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Abstract

The present study  was conducted to assess the effect of different concentrations (control, 25, 50,

75 and 100%) of paper mill effluent on some morphological characters of Cicer arietinum. Result

showed maximum growth promotion i.e., root length (3.8 cm), shoot length (10.0 cm) and increase

in chlorophyll content (1.004 mg gm 1) at 50% effluent concentration after 21 days. However, at

higher effluent concentration growth parameters started decreasing. The study suggests that the

effluent can be used safely for Cicer arietinum cultivation only after proper dilution up to a certain

extent.

Key words

Paper mill effluent, Cicer arietinum., Soil, Morphological parameters

Publication Info

Paper received:

29 October 2011

Revised received:

21 May 2012

Accepted:

26 July 2012

from mills (Colin and Lee, 2010). Pulp and paper mills require

large volume of water and in turn release huge amount of

effluent in the form of black liquor loaded with many

pollutants (Lngle, 2000; Yedla et al., 2002). The black liquor

effluent is dark brown in colour and associated with high

BOD, COD, total solids and organic carbon. Black liquor

effluent from pulp and paper mill is a complex colloidal

solution of various inorganic components and organic

polymeric substance like lignin, carbohydrate and their

complexes (Panesar et al., 1999).

The volume and characteristic of pulp and paper mill

waste water depend upon the type of manufacturing process

adopted and the extent the reuse of water employed with

soda recovery discharge about 270-450 l effluent kg-1 paper

containing 40-50 g lignin kg-1 bleached paper produce

country to this the small paper without soda recovery

discharge 300-400 l of black liquor effluent containing 200-

250 g lignin kg-1 of paper manufactures (Garg and Modi,

1999). Cicer arietinum, commonly known as chick pea is a

premier pulse crop of Indian subcontinent. The plant grows

between 20-50 cm (8-20 inches) high and has small feathery

leaves on either side of the stem. Chickpea needs a
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Introduction

Development in the field of the technology viz.

transportation, power generation, urbanization, and rapid

industrialization are foremost factors recognised for

polluting the water. The main types of material discharged

by industries are acids, alkalies, pesticides, toxic chemical,

fluorides, toxic metals, metallic oxide, oxides of sulphur and

nitrogen, oil etc. The industrial pollutants are discharged in

rivers, streams and on the land. The major industries

polluting water are identified as tanneries, chemical and

fertilizer manufacturing units, refineries, sugar mill,

distilleries, textiles dyeing units, pulp and paper mills etc.

(Kudesia, 1990).

The importance of the pulp and paper industry in

modern life is a result of the major role of paper and paper

products in every area of human activity. However, like many

industrial processes it has impacted our environment and

our health. Health concerns include both occupational

hazards and impacts on air, soil, and water that affect the

health of communities in the vicinity of pulp and paper mills

as well as of those communities downwind or downstream
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subtropical or tropical climate with more than 400 ml (16 in)

of annual rain. They can be grown in a temperate climate

but yield will be much lower. In India it is an important

winter  legume crop. According to Mehta and Bharadwaj

(2012), untreated industrial effluents sample being a potential
source of pollution load are also toxic to plants. Impact of

paper board effluent on soil and yield characteristics of rice

crops were positively affected in terms of growth and yield

attributes (Himabindu and Reddy, 2006). In view of the above,

the present study was conducted to monitor the

morphological response of Cicer arietinum exposed to

different concentrations of paper mill effluent.

Materials and Methods

Effluent collection : The paper mill effluent was collected in

clean plastic container at the point of disposal from Star

Paper Mill, situated at Nagal road, Saharanpur. Immediately

after collection, the effluent was brought to the laboratory

with proper storage for analysis of physico-chemical

parameters. The soil sample, which  was used for the

experiment, was  collected from the agricultural field situated

at Jwalapur (Haridwar).

Effluent and soil analysis: The physico-chemical parameters

of the paper mill effluent were analyzed by standard methods

described by Trivedy and Goel (1986) and APHA (2005).

Chemical properties of soil  were analyzed by standard

methods described by Trivedy and Goel (1986).

Germination test: Seeds of Cicer arietinum were surface

sterilized with 0.1% HgCl
2 
solution and 10 seeds were sown

on moistened filter paper in a petridish in three replicates.

These were allowed to germinate at a room temperature of

22-30.6ºC. Germination counts were made at daily intervals.

Planting procedure: Ten seeds were planted 3cm apart and

2cm deep in each of 15 planting pots containing 2kg soil.

Irrigation was done on alternate days in each concentrations.

Growth analysis: Morphological parameters of Cicer

arietinum were recorded in two conditions  i.e. in-vitro and

in-vivo conditions. In-vitro conditions seed germination

was recorded after 11 days and in-vivo conditions  seed

germination, total plant height(cm), root length(cm), shoot

length (cm), vigour index, biomass, chlorophyll content and

ascorbic acid were recorded after 21 days.

Statistical analysis: The data was statistically analysed by

calculating the arithmetic mean ± S.E.

Results and Discussion

It is evident from Table 1 that the paper mill effluent

was dark yellow in colour and alkaline in nature having pH

8.2. The value of TS, TDS, TSS, total alkalinity, DO and

BOD exceeded the permissible limit of ISI 1982 (IS: 2296)

which may be due to the presence of carbonates,

bicarbonates and phosphate. High amount of organic matter

and microbial activity reduces total amount of oxygen

present in the effluent and deteriorates the quality of the

effluent (Medhi et al., 2011).

From the Table 2, it is evident that the pH of soil

increased with increasing effluent concentration due to the

presence high amount of CO
3

2- and Ca2+ in the paper mill

effluent. This result agrees with report of Orhue et al. (2005a)

on brewery effluent which was due to the high Ca content

of the brewery effluent. In the present study, organic matter,

Ca2+, Mg2+, K+ and Na+ concentration were observed to

increase with increase in effluent concentration (Table 2).

However, the nitrogen concentration decreased with

increasing the effluent concentration,  because the nitrogen

was used by microorganism for metabolic activities which

did not in any way reduce the C/N ratio below that of control.

From Table 3, it is evident that seed germination,

root and shoot length, vigour index, biomass, chlorophyll

and ascorbic acid content in C. arientinum increased upto

50% effluent treatment and further decresed at higher

concentration. Kathirvel (2012) recorded maximum root and
shoot length at 20% dye effluent on growth yield and

biochemical attributes of Bengal gram were due to the

presence of various organic and inorganic chemical

compounds in the industrial effluent. It is evident from Table 3

Table 1 : Values of some selected physico-chemical parameters of

Paper Mill effluent at Saharanpur

Parameter Mean Permissible

Value limits

(IS:2296)

1982

Temperature (°C) 28.7 ± 0.85 -

Colour Dark Yellow -

Turbidity (NTU) 52 ± 0.31 -

Conductivity (µS cm-1) 1.40 ± 0.02 300

Total solids (mg l-1) 4573 ± 27.26 1200

Total dissolved solids 2576 ± 19.21 1000

(mg l-1)

Total suspended solids 1976 ± 16.01 200

(mg l-1)

pH 8.2 ± 0.03 -

Total alkalinity (mg l-1) 514. ± 7.68 360

Total hardness (mg l-1) 547.3 ± 5.21 600

Ca++ hardness (mg l-1) 197.5 ± 0.76 200

Mg++ hardness (mg l-1) 32.5 ± 0.12 100

Chloride (mg l-1) 368 ± 2.36 499

Free CO
2
 (mg l-1) 107.8 ± 1.55 -

DO (mg l-1) 1.79 ± 0.07 >6.0

BOD (mg l-1) 124.7 ± 2.11 100

COD (mg l-1) 274.6 ± 4.22 350

Values are mean of 10 replicates ± SE
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that minimum seed germination was recorded in 100% effluent

concentration. This decrease in seed germination might be

due to the high amount of dissolved solid in the effluent

which caused high osmotic pressure of soil solution. It might

be major cause for rapid deterioration of soil properties which

disturbs the flow of dynamic of salt, storage and distribution

of nutrient and water uptake by plant roots (Gharoobi et al.,

2012). Chemical contaminant including high amount of salt

and high concentration of sodium in the effluent may

increase the salinity and exchangeable sodium percentage

of the soil to the harmful level of phytoxicity. There is also a

possibility of saline soil turning in to the alkaline soil due to

high concentration of dissolved solid. The soil productivity

decreased due to reduced nutrient availability and poor

plant growth. Our findings coincide with the study of

Augusthy and Ann Sherin (2001) on the effect of factory

effluent on seed germination, seedling growth of Vigna

radiata. The study revealed that all the growth parameters

decreased after 50% concentration of effluent which was

due to decrease in enzyme dehydrogenase activity which is

considered as one of the biochemical change disrupting

the seedling growth. Same trend of growth parameters on

paper mill effluent was also observed by Mall and Mohanty,

2005. From the above results it can be concluded that

irrigating crops with low concentration of effluent proved

beneficial on the growth and germination of Cicer

arietinum.
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Table 2 : Physico-chemical properties of soil before and after effluent treatment

Effluent pH EC    C Organic     N PO
4

3- Na+ K+ Mg2+ Ca2+

conc. (%) (µ Mho    (%) matter    (%) (mg l-1) (mg (mg (mg (mg

per 2 kg soil cm-1)     (%) 100gm-1) 100gm-1) 100gm-1) 100gm-1)

Before effluent 6.1 .349 0.42 0.78 0.07 0.82 22.5 3.7 12.6 70

application ±0.06 ±0.0 ±0.01 ±0.05 ±0.0 ±0.1 ±0.36 ±0.12 ±0.10 ±0.76

Control 6.3 .345 0.58 1.01 0.03 0.96 17.5 1.5 13.3 72

±0.02 ±0.02 ±0.01 ±0.03 ±0.0 ±0.0 ±0.5 ±0.07 ±0.9 ±0.31

25 6.5 .351 0.51 0.88 0.03 1.01 20.5 3 13.9 78.6

±0.05 ±0.008 ±0.012 ±0.06 ±0.021 ±0.001 ±0.63 ±0.09 ±0.4 ±0.26

50 6.9 .368 0.52 0.89 0.03 1.36 22 3.5 14.5 81.2

±0.01 ±0.00 ±0.011 ±0.024 ±0.00 ±0.03 ±0.41 ±0.11 ±0.3 ±0.24

75 7.2 .374 0.55 0.95 0.02 1.76 23.5 4.5 16.7 83.5

±0.07 ±0.03 ±0.012 ±0.021 ±0.0 ±0.07 ±0.72 ±0.07 ±0.9 ±0.37

100 7.3 .391 0.60 1.03 0.02 1.98 25.5 6 17.2 85

±0.05 ±0.001 ±0.024 ±0.068 ±0.006 ±0.02 ±0.39 ±0.02 ±1.01 ±0.12

Values are mean ± S.E. of 3 observation each

Table 3 : Effect of paper mill effluent on growth parameters of C. arietinum

Growth parameters
                                           Effluent concentration in percentage

Control 25% 50% 75% 100%

Seed germination in vivo (%) 60 70 90 50 40

Seed germination in vitro (%) 50 80 90 60 20

Root: length (cm) 2.5 ± 0.03 3.2 ± 0.06 3.8 ±  0.02 3.0  ± 0.01 1.9 ± 0.11

Sheet: length (cm) 5.9 ± 0.07 9.4 ± 0.11 10 ± 0.06 4.7 ± 0.05 4.4 ± 0.07

Vigour Index 504 839.1 1104 462 293.5

Root shoot ratio 0.423 0.340 0.38 0.63 0.431

Total plant height (cm) 8.4 12.6 13.8 7.7 6.3

Fresh Biomass (gm m-2) 10.2 9.04 14.8 6.91 5.46

Dry Biomass (gm m-2) 1.96 1.49 2.58 1.49 1.19

Chlorophyll ‘a’ (mg gm-1) 0.545 ± 0.011 0.494 ± 0.023 0.564 ± 0.012 0.335 ± 0.021 0.285 ± 0.032

Chlorophyll ‘b’ (mg gm-1) 0.345 ± 0.021 0.267 ±0.024 0.458 ± 0.031 0.294 ± 0.016 0.233 ± 0.015

Total Chlorophyll (mg gm-1) 0.899 ± 0.058 0.761 ± 0.023 1.004 ± 0.116 0.629 ± 0.020 0.518 ± 0.023

Ascorbic acid (mg gm-1) 0.128 ± 0.031 0.096 ± 0.011 0.168  ± 0.017 0.096 ± 0.003 0.088 ± 0.010

(Values are mean ± S.E. of 3 observation each)
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