irrigation as compared to RIL effluents irrigation. It has been due to
higher K content in UPL eftluents. These results are in agreement with those of
Sivaswami (1991)! Tiwari er. al. (1996); Devarajan and Oblisami (1995) and
Malti er al. (1998).

The DTPA extractable Fe, Mn, Zn and Cu in soils receiving canal
irigation with 100 per cent RDF was 9.80, 17.40, 0.96 and 3.68 mg kg,
respectively whereas, corresponding values for RIL effluents irrigated soil with
100 per cent RDF were 12.92, 14.32. 1.23 and 3.66 mg kg™, respectively, while
corresponding values for UPL at the same level of fertilizer were 12.98, 31.36,
116 and 3.68 mg kg, respectively (Table 15). It seems that RIL effluents
(R+10Q increased the DTPA extractable Fe, Mn and Zn by 31.18, 34.0 and 28.0
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per cent, respectively and that of UPL effluents (U+100) increased DTPA
extractable Fe, Mn and Zn by 24.28, 80.22 and 20.83 per cent, respectively over
100 per cent RDF alongwith canal water. The Cu concentration was highest at
75 per cent RDF at both effluents water treatments, there after it decreased. The
increase in DTPA extractable micronutrients was mainly due to the presence ot
these metal ions in both the eftfluent water. Increased micronutrients status due
to effluents irrigation was earlier reported by Totawat (1991) in case of Fe, Mn,
Zn and Cu, Sivaswami (1991) in case of Mn and Zn. However, Singh er a/.
(1991) noted a decrease in concentration of Fe, Mn and Zn in their study.
Among the four heavy metals studied in the present investigation, only Ni
concentration in the soil was of great concern. Ni concentration increased from
0.79 mg kg to 0.92 mg kg™ in RIL effluents (Table 16). Among the two
effluents, RIL effluents irrigation accumulated slightly more Ni content in the
soil. However, concentration of this metal in the soil was below the critical limit.
The other heavy metal such as Cd and Pb were also under critical concerntration
limit and they were not increased much as compared to 100 per cent
recommended dose of fertilizer alongwith canal water and initial status of the
soil. Co concentration in the soil was also increased. It rose from 0.65 mg kg™ at
100 per cent recommended dose plus canal water to 0.96 mg kg’ with UPL
effluents irrigation plus 75 % RDF. Considering 0.25 mg kg™' of available Co as
the critical limit (Stewart,1953), it has been established as an essential nutrient
for leguminous crops (Ahmad and Evang, 1960 and Reddy and Raj*, 1975) and
its beneficial effect on other crops has also been reported by Binodkumar et af.
(2000). It stated that application of 1.0 to 2.5 kg Co ha’ is optimum for

maximum forage production of lucerne.
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5.1.2 Cumulative cffect on fodder maize crop
5.1.2.1 Fresh and ary matter yield
The pot culture experiment on the same pots of first experiment with same

treatments was conducted on fodder mraize crop for ascertaining the cumulative
cffect of both effluent water. Data depicted in figure 4 indicated that vields
produced at RIL effluents plus 50 per cent RDF and UPL effluents plus 5G per
cent RIDF were statistically same as that obtained at 100 per cent RDF and
irrigated with normal water. The data also indicated that RIL effluents irrigation
was responded up to 50 per cent recommended fertilizer application. Whereas,
UPL effluents irrigation responded up to 75 per cent recommended fertilizer
application. Thus, it is clearlv seen that like the direct effect of effluen:s waler,
50 per cent saving of fertilizer was also observed in cumulative effect of
effluents water. The ahove results confirmed that use of both effluerts waler as a
source of irrigation, provided not only water to the plants but also increased the
nutrient avadability to the piants and efficiency of the fertilizer appiied. The
pronounced effect of both etiluents vvater on stover yields or maize fodder may
be due to the considerable quantities of major, secondary and micronutrients,
which are, added alongwith effluents water. Similar type of bcenef cial
cumulative effect of effluents water was reported earlier by Day er al. (1976).
They reported that yie.ds of cotton, sorghum and barley in rotation and irrigated
with waste water did not docrease helow these of crops irrigated with well vrater
and applied NPK fertilizer. Yoshika {1981) also substantiates these results in
maize and wheat and saviag K fertilizer requirement by applying potato wtarch
factory effluents. Bahirat et al. (1989) confirmed that total consumpticn of N
require nent can be curtailed by applying fertilizer factory efflusnis to groundnut

and jute crops simullaneously increased yield of 49.8 and 80.4 per cent,
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respectively. The above results are also in accordance with those of Totawat
(1991).

5.1.2.2 Nutrient content and uptake
The nutrients N, P, K, Ca, Mg, S, Fe, Mn, Zn, Cu and heavy metals like

Ni, Cd, Pb and Co content of fodder maize were determined and their uptake
was computed and reported in the preceding chapter. Data depicted in figure 5
indicated that the concentration of major nutrients in plant were recorded more
under effluents irrigation as compared to normal water irrigation. It is seen that
the contents recorded at 50 per cent RDF along with both effluents water
practically remained same with the treatment of 100 per cent RDF but irrigated
with normal water.

As the concentration is mainly governed by the pattern of dry matter
production, uptakes scem o be more reliable index, which take simultaneously
in to account the content and dry matter production. In view of this uptake.
pattern has been emphasized more than content. The removal of N, P and K
nutrients was more at R+50 as compared to NW+100. While removal of these
nutrients at U+50 and NW+100 practically remained same. It suggests thsat
effluents ircigation provide the additional nutrients to the crop. This fact is
clearer when the fertilizer use efficiency was worked out as the amount of dry
matter produced per unit quantity of nutrients. It is seen that value was higher at
RIL effluents plus 50 per cent RDF (162.69) and UPL effluents plus 50 per cent
RDF (146.50). With 100 per cent fertilizer nutrients but irrigated with canal
water the figure was around only 70.48 per cent (Table 52).

The foregoing discussion clearly indicates that SO per cent saving in
fertilizer can easily be achieved through use of diluted effluents water for

migation purpose. This finding corroborates with the finding of Kumaravelu



Jappoy eaziew Aq ayejdn
Pue juajuod jualgnu Jofew uo 40y pepesd pue yuanjye |euisnpul paInjip Jo JPaye aaneINwNy : ¢ ‘B4

sjuawneas |

SEZINLR) 0N + JOIBM [BUBD = [4MN O+MN DOL+N Si+N 05+N 0O+N O00L+d Gl+H O0S+¥ O0+¥ 00L+MN
J04% 008 +( . JWAng@ YN = 00L+N 01 : : ’
08 %GL+( . Juang@ian = G
408908 +0 . JwBnEatdn = 054N

(o Jengadn= 0+
JOH% 001 +( . JHEnyP M = D0L+Y
JOH%GL« [ . DngL Y= Grey
d0H%05 (. JUBngE M= 054 pog -
(pangp sawis 0OZ) EnEa T = OeM
§ sl ) H0M % 001 + SEiEMm [BUBD = DOL+ AN
2
e .
=
WUSU0D o —— £
B
ajuod N —=— x
ayedn Y1 2 005 -
o
syeidn 4 2
ayeidn NC3
0002

{36) Iusuos ¥ ¥ d ‘N



14¢

Table 52. Fertilizer use efficiency of fodder maize crop

Treatments Fertilizers Additional yield of crop Fertilizers use
Added over absolute control efficiency (%)
(g pot ) (g pot™)

Effluent +

RDF (%)

NW+0O 0.00 -- --

NW+100 0.914 64.42 70.48

R+O 0.00 42.90 --

R+50 0.457 74.35 162.69

R+75 0.685 83.46 121.84

R+100 0.914 92.75 101.48

U+0 0.00 40.82 --

U+50 0.457 66.95 146.50

U+75 0.685 78.84 115.09

U+100

0.914 85.81 93.88
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et al. (2000} in finger millet crop. Niedzwiecki et al. (2000) reported the similar
results by using ammonium sulphate / nitrate spent wash effluents.

The secondary nutrieni content was also higher under effluents irrigation
as compared to normal water irrigation (Table 19). In most of the treatments, the
contents of Ca, Mg and S increased with increase in levels of fertilizer dose. Ca
and Mg contents however, slightly higher in RIL effluents but the reverse was
true in case of S content. This may be due to the addition of these nutrients
alongwith irrigation water.

The Ca Mg and S removal were higher under effluents irrigation
treatments as compared to normal irrigation water. The uptake, recorded at 100
per cent RDF plus RIL effluents, of Ca, Mg and S were 45, 40 and 60 per cent,
respectively higher than that of normal water irrigation with 100 per cent RDF.
The corresponding increases of Ca, Mg and S at the same level of UPL effluents
were 28, 38 and 74 per cent, respectively. It is also seen that Ca, Mg and S
removal at 50 per cent RDF with both effluents water was about equal to 100
per cent RDF with normal water irrigation. The secondary nutrient uptake
increased in effluents irrigation mainly due to beneficial effect of adding these
nutrients which increased the dry matter yield and consequently uptake of
nutrients.

Data presented in table 20 indicated that concentration of micronutrient
like the major and macro nutrients of fodder maize were increased with increase
in fertilizer dose and simultaneously under both effluents water irrigation. It 1s
clearly scen that with the same level of recommended dose (100 per cent RDF),
the concentration of Fe and Mn increased by two fold, Zn by 1.5 times under
RIL effluents irrigation over 100 per cent RDF and irrigated with normal water.
Such increases under UPL effluents were lowered but the concentration of Fe,

VIn and Zn was higher as compared to normal water irrigation.
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Regarding uptake, the results showed that (Table 20) addition of RIL and
UPL effluents either with 50 or 75 or 100 per cent recommended doses recorded
significant increase in Fe, Mn, Zn and Cu uptake over NW+100 treatment.
Irrigation with RIL and UPL effluents alongwith 100 per cent RDF recorded an
increase of 19.31 and 10.13 mg pot” Fe, 3.46 and 2.08 mg pot™ Mn, 1.36 and
0.84 mg pot™ Zn and 0.36 and 0.23 mg pot” Cu, respectively over 100 per cent
RDF and irrigated with normal water. It is seen that the removal of
micronutrients under 50 per cent RDF alongwith RIL effluents was much more
than that of NW+100. While, under UPL effluents Fe and Mn removal at this
recommended doses (50 per cent) was higher but Cu and Zn remained poor at
this level. This increase in Fe, Mn, Zn and Cu uptake by maize fodder mayv be
due to better utilization of applied fertilizer by maize crop, higher yields and
synergistic effect of diluted effluents water. The results are similar to those
reported by Narwal er a/. (1991).

5.1.2.3 Heavy metal content
Concentration of Ni, Pb, Cd and Co in maize fodder presented in table 21

indicated that the concentration was below the permissible limit. The
concentration of Ni ranged from 0.445 to 1.13 mg kg Narwal er al. (1991)
concluded that lower level of applied Ni to corn crop showed beneficial effect,
whereas, at higher level there was sharp reduction in yield. Pb ranged from 0.59
to 1.160 mg kg™', while Cd and Co varied from not detectable to 0.045 and 0.735
to 1.42 mg kg™', respectively. All above heavy metals concentrations were below
the limits of phytotoxicity (Mortvedt ez al  1991).

5.1.2.4 Soil Changes
5.1.2.4.1 Physico-Chemical properties
The physico-chemical properties like soil reaction, electrical conductivity

and organic carbon status of the soil under effluents irrigation were gre:tly

differed to normal water irrigation (Table 22). It is seen that soil reaction under
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effluents irrigation water was acidic as compared to normal water irrigation.
Besides in RIL effluents irrigation the soil pH value was slightly lower than that
of UPL. effluents irrigation. The lower pH value after RIL and UPL effluents
irrigation was mainly due to acidic reaction or sulphate ion present in the
effluents water. Similar finding was also reported earlier by Bansal er al.
(1992). In contrary Kannan and Oblisami (1990} Achari et al. (1999) and Malti
et al. (2000) noted an increase in soil pH value after papermill effluents
irrigation. While Pathak er al. (1998) reported that there was no change in soil
pH value after use of distillery effluents. The above discussion indicates that
changes In soil reaction mainly depends on, types of effluents, their
concentration and amount to be applied. The soil salinity level was increased
considerably after eftluents irrigation as compared to normal water irrigation.
Further more salinity level was increased more under UPL. effluents irrigation as
compared to normal water irrigation. There was also increased in salinity level
as increases in fertilizer dose. This might be due to the addition of salt alongwith
effluents water irrigation. The results are substantiated with the studies
conducted by Palaniswami and Ramula (1994); Pathak et al. (1998)2 Achari er
al. (1999) and Malti et . (2000).

The organic carbon status of the soil was increased numerically after
effluent water irrigation. It has been seen that organic carbon status of the soil
increased 52 to 54 per cent after effluents irrigation over normal water irrigation.
It is mainly due to organic material present in the effluents water. The results
corroborate with the results of Kannan and Oblisami (1990); Bansal et al
(1990); Palaniswami and Ramula (1994) and Pathak ef al. (1998).

5.1.2.4,2 Available major nutrieats
The available major nuurients in soil jumped greatly after effluents water

irrigation as compared to normal water irrigation ( Table 22). Further, N
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availability was more at RIL effluents irrigation as compared to UPL effluents
irrigation. As like the N availability the phosphorus availability was also
increased after effluents irrigation. An increase was still higher after RIL than
that of UPL effluents. Though, the availability of K was higher after UPL
effluents Irrigation as compared to RIL effluents irrigation. These findings are in
close agreement with the report of Bansal et a/. (1992) in case of N, P and K,
Palaniswami and Ramula (1994) in case of K, Schipper et a/. (1996) in case of
N, Pathak ef al. (1998) in case of K and Achari ef a/. (1999) in case of N and K.

5.1.2.4.3 DTPA extractablas micro nutrients
The cumulative effect of DTPA extractable Fe, Mn, Zn and Cu are

presented in table 23. The results indicated that DTPA extractable Fe, Mn, Zn
and Cu were Increased conspicuously after effluents irrigation as compared to
normal water irrigation. The concentration of Fe, Mn, Zn and Cu at 100 per cent
RDF alongwith RIL and UPL effluents were 23.65 and 15.76, 44.12 and 32.01,
.28 and 1.20 and 4.44 and 2.86 mg kg™, respectively. These values of Fe, [/n,
Zn and Cu were increased by 121 and47, 96 and 42, 35 and 26 and 29 and 12
per cent, respectively over 100 per cent RDF alongwith canal water. An incr=ase
in the DTPA extractable Fe, Mn, Zn and Cu status of the soils registered under
both effluents irrigation treatments could be attributed to the addition of the
above nutrients through effluents. These results are in conformity with those
reported by Kuhad ez a/. (1989); Bansal er al. (1992)7 Achari et al. (1999) and
Malti et'al. (2000),

5.1.2.4.4 DTPA extractable heavy metal
Among the four heavy metals, determined in the present investigation, the

concentration of Ni and Pb was conspicucus (Table 24). Among the different
treatments Ni concentration increased from 0.77 to 0.95 mg kg™'. Sanders ez o/

(1987) reported that no phytotixic effects of Ni on crop yields were measured at
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the maximum soil concentration of 95 mg kg!. The concentration of Cd was
also below nhytotoxic limits (0.8 mg kg as reported by Alloway (1990). The
effect of concentration of Pb on direct study of effluents water was not
conspicuous, however in the cumulative effect the concentration of Pb increased
gradually in the treatment of effluents water treatments but concentration of this
metal in the soil was still very lower as compared to critical permissible limits of
this metal. The Cobalt concentration was also found more after the efiluenis
irrigation treatments as compared to normal water irrigation treatments. It
ranged from 0.66 to 1.08 mg kg'. Binodkumar et al. (2000) stated that
application of cobalt @ 1 to 2.5 kg ha’ was beneficial to lucerne crop. The
above result indicates that the heavy metal concentration is found below the
generalized critical levels. These results are substantiated with the results

reported by Kuhad er al. (1989) and Niedzwiecki ef al. (2000).

5.2 Feasibility of fertilizer reduction through solid wastes
5.2.1 Dircct effect on cabbage crop
To explore the feasibility of saving the fertilizer with usage of solid waste

fiele experiment was conducted at soil and water management farm. ‘Tae
relevant results obtained are presented in preceding chapter. Here, the highlights
of the results obtained in the present studies are discussed.

5.2.1.1 Fresh and dry matter yield
The results depicted in figure 6 and 7 indicated that application of all the

solid waste increased the fresh and dry matter yield of cabbage head and stump.
The maximum cabbage head and stump yield was obtained at application of
biological sludge alongwith 100 per cent RDF (T5), followed by FYM plus 100
per cent RDF (T4), BC plus 100 per cent RDF (Tg) and PM plus 100 per cent
RDF (Ts) in decreasing order. It is also seen that the fresh and dry matter yield

of head and stump obtained at 100 per ceut RDF (control) was equal to that
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produced at application of solid wastes (BS, PM, FYM and BC) along with 50
per cent RDF. Thus, it indicates that application of solid wastes to the cror
economizes half doses of N, P and K fertilizer. The supply of nutriznts,
conducive nhysical environment leading to better aeration, root activity and
nutrient absorption and the consequent complementary effect would have
resulted in higher cabbage head and stump yield. Increase in yield of crops due
to use of different industrial waste was earlier reported by many workers
(Sawarkar and Dikshit, 1990 in maize and soybean with oxalic acid waste,
Kumar and Mishra, 1991 in rice with pressmud, Sarkunan et al, 1993 in rice
with Ferochrome slag, Raman ef @/.,1996 in sorghum with pressmud, flyash
and gypsum, Kausal ef «l, 1996 in soybean with oxalic acid waste, Tiwari ef ul,,
1998 in sugarcane with pressmud and Selvakumari ez al., 2000 in rice with 1y
ash). Saving of fertilizer dose by using the pressmud in rice nursery has been
reported by Anon. (1994). Similarly Dang and Verma (1996) reported that
application of SMPC and CPMC @ 10 t ha™ to rice crop was equivalent to 50
and 28 per cent RDV, respectively. Gowda et al. (1992) indicated saving of 5C
per cent RDE by incorporation of municipal solid waste in bajra crop.

5.2.1.2 Mutrient content and uptake
The N, P and K contents in head and stump were increased under the solid

wastes treatments ( Fig. 8§ and 9). The nitrogen content both in head and stuimp
was maximum with biological sludge and liocompost treatments, whereas,
content of K was higher at biocompost treatments. Though ail the marteriais with
100 per cent fertilizer doses increased the contents of major nutrients over
control.

The removal of N by head and stump was higher under solid waste
treatments. The uptake recorded with BS, FYM, PM and BC conjunction with
100 per cent RDF was increased by 41.49 and 38.58, 29.60 and 30.05, 20.98 and
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19.55 and 22.85 and 21.55 per cent of head and stump, respectively. The data
depicted in figures 8 ancd 9 also showed that the renmoval of N nutrient at
application of solid wastes (BS, FYM, PM, and BC) along with 50 per cent RDF
was practically remained more or less similar to that of control. The uptiie
pattern of P and K by head and stunip wers also similar to that of N. The
increase in N, P and K uptake might be due to the supply of these nutrients by
biological sludge, FYM, pressmud and biocompost as well as by creating
favorable physical condition of the soil for better root proliferation and thus,
facilitating more utilization. Increase in N, P and K uptake of rice and sugerbeet
due to application of pressmud was reported by Kumar and Mishra (1991) and
Kapur and Kanwar (1993). Selvakumari er al. (2000) observed increase in N, P
and K uptake by rice plant due to application of fly ash. Earlier Saw:rkar and
Dikshit (1990) also showed ir :reased in I’ and K uptake of maize and scybeun
crop due to application of oxalic acid waste matevial.

The secondary nuirizcnts content in cabbage head and stump was not
consistent. however, eir 111 .ke by, head =nd as “./ell as stump was spectacular
(Table 28 and 29). When biosludge @ 5 t ha v.ith 100 per cent RDF was
applied, the increase of 13.97 and 1£.08 kg ha™ of Ca, 5.36 and 10.70 kg ha'of
Mg and 6.68 and 9.7i Kg ha'of S by head and stump, respectively over
application of fertilizer alone (corfrof). The uptake of Ca by head and stumg.
increased by 30.21 and !9.9% per cent at application of pressmud alongwith 100
pe: cent RDF over control. The corresponding figures of Ca uptake e
application of biocompost alongwith .00 pet cent RDF were 31.6. and 22.76
per cent. Similar trend of Mg and S removal was also observed in respective
treatments of biological sludge, pressmud and biocompost in head and stump. It
is seen that pattern of nrients removal at 100 pe: cent RDF alone (control) and

application of BS, FYM, PM and BC conjein with 50 per cent RDF were more
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or less similar. This may be due to fact that these nutrients are present in the
organic solid wastes in considerable quantities and hkence, the addition of these
would have enriched the soil and thereby, enhanced the uptake of these
nutrients. This finding are in accordance with those reported by Sawarkar and
Dikshit (1990) in maize and soybean crop due to use of oxalic acid waste and
Selvakumari er al. (2000) in rice crop due to application of flyash.

Application of biosludge, F'YM, pressmud and biocompost with full and
half recommended doses remarkably increased the concentration of Fe both in
head and stump, whereas, Cu and Mn content was not conspicuous both in head
and straw (Table 30 and 31). Though Zn concentration was noteworthy only in
head. It implies that concentration of micronutrient was variable according to
i’s content. Sarkunan er a/. (1993) reported that slag addition decreased FFe and
Mn content in both straw and grain of rice while Cu and Zn in straw decreased.

With regards to total uptake of Fe, Mn, Zn and Cu (Table 53), revealed
that total Fe, Mn, Zn and Cu uptake was observed higher under the treatment of
addition of BS @ 5 t ha™' plus 100 per cent RDF (Ts), followed by FYM plus
100 per cent RDF weatment (T,). Application of 100 per cent RDF in
conjunction with biosludge, FYM, pressmud and biocompost each at the rate of
5 tha increased utilization of Fe by 182, 115,95 and 109 g ha™ (68, 43, 35, and
41 per cent ), respectively over control. The corresponding utilization of Mn
increased by 57, 35, 27 and 32 g ha' (53, 33, 25 and 30 per cent ), respectively
over control.

While in case of Zn and Cu these values was increased by 58 and 15 (7)
and 53 per cent), 38 and 10 (46 and 36 per cent), 25 and 4 (30 and 14 per cent)
and 33 and 6 (40 and 2] per cent) g ha™! under T5, Ty, Ts and Ty treatments,
respectively over control. It is also interesting to see that removal of micro

nutrients under the treatments of addition of 50 per cent RDF alongwith
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Table 53.  Direct effecr of different industrial solid wastes with graded
fertilizer levels on total micronutrient uptake by cabbage

Total uptake ( ¢ ha' )

Treatments Fe Mn Zn Cu

T = control 267 107 82 28
- 100 % RDF

T>-=BS 2.5 t/ha 328 126 105 32
+ 100 %RDF

T5=BS 5 t/ha 449 164 140 43
+ 100 %RDF

T&=FYM 5 t/: - 382 142 120 38
+ 100 %RDF

Ts=PM 5 t/ha 362 134 107 32
+ 100 %RDF

T«=BC 5 t/ha 370 139 115 34
+ 100 %RDF

T-=BS 2.5 t/ha 286 101 84 28
+ 50 % RDF

Ty=BS 5 t/ha 382 135 111 36
+ 50 % RDF

To=FYM 5 t/ha 305 114 91 29
+ 50 % RDF

T,y=PM 5 t/ha 284 106 85 25
+ 50 % RDF

T,,=BS 5t/ha 317 113 94 32

+ 50 % RDF
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incorporation of biosludge, FYM, pressmud and biocompost (each @ 5 t ha™)
was more as compared to control treatment. This could be primarily be ascribed
to the high content of these micronutrient in waste materials which enhanced the
crop growth and hence uptake. The above results are in conformity to those
reported by Sarkunan et al. (1993).

5.2.1.3 Heavy metal content
The data reported in table 32 showed that heavy metal concentration such

as Ni, Pb, Cd and Co in cabbage head and stump was conspicuous due to
different materials and fertilizer doses. This could be attributed to the low -
concentration of heavy metal in the used materials and the poor translocation of
heavy metals within plant from root to the above ground portion. Ortiz
Hermandez et al. (1999) observed that no toxicity of heavy metals was found in
maize due to application of sludge for two years. Sanders (1987) confirmed that
no phytotoxic effects of Ni on crop yields were measured at the maximum
concentration of 77 mg Ni kg'. Carlton Smith and Stark (1987) showed that
very little Pb was taken up by ryegrass and concentration in plant tissue
independent of the levels in soil. Similarly Vigerust and Selmer Olsen (1986)
confirmed that there was no crop uptake of Pb from sludge treated soils. Koeppe
(1981) reported that Pb had no toxic effects on plants due to low bioavailability
and because any absorbed Pb is immobilized in the roots. Carlton Smith (1987)
concluded that concentration of Cd in crop tissue approximated to a simple
linear function of the total concentration of Cd in soil.

5.2.14 Soil changes -
5.2.1.4.1  Physico-chemical properties of soil
Application of different solid wastes alongwith 100 and 50 per cent RDF

did not affect the soil reaction value. However, electrical conductivity of the soil

‘was spectacular (Figure 10). The initial electrical conductivity value of the soil

“was 0.15 dSm™'. The soil salinity value after application of biological sludge was
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only increased as compared to other treatments. This may be atiributed to the
higher amount of salt present in sludge. This finding are corroborated with the
findings of Raman et a/. (1996) due to application of gypsum, Mohamed and
Awad (1998) due to application of straw pulp sludge and Silvakumari er «f.
(2000) due to application of fly ash.

The organic carbon status of the soil after harvest of cabbage crop,
according to statistical analysis was not conspicuous. However, it increased
trom 0.39 at control to 0.52 per cent due to application of biological sludge in
conjunction with 100 per cent RDF. Moreover, the increases in organic carbon
status at FYM, PM and BC alongwith full dose of fertilizer were 25.64, 20.51
and 30.77 per cent, respectively over control. This may be due to the fact that
initial material applied to the soil contained higher amount of organic matter.
Positive effect of different industrial waste addition, on organic carbon status of
the soil was reported by Raman e af. (1996} and Dang and Verma (1 996) due
to application of pressmud while Mohamed and Awad (1998); Fierro et al.
(2000) and Shrikanth er /. (2000) due to application of straw pulp sludge,
papermill sludge and industrial enriched compost, respectively.

5.2.1.4.2 Available major nutrients
The addition of different solid wastes with 100 per cent graded fertilizer

levels produced marked variation in it over control (Fig. 11). The maximum was
recorded at application of biological sludge in concomitant with 100 per cent
RDF, followed by FYM application alongwith 100 per cent RDF. It is also seen
that availability of N was same as obtained at control and that recorded at 50 per
cent RDF alongwith application of solid wastes (BS, FYM, PM and BC). This
increase was due to addition of inorganic materials, which contained this
nutrient. This findings arc congruous with those reported by Chithra ef af.

(1998) due to addition of organic wastes, Mohamed and Awad (1998) due 1o
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application of straw pulp sludge and Shrikanth er al (2000) due to
incorporation of industrial enriched compost.

The avatlable P,Os was remarkably increased by the application ot all the
industrial waste materials in conjunction with 100 per cent RDF. The increase
was 15.38, 10.66, 10.68 and 15.29 P,Os kg ha” due to addition of BS, “YM,
PM and BC each of 5 t ha' , respectively over control. The available P,Os at the
treatments effect of addition of all the waste material alongwith 50 per cent RDYF
and control was prac:ically remained sames. Inctease in available P,Os due to
addition of waste materials can be attributed it to the P content of these waste.
Dang and Verma (1996) and Selvakumari ef /. (2000) reported similar increase
in available P,Os content of soil. Shrikanth et al. (2000) also observed increase
in available PP,Os status of so1l due Lo addition of enrichec. industrial composts.

Application of a’l the waste materials along with 100 per cent RDF
increased the available K5O status of soil. The maximum was recorded it
biocompost application tollowed by pressmud treatments. Besides, all the vasie
materials a'ong with 50 per cent RDF was equal to that of control treatn.ent in
respect of available K,O status of the soil. The results are in conformity with
those earlier reported by Nagarajan ef al. (1986) and Dang and Verma (1996).
Recently the results reported by Selvakumari et /. (2000) and Shrikanth er af.
(2000) are also in harmony.

5.2.1.4.3 DTPA extractable micronutrients
The micro nutrient status of the soil after harvest of crop was increased

remarkably due to application of different solid wastes élongwith 109 and 50 per
cent fertilizer application (Table 35). The Fe content of soil at explication of
biological sludge @ =t ha™' along with 100 pe: cent and 50 per cent RDF was
12.86 and 1271 mg kg, uspect vely. These values increased by 36.95 =:ad

35.35 per cent over control. The coriesponding wvalue at the sa:ne level of
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fertilizer for Mn, Zn and Cu were increased by 40.43 and 47.95, 72.34 and 46.80
and 27.55 and 17.33 per cent, respectively over control. Similarly all the micro
nutrient were also more or less increased over control treatments by the
application of pressmud, FYM and biocompost treatments at 100 and 50 per
cent recommended dose of fertilizer treatments. This could be attributed to
addition of these nutrients by application of different solid organic wastes. Dang
and Verma (1996) reported similar increase in soil micronutrient due to addition
of pressmud. Mohandas and Appavu (2000) also reported the similar results due
to addition of basic slag. Ortiz Hermandez ef a/. (1999) was congruous with
this result.

5.2.1.4.3 DTPA extractable heavy metals
The four heavy metals determined in present study indicated that there

was no remarkable increase in the heavy metal concentration in  the  soil
(Table 36). The analysis of post-harvest soil, evidenced only a slight and non-
significant increase in the heavy metal content. Besides these values were found
within the permissible limits. The low concentration of heavy metals in the
organic solid wastes used and also the mobility / leaching of heavy metals to the
sub surface layer might be the reason for the non significant increase in heavy
metal content of soil, Selvakumari er a/. (2000) and Chitdeshwari er al. (1998)
obtained the similar results even after the continuous addition of fly lash for
three seasons. Mc Grath and Cegarra (1992) determined poor movement of Pb
in soluble and exchangeable fraction of soil. However, Aldridge and Alloway

(1993) warned against complacency about Pb in sludge amended soil.
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5.2.2 Residual effect on summer groundnut crop
To ascertain the residual effect of different industrial organic waste,

second field experiment was conducted on the same field of first experiment.
The summer groundnut crop was grown as test crop.

5.2.2.1 Dry matter yield
Residual effect of solid organic wastes on pod yield indicated that

incorporation of different solid waste was not conspicuous. However, the
application of biological sludge @ 5 t ha' with 100 per cent fertilizer doses
recorded the highest groundnut pod yield (2986 kg ha'), which was increased by
23.90 per cent over control (Fig. 12). These results are also substantiated by the
number of mature pod plant"at various treatments (Table 37). It seems that
residual waste increased the pod yield of groundnut but could not reach the
significant level. Conversely, the haulm yield recorded at different treatments
was spectacular (Fig. 12). The maximum haulm yield (9340 kg ha‘l) was
recorded at application of pressmud alongwith 100 per cent recommended dose,
followed by BS plus 100 per cent RDF (Ts). The haulm vield recorded with
application of FYM and biocompost conjoin with 100 per cent RDF were 8990
and 8898 kg ha’'. These values increased by 34.78 and 34.40 per cent over
control (6670 kg ha™). It is also interesting to note that haulm yield produced
with different solid wastes along with even 50 per cent RDF was significantly
more or equal to yield produced at control. This indicates that most of the
residual nutrients present in the soil are removed by early growth stages of crop,
consequently, vegetative growth of groundnut was faster in early growth stages.
This may be one of the reasons for higher haulm vield. The non-significant
increase in pod yield of groundnut might be due to the higher haulm yield and
previous exhaustive cabbage crop responsible for higher nutrient removal.

Kumar and Mishra (1991) early reported increase in yield of maize due to
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residual effect of pressmud. The results are also in accordance with the results
reported by Dang and Verma (1996) and Mohandas and Appavu (2000).

5.2.2.2 Nutrient content and uptake
The content of major nutrients (N, P and K) in groundnut pod and haulm

was not conspicuous due to treatments (Table 38 and 39). However, the uptake
of these nutrients by pod and haulm was identical due to different treatments
except, uptake of N by pod. The Pattern of N uptake by haulm followed the
similar trend as that of haulm yield. The total maximum N uptake (200 kg ha™")
was recorded with application of biosludge alongwith 100 per cent RDF whiclh
was closely followed by pressmud application alongwith 100 per cent RDF
(Table 54). The removal of N at FYM plus 100 per cent RDF and BC plus 100
per cent RDF was 189 and 191 kg ha™' |, respectively. Besides, removal of N
with BS, FYM, PM and BC application with 50 per cent RDF recorded an
increase of 45, 35, 37 and 28 kg N ha™' over control. The root growth conducive
physical environment created on account of solid organic wastes to the soil
would have facilitated better N absorption.

Regarding P uptake, the results showed (Table 54) that the integration of
solid wastes either with the 100 or 50 per cent RDF recorded remarkable
increase in P uptake. Application of bio-sludge @ 5 t ha™' with 100 and 50 per
cent RDF recorded an increase of 7.23 and 3.67 kg ha™' (44 and 23 per cent) over
application of fertilizer alone. The corresponding increase it P at FYM,
pressmud and biocompost with 100 and 50 per cent RDI' application were 4.25
and 1.15 (26 and & per cent), 6.65 and 2.36 (41 and 15 per cent) and 6.40 and
1.39( 40 and 9 per cent) kg ha™ over control. With respect to K uptake (Table
54), the biosludge addition @ 5 t ha' alongwith 100 and 50 per cent RDF
increased the uptake to the tune of 38 and 20 kg ha™ (42 and 22 per cent) over

control. When FYM plus 100 and 50 per cent fertilizer were applied the increasc
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Table 54 Residual effect of different industrial solid wastes on total major
nutrient uptake by groundnut

Total uptake ( kg ha™')

Treatment

N P K
T,=control - 134 16.15 01 B
100 % RDF

T,=BS 2.5t/ha 179 19.76 117
+ 100 % RDF

T.,= BS 5 t/ha 200 23.28 129
+ 100 % RDF

T,=FYMS5 ttha 189 20.40 124
+ 100 % RDF

T.=PM 5 t/ha 195 22.8 131
+ 100 % RDF

T,=BC 5 t/ha O] 22.55 128
+ 100 % RDF

T,=BS 2.5 t/ha 161 16.69 101
+ 100 % RDF

Te=BS 5 t/ha 179 19.82 111
+ 100 % RDF

To=FYM 5 t/ha 169 17.40 109
+ 100 % RDF

T,;=PM 5 t/ha 171 18.51 112
+ 100 % RDF

T,;=BC 5 t/ha 162 17.54 106

+ 100 % RDF
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was 33 and 18 kg ha' (36 and 20 per cent) over control. Similarly when
pressmud and biocompost @ 5 t ha™ plus 100 and 50 per cent fertilizer were
applied the increase was 40 and 21 (44 and 23 per cent) and 37 and 15 (41 and
16 per cent) kg ha' |, respectively over addition of fertilizer alone. The
significant increase in P and K uptake might be due to the supply of these
nutrients by different organic waste materials as well as by creating favorable
physical condition of the soil. Kumar and Mishra (1991) observed increased N,
P and K uptake by maize crop due to the application of pressmud to the soil.

The secondary nutrients total uptake (Table 55) showed that application of
biosludge plus 100 and 50 per cent RDF (T3 and Ty) increased uptake of 22 and
12 kg ha™ of Ca, 17 and 10 k.g ha' of Mg and 10 and 5 kg ha’ of S over
control. When FYM was applied @ 5t ha'lalong with 100 and 50 per cent
fertilizer (T, and Ty ), the increase was 18 and 11 kg ha! of Ca, 14 and 8 kg ha''
of Mg and 7 and 4 kg ha”' of S over control. Similarly when pressmud and
biocompost were applied along with 100 and 50 per cent fertilizer, the uptake of
Ca, Mg and S was also increased in the same pattern as that of recorded in the
FYM application. These nutrients are present in considerable quantities in the
above organic wastes and hence the addition of these would have enriched the
soil with them and thereby enhanced the uptake of Ca, Mg and S nutrients.

The concentration of Fe, Mn. Zn and Cu in pod was found to be non-
signtficant due to various treatments (Table 42). Though the concentration of Fe,
Mn and Zn in haulm was of indjcative (Table 43). Significantly higher
concentration of Fe, Mn and Zn were observed under addition of BS @ 5t ha
in conjunction with 100 per cent RDE followed by Tg, Ts and T4 treatments. In
general the concentration of Fe, Mn and Zn was recorded higher under the
treatments of incorporation of solid wastes (Biosludge, FYM, pressmud and

biocompost) over control,
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Residual effect of different industrial solid wastes on total
secondary nutrient uptake by groundnut
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Treatment

Total uptake ( kg ha™")

N P K
T\=control - 39 35 15
100 % RDF

T,=BS 2.5 t/ha 51 46 20
+ 100 % RDF

T5=BS 5 t/ha 61 53 25
+ 100 % RDF

T,=FYM 5 t/ha 57 49 22
+ 100 % RDF

Ts5=PM 5 t/ha 60 51 24

+ 100 % RDF

T¢=BC 5 t/ha 58 49 23
+ 100 % RDF

T-=BS 2.5 t/ha 43 40 18
+ 100 % RDF

Ts= BS 5 t/ha 51 45 20
+ 100 % RDF

Te=FYM 5 t/ha 50 43 19
+ 100 % RDF

Ti10=PM 5 t/ha 50 43 20
+ 100 % RDF

T,,=BC 5 t/ha 48 4] 19

+ 100 % RDF
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The removal of I'e, Mn, Zn and Cu by groundnut pod was not noteworthy.
In contrast, utilization of these nutrients by haulm was conspicuous due to
different treatments (Table 42 and 43). For assessing the treatment differences
with respect to nutrient removal, total uptake of all micronutrient was worked
out and reported in table 56. The total removal of Fe, Mn, Zn and Cu under the
treatment T; (Biosludge @ 5 t ha™' plus 100 per cent RDF) was increased by
47.16, 55.34, 66.25 and 66.67 per cent, respectively over control. Similarly total
removal of Fe, Mn, Zn and Cu under the treatment T, (FYM plus 100 per cent
RDF) increased by 35.62, 41.19, 51.25 and 55.57 per cent, respectively over
control. Like wise, corresponding increases of Fe, Mn, Zn and Cu under the
treatment Ts (PM plus 100 per cent RDF) and Te (Biocompost plus 100 per cent
RDF) were 41.14 and 41.05,46.30 and 43.84, 60.63 and 52.50 and 63.36 and
57.58 per cent, respectively over fertilizer application alone (control). It seems
also that utilization of Fe, Mn Zn and Cu were observed higher under
application of biosludge, FYM pressmud and biocompost (5 t ha') in
conjunction with even 50 per cent RDF. It indicates that addition of
carbonaceous material not only provide the major nutrients but also supplies the
micro nutrients to residual crop which is reflected in growth and vyield,
consequently their uptake.
5.2.2.3 Heavy metal content

Like the cabbage crop, the concentration of Ni, Pb, Cd and Co in
groundnut pod and haulm were also not indicative due to different treatments
(Table 44), as groundnut crop was taken after cabbage in residual soil fertility .
The data presented in table revealed that concentration of Ni, Pb, Cd and Co was

slightly higher under haulm as compared to pod.
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Table 56.  Residual effect of different industrial solid wastes with graded
fertilizer levels on total micronutrient uptake by groundnut
Treatment Total uptake ( g ha™)
Fe Mn Zn Cu
T =control - 1162 365 160 99
100 % RDF

T-=BS 2.5 t/ha 1495 471 218 146
+ 100 % RDF

T;=BS 5 t/ha 1710 567 266 165
+ 100 % RDF

Ty=FYMS5 t/ha 1576 S18 242 155
+ 100 % RDF

T:=PM 5 tha 1540 534 257 162

+ 100 % RDF

Te=BC S tha 1639 525 244 156
+ 100 % RDF

T,=BS 2.5 t/ha 1306 442 207 124
+ 100 % RDI?

Ts=BS 5 t/ha 1518 505 231 143
+ 100 % RDIF

To=FYM 5 t/ha 1460 465 222 138
+ [00 % RDF

T1o=PM 5 t/ha 1465 468 215 135
+ 100 % RDF

T,,=BC 5 t/ha 1362 453 216 134

+ 100 % RDF
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5.2.2.4 Soil changes
5.2.2.4.1 Physico-chemical properties
The soil reaction value was not affected due to different treatments (fig.

13). Soil salinity value was slightly increased due to organic waste application.
Because of these wastes contained higher amount of salt, which reflected in
increased electrical conductivity of soil. The organic carbon status of the soil
was not maintained in signiticant armount. However, the organic carbon contents
in the treatments of application of solid organic wastes recorded higher zmount
of organic matter content of the soil. It has been seen that organic waste addition
treatments (T» to T;;) with 100 and 50 per cent recommended doses of fertilizer
increased the organic carbon status of the soil by 25 to 44 per cent over the
control. Webber (1978) earlier reported the increase in organic carbon status of
soil due to addition of sewage sludge. Kumar and Mishra (1991) and
Yaduvanshi and Yadav (1996) also reported similar results due to use of
pressmud.

52.2.4.2 Available major nutrients
Availability of all the major nutrients was higher under the treatments of

addition of solid organic wastes along with 100 and 50 per cent recommended
doses of fertilizer over the control treatments (Fig. 14). When the biological
sludge @ 5 t ha™' plus 100 per cent RDF was applied, the increase was 48, 12.45
and 71 kg ha' N, P,Os and K,O, respectively over addition of fertilizer alone.
Slightly more or less similar increase was also recorded due to addition of 'Y M,
pressmud and biocompost alongwith 100 per cent RDF. Besides, addition of
" these organic wastes even at 50 per cent RDF was also recorded similac higher
available major nutrients as compared to only addition of chemical fertilizer
alone. The results are in acco:daice with those repoited by Yaduvanshi and

Yadav (1996) and Shrikanth et al. (2000).



|10S 3Uj JO SONSUBJORIRYD
[eolway2-091sAyd uo 4y papesb uym seysem pijos [eLySNpU) JuBIBYIP JO 12348 [enpisay : ¢} ‘Bid

sjuaiLgea) |
L 0k 6L Bl 4 oL 1 Fl £l Al bl
0 _.n__
08 %05+ BUI0GOE = ) | _ . :
J0d% 05+ B I0GWNd = %L : : - |
d04% 05+ BYI0SWAd = 5L i | .
J04% 05 + BI0GSE= o] o
A04% 06 + BI5ZSE= 4L 7
A04% 001+ B10608= %1 ﬁ
A04% 001 + BI0S WA= °L = "
d04%00L+ BIOGHAI= 'L G pp : o
404% 004+ BY10GS8= 4 3 i
308 %004 + 16788 = %L -t i
404%00L-loiweg = 'y § -
=i iimiiimisiniinimiii N o e p = l....' H
?BEHEE- 030 En._m e0 4 . B 3
2 ¥ : - o.M
= | 4 i ! 5 ,.__wl.. o
& ... w = = m ) .m I .ul.
f . : X i i 2 L
2 yo 5 ’ ‘W .
a ..“.“. 1] q_... = : E ..ql.
u 1 E‘.._..n m . il L “.. &..— W.
% . o _... I " B n. ._.1
—r : m._ 1 : 3 3 3 3 “||__... L
; E.._.“ -_.. | % i 4 ..n -_.-_ ,.m-_ <
01 0 o "d B d H o B B
3 ¥ i _ g o
- Lad ; 3 _ — L} ._rul:ﬂ
a0 8




408% 05+ 210528 = 4L

JU04% 05+ BYI0GWd="L

J0H% 05+ BUI0S WAL= 81
JO4% 05+ B 10GSE = )

J0M% 05+ BYISZSA= ¢

J04% 001 + B4 10508 = 5L
J04% 001 + BUI0SWd = 51
04 %001+ BYIOSWAd = "L
J08 % 00L + B i0G88= fL
404 %001 + BU}5ZS= Tl
405 % 001 - o) = 4|

_w.aﬁﬂj
Wnissejodm
‘ usBoanm v

=
L
i
=

uy

_—
3
T

(ew/By) snioydsoyg ajgqepeay
3 &

L

0LL

BL

j1os 3y} jo
Sjuaiinu Jofew sjqejieAe uo S0y PapesB yjm sajsem plios [eUISNpU| JuBIBYIP JO J98Y8 [enpISaY | ) ‘Bl

gl

Ll

Sjuawneal)|

al

51

¥l

£l

Zl

L

008

00L

(Bys/Gy) wnissmod pue vaboqp ajgepeay



163

5.2.2.4.3 DTPA extractable micro nutrients
Among the Fe, Mn, Zn and Cu micronutrient status of the soil}only Fe and

Zn were found spectacular (Table 47). The initial value of Fe had 9.33 mg kg’
which increase to 11.88, 10.84, 11.04 and 11.66 mg kg at biosludge (T3),
FYM(T,), pressmud (Ts) and biocompost (Te) alongwith 100 per cent
recommended doses of fertilizer. It is also seen that marginal decrease in Fe by
0.35 mg kg™' from initial value to control treatments. It is also observed that all
the solid organic waste application even 50 per cent RDF was accumulated more
Fe as compared to only addition of fertilizer alone. Similar improvement in Zn
status of the soil was also observed. This may be due to the fact that addition of
organically waste not only provide the major nutrients but also provides the
micronutrient, which is necessary for plant growth. The results are in
corroborates with the results of Yaduvanshi and Yadav (1996).
5.2.2.4.4 DTPA extractable heavy metal

Ni, Cd, Pb and Co determined in present investigation indicated only
slightly and non-significant increases in the heavy metal concentration (Table
48). Ni and Pb ranged from 0.78 and 0.79 mg kg™ at control to 0.93 and 0.93 mg,
kg at application of biosludge alongwith 100 per cent RDF while, Cd and Co
varied from 0.07 and 0.89 mg kg at control to 0.073 and 0 97 mg kg" at
application of biocompost alongwith 100 per cent RDF. All the values indicated
that there were marginal increases from initial status of the soil. The DTPA
extractable contents of heavy metals viz., Ni, Pb, Cd and Co were found within
the permissible limits.

5.2.2.4.5 Physical properties of soil -
The data presented in table 49 showed that the effect of the differert

treatments of industrial wastes on the bulk density and water stable aggregate (>

0.25 mm) in soil was found to be non-indicative. However, reduction in the bulk
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density was observed in the treatinents that received solid wastes along with full
and half N, P and K, than in the treatment that received N, P and K alone. The
bulk density of soil ranged between 1.50 Mg m™ in control and 1.43 Mg m™ in
biosludge @ 5 t ha™' plus 100 per cent RDF (Tj).

It has been observed that application of biosludge, FYM, pressmud and
biocompost with full and half RDF enhanced the water stable aggregate in the
soil as compared to control (Table 49). The per cent aggregate (> 0.25 mm)
varied from 74.46 at control to 78.10 per cent at biocompost @ 5 t ha™ plus 50
per cent RDF (Ty). Improvement in bulk density and water stable aggregate
indicate the improvement in soil properties. The improvement in per cent
aggregate due to use of wastes was also reported by Sewaram er al. (1992)]

- Shinde et al. (1995) and Raman ¢t al. (1996).
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Vi SUMMARY AND CONCLUSION
The present investigation was carried out on Typic Chromuster soil of
Navsari in two phases. In the first phase, two pot experiments were carried out
involving use of two diluted effluents irrigation (RIL and UPL) i1 combination
with each of 100, 75, 50 and 0 per cent recommended doses of NPK fertilizers
and one control (100 per cent RDF irrigated with canal water). Treatments were
imposed in completely randomized design (CRD) for ascelrtaining direct effect
on onion crop as well as cumulative effect on fodder maize in the same pot. In
the second phase, two field experiments were conducted. Wherein, the relative
performance-of different industrial solid waste such as biological sludge @ 2.5
and 5 t ha”', pressmud, biocompost and FYM each of 5 t ha! alongwith full and
half doses of NPK fertilizer and one control (100 per cent recommended dose of
fertilizer) was evaluated on cabbage crop (direct elffect) and summer groundnut
crop (residual etfect) with four replications in randomized block design (RBD).
The results of the present study are summarized below.
6.1 Effect of cffluent water
6.1.1 Direct cffect on onion crop
0.1.1.1  Use of diluted RIL and UPL eflluent water alongwith 100 per cent
RDFF (320 and 285 g pot!) as a source of irrigation water increased
fresh yield of onion bulb by 33.47 and 18.87 per cent over canal water
irrigation in conjunction with 100 per cent RDF (239.75 g pot™).
6.1.1.2 6.1.1.2  Yield of bulb and leaves was statistically same at 100 per
cent recommended dose with normal water and 50 per cent
recommended dose with RIL and UPL effluent waters.
6.1.1.3 The content and uptake of major nutrients (N, P and K) by onion
bulb and leaves were recorded significantly higher under both the

effluent water irrigation treatments as compared to canal water
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irrigation. The uptake of N, P and K by onion with RIL effluent
irrigation and UPL effluent irrigation in conjunction with 100 per
cent RDF increased by approximately 1.5 fold over canal water
irrigation alongwith 100 per cent recommended dose of fertilizer.
Uptake of secondary nutrients such as Ca, Mg in bulb was not
affected by effluent irrigation. However, Ca and Mg concentration
in leaves were significantly increased. The removal of Ca, Mg and
S by bulb and leaves were significantly increased under effluent
irrigation as compared to canal water irrigation.

Concentration of Fe, Mn, Zn and Cu in bulb and leaves recorded
with RIL and UPL effluent water alongwith 50, 75 and 100 per cent
reccommended doses were significantly higher as compared to
treatment of normal water plus 100 per cent recommended dose.
Utilization of Fe, Mn, Zn and Cu by onion with RIL eftluent plus
100 per cent RDF got increased by 58, 106, 102 and 60 per cent,
respectively over canal water irrigation alongwith 100 per cent
RDF. Similarly the corresponding utilization of such nutrients at
U+100 treatment got increased by 33, 62, 51 and 46 per cent,
respectivcly.

Concentration of heavy metals such as Pb, Cd, Ni and Co in plant
tissue was below the phytotoxicity limits.

Effluent irrigation decreased the soil pH, increased the electrical
conductivity and improved the organic carbon status of the soil as
compared to canal water irrigation.

Available N status after RIL effluent irrigation increased 2 to 3
fold, while marginal increase was noted  after UPL effluent

irrigation. Increase of available P was noted more after RIL effluent
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irrigation as compared to UPL effluent irrigation. The reverse was
true in case of available K of the soil.

6.1.1.9 At the same level of fertilizer dose (100 per cent recommend dose),
the DTPA extractable micronutrients with RIL effluents increased
the Fe, Mn, and Zn content by 31, 34 and 28 per cent, respectively
and that with UPL effluent increased Fe, Mn, Zn by 24, 80 and 20
per cent, respectively over canal water irrigation alongwith 100 per
cent RDF. The concentration of Cu after RIL and UPL effluent
irrigation got marginally increased.

6.1.1.10 The concentration of heavy metal in soil was below the critical
l[imit. Ni and Co was significantly affected where as Cd and Pb

statistically remained same.

[

6.1, Cumulative cttect on fodder maize

6.1.2.1 Fresh and dry matter of fodder maize produced at RIL effluent plus
50 per cent RDF (675.50 and 95.34 g pot ™'} and UPL effluents plus
50 per cent RDF (606.50 and 87.94 g pot™) were statistically same
as that obtained at 100 per cent RDF and irrigated with canal water
(589 and 85.41 g po: ™).

6.1.2. Fresh yield of fodder maize with RIL and UPL effluent irrigation

I~

alongwith 100 per cent RDF got increased by 29 and 21 per cent,
respectively over canal water irrigation alongwith 100 per cent
RDF.

6.1.2.3 The content of N, P and K in fodder maize with RIL and UPL
effluents irrigation alongwith 100 per cent RDF was significantly
higher as compared to canal water irrigation in conjunction with

100 per cent RDF. Like wise, removal of N, P and K was 1.5 fold
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higher under effluent water irrigation as compared to canal water
irrigation.

Content of secondary nutrient such as Ca and S was significantly
increased whereas, Mg content in fodder maize was not affected. At
the same level of fertilizer dose (100 per cent RDF), the utilization
of Ca, Mg and S by fodder maize with RIL effluent was increased
by 44, 40 and 60 per cent, respectively over canal water irrigation.
Such increase of Ca, Mg and S under UPL effluent irrigation was
noted 28, 38 and 75 per cent.

Concentration of Fe, Mn, Zn and Cu in fodder maize were
significantly higher under RIL and UPL effluent irrigation as
compared to canal water irrigation. The utilization of Fe, Mn, Zn
and Cu were recorded higher under RIL effluent irrigation as
compared to UPL effluent and normal water irrigation, though UPL
effluent irrigation removed more Fe, Mn, Zn and Cu nutrients as
compared to canal water irrigation.

Concentration of heavy metals such as Pb, Cd, Ni and Co in fodder
maize did not increase remarkably and remained below critical
limits of phytotoxicity.

Both the effluent waer irrigation (RIL and UPL) decreased the soil
reaction value, increased the salinity and improved the organic
carbon status of the soil as compared to canal water irrigation.
Available N status after RIL effluent irrigation was increased
approximately by 3 fold whereas, such increment under UPL
effluent water irrigation was about 31 per cent over canal water
irrigation. At the same level of fertilizer (100 per cent RDF), the
RIL and UPL effluent increased the available P status by 114 and
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49 per cent over canal water irrigation, Improvement of available K
was more under UPL effluent as compared to RIL effluent.

DTPA extractable micronutrients in soil were significantly higher
under effluents irrigation as compared to normal water irrigation.
On an average, Fe increased by two fold, Mn increased by 1.5 to 2
fold and Zn and Cu were slightly increased after RIL and UPL
effluent irrigation.

The concentration of DTPA extractable heavy metals in soil such as
Ni, Pb, Cd and Co were remained below the critical toxicity limit.
Effect of solid wastes

Direct effect on cabbage crop

Among the different solid wastes, application of biological sludge
@ 5 t ha' in conjunction with 100 per cent RDF produced
significantly higher cabbage head and stump vield, followed by
FYM biocompost and pressmud in decreasing order. The
application of BS (T3), FYM (Ty), PM (T;) and BC (Ty) alongwith
full recommended dose produced 34.89, 28.60, 19.37 and 20.43 per
cent higher dry matter head yield respectively, over control.

The cabbage fresh and dry matter yield obtained with half
recommended dose alongwith application of BS, PM, FYM and BC
were statistically at par with control.

The N, P and K content in cabbage head and stump were
significantly higher under solid waste application treatinents as
compared to control. The uptake of N recorded with BS, FYM, PM
and BC in conjunction with 100 per cent RDF was increased by

41.49 and 38.58, 29.60 and 30.05, 20.98 and 19.55 and 22.85 and
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21.55 per cent of head and stump, respectively. The uptake pattern
of P and K by head and stump was also similar to that of N.

The secondary nutrient like Ca, Mg and S content in head and
stump were not significantly affected due to different treatments.
However, removal of these nutrients was affected. Ca, Mg and S
uptake by cabbage head and stump was higher with application of
biosludge @ 5 t ha' in conjunction with 100 per cent RDF
followed by FYM @ 5 t ha™ plus 100 per cent RDF. The treatment
effect of application of solid wastes (BS, FYM, PM and BC;
alongwith 50 per cent RDF remained statistically same with the
treatment effect of control.

Concentration of Fe and Zn was significantly higher in cabbage
head whereas, that of Mn and Cu was not affected due to different
solid waste treatments and in cabbage stump, only Fe concentration
was significantly increased under solid waste treatments.
Application of 100 per cent RDF in conjunction with BS (T3), FYM
(T4), PM (Ts) and BC (T,) increased utilization of Fe by 68, 43, 35
and 41 per cent over control. The corresponding utilization of Mn
increased by 53, 33, 25 and 30 per cent, respectively over control,
while in case of Zn and Cu these values were increased by 71 and
53, 46 and 36, 30 and 14 and 40 and 21 per cent, respectively over
control.

Concentration of heavy metals such as Ni, Pb, Cd and Co in
cabbage head and stump remained unaffected and below the
phytotoxicity hmit.

Application of different solid wastes alongwith 100 and 50 per cent

RDF did not affect the soil reaction value. However, electrical
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conductivity value after application of biological sludge was only
increased as compared to other treatment. The organic carbon status
of the soil after harvest of cabbage crop was not affected
significantly. However, it increased from 0.39 at control to 0.51per
cent due to application of biological sludge in conjunction with
RDFE. Application of FYM, PM and BC alongwith full dose of
fertilizer increased the organic carbon status by 25, 21 and 31 per
cent, respectively.

6.2.1.8 The highesi avzileble N oin soil after harvest: of cabbage was
recorded at application of BS alongwith 100 per cent RDF (251 kg
ha™"), followed by FYM addition in conjunction with 100 per cen’
RDF (235 kg 'na"). The P,Os increase was 15.38, 10.66, 10.68 and
15.29 kg ha' dus to addition of BS, FYM, PM and BC, respectively
over control. The maximum K,O was recorded at biocompost
application followed by pressmud treatments. Besides, all the wasic
materiais alongwith 50 per cent RIXF were comparable to that ot
control treatinent in respect of available N, P>Os and K status of the
soil.

6.2.1.9 DTPA extractable micronutrient status after harvest of crop was
increased remarkably due to application of different solid wastes
alongwith full and half recommended fertilizer. The Fe content of
soil with addition of BS @ 5 t ha™ alongwith full and half RDF got
increased by 40 and 35 per cent, over control. The corresponding,
increase at the same level of fertilizer for Mn, Zn and Cu were 40
and 48, 72 and 47 and 28 and 17 per cent, respectively over control.
Similarly all the micronutrients were also more or less increased

over centro! treatmenis by the application of PM, FYM and BC
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treatments with full and half recommended dose of fertilizer
treatiments.

6.2.1.10 The four heavy metals determined in the present study (Ni, Pb, Cd
and Co) indicated that there was no remarkable increase in the
heavy metal concentration in the soil. Besides, theses values were
found within the permissible limits.

6.2.2 Residual gffect on summer groundnut

6.2.2.1 Residual effect of solid wastes on pod yield was not conspicuous.
However, application of BS @ 5t ha™' with 100 per cent fertilizer
dose recorded the highest groundnut pod yield (2986 kg ha™') which
was increased by 23.90 per cent over control.

6.2.2.2 The haulm yield recorded at different treatiments was spectacular,
The maximuwm haulm yield (9340 kg ha') was recorded at
application of pressmud alongwith full recommended dose of
tertilizer, followed by BS plus 100 per cent RDF. The haulm yield
recorded with application of FYM and BC and 100 per cent RDF
were increased by 35 and 34 per cent over control (6670 kg ha™).
Besides, haulm yield produced with different solid wastes
alongwith even 50 per cent RDF was significantly more or equal to
yield produced at control.

6.2.2.3 The content of major nutrients (N, P and K) in groundnut pod and
haulm was not affected due to different treatments. However, the
uptake of these nutrients by pod and haulin was identical. The
total N uptake (200 kg ha') was recorded with application of BS
alongwith 100 per cent RDF followed by PM alongwith 100 per
cent RDF. Integrated use of solid wastes either with 100 or 50 per

cent RDF recorded remarkable increase in P uptake. Application of
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BS @ 5t ha” with 100 and 50 per cent RDF increased the P uptake
by 44 and 23 per cent over application of fertilizer alone. Addition
of solid wastes also increased the K uptake by groundnut at both
the levels i.c. 100 and 50 per cent RDF over control.

Total uptake of the secondary nutrients (Ca, Mg and S) showed that
application of organic solid wastes alongwith 100 per cent RDF
increased uptake approximately by 18 to 22 kg ha' of Ca 8 to 14 kg
ha™' of Mg and 7 to 10 kg of S over control.

The concentration of Fe, Mn and Zn in haulm was recorded higher
under the treatments of incorporation of solid wastes (BS, I'YM,
PM and BC) over control. The removal of Fe, Mn Zn and Cu by
groundnut pod was not affected. However, utilization of these
nutrients by haulm was conspicuous due to different treatments.
The total removal of Fe, Mn, Zn and Cu under the treatment (BS
@ 5 t ha'' plus 100 per cent RDF) was increased by 47, 55, 66 and
67 per cent respectively over control. Similarly, higher total
removal of these micronutrients was also noted under the treatment
of XYM, pressmud and biccompost.

The concentration of Ni, Pb, Cd and Co in groundnut pod and
haulm was not significantly affected due to different treatments.
The concentration of Ni, Pb, Cd and Co was noted slightiy higher
under haulm as compared to pod.

After harvest of residual groundnut soil reaction value remained
unaffected, soil salinity value slightly increased due to organic
waste application. The organic carbon status of the soil was not

statistically affected. However, the organic carbon content in the
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treatments of application of solid organic wastes recorded higher
amcunt of organic raatter content of the soil.

Availability of al' the major nutrients (N, P and K) was highe:
under treatments of addition of solid organic wastes alor.gwith 100
and 50 per cent recommended dose of fertilizer over the contrc!.
The BS @ 5 t ha'' plus 100 per cent RDF increased, the availaol:
N, P;Os and K,O by 25, 50 and 13 per cent, respectively over
addition of fe t:lizer alone. More or less similar increase was also
recorded due to addition of FYM, PM and BC alongwith 100 per
cent RDF,

All the solid organic waste application with 100 and 50 per :ent
RD¥F accumulated more Fe and Zn as compared to only addition of
fertilizer alone.

Ni, Cd, Pb and Co concentration in soil indicated slightly and non-
significant increases from initial status of the soil and content of
these heavy metals were found within the permissible limits.

The effect of the ditfferent treatments of industrial wastes on the
bulk density and water stable aggregates (> 0.25 mm) in soil swas
found to be non-indicative. However, reduvction in bulk density and
improvement in water stable aggregate was for.nd with «ddition of

organic waste material treatments.
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CONCLUSION

In the pot culture experiment wherein the possibility of fertilizer
reduction at optimum effluent dilution was tried with onion (Direct effect) and
fodder maize crop (Cumulative effect), there was clear cut indication that in
both the studies about 50 per cent fertilizers can be saved. Use of diluted
effluent water improved the fertilizer use efficiency and available nutrient status
in soil.

The results of the field experiments indicated that application of
industrial solid wastes could save the half recommended doses of fertilizers in
direct effect on cabbage. The residual effect on pod yield of groundnut was non
significant though, haulm yield showed remarkable increase. In both the effect
(Direct and residual) the utilization of nutrient increased to a considerable extent
and available nutrient status in the soil was also improved.

The study clearly indicates that the disposal of industrial wastes
viz., liquid and solid can be made for better crop production and sustaining soil

fertility. However, more such studies should be undertaken in future.

Future line of research

1. Experiments involving use of industrial waste should be
conducted on long term basis for sound recommendation.

2. The regular monitoring should also be done for development o
salinity and build up of heavy metals in soils put under constant

industrial effluent / waste use.
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