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Application of sewage sludge in agriculture is gaining momentum in many countries and is considered as an
efficient waste management option. Sewage sludge is enriched with organic matter, nutrients and trace
metals that can improve plant growth and soil fertility. In the present study an experiment was carried out
wherein different concentrations of sewage sludge alone and in combination with different recommended
doses of fertilizers (RDF) were used to assess the growth performance of brinjal (Solanum melongena var.
Local long), a commonly cultivated vegetable of Kashmir valley. The field experiment was carried out during
summer (Kharif) 2010 and involved five treatments (T1 = Recommended dose of fertilizers; T2 = 100%
Sewage Sludge; T3 = 75% Sewage Sludge + 25% RDF; T4 = 50% Sewage Sludge + 50% RDF; T5 = 50%
Sewage Sludge + 25% RDF) each with three replications. The data regarding chemical analysis of sewage
sludge and pre and post experiment soil samples with respect to pH, EC, OC, N, P, K, Ca, Mg, Cu, Fe, Mn,
Zn, Cd, Ni, Cr, Pb is within permissible limits. The highest yield of brinjal was recorded in T1 (327.67g/ha),
followed by 290.21g/ha in T4. Fruit quality parameters viz. carbohydrate and protein contents did not exhibit
any significant variation between various treatments. On the other hand ascorbic acid content of fruit, foliar
photosynthetic pigments (total chlorophyll) and morphological parameters recorded different values in different
treatments. Results revealed that application of sewage sludge did not have any adverse impact on fruit
quality and can be used for the improvement of plant growth and soil quality. By utilizing sewage sludge in
agriculture, environmental degradation can be minimized.

INTRODUCTION to ensureits eco-friendly management a study was carried
out to assess the soil application of sludge on growth per-
formance and quality characteristics of brinjal (Solanum
melongena var. Local long), one of the commonly grown

fruit vegetabl e of Kashmir.
MATERIALS AND METHODS

Sewage dudge is an insoluble residue generated from
wastewater treatment plants after digestion process and its
management isamatter of great concern. In many countries
dudge produced isapplied to the agricultural |and asameans
of disposal and can be an alternative option of fertilizers.
The substantial N and P concentration in sludgerendersit a
useful fertilizer and its organic constituents makesit benefi-
cial for improvement of soil conditioning properties (Berry
1986). In the recent past, anumber of sewage treatment plants
releasing sewage sl udge asan end product, have been set up
in Srinagar city of Kashmir. According to Jammu and Kash-
mir Lakes and Waterways Development Authority
[LAWDA], approximately 2.0 millionlitresof sewagedudge
is generated per day in Srinagar city (Anonymous 2010).

Study ar ea: The experiment was conducted during summer
(Kharif) 2010. In-vivo part of the present research study was
carried out in the experimental fields of FOA/RRS,
SKUAST-K, Wadura, Sopore, Kashmir (33°14 and 30°25
N and 74°38' E at 1593 above MSL). The areaischaracter-
ized by temperate climatic conditionswith mean maximum
and minimum temperature during the growing season as
26.08°C and 11.78°C respectively.

The dudge generated from the treatment plants is dumped
along the banksof Dal Lake and itsconstituents usually get
leached into the water body |eadi ng to enhanced macrophytic
growth, thereby posing a grave threat to the ecology of the
lake. To avoid the pollution load of the |ake ecosystem and

Experimental design and crop: The study wascarried out
to assess the impact of sewage sludge on growth, yield and
quality of brinjal (Solanummelongenavar. Local long). The
experiment waslaid in completely randomized block design
and involved five treatments (T1 = Recommended dose of
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fertilizers, T2 = 100% Sewage Sludge; T3 = 75% Sewage
Sludge + 25% RDF; T4 = 50% Sewage Sludge + 50% RDF;
T5=50% Sewage Sludge + 25% RDF), each with threerep-
lications. The plot size of each treatment was 3.91m?(1.7m
x 2.3m) and seedlings were sown at the spacing of 60 x 45
cm as recommended in the package of practices. Theferti-
lizersN, Pand K (kg/ha) were applied to the crop at therates
of 150, 120 and 120 respectively. The dudgefor application
inthefield was collected from the banks of Dal Lake, dried
before being put to use and mixed with the soil one week
before transplantation to favour mineralization of nutrients
from the dudge and soil stabilization. The dosagesof dudge
treatmentsto experimental plotswere prepared on thebasis
of N content of sSludge and N requirement of the crop.

Sludge and soil analysis: Dried sludge and soil (collected
from each plot at the depth of 0-30 cm before transplantation
and after harvest) samples were anaysed for pH, EC, total N
(Kjeldahl method) (Jackson 1974), available P (Olsen 1954)
and organic carbon (Walkely & Black 1934). Ca, Mgand K
were determined using ammonium acetate method (Hesse
1971). Cu, Zn, Fe, Mn, Ni, Cd, Cr and Pb were analysed by
using AAS (Atomic Absorption Spectrophotometer).

Plant tissue analysis: Fruit samples were harvested from
each plot, dried in ahot air oven at 70°C for 48 hours, pow-
dered in agrinder and subjected to chemical analysisfor the
estimation of carbohydrate (Dobois et al. 1956), protein
(Lowry et al. 1951) and ascorbic acid contents (Sadasivam
& Balasubramanian (1987). Fruit sampleswere a so analyzed
for TSS by using Refractometer. Photosynthetic pigments
inthefoliage were estimated (Hiscox & |srealstam 1979).

Fruit yield: Fruitswere harvested whenripe at different in-
tervals. Total weight of fruits (kg/plot) at each picking was
added to obtain thetotal fruit yield per plot and expressed as
quintalsper hectare (q ha?).

Statistical analysis: Data recorded during the experiment
were subjectedto ANOV A, followed by least significant dif-
ference (LSD) test at p £ 0.05 using R software statistical
package (Gomez & Gomez 1984).

RESULTS AND DISCUSSION

Recycling of sewage dudge for agricultural useisone of the
viable practi cable environmental optionsfor itsmanagement
as it has been seen that addition of sludge to agricultural
lands enhances growth and yield of cropswhich is mainly
attributed to the nutrient rich nature of sewage sludge.

Characterization of sludge and soil: Samples of sewage
sludgewere analyzed in order to determine different chemi-
cal characteristics and characterized as pH of 7.71, EC of
2.76 pSand organic carbon content of 3.66% (Table 1). The

F.A.Loneetdl.

Table 1: Chemical characterization of sewage sludge.

Parameter Value
pH 7.71
EC (1S 2.76
Organic Carbon (%) 3.66
Total N (%) 15
Avail P (mg/kg) 30
Avail K (mg/kg) 208
Cu (mg/kg) 0.175
Zn (mg/kg) 6.62
Fe (mg/kg) 50.32
Mn (mg/kg) 25.79
Ni (mg/kg) 47.17
Ca(mg/kg) 92
Mg (mg/kg) 62
Cd (mg/kg) 1304
Cr (mg/kg) BDL*
Pb (mg/kg) 60

*BDL (Below Detection Limit)

macronutrient level (N, P, K) ranged from 1.05%, 30mg/kg
and 208mg/kg respectively, followed by Ca (92mg/kg) and
Mg (62mg/kg). Themetal content of sludgewasfound to be
0.175, 6.62, 50.32, 25.29, 47.27,130.4, 60.0 mg/kg corre-
spondingto Cu, Zn, Fe, Mn, Ni, Cd, Pb respectively. Cr con-
centration on the other hand was bel ow detection limit. Simi-
lar results regarding the characterization of sewage sludge
were a so reported by De Mariaet al. (2010).

Similarly, soil samples of the experimental field were
analyzed before and after the sludge treatmentsto establish
any marked changesin different parameters. Texture of soil
was loamy and sludge amendments alone and in combina-
tion with different fertilizer doses, did not result inany sig-
nificant changes in the pH values of soil (Shahalam et al.
1998), however, significant increase in EC was detected in
soil after the experiment (Casado-Velaaet al. 2007) (Table
2), which might be attributed to the relatively higher EC of
sawage sludge and formation of metallic salts-complexesof
organic matter and heavy metals (Ahmed et al. 2010). The
composition of macroelements(N, P, K) exhibited increased
trendsin the fertilizer and sludge amended treatments, be-
cause these nutrients get incorporated into the soil resulting
intheir higher quantities. Data also show that the concentra-
tion of inorganic microelements (Fe, Mn, Cu, Zn) signifi-
cantly increased in the soil after the application of different
doses of dudge alone and in combination with fertilizers.

Crop growth and yield parameters. Data regarding the
morphological growth parameters affected by sludge treat-
ments alone and in combination with the fertilizersis pre-
sented in Table 3. Dataindicate that T1 recorded the highest
values of root biomass, shoot biomass and leaf area, while
the root length was highest for T2 (100% Sewage Sludge)
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Table 2: Chemical characterization of soil before and after the experiment.
Treatments pH EC N P K Zn Fe Mn Cu
(dsm) kg/ha kg/ha kg/ha (ippm) (ippm) (ippm) (ippm)
Before the Experiment 7.00 0.36 605 40 290 1.47 12.12 1.59 1.10
After the Experiment T, 7.08 0.82 910 51 411 2.86 14.05 225 1.18
T, 7.07 0.74 729 43 348 3.44 16.38 2.75 1.25
T, 7.05 0.80 794 46 335 3.29 16.75 2.49 112
T, 7.08 0.66 751 50 340 3.75 14.95 251 1.23
T, 7.08 0.59 760 47 326 3.12 15.33 2.37 1.27
CD NS 0.10 9.40 3.38 11.45 0.34 0.52 0.31 0.08
Table 3: Effect of different doses of sewage sludge on growth parameters of brinjal (Solanum melongena var. local long)
Treatment  Root fresh wt. Root dry wt. Shoot fresh wit. Shoot dry wt. Root length Shoot length Leaf area
() () () () (cm) (cm) (cm)
T1 49.11 2371 308.00 88.63 10.66 93.33 107.1
T2 37.87 17.91 230.00 65.96 11.33 93.33 90.8
T3 37.02 18.28 205.00 58.06 9.66 90.66 77.8
T4 29.08 17.18 188.00 50.40 11.00 70.00 734
T5 29.08 17.18 188.00 50.40 11.00 70.00 72.8
CD 421 0.70 6.15 3.92 0.90 412 341
Table 4. Effect of different doses of sewage sludge on yield of brinjal (Solanum melongena var. local long).
Treatment Fruit Fruit length Fruit diameter Fruit weight Yield/plant Yield/plant Yield/ha
no./plant (cm) (cm) @ () (kg) @
T1 9.66 12.30 433 88.42 854.13 12.81 327.67
T2 7.75 10.33 3.33 86.33 669.05 10.03 256.67
T3 7.75 10.33 3.16 85.33 661.30 9.91 253.69
T4 8.90 9.33 3.16 85.00 756.50 11.34 290.21
T5 7.66 10.66 3.16 85.00 651.10 9.76 249.78
CD 0.71 00.31 021 342 14.37 0.20 2.70
Table 5: Effect of different doses of sewage sludge on fruit quality and foliar photosynthetic pigments of brinjal (Solanum melongena var. local long).
Fruit Leaf
Treatment TSS Ascorbic acid Carbohydrate Protein Chlorophyll a Chlorophyll b Total chlorophyll
(°Brix) (mg/100g) (%) (%) (mg/g tissue) (mg/g tissue) (mg/g tissue)
T1 6.6 14.6 4.35 1.47 0.83 0.45 121
T2 6.3 11.8 3.97 1.37 0.77 0.60 1.37
T3 7.8 10.6 3.90 1.40 0.79 0.64 1.45
T4 8.1 16.0 3.94 1.40 0.83 0.44 1.19
T5 7.0 10.0 391 1.44 1.06 0.92 2.03
CD 0.42 2.86 0.93 0.38 0.03 0.08 0.06

and shoot length for both T1 and T2. Significant increasein
growth parameters of fruit crop on application of sewage
sludge has also been reported (Bozkurt & Y arilgac 2003).
The results of dudge amendment on crop yield (g/ha) are
presentedin Table 4. Datashow that the highest yield (327.67
g/ha) was recorded in T1 (Recommended dose of fertiliz-
ers), followed by T4 (290.21 g/ha). Themeanyield of brinjal
followed the sequence T, > T,> T,> T,> T.. These results
reveal that addition of sewage dudge has a positive effect

on plant productivity, asno negative impact wasrecordedin
the crop yield. Thisis probably due to additional nutrient
content of dudge; thereby alower cultivation cost isexpected
dueto lesser utilization of chemical fertilizers (Chidankumar
et al. 2009).

Fruit quality and foliar photosynthetic pigments: Fruit
quality parametersviz., carbohydrate and protein were high-
estinT1, but statistically at par with other treatments (Table
5). K and P found in dudge have a positive effect on fruit
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sugar and acid content (Lacatuset al. 1994). Ascorbic acid
content of fruit recorded the highest valuein T4 (50% Sew-
age Sludge + 50% RDF), which can be attributed to the P
and K contents in dudge and RDF. A positive correlation
between the K level in the soil and the acid content of the
fruit has also been reported (Davies & Winsor 1967). High
sugar and high acid contents generally have afavourable ef-
fect on taste. Flavour of tomatoes is associated with high
soluble solids. In the present study TSS also recorded sig-
nificantly higher values in fruits obtained from sludge
amended treatments. However, anon-significant decreasein
TSScontent wasrecorded in the treatment T2. Studieshave
shownthat increased N and K fertilization increased the solid
content of fruits (Wright & Harris 1985). Thefoliar photo-
synthetic pigments (total chlorophyll) recorded the highest
valuein T5 (50% Sewage Sludge + 25% RDF).

CONCLUSION

The study concludes with the finding that sewage sludge
can be managed in an eco-friendly manner by itsutilization
in agro-ecosystems. However, in-depth studies need to be
carried out for assessment of heavy metal content in sewage
sludge and its uptake in the fruits.
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