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A field experiment was conducted at the Common Effluent Treatment Plant (CETP),
Dindigul, Tamil Nadu during kharif season to study the irrigation management through
wastewater recycling on growth parameters of cotton. Field experiment was laid out in
factorial randomized block design with four replications. The results shown that the
mixing proportion of 25% treated tannery effluent (TTE) + 75% domestic wastewater
(DWW) recorded higher plant height, root length, dry matter production, leaf area index,
leaf area ratio, absolute growth rate, crop growth rate and relative growth rate when
compared to other mixing proportions. But all the growth indices were lesser with 100%
TTE application. With regard to amendments, application of gypsum recorded enhanced
response than VAM and control. Among the mixing proportion of irrigation source and
amendments, application of 25% TTE + 75% DWW with gypsum registered higher
growth indices in cotton compared to normal water irrigation with gypsum.

Introduction

Leather industries of India contribute 15% of
the worlds’ total leather production. It
provides employment opportunity to about 3
million people of economically weaker
populations and thus leather industry by which
occupies an important role in Indian economy.
However, it also suffers from the negative
consequences of environmental impact due to
indiscriminate disposal of its waste (Soyalsan
and Karaguzel, 2007). Especially it generates
and discharge huge quantity of effluent every
day. The discharged effluent is loaded with the
higher concentration of chemical salts. Hence,
extensive disposal of tannery effluent

degraded the productive agriculture land and
water sources. In Tamil Nadu, there are 61
tanneries situated in and around of Dindigul
region. With high generation of effluent from
the tannery treatment plant of this region will
provide vast scope to recycling effluent as
irrigation source with high availability of
domestic wastewater in the city. This will give
affordable result to reduce pressure on fresh
water demand.

With this back drop, the present investigation
was carried out to study the irrigation
management through wastewater recycling on
different growth indices of cotton by mixed
use of treated tannery effluent and domestic
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wastewater as alternate source of irrigation
water for agricultural production.

Materials and Methods

The field experiment was carried out during
kharif season 2011-12 at the common effluent
treatment plant (CETP), Dindigul to study the
irrigation management through wastewater
recycling on growth parameters of cotton. The
soil type was red sandy clay loam in texture.
The experimental soil was neutral with low
EC, low in available nitrogen, medium in
available phosphorus and high in available
potash. The experiment was laid out in
factorial randomized block design with four
replications. Treatment comprised six levels of
irrigation sources viz., l; - 25% treated tannery
effluent (TTE) + 75% domestic wastewater
(DWW), I, -50% TTE + 50% DWW, I3- 75%
TTE + 25% DWW, l,- 100% TTE, Is - 100%

DWW and Ig - control (normal water)
treatments under factor A and three
amendments viz., A, - control (without

amendment), A; - gypsum and A; - VAM as
treatments under factor B.

The well decomposed FYM at the rate of 12.5
tonnes ha® was applied at the time of land
preparation. Cotton was cultivated as a test
crop with 90 x 60 cm spacing. The
recommended dose of 120:60:60 kg of NPK
ha’ was applied in the form of urea, single
super phosphate and muriate of potash,
respectively. Half the dose (50%) of N and K
and full dose of P were applied as basal dose
as band placement 5 cm away and 5 cm below
the seed row. The remaining 50 % of N and K
were applied in two equal splits at the time of
square initiation (45 DAS) combined with
earthing up and boll formation stage (65
DAS). VAM inoculum (Glomus intraradices)
was applied at the rate of 100 kg ha™ and
gypsum applied as basal at the rate of 4 t ha™
as general recommendation. As per the
treatment, equal quantity of irrigation water

was given for each plot throughout the
experiment period with the help of scale
marked water tanks. The plant height was
measured from the ground level to growing
point of the plant at 120 days after sowing
(DAS) and expressed in cm. Root length was
recorded at 120 DAS in each treatment and
expressed in cm. Regarding dry matter
production, The whole plant samples were
collected at 120 DAS and then oven dried at
80°C till a constant weight was obtained. The
samples were weighed and expressed as total
dry matter production (DMP) in kg ha™. Other
growth indices was calculated by using the
following formulas,

Leaf Area Index (LAI)

From randomly selected cotton plants in each
treatment, leaf length and maximum width of
the third leaf from the top was measured in
five representative samples. Total number of
leaves in each plant was counted. These
observations were made at 40, 80 and 120
DAS. LAI was calculated using the following
formula as suggested by Ashley et al., (1965).

LxWx KxN
LA|] = Landarea occcupied by plant (cm?)

Where,

L - Length of the leaf (cm)
W - Width of the leaf (cm)
K - Constant factor (0.775)
N - Number of leaves per plant

Leaf Area Ratio (LAR)

LAR was calculated by using the formula
giI/en by Radford (1967) and expressed in cm?

g-.

Leaf area per plant
LAR = Total plantdry weight
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Absolute growth rate (AGR)

AGR was calculated by using the formula
suggested by Radford (1967) and expressed in
‘g’ per plant per day.

W2 - W1
t2-ta

AGR =
Where,

W; and W, — Dry weight of the whole plant at
time t; and ty, respectively (g)

t; and t,— Time interval (days)
Crop Growth Rate (CGR)
Crop Growth Rate (CGR) is defined as the
rate of increase in dry weight per unit land
area per unit time. CGR was calculated from
the dry weight of whole plant using the
formula suggested by Watson (1958) and
expressed in g m?day™.

W2 - W1
CGR - P (tZ—tl)
Where,

W; and W, — Dry weight of the whole plant at
time t; and ty, respectively (g)

t; and t,— Time interval (days)

P — Land area occupied by the crop (m?).
Relative growth rate (RGR)

RGR was calculated using the formula
suggested by Williams (1946) and expressed
inmg g day™.

Loge W:-LogeW:
t2-11

RGR =

Where,

W; and W, — Dry weight of the whole plant at
time t; and ty, respectively (g)

Results and Discussion

Plant height, root length and dry matter
production (Table 1)

Irrigation of normal water (lg) recorded taller
plants of 74.76 cm at 120 DAS. This was
followed by 100% DWW. Among the mixing
ratios, 25% TTE + 75% DWW recorded taller
plants. The least plant height was observed
under 100% TTE. W.ith respect to
amendments, application of gypsum (Aj)
recorded taller plants at all the stages of
observation compared to VAM and control.

Application of normal water recorded higher
root length (49.45 cm at 120 DAS) compared
to other irrigation treatments. This was
followed by 100% DWW (l;). Among the
mixing ratios, 25% TTE + 75% DWW (1:3)
recorded higher root length. The least root
length was noticed under 100% TTE.
Regarding amendments, higher root length
was observed under addition of gypsum (A;)
at 120 DAS compared to other treatments.

Irrigation of normal water recorded higher dry
matter production of 2403 kg ha™ at 120 DAS.
The least dry matter production was observed
under 100% TTE (l4).

With regard to amendments, gypsum (A;)
recorded higher dry matter production of 1973
kg ha™ at 120 DAS than the other treatments.

Leaf area index (LAI) and Leaf area ratio
(LAR) (Table 2)

Normal water irrigation recorded higher LAI
of 0.40, 2.84 and 2.11 at 40, 80 and 120 DAS.
This was followed by 100% DWW. Among
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the mixing ratios, 25% TTE + 75% DWW (I,)
recorded higher LAI than other mixing ratios.
Use of 100% TTE for irrigation recorded the
least LAI at all the stages. Regarding
amendments, application of gypsum recorded
higher LAI (0.29, 2.21 and 1.53 at 40, 80 and
120 DAS) than control and VAM (Ay).

Irrigation of normal water recorded higher
LAR of 103.35, 148.16 and 63.69 cm? g* at
40, 80 and 120 DAS, respectively. The least
LAR was recorded under 100% TTE.

With respect to amendments, addition of
gypsum registered higher LAR of 79.12,
136.81 and 58.29 cm?® g at 40, 80 and 120
DAS, respectively which was followed by
VAM (Ay).

Absolute growth rate (AGR), crop growth
rate (CGR) and relative growth rate (RGR)
(Table 3)

AGR was higher under normal water which
was followed by 100% DWW. Among the
mixing proportions, 25% TTE + 75% DWW
recorded higher AGR. Irrigation of 100% TTE
the registered least RGR compared to other
treatments. Gypsum application recorded
higher AGR of 0.76 and 0.63 g day™ at 40-80
and 80-120 DAS, respectively than the other
treatments.

Irrigation of normal water recorded higher
CGR of 3.79 and 3.30 g m™? day™ between 40-
80 and 80-120 DAS, respectively. This was
followed by 100% DWW. The least CGR
(2.03 and 1.44 g m? day™ at 40-80 and 80-120
DAS) was registered under 100% TTE. With
respect to amendments, gypsum recorded
higher CGR compared to control and VAM
application.

Normal water irrigation showed higher RGR
of 35.92 and 12.70 mg g™* day™ between 40-80
and 80-120 DAS, respectively. This was

followed by 100% DWW and 25% TTE +
75% DWW. The least RGR was registered
under 100% TTE. Regarding the amendments,
higher RGR was recorded under gypsum
application followed by VAM application.

Plant height

The taller plants were observed under normal
water followed by 100% DWW due to better
utilization of nutrients (Jagathjothi et al.,
2011). The least plant height was recorded
under 100% TTE (Table 1). The plant height
increased with increased dilution of tannery
effluent and higher dilution of 1:3 ratio of
TTE and DWW registered taller plants among
the other mixing ratios. Presence of salts in the
effluent led to increased osmotic pressure and
affected plant growth. This was in conformity
with the earlier findings of Tayyar and Yapici
(2007) in bread wheat.

Application gypsum recorded taller plants
compared to VAM and control. This might be
due to improved soil chemical properties
because of addition of gypsum.

Root length

Regarding root length, application of normal
water recorded higher root length and among
the mixing proportions, 25% TTE + 75%
DWW irrigation recorded increased root
length (Table 1). The root length gradually
decreased with successive increase in
concentration of treated tannery effluent level.
This is also in conformity with the earlier
findings of Indra (2003).

Among the amendments, gypsum application
recorded higher root length compared to other
treatments. Improved soil structure by gypsum
application might have helped for the better
development of root. This result is line with
the findings of Ritchey et al., (1995) in cereal
crops.
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Table.1 Influence of wastewater irrigation management on plant height, root length and DMP of
cotton at 120 days after sowing

(cm) (cm) (kg ha!)

Irrigation water

1::25% TTE + 75% DWW 69.02 44.38 1927
I,: 50 % TTE + 50% DWW 63.89 40.90 1683
I3: 75 % TTE + 25% DWW 60.39 37.05 1508
1, 100 % TTE 58.13 33.80 1371
Is: 100 % DWW 72.20 46.33 2019
I : Control (Normal Water) 74.76 49.45 2403

| I¢: Control (Normal Water) |
2.66 2.15 124
CD (P=0.05) 5.67 4.59 264

Amendments

Ao: Control 61.9 39.12 1693
711 44.64 1973
66.2 42.20 1789
1.88 1.52 88
4.00 3.24 187

(TTE: Treated Tannery Effluent, DWW: Domestic Waste Water)

Table.2 Influence of wastewater irrigation management on leaf area index (LAI) and leaf area ratio
(cm® g™) of cotton

Treatment Leaf Area Index (LAI) leaf area ratio (cm“ g™~)

40 DAS 80DAS 120DAS 40DAS 80DAS | ‘“oiris

=
=
Q
jab)
=
o
=]
3
QD
—t+
@
=

0.28 1.99 1.50 79.20  130.20
I,: 50 % TTE + 50% DWW 0.21 1.78 1.25 58.15  127.49
I3: 75 % TTE + 25% DWW 0.18 1.64 1.09 50.44  123.63

0.15 1.37 0.87 4629  118.37

0.36 2.28 1.73 92.23  136.90

0.40 2.84 2.11 103.35 148.16

003 0.8 0.10 427  6.37

0.07 0.39 0.22 910 1358

Amendments

0.21 1.79 1.34 58.71  123.82 | K
A;: Gypsum 0.29 2.21 1.53 79.12  136.81 | i
Az: VAM 0.29 1.94 1.40 77.00  131.74 [ EEEE

= 0.02 0.13 0.07 3.02 451

(TTE: Treated Tannery Effluent, DWW: Domestic Waste Water, DAS: Days After Sowing)
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Table.3 Influence of wastewater irrigation management on absolute growth rate, crop growth rate
and relative growth rate of cotton

Treatment

Rate (g day™

40-80
DAS

Absolute Growth

80-120
DAS

Relative Growth Rate

Crop Growth Rate

Irrigation water

1:: 25% TTE + 75% DWW 0.71 0.59
I,: 50 % TTE + 50% DWW 0.65 0.49
I3: 75 % TTE + 25% DWW 0.61 0.42
14: 100 % TTE 0.51 0.36
Is: 100 % DWW 0.78 0.68
I ¢: Control (Normal Water) 0.95 0.82
SEd 0.05 0.03

CD (P=0.05) 0.10 0.07

Amendments

Ao: Control 0.65 0.51
A;: Gypsum 0.76 0.63
A,: VAM 0.69 0.55

SEd 0.03 0.02

. CD(P=005) | 006 | 004 | 018 | 015 | 160 | 083

g m?day™ mg g day™

40-80  80-120 40-80 80-120
DAS DAS DAS DAS
2.84 2.35 34.21 12.00
2.59 1.96 33.57 11.11
2.42 1.68 33.08 10.32
2.03 1.44 30.30 10.13
3.13 2.72 34.81 12.58
3.79 3.30 35.92 12.70
0.12 0.10 1.06 0.55
0.25 0.22 2.27 1.18
2.61 2.04 32.66
3.02 2.50 34.53
2.77 2.19 33.76
0.08 0.07 0.75

(TTE: Treated Tannery Effluent, DWW: Domestic Waste Water, DAS: Days After Sowing)

Dry matter production

Dry matter production (DMP) was higher with
application of normal water and irrigation with
25% TTE + 75% DWW recorded higher DMP
among all the mixing ratios of TTE and DWW
(Table 1).

The dilution of effluent with DWW might have
reduced the salt concentration in the soil and
increased the uptake of nutrients and the
resultant better growth has led to higher DMP.
Similar findings have been reported by Sharma
and Mehrotra (1993) in Triticum aestivum.

Regarding amendments, gypsum registered
higher DMP than VAM and controls at all the
stages. Gypsum might have facilitated higher
uptake of nutrients thereby production higher
DMP.

Leaf area index and leaf area ratio

The LAI and LAR were higher under normal
water application (Table 2). This was followed
by 100% domestic wastewater. Regarding
mixing proportions, 25% TTE + 75% DWW
(1:3) registered higher LAl and LAR due to
reduced salt content in irrigation source while,
irrigation with 2:2 and 3:1 mixing ratios
increased the salinity of soil which reflected in
reduced growth and photosynthetic activity
which might be the reason for reduction of LAI
and LAR. Similar trend of result was reported
by Amer (2010) in corn.

Among the amendments, application of gypsum
recorded higher LAI and LAR. This might be
due to the better growth of the plants by higher
nutrient uptake under gypsum applied
treatments.
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Absolute growth rate, crop growth rate and
relative growth rate

With regard to AGR, CGR and RGR, normal
water recorded higher crop growth rates (Table
3). This was followed by 100% DWW and
mixing ratio of 1:3 (25% TTE + 75% DWW).
The growth rates increased with reduction in the
concentration of TTE by diluting with DWW.
This might be due to reduced accumulation of
salts in the soil as well as in plant parts.

Application of gypsum recorded higher crop
growth rates compared to other treatments. The
least growth was observed under control
(without amendments). The higher salinity
under control resulted in shorter and fewer
leaves due to osmotic stress which might have
reduced the growth (Jacoby, 1994).

In the view recycling wastewater as irrigation
source, the application of 25% TTE with 75%
DWW (1:3 ratio) is finest approach to make use
of the wastewater for cultivation of cotton in
efficient way with diminishing ecological
contamination.
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