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Abstract: Sugar mills play a major role in creating environmental pollution. It releases a larger amount of wastewater as
effluent into the nearby water bodies which create serious problem in the aquatic ecosystem. Due to water scarcity, the farmers
are started to use these polluted water for agricultural irrigation. In the present study, the impact of different concentrations (10,
25, 50, 75 and 100%) of sugar mill effluent on growth and yield of African marigold (7agetes erecta L.) was reported. The
morphological growth parameters such as root length, shoot length, total leaf area, fresh weight and dry weigh were recorded
at 30, 60 and 90 DAS respectively. The yield parameters like number of flowers per plant, diameter of flower, fresh weight and
dry weight of flower were recorded at harvest stage. The highest growth and yield was recorded in the plant irrigated with
lower concentration (10%) of sugar mill effluent. These parameters were found to be gradually decreased with increase of
effluent concentrations. From this study, it is suggested that the lower concentration (10%) of sugar mill effluent can be used
for irrigation.

Keywords: Agriculture, Pollution, Sugar Mill Effluent, Tagetes erecta and Yield

soil might cause the reduction in plant growth and yield [6].
The effluent irrigation not only affects the yield of crop and
also affects the health of the consumers [7].

Since the waste water irrigation affects the soil fertility,
plant growth, yield and consumers. It is planned to cultivate
the ornamental plants under effluent irrigation. The plant
marigold was selected because their wild cultivation and
economic importance. This practice not only reduces the
pollution load and but also reduce the water scarcity for
irrigation. Thus, the present research work was carried to find
out the effect of different concentrations of sugar mill
effluent on growth and yield of the African marigold.

1. Introduction

The sugar mill is one of the agro-based industries in India.
It plays a major role in rural economy of our country. It
works only for four to six months per year due to availability
of sugarcane, an important raw material for sugar production.
During the manufacture of sugar, a large amount of
wastewater released into nearby water bodies. The effluent
contains high Biological Oxygen Demand (BOD), Chemical
Oxygen Demand (COD), suspended solids and dissolved
solids [1]. The higher amount of organic and inorganic
compounds was reported to be present in the sugar mill
effluent. It alters the physico-chemical properties of the
receiving water bodies and adversely affects the aquatic flora 2. Materials and Methods
and fauna [2], the soil and biological systems [3]. It has also
rich plant nutrients which are very much essential for plant
growth. The farmers are utilizing this wastewater to grow
their agricultural crops [4]. If the farmers used this effluent
continuously for irrigation, the soil properties of agricultural
land determined by accumulating the heavy metals deposited
in the soil [5]. The uptake of the heavy metal from polluted

2.1. Effluent Collection and Analyses

The effluent sample was collected in the plastic container
from the outlet of the N.P.K.R. Ramaswamy Co-operative
sugar mill in Thalainayar, Mayiladuthurai Taluk,
Nagapattinam District, Tamil Nadu, India. The effluent was
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brought to the Ecology Laboratory, Department of Botany
and stored in a refrigerator at 4°C for analysis purpose.

The collected sugar mill effluent sample was analysed for
their various physico-chemical properties in Ecology
Laboratory, Department of Botany, Annamalai University as
per the routine Standard methods mentioned in [8].The
collected effluent sample was treated as 100 per cent raw
effluent. Different concentrations (10, 25, 50, 75 and 100%)
of effluent were prepared freshly by using tap water
whenever necessary and they were used for field
experiments.

2.2. Seed Collection

Tagetes erecta (L.) seeds were procured from Tamil Nadu
Agricultural University (TNAU), Coimbatore, Tamil Nadu,
India. The healthy and uniform size seeds were selected and
used for field experiments.

2.3. Experimental Site

Field experiments were conducted in the village Kali,
nearby factory, Mayiladuthurai Taluk, Nagapattinam District,
Tamil Nadu. It was carried out to assess the effect of different
concentrations (10, 25, 50, 75 and 100%) of sugar mill
effluent on morphological growth and yield response of
African marigold.

2.4, Irrigation Schedule

The experimental plots were irrigated with tap water was
treated as control. The quality of tap water did not vary
during the experimental periods as per the standards
prescribed by Indian Standard Institution for irrigation water.
First irrigation was done to all plots with good tap water two
days before sowing. African marigold seeds were sown with
a spacing of 20 X 20 cm. Equal volumes of the different
concentrations (10, 25, 50, 75 and 100%) of sugar mill
effluent were irrigated at weekly twice up to harvest stage.
Equal volume of tap water irrigated plot was treated as
control.

2.5. Parameters Studied

Five plant samples were randomly collected from each
treatment plot at various stages (30, 60, and 90 DAS) of its
growth and used for recording morphometri observations.
The root length, shoot length, total leaf area, fresh weight,
dry weight, and yield parameters such as number of flowers
per plant, diameter of flower, fresh weight of flower and dry
weight of flower of African marigold plants were recorded at
the time of harvest stage.

2.6. Soil Analyses

The soil samples were collected at 20 cm increments to a

depth of 60 cm from each plot before the experiment started
and after harvesting. The samples were kept in polythene
bags and labeled separately. The collected samples were air
dried, crushed and sieved to pass through a 2-mm sieve. They
were analysed for their physico-chemical properties such as
pH, Electrical Conductivity (EC), moisture content, available
nitrogen [9], available phosphorus, available potassium and
available magnesium [10], available calcium [11], available
zinc, available copper, available iron and available
manganese [12].

3. Results and Discussion

3.1. Physico-chemical Characteristics of
Effluent

The physico-chemical analysis of sugar mill effluent was
presented in Table 1. The pH is a very important factor for
ecosystems that serve as an index for pollution. The pH value
showed that the effluent is acidic in nature caused by the use
of phosphoric acid and sulphuric acid during clarification of
sugarcane juice [2]. This effluent was dull white in colour
and decaying molasses smell. Various sulphides and nitrates
used in sugar industry decomposed under an anaerobic
condition to give the colour and decaying molasses smell of
the effluent. This effluent contains the high value of EC
(4745 Mm-homs) that is affecting the ecosystem. The
effluent has considerable amounts of suspended solids (180
mg/l), chloride (314 mg/l), fluoride (1.88 mg/l) and calcium
(124.8 mg/1). It also contains a high amount of total dissolved
solids (3725mg/l) and total solids (3905mg/l). The total
solids are composed of carbonates, bicarbonates, chlorides,
sulphates, nitrates, Ca, Mg, Mn, organic matter, silts and
other particles which caused for pollution of water bodies
which are also affected the intensity of light into the water
bodies [13]. The analysis of effluent noticed that the values
of Biological Oxygen Demand (BOD) and Chemical Oxygen
Demand (COD) were 3480 mg/l and 7880 mg/1 that exceeded
the Tamil Nadu Pollution Control Board (TNPCB) tolerance
limit. The BOD is one of the important parameters for the
indicator of the pollution strength of the water which caused
by oxidation of organic substances. The BOD and COD tests
are the indication of toxic conditions and the presence of
biologically resistance substances [14]. The sugar mill
effluent contain high amount of magnesium (286 mg/l),
sulphate (290.88 mg/l), nitrogen (1250 mg/l), oil & grease
(19 mg/l) and the toxic heavy metals such as zinc (0.89
mg/l), iron (16 mg/l), copper (0.420 mg/l), lead (0.52 mg/l)
and manganese (0.068 mg/l). The pollution load of the
effluent depends on the nature of raw materials, chemicals
used, the processes involved in the factory and also the
methods of treatments given to the effluent before they
discharged from the factory [4].
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Table 1. Physico — chemical analysis of sugar mill effluent with its tolerance limits for agricultural irrigation.

S. No. Properties Raw effluent Tolerants limits for Agricultural irrigation suggested by TNPCB
1 Colour Dull white Colourless
2 Odour Decaying molasses smell -

3 pH 4.04 5.5-9.0
4 Electrical Conductivity (EC) 4745 Mm- homs -

5 Temperature (°C) 36.0 40.0

6 Acidity 1350.0 -

7 Suspended solids 180.0 200

8 Total dissolved solids 3725.0 200

9 Total solids 3905.0 2100
10 BOD 3480.0 30

11 COD 7880.0 250

12 Chloride 314.0 600

13 Sulphate 290.88 12

14 Magnesium 286.0 100

15 Phosphorous 7.2 10

16 Nitrogen 1250 600

17 Fluoride 1.88 1.0

18 Silica 99.0 -

19 Calcium 124.8 200

20 Zinc 0.89 0.01

21 Iron 16.00 1.00
22 Copper 0.420 0.01
23 Lead 0.52 0.05
24 Manganese 0.068 0.01
25 Oil & grease 19 10

All parameters except colour, odour, pH, EC and temperature are expressed in mg/1.

TNPCB - Tamil Nadu Pollution Control Board.

3.2. Morphological Growth Parameters

The influence of the various concentration of sugar mill
effluent on root length, shoot length, total leaf area, fresh weight
and dry weight of African marigold at various stages of its
growth was given in Figure 1. The highest root length (10.30,
14.43 and 16.13 cm/plant), shoot length (38.59, 76.50 and 95.16
cm/plant) total leaf area (952.14, 1650.65 and 1812.36
cm’/plant), fresh weight (16.06, 39.63 and 47.10 g/plant) and
dry weight (3.16, 9.86 and 13.10 g/plant) are recorded in plants
irrigated with 10% concentration of sugar mill effluent at 30, 60
and 90 DAS respectively. The lower concentrations of effluent
increased the plant growth and it may be due to the presence of
required amount of plant nutrients present in the effluent [15].
The plant may absorb the maximum nutrients such as nitrogen,
phosphorus and potassium which improved the plant growth and
biomass by the process of sugar translocation and turgor
pressure in the plant [16]. Production of assimilates may be
increased in the leaves during lower concentration of sugar mill
effluent irrigation. It is translocated to the storage organs.
photoassimilates induced the ameliorating effects in the plant
that results increase in leaf turgidity, which could possibly lead
to the accumulation of excessive water, thus resulting
consequently in an increase in fresh mass and dry mass of plant
[17].

Similarly, the lowest root length (3.97, 5.50 and 6.23
cm/plant), shoot length (13.32, 25. 75 and 29.73 cm/plant),
total leaf area (186.75, 264.13 and 328.45 cm”/plant) fresh
weight (5.23, 9.50 and 13.53 g/plant) and dry weight (0.44,

2.16 and 3.36 g/plant) are recorded in the plants irrigated
with 100% concentration of sugar mill effluent at 30, 60 and
90 DAS respectively. The excess amount of nutrients present
in the higher concentrations of effluent which is dangerous to
the plants [2]. The high amount of elements may be
negatively influenced cell turgidity and cell enlargement. The
excess mount of elements in higher concentrations showed
toxic effects on plant growth and inhibited plant hormones
such as auxin and gibberline which are mainly required for
plant growth and development [18]. The interference of
heavy metals decreased the root and shoot length of the plant
might be due to affect the physiological processes of plant
and it also involved in inhibition of the enzyme activities,
affected the nutrition, water imbalance, alternation of
hormonal status and changed in membrane permeability [19].
The high amount of salts might be inhibited rubisco activity
and CO, in chloroplast that reduced the photosynthesis of
leaves which responsible of the plant development [20]. The
untreated wastewater contained various metallic ions. The
metal ions alter the plant activity such as reduction in
stomatal openings and resulted in the CO, concentrations
decreased internal of the leaves which reduced synthesized of
carbohydrates [21]. The fresh and dry biomass of plant
reduced due to the high saline condition caused by inhibition
of plant growth. The availability of water reduction in plant
and inhibition of hydrolysis of reserved foods and it’s
translocation to the growing shoots during the high salt
concentrations [22].
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Figure 1. The effect of different concentrations of sugar mill effluent on morphological parameters of Tagetes erecta (L.) at various stages of its growth.

3.3. Yield Attributes

The effect of various concentrations of sugar mill effluent
on yield parameters of African marigold is given in Figure 2.
The highest number of flowers (46.33/plant), diameter (9.76
cm/flower), fresh weight (14.50 g/flower) and dry weight
(3.36 g/flower) of flower are recorded in the plant irrigated
with 10% concentration of sugar mill effluent at the time of
harvest. Nitrogen and phosphorus are important for
vegetative growth, maturity and flower formation of the
plant. The lower (10%) concentration of effluent contains
sufficient nitrogen and phosphorus which are needed for the
better growth of the plant [23]. The flowering yield increased
at the lower concentration of wastewater because of
increasing in total leaf area which may be contributed to
yield by enhancing the duration of photosynthates supply to
plants and flowers. Plants uptake nutrients such as K, Fe®’,

Mg*, and Mn** with lower concentrations of sugar mill
effluent which help to improve the synthesis of chlorophyll
and photosynthesis in the leaves of plant and it give
additional energy to the plant cells that lead to increasing the
formation of flowers in the plants [24]. The plants inhibited
uptake of nutrients due to higher concentrations of effluent
irrigation that reduced plant growth and yield [25].

The lowest number of flowers (6.0/plant), flower diameter
(3.53 cm/flower), fresh (4.43 g/flower) and dry weight (0.90
g/flower) of flower are recorded in the plant irrigated with
75% concentration of sugar mill effluent at harvest stage.
Similar result in yield attribute of Spinacea oleracea irrigated
with sugar mill effluents is observed [26]. The higher
concentrations of the effluent induced a high amount of ABA
in leaves which affect the stomatal movement and stimulated
the senescence in leaves. It may decrease photosynthetic
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activity which inhibited the plant growth and yield [27]. The
high amount of salts presented in higher concentrations of
effluent which shows lethal effects on plant growth and
formation of flowers which reduced the marketable quality of
flowers. Furthermore, these concentrations of effluent
reduced moisture content and aeration of the soil which
caused the inhibition in the yield of plant [28]. The excess
amount of metals reduced the area of conductive canals

(mainly phloem) during vegetative growth. So, it reduced the
translocation of assimilates towards the developed grains
have occurred [29]. The plants irrigated with 100 percent
concentration of sugar mill effluent have not emerged
flowers at harvest stage. The reduction in shoot and root
growth were the main factors for nonappearance of flower
formation in the marigold plant due to raw effluent irrigation.
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Figure 2. The effect of different concentrations of sugar mill effluent on yield parameters of Tagetes erecta (L.) at harvest stage.

3.4. Effect of the Effluent on Soil Properties

The physico-chemical analyses of sugar mill effluent
irrigated soil (before sowing and after harvesting) such as
pH, EC, moisture content, nitrogen, phosphorus, potassium,
calcium, magnesium, copper, zinc, iron and manganese were
analyzed and recorded. The highest amount of nutrients and
heavy metals were recorded in the soil irrigated with higher
concentration (100%) of sugar mill effluent. The lowest
amount of mineral content was recorded in control soil. The
minerals content in the soil is gradually increased with
increase of effluent concentrations. The increase in nutrients

and heavy metals in the effluent irrigated soil depend upon
the nature of effluent concentrations and their contents. The
higher level of pollution load affects the aeration of the soil
[30]. The effluent is capable of altering soil fertility and such
alteration plays injurious effect on the growth and yield [31].
The control soil as well as the lower concentration (10%) of
effluent irrigated soil was suitable for crop production. It is
generally believed that continuous use of industrial
wastewater for irrigation may deteriorate the soil properties
which make the soil unfit for crop production.

Table 2. Physico-chemical analysis of soil irrigated with different concentrations of sugar mill effluent (before sowing and after harvesting).

Sugar mill effluent concentration in percentage

Soil properties Before sowing After harvesting

control 10% 25% 50% 75% 100%
pH 6.83 6.92 6.86 6.34 6.18 6.06 5.92
EC (dSm™) 0.42 0.49 0.52 0.69 0.84 0.96 1.17
Moisture content 19.42 17.60 19.28 17.23 15.52 14.06 12.47
Available N (kg/ha) 182.62 175.78 180.40 198.65 218.94 232.63 247.35
Available P (kg/ha) 21.80 19.92 22.46 26.25 29.98 34.08 39.42
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Sugar mill effluent concentration in percentage

Soil properties Before sowing After harvesting

control 10% 25% 50% 75% 100%
Available K (kg/ha) 220.00 208.52 224.09 246.78 268.75 282.46 305.50
Available Ca (mg/kg) 19.65 14.87 23.56 27.42 31.20 36.14 40.52
Available Mg (mg/kg) 10.20 10.36 10.68 10.86 11.08 11.32 11.86
Available Zn (ppm) 3.20 2.80 3.18 3.98 4.42 5.06 5.82
Available Cu (ppm) 1.85 1.70 1.83 1.92 2.13 242 2.63
Available Fe (ppm) 14.18 12.96 14.52 15.28 15.42 15.89 16.10
Available Mn (ppm) 4.20 4.03 4.68 5.25 5.76 6.28 6.82

4. Conclusion

From these results it can be concluded that the lower
concentration (10%) of sugar mill effluent promoted the
growth and yield of the African marigold. So, it is suggested
that the lower concentration of sugar mill effluent can be used
for irrigation to get higher yield. It can be used after proper
treatment and appropriate dilution to save an environment.
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Statistical Analysis

The statistical analysis of experimental results was carried
out by using SPSS version 16.0 and the data were analyzed
for one way analysis of variance (ANOVA). All the data were
given as mean of 3 assays and their standard error was
calculated by using Duncan’s multiple range test (P<0.05)
and Preparation of graphs by MS- Excel (2003).
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