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FOREWORD

The compulsion to meet the ever increasing food, fuel, fodder and
fibre requirements of the burgeoning human and animal population has
overburdened the shrinkinu ncr canita availabilitv of land and water.

l. J t t .I

This has also led to an adverse impact on the environment. Water is the
single most vital input in agriculture and has made a very significant
contribution in ensuring self sufficiency and stability in food production.
However, mismanagement of this crucial and finite resource has resulted
in 'shortage of good quality water and unabated pollution of water
resources.

Although the irrigation sector will always be a major share holder
of the water resources in India, the share allocated to irrigation is likely
to decrease by 10 to 15 per cent by the year 2025 A.D. The demand of the
domestic, power and industrial sectors is likely to double by that year.
Since agricultural production has to keep pace with the increasing demands,
it will have to depend more and more on the waste waters of the other
sectors.

The Indian Agro Paper Mills Association (IAPMA) along with the
Indian Agricultural Research Institute, initiated a project at three locations
in the country to explore the possibility of using the agI'o paper mills
elfluent for agricultural purposes without any detrimental effect on the
environment. This publication is the outcome of the dedicated efforts put
in by the scientists of the Water Technology Centre and Division of
Environmental Sciences, IAR!, New Delhi with technical and financial
support by JAPMA. The results obtained in this study will contribute in
developing guidelines for judicious utilization of paper mills effluent for
crop irrigation. However, for wider applicability and significant strategic
technological development, the stud}' need to be continued for a duration
of 2-3 years.

D(lled : 31.12.2001

~ (A.I<. Smgh)
Project Director

Welter Technology Centre
1;\ Rl, New Delhi - 110 012
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EXECUTIVE SUMMARY

raper industry is one of the high water consuming and effluent

generL1ting industries. Effluents gl'I1l'I"l1ted from the mills have to be

treated to bring down toxic effects to stipulated limits before disposing

off into natural water bodies. Alternativclv these may be treated partially

and used for irrigating field ,1I1d plantation crops which beside mitigating

water scarcity to some extent will economize the cost of effluent treatment.

Keeping this in view the present project "Utilization of Treated Effluent

from Agro based Paper Mills for Crop Protection" was undertaken with

the objectives: (i) to analvsc and evaluate the characteristics of effluent

from agro based paper mills for its utilization for crop irrigation; (ii) to

observe changes in characteristics of the soil in respect of particle size

distribution, chemical composition, porosity and fertility before and after

application of effluent for irrigation to different crops; (iii) to identify the

characteristics of growth and yield of different crops with paper mills

effluent irrigation; (iv) to cvaluntc change, if any, in heavy metal

concentration in the grL1in and biomass: (v) to work out the hydraulic

loading of the effluent on the land for optimum results and (vi) to identify

other favourable or unfavourable factors for crop growth, soil health and

sub-soil water.

The project was sanctioned by the Development Council for Pulp,

Paper and Allied Industries under Cess Fund Scheme for Research and

Development, Ministrv of lndustrv. Covcrnrnent of India vide their letter

No.8 (:\)/95-PLlper dated 2nd April, -[')')8. The studies in field were

started from KI/(7r~r (rainy) season, 1')98 under a tripartite agreement

(i)



between Indian Agro Paper Mills Association (IAPMA), New Delhi,

Indian Agricultural Research Institute (IARI), New Delhi and Paper Mills

at three locations in different agro-c1imatic regions, namely, Mj s Sikka

Papers Limited, Shamli (U.P.); Mj s Coastal Papers Limited, Rajahmundry

(A.P.) and Mj s Nath Pulp and I'apcr Mills Limited, Aurangabad (M.5.)

Soil samples collected from the selected fields were analysed for

their physico-chemical characteristics. In some cases in situ determinations

. were also made. Samples of effluents from agro based paper mills were

also collected and analysed for assessing their irrigation suitability.

Crops were grown in fields with recommended agronomic practices for

three years CI 99R-2(01). Irrig<ltion treatments comprised of (a) Effluent

(100%), (b) mixed water (50 'X, effluent + 50% fresh water) and (c) fresh

water (100%). To characterize and to quantify the effects of irrigation

treatments, various growth and yield attributes of plants were recorded,

besides grain and total biomass yields. Samples of the soil and also

plants and grains were collected after the harvest of crops to assess the

effect of mill effluent irrigation on the soil and quality of the produce.

Ground water quality W<lS also monitored. Hydraulic loading was

worked out for optimizing the lise of effluent for crop irrigation.

Mis Sikka Papers Limited, Shamli, U.P.

• Effluent of Mj s Sikka Papers Limited was of medium salinity (2.2

dSnyl) and sodicity (SAR=12A, l--ICC\I = 10.R me ]-1) level. Rice-

wheat and maize-mustard cropping sequences were followed for

three consecutive ye<lrs of 1l)9R-99, 1999-2000 and 2000-200l.

Maximum yield was obtained with mixed effluent (50% Tube Well

water + 50% effluent) in case of <111 the crops, namely rice, maize,

(i i)



wheat and mustard. Crop yields with fresh water and effluent

were practically similar. Initial better growth of rice and wheat

plants with effluent irrigation resulted in partial lodging of crops

at later stages. No significant difference was noted in the quality

of sugarcane juice due to effluent irrigation.

• Fertility status of the soil irrigated with paper mills effluent was

improved. Amounts of orgllnic carbon, available phosphorus and

available potash were higher in effluent irrigated plots as compared

to only tubcwcll water irrigated one. Physical properties and

water transmissibility of soil were also improved with effluent

irrigation.

• No change in ground water quality was observed due to effluent

irriga tion.

• Heavy metal contents in grain and straw of rice and maize plants

receiving effluent irrigation were very low or negligible.

• Hydraulic loading for wheat and rice crops has been worked out

for optimum utilization. TSS loading was maximum in plots

irrigated with effluent onlv.

M/s Coastal Papers Limited, Rajahmundry (A.P.)

• Average grllin yield of klll1ri( rice was more with fresh water

irrigation and cornparativclv lower grain yield was harvested from

effluent irrigated plots. However. there was no difference in

biomass yields. Growth of effluent irrigated plants was initially

better than fresh water but due to lodging grain yield decreased.

In the rahi season when practically there was no lodging during•

(i ii)



•

grain setting and npenmg stages of nee crop both grain and

biomass yidds with effluent irrigation were more as compared to

fresh water or mixed effluent. Mixed effluent also was better in

yield than fresh water treatment.

In case of sugarcane ratoon (December 1999-January 2001) effluent

irrigation resulted in better plant growth and higher millable cane

yield (Av. KI.O tonncs/Iia) followed by mixed effluent and fresh

canal wa tel".

• Quality of sugarcane juice in terms of purity, polirization, brix and

CCS per cent was best under effluent irrigation. This was followed

by mixed effluent and fresh water.

• Organic carbon, available phosphorus and available potash contents

in the soil were increased with effluent irrigation after the harvesting

of the rice and sugarcane crops.

Mjs Nath Pulp and Paper Mills Limited, Aurangabad

• A verage grain and biomass viclds of wheat and mustard were best

when crop was irrigated with mixed effluent. This was followed

by fresh water and effluent alone. Crain and biomass yields of

maize, sorghum and seed cotton with fresh water, mixed effluent

and effluent (100'1.,) during klll7ri( 2000-01 were practically similar.

Soil samples collected and analvscd after the harvest of wheat and

mustard in rah! 2000-01 reflected that irrigation treatments had not

resulted in any signifiCilnt change in chemical characteristics of the

irrigated soil.

•

(iv)



., Effluent irrigation III area near the mills had beneficial effects on

ostablishmcnt and grmvth of eucalyptus whereas teak and other

tree crops could not survive. /vcucin nilotica had also good

establishment and gr()wth.

The results emanating from studies conducted evinced that treated

paper mills effluent is usuallv of low to moderate salinity with medium

level of sodium (SAR) and very low concentration of heavy metals. Mills'

effluent had no conspicuous adverse effect on grain and biomass yields

of rice, wheat. maize mustard, sorghum and cotton. Improvement to

some extent in yield and qualitv of slIglll'Cllne was noticed. Mixed

effluent (5()'y,', fresh water + 50% effluent) invariablv had favourable

effects on crop growth and yield. Heavy metals in plants and grains of

rice and maize were vcrv 100,v. Phvsico-chemical characteristics and

fertility of the soil improved with effluent irrigation. No adverse effect in

ground water quality was observed.

To assess and quantify the effects of accumulation of sodium,

organic matter and nutrients in the soil on growth and yield of crops and

soil characteristics, a study of longer duration is required. Appropriate

usage technology for treated effluent needs to be developed and

standardized for irrigating fickl and plantation crops.

(v)



.1.0 INTRODUCTION

Land and water resources Me becoming limiting factors in meeting

the food, fodder, fibre, oil, paper, firewood, timber and other demands of

the ever increasing population in India which presently has crossed the

level of 100 crores and is expected to be 140 crores by 2025 AD and 170

crores by 2050 AD. Besides quantitative availability, degradation in land

productivity and deterioration in water quality have assumed alarming

situation. Industrial pollutants are considered as one of the major sources

of environmental deterioration. Paper industry is one of the high water

consuming and effluent generating industries in the country. Effluent

generated from pulp and paper mills have to be treated to reduce the

pollutants load to stipulated limits before disposing it off into water

bodies. Alternatively it may be treated partially and used for irrigating

field and plantation crops which will mitigate the water scarcity in the

semi-arid and arid parts of the country to some extent and will economise

the cost of effluent treatment.

Some earlier reported results by workers within the country and

outside indicate that treated effluents could be used succesfully for

raising crops. Organic matter enriched paper mills effluent is likely to

improve the physico-chemical properties of the soil and thereby crop

production provided the primary treatment is given to reduce the toxicities.

Keeping these in view the present project" Utilisation of Treated Effluent

from Agro based Paper Mills for Crop Irrigation" was initiated.



2.0 OBJECTIVES

The objectives of the project under study are enumerated below:

(i) To analyse and cvnluutc the characteristics of the effluent from agro

based paper mills for its utilisation for crop irrigation.

(ii) To observe changes in characteristics of the soil in respect of

particle size distribution, chemical composition, porosity and fertility

before and after applicastion of effluent for irrigation to different

crops.

(iii) To identify the characteristics of growth and yield for different

varieties of crops with paper mills effluent irrigation.

(iv) To evaluate change, if any, in heavy metal concentration in the

biomass and grain,

(v) To work out the hydraulic loading of the effluent on the land for

optimum results.

(vi) To identify any other favourable or unfavourable factor for crop

growth, soil health and subsoil water.

3.0 ASSOCIATED AGENCIES

The project \VClS taken up for the field study by lndian Agro Paper

Mills Association (IAPMA) after its approval z'sanction by the Development

Council for Pul p, Paper and Allied Industries under Cess fund scheme for

Research and Development, Ministry of Industry, G<-vernment of India

vide their letter No. 8(3)/95-paper dated 2nd April, 1998. The joint

2



studies in field were started from Kltari] (rainy) season, 1998 under a

tripartite agreement between Indian Agro Paper Mills Association, Indian

Agricultural Research Institute, a leading Institution in the field of

agricultural research and training in the country and Paper Mills at three

locations (rig. I) in different 'lgro-clim<ltic regions, namely:

(a) Shamli (Uttar Pradesh)

(b) Aurangabad (Maharashtra)

(c) Rajahmundry (Andhrn Pradesh)

4.0 AGRO-CLIMATIC REGIONS OF THE STUDY
CENTRES

Mis Sikka Papers Limited, Shamli is located in the North-Western

part of Upper Gangetic Plains of India in Muzaffarnagar district of Uttar

Pradesh (U.P.). The average rainfall of this zone is 970 mm and the

climate is dry sub-humid to semi-arid. The soils arc good ranging from

10a111to silt loam. The important I"(HV materials for paper making arc rice

and wheat straw. Waste paper is also in use.

Mis Coastal Papers Limited, Rajahrnundry is situated in agro-

climatic zone XI, East Coast Plains and l Iill region under sub-group 3-

South Coastal Andhra Pradesh (A.P.) Average rain fall of this zone is 9.10

rnm and climate varies from scmi-arid to sub-humid. The soils are coastal

alluvial and fertile. However, at some places upland soils are red lateritic

in nature and relatively less fertile. The machines No. I and II are using

mostly rice straw to make kraft puper. The newly established machine

No. III is using waste puper to manufacture newsprint and writing papers.



r

I
\

r
\,

{
L ~

rI.l
~ ~
rI.l "0~ e"0 ee ..•.. ~

~ ~ =rI.l •••• e ~=..•.. = "0..•.. ~ =~
~

-<
'" •.....•.. ..•..

~ •... ~.- ..•.. .-•• ~ ••..•.. .- ..•...rJ •• rI.l.-Q ..•..
QrI.l.-•• Q .-= ••

t=J) "0 == = >= ,.Q =•• = "0
~ t=J) 0
~ = o= = ..•..
N J,.,

rI.l
:= := =~ -< ~

0 0 0



Mis. Nath Pulp and Paper Mills Ltd., Aurangabad falls in the IXth

Agro-climatic region, namely Western Plateau and Hill region and the

sub group 3-Ccntral Plateau. A vcr<lgc rain-fall of the rcgion is 874 mm

and climate is dry semi-arid. Soils nrcmedium to deep black. clay loam

to clayey. However, in some parts they are shallow red and light. Soil

pH is neutral to alkaline. Soils .HC impregnated with gr<lvels and kankar

nodules. The mill uses bagasse as agro raw material and also the waste

~?<lper. It manufactures mostly the kra]! p<lpers.

5.0 METHODOLOGY

A team consisting of Scientists from Indian Agricultural Research

Institute, New Delhi and IAPMA visited Shamli (Uttar Pradesh),

Rajahmundry (Andhra Pradesh) <111L1 Au rungabad (Maharashtra) in three

agro-c1imatic regions for selection of sites for field oriented research

studies. Soil samples were collected from the selected field areas from 0-

30 and 30-60 em depths from the surface before planting the experimental

crops. Samples were analysed for determining the particle size distribution

and other physico-chemic<ll charnctcristics of the soil. In some cases in si til

determinations have also been made. Samples of effluents generated

from <lgro based p<lper mills were collected and analysed for assessing

their chemical characteristics and irrigation suitabil itv.

Crops selected for the area were raised in fields with their

recommended agronomIc package of practices. Irrigation treatments



cornpriscd of (a) Effluent (100';:.), (b) Mixed water (50% effluent + 50%

fresh water), and (c) Fresh water (100%).

To characterize and to quantify the effects of irrigation treatments

on crops, various growth and yield attributes of plants have been recorded

besides grain (produce) and total biomass (grain + straw) yields of

experimental crops. Soil and grain samples were collected after the

harvest of the crop for laboratory analysis purpose. Hydraulic loading of

the. effluent on land was also worked out. Ground water quality was

determined periodically at 1\1/s Sikka Papers Limited, Shamli.

6.0 EXPERIMENTAL RESULTS

The results obtained from field studies and analysis made in the

laboratory are presented in this section.

6.1 Mis Sikka Papers Limited, Sharnli (Muzaffarnagar),
U.P.

Experimental site W •.1S selected well within the premises of the

M/ s Sikka Papers Limited located on main Delhi - Saharanpur road at a

distance of about 110 krn from Delhi and 10 krn from Sharnli towards

Saharnpur city. Experimental field extended on a land area of about 7-8

acres. Out of this, the area of rice and maize experimental plots in klutri]

season was 1.5 acre each <111L1 in rub! (winter) season same was used for

wheat and mustard, respectively. Remaining area of about 4-5 acres was

under sugarcane cultivation.

5



Weather parameters 111 respect of mean monthly temperature,

Relative-humidity and rainfall for the period of 1998-2000 are gIven in

Table 1.

Table 1. Mean monthly temperature, Relative humidity and rainfall
of Muzaffarnagar (U.P.) near to Shamli during 1998-2000

Temperature ("C) Relative humidity ('\1,,) Rainfall (em)

Month
1998 1999 20001998 1999 2000 1998 1999 2000

15.92 1('.53 I-U2 R1.7-t R2.92 81.66 1.71 1.13

3.89

6.34

0.25

0.25

january 12.23 12.79 12.60 R5.9-t R8.73 86.48 0.51 6.19

I\I<1n:h 18.24 21.57 21.13 77.57 74.16 75.92 5.19

1.32
April

May

26.19 2R.21 29.086R.95 65.2770.19

31.()7 32...17 31.()h 70.2R hlJ.R-t 73.36 0.50 2.8-t 3.74

June
3J.31 3-t.-t3 31.R-t 7R.77 73.95 79.65 7...19 9.31 14.00

July 24.8R 22.IS 3lJ.S7 R-t.3S RI.59 82.53 34.70 14.25 19.78

August 28.56 29.S3 29.98 87N) 81.69 82.66 24.59 3.90 11.90

Spptembef 25.57 2R.93 2R.07 R3.0R Rh. 13 84.18 10.84 9.15 2.97

October 24.27 2-t.9S 33.19 RI.R-t R1.59 83.8611.92 2.28

November 18.40 IC).OR I tJ. 72 R2.RO R1.12 S-t.h3

Decem ber 14.21 15.00 1-t.5S SR.76 S7.50 85.66 0...10 0.40

6.1.1 Soil properties before experimentation

6.1.1.1 Soil Texture : Surface (O-~() em) and sub-surface (30-60 em) soil

samples were collected from the experimental area and analysed for

particle size distribution and other physico-chemical charncteristics. Based

on the sand, sil t and clay percentage, the texture of soil WClS loam to silt

10CllTI (Table 2). Surface texture of rice plot was little coarse (loam) than

that of the maize plot. The average sand, silt and. clay percentage in the

soil WClS 36, 47 and 17, respectively.



Table 2. Particle size distribution of soil samples at Mis. Sikka
Papers Ltd., Sharnli (Muzaffarnagar), V.P.

Location Depth Sand Silt Clay Texture
(em) CYc,) (%) ('Yu)

Maize field, 0-:-'>0 :-'>1.64 50.4·1 16.92 Silt loam

(Mill site) :-'>0-60 40.64 44.44 "14.92 Loam

Rice field 0-:-'>0 :-'>9.64 47.44 12.92 Loam

(Mill Site) 3()-60 29.64 47.44 22.92 Silt loam

6.1.1.2 Physico-chemical characteristics of the soil: Chemical characteristics

of experimental soil ncar M/ s. Sikka Papers Limited are presented in

Table:'. In general, soil was non-saline and non-calcareous in nature both

in rice and maize plots. However, pH value of the maize plot was

slightly higher (8.1) particularly in surface layer (0-30 ern) due to presence

of kankar nodules (IS compared to rice plot. Subsurface pH was ncar to

neutral.

Table 3. Chemical characteristics of soil samples at Mis. Sikka Papers
Limited, Shamli, Muzaffarnagar (1:2 soil - water extract)

Location Depth pH EC Ca2++Mg2+ Na+ K+ IICO,- Cl-

(cm) (dSjm) (mejl)

Rice field 0-30 7.7 1.7 7.0 10.2 0.2 6.0 5.4

(mill site) 30-60 7..1- 0.7 4.0 4.1 0.1 3.0 5.4

Maize field 0-30 H.i 0.7 3.5 3.2 0.3 6.0 3.6
(Mill site) 30-60 7.5 O.?> 2.8 2.5 0.4 3.0 5.4

7



Salt content in terms of electrical conductivity (EC) of 1:2 soil-water

extract of rice field was 1.7 dSny'. Therefore; soil may be classified as non-

saline. Contents of soluble Ca2'+Mg2' and Na' in rice field were n1.01"ethan

that in maize field. On the other hand soluble K+ showed reverse trend.

However, contents of HCO,- were equal in both the cases.

6.1.2 Effluent Characteristics

Chemical constituents of fresh (tubcwell) water and effluent flowing

from M/ s. Sikka Papers Limited me shown in Table 4. It is clear from

data that the salinity in terms of electrical conductivity of the effluent was

2.2 dSny'. Tubewell water had the salinity of 1.2 LiSnY'. The pH of

effluent was 7.5 and that of tubewell water 7.2. Ca2++Mg2+ was 7.5 mel:'

in effluent of M/ s Sikka Papers Limited as compared to 6 mel' of

tubewell water. Effluent of M/ s Sikka Papers Limited had the values of

SAR moderately safe from crop production point of view. Detailed

analysis of effluent generated from the mill with respect to BOD, COD

and heavy metals is given in Table 5 and Table 6. It is evident that

effluent has only negligible concentration of toxic heavy metals such as

cadmium and nickel.

Table 4. Chemical analysis of effluent of Mis Sikka Papers Limited
and others at Shamli U.P.

S. Sample EC pH Ca2'+Mg2+ Na+ K+ HC0
1
- 0-

No. (dSjm) (me71)

1. Tubcwell 1.2 7.2 6.0 9.5 O.-l 12.8 5.6

2. Sikka Papers Limited 2.2 7.5 7.5 23.5 5.4 10.8 12.4



Table 5. Characteristics of effluent from Mis. Sikka Papers Limited,
Shamli (U.P.)

S. No. Characteristics Amount

t EC liS/111 2.16

2. pl-l 7.92
3. TSS mg/I 97
4. BOD mg/l 68
5. COD mg/l 258

Table 6. Chemical constituents in the effluent from Mjs. Sikka
Papers Limited, Shamli [Ll.I"]

S. No. Characteristics Amount (mgll)

50
546
240
400

74
0.070

0.023
0.1-+

n.(H9

(lA5

1.02

1.

2.

3.

4.

5.

*TKN

Sodium

Calcium

Magnesium

Potassium

6. Nickel

R.
9. Zinc

10.

n.
12.

Cllppl' I'

[ron

* Total Kjeldahl Nitrogen

9



6.1.3 Field Experiments during first year (1998-99)

Kltarif (1998)

Field experiments with treated effluent from Mis Sikka Papers

Limited were started during Khari] season of 1998 with rice and maize

crops. As mentioned in earlier section, the main treatments were:

(a) Tubewell water, 100%

(b) Treated effluent 50'1.') + 50'1.') Tubcwell water

(c) Treated effluent, 100%

Two separate experiments In field were laid out. Recommended

agronomic practices suitable for the region were adopted for both the

crops. Tubewcll water was used up to crop establishment in all the

treatments in both the crops.

The varieties of the crops grown were :

a)

b)

Rice

Maize -

Pusa R34

Pro-Agro 3974

After first irrigation, effluent was used as per treatments up to the

harvest of the crops. During crop growth, observations related to plant

growth and yield attributes were recorded in both the crops. After crop

harvest grain yield and total dry matter ~·ield of rice and maize were also

recorded and arc presented in Table 7 and Table H, respectively.

6.1.3.1 Rice Crop

It is clear from the data given in Table 7 that irrigation with paper

mills effluent induced better growth of rice as compared to that with

10



Table 7. Effect of effluent from M/s Sikka Papers Limited on yield
and yield attributes of rice (1998)

S. Characteristics Tubewell Tubewell + Effluent
No. Irrigation Effluent Irrigation

1. Plant Height (em) I I I.lJ 118.4 122.1

2. No. of tillers/ hill 19.5 16.S II r-__ .J

3. No. of hills/ m row length LY.() 8.7 6.8

4. No. of panicles per hill 17.8 15.3 IlJ.5

S. Length of panicles (ern) 26.3 26.6 27.5

6. No. of spikclcts / car 11.3 11.9 12.1

,7. No. of ~rains/ car '172.0 206.0 20S.0

8. Test weight (g) 22.4 21.S 20.1

9. Grain yield (q/ ha) -n.7 46.7 36.5

10. Biomass yield (q/ h•.1) lO-LS 107.5 101.5

11. Harvest index (%) 41.8 43.4 36.0

mixed (tubewell + effluent) water (1:1) and tubewell irrigation. It is

reflected in the form of plant height, number of tillers per hill, number of

panicles per hill, length of panicle, number of spikelets per panicle and

number of ~r<lins per panicle. I lowcvcr. similar trend was not observed

in grain yield and dry matter yield of rice crop. Higher grain yield (46.7

qha') and biomass yield (107.5 qha I) of rice were obtained with mixed

irrigation (tubewell + effluent) as compared to that 'with tubewell water

(43.7 and 104.S qha') and mill effluent irrigntion (36.5 and 101.5 qha'),

respectively, Reduction in ~rain and dry matter yield in effluent irrigated

plots was actually due to lodging by intense rains and storm during the

month of September, 1998. This adversely affected the boldness of grains

(test weight) which was ultimately reflected in reduced yield. Therefore,

based on yield data effectiveness of different treatments was rated as :

Mixed water > Lube well \\'<lll'r > effluent

II
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6.1.3.2 Maize crop

Growth of maize crop var. Pro-Agro 3974 in terms of different

growth characters and yield is given in Table H. It is reflected from the

data that trend in vnriation of different yield attributes was similar to that

of rice crop. I Ieight of plant, number of leaves per plant, number of cobs

per plant, weight of cob lind test weight were higher with mixed irrigation

as compared to effluent and tubcwell irrigation. Similarly. highest grain

. yield of 36.8 qha was recorded with effluent + tubewcll irrigation as

compared to tubcwell irrigation (31.5 qha') and effluent irrigation (30.5

qha'). Biomass yield lind harvest index also followed similar trends.

Therefore, effectiveness of different treatments was in the order of

Mixed water> tubewell water > effluent

Based on these results of one crop season. it is inferred that effluent

in lesser quantity (50'1.,) was helpful for crop growth and yield. However,

results are to be confirmed in subsequent crop seasons.

Table 8. Effect of effluent from M/s Sikka Papers Limited on yield
and yield attributes of maize (1998)

S. Characteristics Tubewell Tubewell + Effluent

No. Irrigation Effluent Irrigation

1. Plant height (ern) 19H,H xn .8 '176.0

2. No. of leaves 11.5 11.8 10.5

3. No. of cobs/ plant 1.1 1.0 1.0

4. Length of cob (em) 18.0 18.5 16.5

5. Weight of cob (g) 205.0 212.5 185.0

6. No. of grains/ cob 5--l5.5 580.9 500.0

7. Test weight (g)/100 grllins 23.8 26.5 21.6

8. Grain yield (q/ ha) 31.5 36.8 30.5

9. Biomass yield (q/ ha) 71.8 81.0 69.0

10. Harvest index (,1,,) --l3.9 45.4 44.2
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6.1.4 Field Experiments During Rubi (1998-99)

«i.«: Mustard Crop

Field experiments were continued with mustard and wheat crops

during rnbi llJlJ8-lJlJ and effect of the treatments on yield and yield

attributes of mustard is shown in Table lJ. It is evident from the data that

the height of plant and number of primary branches per plant in case of

mustard crop were not affected adversely with paper mill effluent since

the values were nearly equal under all the three treatments. Similarly,

dry weight per plant and total seed yield (qha') were also not adversely

affected. Effluent irrigation as a matter of fact slightly improved the seed

and stalk yield of mustard. In seed vield increment was 0.3 qha' while

in biomass vicld it \\',lS O.Hqha' with effluent irrigation as compared to

that under tubcwcll irrigilt-inn. Mixed irrigation (50');, tubcwcll + 50%

effluent) was more effective pnrticularlv in case of biomass vicld.

Table 9. Effect of effluent from M/s Sikka Papers Limited on yield
and yield attributes of mustard (1998-99)

Treatment Plant No. of Dry wt.; Grain Biomass
height Branches/ plant yield yield
(cm) Plant (g) (q/ha) (q/ha)

Tubewell water 46.5 tr.o '11.6· 10.2 54.lJ

Mixed (T.W. + Effluent) 46.8 n.n 11.8 11.5 58.0

Effluent 46.6 11.0 11.5 10.5 55.7

6.1.4.2 Wltcnt crop

Effect of these treatments on 1',1',1[11 vicld and vield attributes of

wheat is shown in Table '10. Similar to that of mustard, plant height,

number of tillers and dry weight per plant in wheat were not affected
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adversely with effluent irrigation. However, grain and straw yields were

decreased slightly with effluent irrigation as compared to tubewell

irrigation. Highest values of gr'lin and biomass yields were noted under

mixed (tubewcll water + effluent) irrigation system.

Table 10. Effect of effluent from M/s Sikka Papers Limited on yield
and yield attributes of wheat (1998-99)

Treatment Plant No. of Dry wt.; Grain Biomass
height tillers/ plant yield yield
(em) 50 em row (g) (q/ha) (q,lha)

length

Tubewcll water 46.5 lJ6.0 33.5 22.9 79.3

Mixed (T.W. + Effluent) 45.4 IOt{.O 36.6 23.8 93.2

Effluent 45B 98.0 33.5 21.5 75.8

Note: Crop sowing was delayed

6.1.5 Field Experiments During Second Year (1999-2000)

Kharif 1999

During second yellr (Klll1ri(1999) the crops of rice and maize were

grown in the same experimental plots as in previous year by adopting the

standard recommended agronomic practices.

6.1.5.1 Rice crop

Effect of treatments on yield and yield attributes of rice (var. Pusa

Basmati No.1) is shown in Table 11. It can be seen from data that

irrigation with paper mill effluent in rice crop has improved the yield

attributing parameters namely plant height, number of tillers, number of

panicles per plant, number of spikclets and number of grains per panicle

as compared to irrigation with tube well water. However, improvement

was more with mixed effluent in comparison to either tube well water or

14



, effluent. Number of tillers per hill was 25, 32 and 28 in tubewell, mixed

and effluent irrigated plots, respectively. Similarly, number of grains per

ear was 196, 217 and 208 in plants irrigated with tubcwcll. mixed and

effluent waters, respectively. Crain yield of rice under the respective

treatments was 49.0, 54.0 .1I1d 47...!qha'. Total biomass yield also exhibited

a similar trend.

Table 11. Effect of effluent from Mis SikkaPapers Limited on yield
and yield attributes of rice (1999)

S. Characteristics Tubewell Tubewell + Effluent

No. Irrigation Effluent Irrigation

1. Plant height (em) 125.(1 126.1 128.4

2. No. of tillers/hill 25.1 31.6 28.4

3. Dry weight/ plant 44.7 57.7 67.7

4. No. of panicles/ hill 22.0 29.1 26.2

5. Length of panicle (em) 29.5 31.4 31.1

6. No. of spikelets/ ear 12.6 13.5 ]3.2

7. No. of grains/ ear (lJ6.0 216.6 207.8

8. Test weight (g) 21.0 22.1 21.8

9. Grain yield (q/ ha) 4lJ.O 54.0 47.4

10. Biomass yield (q/ ha) 12lJ.8 131.2 "12lJ.6

11. Harvest index 37.8 41.2 36.6

It is clear from these results that effluent irrigation did not induce

any significant harmful effect either on yield attributes or on the grain

yield of rice crop. Mixed irrigation (50'};') effluent + 50% tubewcll water)

was more beneficial from plant growth and grain yield point of view.

Effluent irrigation was as good as tubcwcll irrigation.



,6.1.5.2 Maize crop

Crop yield and plant grmvth characters in case of maize hybrid

Ganga Safcd 2 crop as influenced bv different treatments are shown in

Table 12. It is evident from data that in gcnerlll, effluent irrigated plants

exhibited lower values of growth parameters as compared to those

irrigated with tubewcll .and mixed water. Plant height , cob length,

weight of cob, number of grains in each cob were of higher magnitude in

plants irrigated with tubcwcll water or fresh water compared to effluent

irrigation. However, from test weight, grain yield and dry matter yield

point of view mixed irrigi.llion 'lgain proved beneficial as compared to

fresh water and effluent irrigation.

Table 12. Effect of effluent from M/s Sikka Papers Limited on yield
and yield attributes of maize (1999)

S. Characteristics Tubewell Tubewell + Effluent

No. Irrigation Effluent Irrigation

1. Plant height (em) 277.6 267.0 265.0

2. No. of leaves/ plant 15.H 15.2 16.0

3. No. of cobs/ plant 1.1 1.2 1.2

4. Length of cob (em) 27.6 26.5 25.9

5. Weight of cob (g) 16H.2 166.6 153.0

6. No. of grains/cob --l5H.O 461.0 437.0

7. Test weight (g)/lOO gr,lins 25.0 26.2 24.6

8. Grain yield (q/ha) lO.2 33.8 29.7

9. Biomass yield (q/ ha) H6.lJ 93.0 85.6

10. Harvest index ('Yo) 34.H 36.3 34.7
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6.1.6 Field Experiments During Rabi (1999-2000)

Experiments with same treatments were continued durinz rabir b

season of 1999-2000 as in previous year. Wheat (1-:1:0 2285) and mustard

(Pusa Bold) were grown in rice and maize plots respectively with the

recommended agronomic practices. Data related to growth and yield of

both the crops are presented here.

6.1.6.1 Wheat crop

It is clear from data in Table 13 that the growth characteristics of

wheat plants irrigated with paper mills effluent were not affected adversely

to a significant level. Experimental values recorded for different growth

characteristics like plant height, number of tillers, length of ear, number

of grains per ear, test weight of gr,lins were quite comparable with those

of plants irrigated either with fresh water or mixed effluent (fresh water

+ effluent). Grain yield of wheat was 43.3, 44.4 and 42.1 qha' under fresh

water, mixed and effluent irrigations, respectively. Biomass yield and

Table 13. Effect of effluent from Mis Sikka Papers Limited on yield
and yield attributes of wheat (1999-2000)

S. Characteristics Tubewell Tubewell + Effluent

No. Irrigation Effluent Irrigation

1. Plant height (em) 92.8 96.0 92.4

2. No. of tillers/ plant 4.0 5.0 5.0

3. Length of em (ern) 9.6 9.6 9.S

4. No. of grains/ ear 3fLO 42.0 41.0

5. Test weight (g) 49.0 46.0 37.5

6. Grain yield (q/ha) 43.3 44.4 42.1

7. Biomass yield (q/ ha) -IOS.3 113.4 107.1

8. Harvest Index ('X,) 40.0 40.2 39.3
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harvest index also followed the similar trend under all the three treatments

indicating no adverse effect of paper mills effluent on wheat growth and

yield.

4.1.6.2 Mustani crop

It is evident from the dill.l vrvcnr» 111 Table 14- that the effluent

irrigation in mustard did not cause •.my adverse effect on any of the plant

growth characteristics and yield parameters like plant height, number of

. primary and secondary branches, number of pods per plant, number of

grains per pod and test weight of seeds. Grain yield of mustard in case

of fresh water, mixed (1:1 fresh water and effluent) and effluent irrigated

plots was 10.6, 11.6 and 10.5 q 11•.11
, respectively.

Table 14. Effect of effluent from Mis Sikka Papers Limited on yield
and yield attributes of mustard (1999-2000)

S. Characteristics Tubewell Tubewell + Effluent

No. Irrigation Effluent Irrigation

1. Plant height (em) 170.6 175A 170.3

2. No. of primary branches Y.O 9.0 9.0

3. No. of secondary branches zin 27.0 23.0

4. No. of pods/ plant -IS7.0 -tR2.0 -t6~.O

5. No. of grains/ pod 1-t.O 14.0 14.0

6. Test Weight (g) 5.5 5.6 5.6

7. Grain yield (q/ha) 10.6 11.6 10.5

8. Biomass yield (q/ha) 56.B 69.1 56.0

9. Harvest index IB.7 16.8 18.7



· 6.1.7 Field Experiments During Third Year (2000-2001)

Kharif 2000

During third year the crop of rice (var Pus a Basmati-L) and maize

(var. Kanchan) were grown in the same experimental plots with similar

agronomic practices.

6.1.7.1 Rice Crop

Yield and vield attributing characteristics of Pusa Basmati-I as

influenced by effluent irrigation are presented in Table 15. It is clear that

the results with paper mill effluent were encouraging with respect to all

growth characteristics of the rice. PI<lI1tswere of maximum height (110.5

cm) with mixed effluent. Further mixing of effluent (50% + 50%) also

induced better gr<lin bearing cars (higher weight, length and no. of grains)

as compared to tube "veil (fresh water) irrigation. However, grain and

Table 15. Effect of effluent of Mjs Sikka Papers Limited on yield and
yield attributes of rice (2000)

S. Characteristics Tubewell Tubewell + Effluent

No. Irrigation Effluent Irrigation

1. Plant height (em) IO?'.H 110.5 106.2

2. No. of tillers IY.2 19.H 20.6

1. Length of car (em) 2H.-+ ?'O.O 2Y.7

4. Weight of carl hill (g) 5R.O 59.2 5S.5

5. No. of grainl car '145.0 158.0 150.0

6. Test weight (g) 25.H 26.5 26.3

7. Grain yield (q/ha) .+2.2 44.6 42.5

R. *BiomJss yield (q/ha) WH.6 112.5 110.2

9. Harvest index 1R.9 39.6 38.6

*Air dry weight
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biomass yields of the rice crop were highest (44.6 qha' and 112.5 qha',

respectively) with mixed effluent irrigation followed by effluent irrigation

(42.5 qha' and 110.2 qha') and tubcwcll irrigation (42.2 qha' and 108.6

qha'}. Based on these results it may be stated that mixed effluent

irrigation had increased rice vicld as compared to that with tubewell

irrigation or effluent irrigation during 2000.

6.1.7.2 Maize crop

Yield and vickl attributing ch •.ir •.rctcristics are presented in Table

16. It is obvious that effluent irrigation had induced better growth of

maize plants in terms of height, no. of cobs/ plant, girth of cob, weight of

cob, no. of grains/ cob and test weight of grains. Average weight of each-

cob and no. of grain/ cob in effluent irrigated plants W<lS 190 g and 442.3

grains as compared to193.0g and 444.3 grains in tubewell irrigated plants.

Table 16. Effect of effluent from Mjs Sikka Papers Limited on yield
and yield attributes of maize (2000)

S. Characteristics Tubewell Tubewell + Effluent

No. Irrigation Effluent Irrigation

1. Plant height (cm) 205.0 211.0 204.0

2. No. of cobs/ plant I.K 1.9 1.7

3. Girth of cob (ern) 19.0 19.K 19.6

4. Weight of cob (g) ILJ3.0 ]98.2 190.0

5. No. of grains/cob 4443 461.0 442.3

6. Test weight (g)/100 grain 25.3 26.0 25.2

7. Grain yield (q/ha) 31.2 32.6 30.8

K. =Biomass yield (q/ha) l)2.K 94.2 92.8

9. Harvest index 33.6 34.6 33.2

* Air dry weight
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Mixed irrigation had induced chLlr<1Cteristicsupto highest level. Test

weight of grains was maximum (26 g ;-100 grains) in mixed effluent

irrigated plots and due to this grain and biomass yields were maximum

(32.6 qha' and 94.2 qha') with mixed irrigated followed by tubewell

irrigation Cn.2 qha' and lJ2.H qha') and effluent (30.8 qha' and 92.8

qha') irrigation.

4.1.8 Field Experiment during Rabi 2000-2001

Wheat (var lID 22HS) and mustard (var. Pusa Bold) were grown

during rnbi season (20(lO-20m) with same treatments and agronomic

practices as in previous year in the rice and maize fields, respectively.

4.1.8.1 Wheat crop

Yield and yield attributes of wheat as influenced by effluent

treatments are presented in Table -17. Growth attributes of wheat have

been improved with mixed effluent irrigation (1:1). Plant dry weight was

Table 17. Effect of effluent from M/s Sikka Papers Limited on yield
and yield attributes of wheat (2000-2001)

S. Characteristics Tubewell Tubewell + Effluent

No. Irrigation Effluent Irrigation

] . Plant height (em) nn.n 1()4.() 104.5

2. No. of tillers/ III SK.() 59.0 5lJ.O

3. Dry weight of plants (g)/ Il1 201.() 3-W.0 205.0

4. Length of ear (cm) 9.7 10.0 10.0

5. No. of grain/ ear 50.() 57.0 52.0

6. Test weight (g)/lOOO grains 4H.O 50.0 48.1

7. Grain yield (q/ ha) 4h.7 48.3 47.2

8. Biomass yield (q/ ha] lOh.H 109.6 108.7

9. Harvest index -L\7 44.1 43.4
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maximum (::\40 g) in mixed effluent irrigated plots as compared to

tubcwell irrigated plots. Irrig'ltion with mixed effluent (1:1) was very

effective in enhancing the number of gr<1ins/ car and the test weight of the

grains. Effluent irrigated plots glwe -l7.2 qha' grain yield as compared to

483 and 46.7 qha') in mixed and tubcwcll irrigated plots, respectively.

Simiarly, biomass yield was maximum (109.6 qha') with mixed effluent

irrigation as compared t(1106.8 qha' with tubewell irrigation.

6.J.S.2 Mustard crop

Effect of different treatments on growth characteristics of mustard

crop is given in Table 18. It is clear from the table that effluent irrigation

did not affect signific<1ntly the growth of mustard crop adversely and all

growth parameters such as height, number of primary branches, number

of pods/ plant, number of gr,lins/ pod were on par with those under

tubcwcll irrigation. However, mixing of effluent (1:1) induced better

growth characteristics of the plants as compared to tubcwell and effluent

irrigation. Grain yield of mustard was 12.1, 12.5 and 12.0 qha' with

tubewell. mixed and effluent irrigation, respectively.

Table 18. Effect of effluent from M/s Sikka Papers Limited on yield
and yield attributes of mustard (2000-2001)

S. Characteristics TubeweII Tubewell + Effluent

No. Irrigation Effluent Irrigation

1. Plant height (em) 155.0 160.0 150.0

2. No. of primary branches H).O 11.0 10.0

3. No. of pods/ plant -l~5.() 450.0 440.0

4. No. of grains/ pod 12.0 I<!.O 10.0

5. Test weight (g) -l.5 4.5 <!.2

6. Grain yield (q/ha) 12.1 12.5 12.0

7. Biomass yield (q/ha) 56.8 58.0 55.0
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Based on the results of three \'e,1\"Sexperimentation it is inferred

that diluted pZ'Iwr mill dfluent (1:1) had more f<1\'olll"<1bleeffects on

growth and yield of the crops. This m<l)' possibly be due to better

nutritional and lesser salt stress conditions in mixed effluent irrigated

plots as compared to tubcwcll and effluent irrigated plots. Moreover,

growth and development of SCA (blue green algae) was more prominent

in mixed and effluent treated plots which might have contributed partially

towards the nitrogen requirement to the rice crop.

6.1.9 Effect on Soil Properties

The most common apprehension about industrial effluents is that

these damage the soil productivity and its properties to the appreciable

extent. To examine this aspect physical and chemical analysis of the soil

samples collected from the field after harvest of the crop was carried out.

Soil samples were collected with the help of the core cutter sampler

from each treatment and bulk density ,1S well as hydraulic conductivity of

the samples were determined ,1S per prescribed standard laboratory

methods. Soil samples were also collected depthwise (0-30 em and 30-60

ern) from each plot for determining the chemical characteristics of the

irrigated soil.

Effect of paper mill effluent on physical and chemical properties of

irrigated soil after harvest of rice crop in 1998 is shown in Table 19 and

20, respectively. It is evident from the data in Table 19 that bulk density

of the soil (0-30 ern) of surface plough laver decreased from 1.51 g CI11"1

with 100'X, fresh water (tube wull) to 1.47 g cm' with 100% paper mill

effluent irrigation. Similarly bulk lknsity of subsurface layer (30-60 em)

was also decreased from J.52 g ow' LInder tubewell irrigation to 1.49 g



Table 19. Effect of effluent from Mis Sikka Papers Limited on soil
properties after rice harvest (1998)

A. Physical properties

Treatments Depth Bulk density Hydraulic
(em) (g/cml) conductivity

(cm/hr)

()-~() 1.51 0.45

~()-C1() 1.52 0.46

()-~() 1.4R 0.59

~()-6() 1.49 0.48

()-:,() 1.47 0.58

30-60 1.49 0.49

Tubewell
water (T.W.)

Mixed W<lter
(T.W. + Effluent, 50:50)

Paper Mill

Effluent

em"] on using mill effluent. Irrigation with mixed effluent (50% effluent +

50% fresh water) affected the changes in bulk density of intermediate

magnitude. Water transmission properties of irrigated soil in terms of

hydraulic conductivity were <lisp influenced favourably by the use of

paper mill effluent. Hydraulic conductivity of surface soil (0-30 cm) with

fresh water, mixed effluent and lOW:, effluent was 0.45, 0.59 and O.5R ern

hr', respectively. This reflects that org<lIlic carbon rich paper mill effluent

might have improved the physical characteristics of the soil.

Chemical characteristics of the soil extract (1:2) were also influenced

by paper mill effluent as is evident from data in Table 20. Total salt

content of irrigated soil measured in terms of EC dSm" increased on use

of effluent for irrigation of the rice crop.

Average value of electrical conductivity (EC) of soil extract (1:2) of

surface soil (0-30 em) increased from O.3RdSlW' with fresh water (control)

to 1.0 dSBY' when 100% effluent was used. The value of EC of the soil
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Table 20. Effect of effluent from M/s Sik ka Papers Limited on soil
properties after rice harvest (1998)

B. Chemical properties

Treatment Depth EC Caz++Mgz+ Na+ K+

(cm) (dSny') me/I

Control ()<10 O.lH 5.00 1.3 0.18

(Tube well, 100%) 3()-60 n.n 3.00 2.0 0.28

Mixed 0-30 O.H] 9.50 4.3 0.55

(Tubewell + Effluent 30-60 o.:n 2.50 4.1 0.25

(50:50)

Effluent 0-30 -1.00 14.00 4.8 0.58

(Paper mill, IOn'X.) 30-()O 0.56 7.50 2.5 0.22

with mixed effluent (Ll) VV,lS 0.81 dSm'. Similarly, salt content of sub-

surface soil (30-60 ern) was also increased by irrigating with paper mill

effluent. Cationic constituents like calcium, magnesium, sodium and

potassium were increased in soil extract when paper mill effluent was

used for irrigation. Concentration of Ca+Mg, sodium and potassium in

extract of fresh water irrigated soil (0-30 em) was 5.0, 1.3 and 0.18 mel:'

which increased to 14.0, 4.H and O.5H rnel' when effluent was used for

growing the rice crop. Sub-soil laver (30-60 cm) also accumulated higher

amount of these cations on inigation with mill effluent.

Chemical characteristics of the soil extract after the harvest of wheat

crop have been given in Table 21. It is dear from the data that total salt

content in terms of electrical conductivity was increased to 2.5 dSny

I with 100% mill effluent irrigation from that of 0,41 dSIW' under fresh

water (tubewcll) irrigation in surface (0-30 cm) layer of the soil. Diluted

effluent (50:50%) increased the salinity upto 1.H dSlWI in this layer.
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Table 21. Effect of effluent from Mis Sikka Papers Limited on soil
properties after wheat harvest (1998-99)

Chemical properties (Extract 1:2)

Treatment Depth EC Ca2++Mg2+ Na+

(cm) (dSnyl) mefl

Tubcwcll 0-10 o.-n 5.0 1.5

water 10-60 0.20 ~.O 1.2

Mixed effluent 0-10 1.8 12.5 5.5

(TW. + Effluent, 50:50) ~O-60 0.8 6.5 3.5

Paper Mill 0-10 2.5 16.5. 8.5

Effluent ~O-60 1.1 8.5 4.0

0.12
0.10
0.18
0.15
0.35
0.15

Cationic constituents in soil extract were also increased when 100%

paper mill effluent was used to irrigate the crop. Concentration of

Ca+Mg, Na and Kin tubewcll irrigated soil (0-30 em) extract was 5.0, 1.5

and 0.12 mel:' and it increased to the tune of 16.5, 8.5 and 0.~5 mel:',

respectively when only p<lper mill effluent (100%) was used for wheat

irrigation. Similarly, concentration of these constituents was also nearly

doubled in subsurface (~0-60 ern) layer in effluent irrigated plots as

compared to that irrigated with normal (tubewell) water.

Effect of effluent from Mj s Sikka Papers Limited on physico-

chemical characteristics of irrigntcd soil after rice crop during 2000-2001

was studied under all three trcntrncnts. Physical properties are shown in

Table 22 and chemical properties in Table 2~.

From Table 22 it is clearly indicated that irrigation with paper mill

effluent has improved the phvsical condition of the soil. Bulk density of

the surface layer (0-15 ern) decreased from 1.40 gcm-1 in fresh water

irrigated plots to 1.12 gcm' in effluent irrigated plots. In mixed treatment

26



Table 22. Effect of effluent from Mjs Sikka Papers Limited on
physical properties of irrigated soil after rice crop (2000)

Treatment Depth
(cm)

Bulk Hydraulic
density conductivity
(gcnY') (ern lu-I)

1.40 0.90
1.63 0.25

1.21 1.22
1.60 0.43

1.12 1.74
1:64 0.38Effluent

00-15
-15-:"0

00-15
15<1,0

00-15
15-30

Tubcwcll Water

Tubewcll + Effluent
water

bulk density also showed decreasing trend. However, in sub-surface

layer (15-30 cm) reduction was not very significant though it again

exhibited decreasing trend with effluent irrigation. Water transmission

property of the irrigated soil in terms of saturated hydraulic conductivity

was increased with effluent irrigation. It increased substantially from 0.9

ern hr' in fresh water irrigated plots to 1.74 cm hr' in effluent irrigated

plots. Improvement in hvdrnulic conductivity may be ascribed to better

soil aggregation induced by higher organic matt~r content in the effluent.

Changes in chemical characteristics of the irrigated soil (Table 23)

indicated the accumulation of soluble salts in upper soil zone due to

effluent irrigation. EC of 1:2 soil and water extract increased from 0.46

dSm-1 in fresh water irrigated soil to 1.26 dSm' in effluent irrigated soil.

However, soil pH did not exhibit any noticeable change due to effluent

irrigation. There was 2-3 times increase in soluble sodium in irrigated

soil but SAR of the soil solution remained within the safe limits. Soluble

potassium exhibited about four times increase due to effluent irrigation.
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Table 23. Effect of effluent from Mis Sikka Papers Limited on
chemical properties of irrigated soil after rice crop (2000)

Location Depth EC pH SAR Ca2+ Mg2+ Na+ K+

(em) (dS/m) (rne/l]

Tube well 0-15 0.46 7.6 1.2 2.0 2.0 1.6 0.1

Irrigation 15-30 0.44 7.4 0.9 3.0 0.5 1.8 0.1

Tubewell + 0-15 1.05 7.-~ 2.2 3.0 4.0 4.0 0.4

Effluent 15-30 0.47 7.R 1.0 1- 1.0 1.8 0.1_.J

Effluent O-L5 ·1.26 7.2 2.5 5.0 3.0 5.0 0.4

15-30 0.75 7.5 2.0 4.0 0.5 3.0 0.1

Based on these results it is inferred that effluent irrigation adds

some soluble salts in soil mainly in upper soil layer but the magnitude

remains below the critical level of soluble salts for crop production point

of view.

6.1.10 Effect of Paper Mill Effluent on Fertility Status of Irrigated Soil

Fertility status of effluent irrigated soil after the harvest of rice and

wheat crops (L998-99) in terms of organic carbon, available phosphorus

and available potash under all the treatments has been given in Table 24.

After rice CfOP, organic carbon content in surface soil (0-30 em)

under all the three treatments, namely tubcwcll water, 50% Tube wells +

50% effluent and only effluent was ll.45'Yc"0.54% and 0.68%, respectively.

Similarly, in sub-surface soil (30-60 cm) the corresponding values of

organic carbon content were 0.22';:" 0.38% and 0.40%. These results clearly

reflect that there has been spectacular increase in carbon content of

irrigated soil with paper mill effluent. Irrigation with paper mill effluent

also increased the available phosphorus from 15.8 kg ha' with fresh water

(tubewell) to 38.5 kg ha' with application of effluent in surface soil. In



Table 24. Fertility status of irrigated soils after rice and wheat crops
at Shamli during 1998-99

After Rice crop After wheat crop

Treatment Soil Organic Available Organic Available
Depth Carbon (kg/ha) Carbon (kg/ha)

(cm) Cj';,) p K (%) P K

Tubcwcll water 0-30 0,45 15.H 2S0.5 OS! 16.2 310.5

~O-()() 0.22 In.s 270.6 0.21 H1.5 285.6

Mixed (T.W.+ O-~() OS! 22.() ~R5.5 0.65 2R.6 506.5

Effluent, 50:50) ~()-6() O.~H IS.H ~~O.6 fU6 -18.5 468.8

Effluent 100'/(" O-~O O_6H ~K.5 47S.6 0.75 45.8 682.5

~()-6() OAO 25.6 510.8 O.4~ 25.6 580.2

subsurface soil (~()-60 cm) the values of available phosphorus increased

from 10.5 kg hal in respect of fresh water to 25.6 kg ha' with effluent.

Under diluted effluent (50% + 50%) irrigation the ava ilable phosphorus

was 22.6 and 15.8 kg ha' in surface (0-30 em) and subsurface (30-60 em)

layers, respectively. Similarly, the available potash status was also

increased due to irrigution wil h p,lper mill effluent. It increased in

surface soil from 2RO.5 kg ha' with fresh water to 478.6 kg ha' with

effluent irrigation. Subsurface soil \\',lS also enriched in potassium

content from 270.5 kg ha I when irrig'lted with fresh water to 510.8 kg

ha' with effluent water.

It can be deduced that paper mill effluent irrigation raised the

levels of organic carbon, available phosphorus and available potash and

thus enhanced the fertility status of irrigated soil. Fertility of soil was also

improved due to effluent irrigation in wheat crop. Organic carbon was

further increased to 0.75°/., in surface (0-30 em) soil after the harvest of

wheat crop where as it remained <Itthe same level (0.54%) in case of fresh
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water irrigated plots. Similarly, in subsurface soil it was increased from. .

0.21 % to 0.43(;{)with effluent irrigation. Amounts of available phosphorus

and available potash in surface soil were also increased from 16.2 and

310.5 kg ha' with fresh water irrigation to ·15.8 and 682.5 kg ha' with

effluent irrigation, respectively. Irrigation with 50% effluent + 50% fresh

water also raised the contents of organic carbon, available phosphorus

and available potash as compared to that with tube well irrigation.

Parameters of soil fertility after harvest of rice crop 2000 (Table 25)

including organic carbon, available phosphorus and available potash

have again shown improvement by effluent irrigation. These observations

Table 25. Effect of effluent from Mis Sikka Papers Limited on soil
fertility of irrigated soil after rice crop (2000)

Effluent

Depth Organic Available Available

(em) carbon P (kglha) K (kg/ha)
C~))

0-15 0.87 19.5 170.4

15-30 0.17 16.5 163.8

0-15 1.50 35.0 ~88.7

15-30 0.16 22.0 209.6

0-15 1.80 43.2 463.0

15-30 0.50 30.2 275.0

Treatment

Tubewell
Irrigation

Tubewell +
Effluent

are similar to those reported in preceding years. Organic carbon content

was 0.87 and 0.17 per cent in 0-30 and 30-60 cm layer in fresh water

irrigated plots and it increased to 1.8 and 0.50 per cent in the respective

depths after effluent irrigation. In mixed effluent irrigated plots organic

carbon content W'1S of intermediate range. Available phosphorus and

potash contents were about doubled in effluent irrigated plot as compared

to fresh water irrigated one. These results clearly indicate that the paper



mill effluent containing organic residues of bagasse, straw and recycled

papers is quite helpful in improving the nutrient reservoir of the irrigated

soil.

6.1.11 Effect of Effluent from Mis Sikka Papers Limited on Quality
of Produce

6.1.11.1 Effect of effluent 011quality of rice and maize

For ascertaining the quality of maize and rice produce grown with

effluent, the contents of some hcavv metals like copper, zinc, iron,

manganese, cadmium, lead and nickel were determined in straw and

grain portion of the plants. Contents are presented in the Table 26.

Table 26. Heavy metal contents in grain and straw portion of rice and
maize crops

Heavy Rice grain Rice straw Maize grain Maize straw

metal ('Yt,n) (%0) (%0) (%0)

Copper 0.036 0.023 0.18 0.02

Zinc 0.032 0.032 0.036 0.051

Iron 1.23 0.94 0.97 0.75

Manganese 0.054 0.052 0.014 0.015

Cadmium 0.0006 O.OO2..J: 0.003 0.003

Lead 0.012 0.0023 0.029 0.025

Nickel 0.027 0.030 0.034 0.0065

6.1.11.2 Effect of affluent 011qualitu of slIgarcalle juice

Effluent of Mj s Sikka Papers Limited was also applied to nearby

sugarcane field during 1999-2000. Therefore, it was thought imperative to

judge its effect on quality of sugarcane juice. Analysis was done in the

laboratory of Upper Doab Sugar Mills, Sharnli, U.P. and quality

characteristics are given in Table 27. It is clear from the data that all
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Table 27. Effect of effluent from MIs Sikka Papers Limited on quality
of sugarcane juice

S.No. Treatment
Quality characteristics

Brix Polarisation Purity CCS
('Vtl) (%) (%) (I';',)

2().~2 17A2 85.73 11.33

19.80 °17.15 86.62 11.24

20.42 17.62 86.24 11.51

1. Tubewell water

2. Mixed water

3. Effluent

Date of analysis: March] 4, 2000

quality parameters like Brix, polarization, purity and CCS percentage of

the cane juice from effluent irrigated plots were quite comparable with

those of tube well and mixed effluent irrigated plots. Purity (%) of cane

juice from effluent irrigation was 86.24 against 85.73 from fresh water

irrigated canes. Similarly the values of other parameters in effluent

irrigated cane juice were also slightly higher than fresh water irrigated

one.

6.1.12 Changes in Ground Water Quality

To study the changes in the quality of groundwater due to irrigation

with treated paper mill effluent in the experimental area near M/ s Sikka

Papers Limited, Shamli, piezometers were installed in rice and maize

fields. Sample of groundw<lter was collected in each month from January

to December 2000 and analysed for total salt (EC dSln') and cationic

composition (Table 28).

The data on total salt (EC d5ny') and its constituents indicate that

the quality of ground water is nvarlv the same during the months of

January to December. I-fence, irrigation with paper mill effluent did not

have any recharging and/ or dderiorilting effect on ground water and its



Changes in groundwater quality at Mis. Sikka Papers
Limited, Shamli, (U.P.) in effluent irrigated plots during
2000-2001

Table 28.

Month EC dSm·1 SARpH

January 2000 "1.6
Februarv 1.6
March 1.6
April 1.7
May!.7
June 1.7
July 1.6
August 1.6
September 1.6
October 1.6
November 1.6
December 1.6
January 2001 1.7

7.~
7.1-\
7.9
7.1-\
7.~

7.9
7.9
7.8
7.1-\
7.1-\
7.1.)

7.1-\
7.~

~.5
8.5
8.5
1.).2

9.0
9.2
9.2
8.8
8.8
8.5
8.5
9.2
1.).2

7.5
7.5
7.5
7.8
7.8
7.8
7.8
7.8
7.7

7.8
7.6
7.5
7.6

4.5
4.5
4.5
4.8
4.7
4.8
4.5
4.6
4.6
4.5
4.5
4.8
4.8

quality. Moreover, depth of water level is more than 9.5 m below the

ground surface and soil texture is del)' loam to silty clay loam, therefore,

percolation of effluent irrigation upto ground water level has not taken

place so far under these experimental conditions.

6.1.13 Hydraulic Loading for Effluent Irrigation

Irrigation with treated paper mill effluent particularly in 5WX, +

50% proportion with fresh Welter (tubcwcll) had given better results.

Therefore, it is imperative to calculate the hydraulic loading at this

effluent and fresh water ratio.

Hydraulic loading rates for 100% effluent irrigation and 50% effluent

irrigation + 50'/;', fresh water under rice-mustard, rice-wheat, maize-wheat

and maize-mustard crop rotations are given in Table 29 and 30. Possible

contribution of rainfall during the crop season has also been taken care of.



Table 29. Hydraulic loading rates at 100t'll}effluent application

Crop Total water Rainfall Irrigation Effluent Totill TOS

System req uirernent (em) req ui rcment loading Effluent loading

(em) (em) at 100''li, loading kg/ha
(em) m'/ha

Rice-Mustard IbO ~() ~O 80 ~OOO 8400

Rice-Wheat 190 ~() 110 110 11000 11550

Maize-Wheat 120 ~() 4() 40 4000 4200

Maize-M ustard 90 80 10 10 1000 1050

Table 30. Hydraulic loading rates at 50% effluent application

Crop Total water Rainfall Irrigation Effluent Total TDS

System requirement (em) req u irernent loading Effluent loading

(em) (em) at 50% loading kg/ha
(em) m1(ha

Rice-Mustard I()O ~() ~O --10 4000 ·1200

Rice-Wheat 190 ~O 110 55 5500 5775

Maize-Wheal 120 ~() ·HI 20 2000 2100

Maizc-M ustard 90 ~O 10 5 500 525

Amount of total dissolved solids likely to be added through effluent

irrigation under different cropping systems has also been worked out and

reported in the Table 29 and Table ~().

6.2 Coastal Papers Limited Rajahmundry (Andhra Pradesh)

Field experiments were also conducted for ascertaining the

suitability of paper mills effluent from M/ s Coastal Papers Ltd.

Rajahmundry (AP.). This experiment<ll site was selected because of a

different agro-climatologiG1J zone. Weather characteristics of the area are

given in Table 31.
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Table 31. Mean monthly weather parameters recorded at Central
Tobacco Research Institute, Rajahrnundry, Andhra Pradesh
(1989-2000)

Temperature Relative
Month (OIC) humidity) Sun- Total No. of Wind Evapora-

shine rainfall rainy velocity tion

Max Min 1 (711) II (14hr) hours (mm) days Krn/hr nun/day

January 29.6 Ib.1 9 1.9 h:2.h 7.8 17.:2(9) 2.4(9) 4.35(8) 3.2(5)

February 31.2 18.1 91.0 ()2.h 8.2 5.4(9) 1.8(9) 5.05(8) 3.9(5)

March :14.2 :21.7 1'3.0 57.3 7.7 15.8(10) 2.2(10) 5.69(8) 4.6(4)

April 36.4 :2·U' 1'7.:2 53.1
~.., 15.5 .2.8 7.19(1)) 5.1 (6)/ .~

May 38.0 26.4 84.2 5().5 7.5 3·1-.3 5.6 7.65 5.6(6)

June 35.7 2.62 85.7 59.1> 5.2 132.9 5.6 7.1>4 4.7(6)

July :U.3 24.9 90.2 71.4 3.9 229.7 14.8 7.13 3.9(6)

August 31.7 24.8 90.h 73.1 3.2 251.8 14.6 7.11 (7) 4.015

5eptem ber 32.4 24.7 l)O.7 71.7 4.3 178.9 12.2 5.18(6) 3.8(5)

October 32.0 n9 IN8 6.71 4.8 149.8 9.9 4.86(7) 3.7(5)

November 31.3 19.8 87.6 59. I 4.9 46.6(11 ) 4.7(11) 5.83(8) 3.7(6)

December 29.8 th.2 IN.3 5l).1 7.3 9.5(10) 2.2( 10) 4.90(9) 3.2(6)

Figures in parenthesis indicate number of vcars of observations recorded.

6.2.1 Soil Characteristics

Soil samples were collected on July 5, 1998 from sugarcane, maize

and rice cropped areas representing red and black soils. Samples were

collected from surface and subsurface lavers. Samples were processed

and mechanical soparntes were determined by standard laboratory

methods. Percentage of sand, silt and clay is given in Table 32 alongwith

the soil type. Red soil W(lS mostlv sandy loam in texture at the sub-

surface. Black soil had finer texture (clay).

Chemical properties 01" these samples have been given in Table 33.

It can be seen from data in the table that the soil of the experimental area

W(lS non-calcareous (low pH) and non saline (low EC) in nature. Sugarcane
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Table 32. Mechanical analysis of soil samples of Mjs Coastal Papers
Ltd. Rajahmundry, Andhra Pradesh

Locations Depth Sand Silt Clay Texture
(em) (,1,,) (%) (,Yo,)

Sugarcane fiL'ld 1 0-1 S 71m; IlJ.S6 I~U6 S,lIldy loam

(Red Soil)
15-:~() 7(1.36 9.0R 20.56 Sandy clay loam

30-60 6:1.36 9.08 27.56 Sandy clay loam

. 60-lJO 57.36 12.08 30.56 Sandy clay loam

Sugarcane field II
(Red soil) 0-30 62.16 11.12 26.56 Sandy clay loam

Sugarcane field III
. (Black soil) 0-:10 3-i.RO 12.84 52.36 Clay

Maize area 0-30 5lJ.36 17.08 23.56 Sandy clay loam

-do- 30-60 64.36 13.08 22.56 Sandy clay loam

Rice area 0-15 58.36 9.08 32.56 Sandy clay loam

{Mill's site) 15-30 53.0R 19.56 27.56 Sandy clay loam

Table 33. Chemical characteristics of soil samples of Mis. Coastal
Papers Ltd., Rajahmundry, Andhra Pradesh (1:2 soil-water
ratio)

Location Depth pH EC CaZ<+Mg2+Na+ K+ HCO- CI-
.1

(em) (dSjm) (mejl)

Sugarcane 0-15 6.5 OA 5.0 4.5 0.06 6.0 3.6
field "15-30 6.3 0.5 6.0 3.6 0.08 6.0 3.6
(red soil) 30-60 6.5 0.7 5.0 3.5 0.05 3.0 2.R

60-90 6.6 0.6 5.0 3.2 0.06 3.0 3.1

Sugarcane field 0-30 6.6 0.5 4.0 3.5 0.16 3.0 3.6
(red soil)

Sugarcane field 0-30 7.5 1.4 5.0 7.7 0.26 6.0 5.4
(black soil)

Maize field 0-30 6.4 0.5 5.0 3.5 0.12 5.8 3.6
(red soil) 30-6() 6.4 0.4 4.0 2.8 0.08 3.6 3.5

Rice field 0-15 7.6 1.8 11.0 10.0 0.70 3.0 5.4
(mill si te) 15-30 6.5 1.3 8.0 8.5 0.25 6.0 5.4

Date of sampling: 5-6 July, 1998
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.ficld soil which had been irrigLlted since last five ymrs with effluent

showed very low EC values indicating negligible build-up of salt in the

rhizospherc. Analvsis of soil extract indicated the dominance of sodium

in black soil and both calcium and sodium in rice soil. Bicarbonate

ranged from :1.0 to 6.0 me I" and potassium was very less « 0.1 me I") in

red soil samples.

6.2.2 Effluent characteristics

Samples of effluent were collected on July 5, 1998 from three points

of the dicharge system and analvsed for pH, EC and other chemical

constituents (Table 34). Salinity was more (> 3.0 dSIW') in primary and

secondary overflow. Sodium and calcium + magnesium were present in

equal proportion. Chloride content was slightly more than bicarbonate

content in primary and secondary overflow.

Table 34. Effluent analysis report of Mis Coastal Papers Ltd.,
Rajahmundry, Andhra Pradesh

Date of Sample pH EC Ca'++Mg2+ Na+ K+ HCO,- CI-

sample No. & (dS/m)
Collection source (me/I]

05/07/9R Secondary 7.9 l.h 20.0 20.0 0.95 9.0 10.8

overflow

05/07/98 Primary 7.7 1.5 19.0 24.0 0.80 9.0 12.6

over flow

6.2.3 Effect of Treated Paper Mill Effluent on Yield of Crops

Field experiments were laid out at two sites for rice in an area of

1.:1 and 6.0 acres. SugarcLlne was also grown in an area of 6.0 acres with

three main treatments namely; 1. Effluent (100%), 2. Effluent and fresh
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water (1:1), and 3. Fresh water C10()'X,). Results of these experiments are

briefly described in the subsequent sections.

6.2.3.1 Rice

Experiment I - (Area 1.3 acre)

Yield and growth attributes of Swarna variety of rice as influenced

by effluent treatments during klmri] and rabi seasons of 1999-2000 and

2000-2001 are given in the Table 35 and Table 36, respectively.

It is evident that the yield attributes of the crop uiz. plant height,

number of panicles/hill, no. of grllins/ panicle and 1000 grains weight

were not adversely affected by effluent irrigation. Height of plants was

maximum (114.40 ern) with effluent in comparison to mixed (112.7 ern)

and fresh water (101.9 cm) treatments. However, mixed effluent (1:1)

induced maximum number of p<1J1icles/hill (14.8) and grains/panicle

(218.3) as compared to fresh water (l4.6 and 195.0) and effluent (13.6 and

Table 35. Effect of effluent from M/s Coastal Papers Limited,
Rajahmundry on yield and yield attributes of rice

Particular

Plant height (em)

No. of panicles/hill

No. of grains/ panicle

1000 grain wt (g)

Grain yield (q/ ha]

Biomass yield (q/ ha)

Experiment - I

K/lt1rif-1999 Rabi 1999-2000
(val'. Swarna) (var. Swarna)

Tl T2 T3 T1 T2 T3

10L9 112.7 114.4 122.3 122.3 124.1

14.6 14.H 1~.6 18.0 17.0 18.0

1lJ5.0 2IH.:l Il)4.~ 262.4 2hl).1 267.9

19.7 IH.H 21.4 28.0 .u.t 29.8

65.3 112.4 56.9 '19.5 51.0 58.5

133.1 131.1 129.2 99.5 107.1 123.4

Tl-Fresh water; T2-Frcsh water + Effluent (1:1); T3-Effluent





Table 36. Effect of effluent from Mis Coastal Papers Limited,
Rajahmundry on yield and yield attributes of rice

Particular
Experiment - I

Klltl rir-2000 Ralli 2000-2001
(va r, SWllrlla) (11111". Summa)

'1'1 '1'2 T3 T1 T2 T3

121.8 120.5 120.5 95.-l6 97.46 98.53

15.h I~.h 1-l.2 1-l.08 15.93 18.46

297.73 293.0 291.93 15.0 16.0 18.50

22.63 19.87 19.48 25.09 26.00 26.93

64.0 61.0 59.0 51.1 55.6 59.4

134.-1 133.9 135.8 104.9 113.9 117.8

Plant height (em)

No. of panicles/ hill

No. of grains/ panicle

1000 grain wt (g)

Grain yield (q/ha)

Biomass yield (q/ha)

Tl-Fresh water; T2-Fresh water + Effluent (1:1); T3-Effluent

194.3) treatments. But effluent was again effective in producing maximum

1000 grain weight (21.4 g). Grain yield was again maximum (65.3 q ha')

with fresh water followed by mixed (62.4 q ha') and effluent (56.9 q ha')

treatments. Similar trend was also observed in case of biomass yield.

Based on these results it is inferred that effluent irrigation had

some beneficial effect on yield attributing characteristics and hence

vegetative growth was very vigorous during khari] season that led to

lodging of plants and finally less yield with effluent irrigation. This point

is more clear when we examine the yield data of rice grown during the

rabi season. Here the effluent irrigation was very effective in enhancing

the growth and yield of rice crop. Crain yield was about 17% more with

effluent irrigation in comparison to fresh water. Similar increasing trend

was also observed with biological yield.

During kluiri] season of 2000, grain yield of rice was reduced by 8%

with effluent irrigation but the biomass yield was slightly improved.



However, there was not significant reduction in all growth attributing

characteristics of the rice crop with effluent irrigation and it may be

concluded that paper mill effluent was very beneficial for rabi rice rather

than kluiri] rice. Later trend was again observed in yield of rice during

2000-2001 rnhi season. Effluent irrigation had beneficial effect on all

growth attributing characteristics. Number of panicles/hill increased

from 14.1 (fresh water) to 18.5 with effluent irrigatioin. Similarly, number

of grain/ panicle and test weight were of higher magnitude with effluent

irrigation. Grain yield and biomass yields were 51.1 and 104.8 q ha' with

fresh water and 59.4 and 117.8 q ha' with effluent irrigation, respectively.

Therefore, effluent irrigation was beneficial in rabi rice as compared to

khori] rice.

Experiment II - (Area 1.0 acre)

Results of the second experiment (Table 37 and 38) with var.

Swarna in khnrif(1999 and 2000) and Mehsuri in rabi (2000-2001) were quite

similar to those of first experiment. During kliari] effluent irrigation had

some adverse effect on yield lind yield attributing characteristics of the

rice. Grain yield was 64.4 q ha' with fresh water as compared to 55.3 q

ha' with effluent irrigation indicating a decrease of about 14.5% due to

effluent irrigation. However, reduction in biomass yield was insignificant.

During rabi 2000-2001 effluent irrigation again proved slightly

better than fresh water irrigation. There was improvement in <111 growth

characteristics of the rice crop. Plant height, panicles/ hill, grains/ panicle

and test weight increased from 97.2 em, 17.0, 210 and 25.3 g with fresh

water to 98.7, 19.0, 218.4 and 26.1 g with effluent irrigatioin, respectively.
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Table 37. Effect of effluent from Mis Coastal Papers Limited,
Rajahmundry on yield and yield attributes of rice

Experiment - II
Particular

Kharif-1999 (var. Swarna)

Tl T2 T3

Plant height (em)
No. of grains I panicle

1000 grain wt (g)
Grain yield (q/ha)
Biomass yield (q/ha)

H11.9
14.6
19.7

65.3
133.1

112.7
14.8

18.8
62.4

131.1

114.4

13.6
21.4

56.9
129.2

T1-Fresh water; T2-Fresh water + Effluent (1:1); T3-Effluent

Table 38. Effect of effluent from Mis Coastal Papers Limited,
Rajahmundry on yield and yield attributes of rice

Experiment - II
Particular

K/lari/-1999-2000 Rabi 2000-2001
(val". Swart/a) (val'. Mehsuris

T1 '1'2 T3 T1 T2 T3

Plant height (em) 122.~0 122.~ 1]9.0 97.2 QH.3 9R.7

No. of panicles/hill 14.50 I~.O 12.3 17.0 18.0 19.0

No. of grains/ panicle 294.70 275.5 268.6 210.8 216.9 218.4

1000 grain wt (g) 22.60 ') ') " 22.3 25.3 25.7 26.1__ .,'J

Grain yield (q/ha) 64.4 56.6 55.3 53.7 54.3 55.8

Biomass yield (q/ha) 133.24 132.8 131.9 112.8 115.8 117.2

Tl-Fresh water; T2-Fresh water + Effluent (1:1); T3-Effluent

Grain yield and biomass yields also increased from 53.7 and 112.8 q ha

, to 55.8 and 117.2 q ha' with fresh water and effluent irrigation,

respectively. However, favourable effect of effluent irrigation on yield

and its attributes was of higher magnitude in first experiment than that in

the second experiment.



Based on the data of vield and vicld attributes of rice it is clear that
-' .'

effluent irrigation W8S not much beneficial during ktutri] season. This

growth behaviour was reflected in all the khari] seasons of 1999-2000 and

2000-2001.

6.2.3.2 Sugarcane

Two field experiments were laid out with the same effluent

treatments, Yield of cane and cane characteristics are given in Table 39

(First experiment Dec. 1999- Jan 2001) and Table 40 (Second experiment-

Dec. 1999 - Jan. 2001). It is clear from the table that effluent irrigation had

beneficial effect on height of sug<lrc<lne plants. Average height of effluent

irrigated plants was ::\18 cm 8S compared to ::\15 cm with fresh water.

Mixing of effluent had similar effect to that of pure effluent. Moreover,

other growth characters were also improved by effluent irrigation. Cane

yield with effluent irrigation was 4% more as compared to that with fresh

water treatment. Average cane yield was 79.0 and 81.0 and 82.0 t ha' with

fresh water, mixed effluent and 10orX) effluent, respectively.

Table 39. Effect of effluent from Mis Coastal Papers Limited,
Rajahmundry on sugarcane yield and other characters

Experiment - I
Particular

Fresh water Fresh water+
Effluent

Effluent

Plant height (em) ::\15.0

Girth of cane (em) -1..+

Leaf length (em) DO.O

Leaf width (em) 4.6

Cane yield (t/ha) 79.0

::\18.0

-1.5

-1::\2.0

4.6

81.0

:118.0

4.5

1::\2.0

4.7

82.0
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Effluent irrigated sugarcane at Rajahmundry



Results of second experiment (Table 40) also revealed the similar

trend. Average height of plants was 270 em in fresh water and mixed

treatment plots while it was 274 cm in effluent irrigated plots. Girth of the

plants was also more (4.H cm) with effluent as compared to fresh water

treatment (4.4 cm). Cane yield was HO.Dt ha' with effluent treatment as

compared to 76.2 t ha' with fresh water treatment indicating an increase

of more than 5% in cane yield.

Table 40. Effect of effluent from Mis Coastal Papers Limited,
Rajahmundry on sugarcane yield and other characters

Experiment - II
Particular

Fresh water Fresh water+
Effluent

Effluent

Plant height (ern)

Girth of cane (em)

Leaf length (ern)

Leaf width (em)

Cane yield (t/ha)

270.0

4.4

130.0

4.3

76.2

270.0

4.5
132.0

4.5
77.3

274.0

4.6

132.0

4.5
80.0

6.2.4 Quality of Sugarcane Juice

Quality of sugarcane juice as affected by effluent irrigation in terms

of its different ingredients is given in Table 41 and Table 42 analysed on

December 22, 2000 and January 14, 20m, respectively. Percentage of juice

in cane did not decrease due to effluent irrigation rather it improved

slightly in the later case. The most striking effect of effluent irrigation was

on enhanced purity ('XI) and CCS (sucrose) (%) of sugarcane irrigated with

effluent as compared to fresh water. Moreover, Pol (%) was also increased
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Table 41. Effect of effluent from Mis Coastal Papers Limited,
Rajahmundry on quality of sugarcane juice

Experiment - I (14 January 2001)
Particular

Fresh water Fresh water+ Effluent
Effluent

Juice (%) 63.73 64.22 64.22

Purity (%) R6.52 90.36 91.66

Pol. (%) 17.31 18.82 18.73

Brix (%) lLJ.OO 18.34 1LJ.R3

CSS (%) 10.29 12.20 12.10

Table 42. Effect of effluent from Mjs Coastal Papers Limited,
Rajahmundry on quality of sugarcane juice

Experiment - II (22 December, 2000)
Particular

Juice (%)

Purity (%)

Pol. (%)

Brix (%)

CCS (%)

Fresh water Fresh water+ Effluent
Effluent

63.64 62.12 63.07

R6.46 89.54 91.65

16.29 16.87 18.00

IH.H6 IS.H.J 19.6.J

10.79 11.44 -12.39

with effluent application particularly in second experiment. Effect of

mixed effluent irrigation (1:1) WJS of intermediate nature.

Based on these results, it is hereby concluded that quality of

sugarcane juice improves with effluent irrigation particuarly from purity

and sucrose content point of view.

.J.J



,6.2.5 Effect on Properties of Irrigated Soil

Effect of paper mill effluent on physico-chemical characteristics

and fertility status of irrigated soil after rice and sugarcane crops is shown

in Table 43 and 44, respectively. It is evident that pH of irrigated soil did

not change due to effluent irrigation. However, there h<1Sbeen some

addition of salts in soil profile and electrical conductivity of soil hence

showed some increasing trend. EC dSl1Y'of surface layer (0-15 ern) under
'\

rice crop increased from 0.6 dSIW' with fresh water to 1.5 dSm-' with

effluent irrigation. Sub-surface layers of 15-30 and 30-60 ern also exhibited

some amount of salt added through effluent application. Fertility

ingredients of organic carbon, available phosphorus and avaialble potash

were increased significantly on addition of effluent. Organic carbon

increased from 1.23% in fresh water irrigated soil to 1.86% in mixed

effluent irrigated and 1.71 % in effluent irrigated soil. Available phosphorus

and potash also increased from 13.5 and 432 kg ha in fresh water

irrigated soil to 20.25 and 861 kg ha' in effluent irrigated soil.

Similarly, changes in physico-chemical characteristics and fertility

status of the irrigated soil were again observed after sugarcane crop.

Conductivity of the soil increased from 0.72 dSm-' in fresh water irrigated

soil to 1.48 dSm-' in effluent irrigated plots. Fertility status was improved

due to effluent irrigation. Organic carbon. available phosphorus and

available potash in 0-15 cm soil layer were increased from 0.52%, 11.25 kg

ha' and 148 kg ha' in fresh water irrigated plots to 1.47%, 22.5 kg ha' and

177 kg ha' in effluent irrigated plots, respectively.
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Table 43. Effect of effluent from M/s Coastal Papers Limited,
Rajahmundry on physico-chemical characteristics and
fertility of the soil after rice (April 2001)

Treatment Soil pH EC Organic Available Available
depth (dSn1"') carbon Phosphorus Potash
(cm) ('1.,) (kglha) (kglha)

Fresh water 00-15 7.7 0.60 1.23 13.50 432

15-30 7.9 0.30 0.48 9.00 335

30-60 7.7 0.30 0.30 9.00 250

Fresh water + 00-15 7.5 1.20 '1.71 -18.25 612

Effluent 15-30 7.8 1.00 0.30 13.25 433

30-60 7.8 0.50 0.30 11.15 297

Effluent 00-15 7.7 1.50 1.86 20.25 861

15-30 7.8 1.20 0.45 14.50 505

30-60 7.9 0.92 0.30 9.50 335

Table 44. Effect of effluent from M/s Coastal Papers Limited,
Rajahmundry on physico-chemical characteristics and
fertility of the soil after sugarcane (January 2001)

Treatment Soil pH EC Organic Available Available
depth (dSn,-') carbon Phosphorus Potash

(cm) ('1.,) (kg/ha) (kg/ha)

Fresh water 00-15 6.6 (J.72 0.52 11.25 148

15-:>,() 7.0 0.36 0.36 9.0 136

30-60 7.4 0.16 0.36 4.50 128

Fresh water + 00-15 7.4 1.28 0.66 29.15 167

Effluent "15-30 7.5 0.75 0.48 13.50 157

30-60 7.8 0.18 0.36 9.00 148

Effluent 00-15 7.6 1.-i8 1.47 29.25 177

15-30 7.1 1.00 0.63 22.50 168

30-60 7.8 0.45 0.39 13.50 148
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6.3 Nath Pulp and Paper Mills Ltd., Aurangabad (M.S.)

Field experiments were also conducted to study the suitability of

effluent generated from Mj s Nath Pulp and Paper Mills Ltd. Aurangabad

(M.5.) for crop production: This experimental site was selected with the

aim of ascertaining effluent effect (l11 heavy textured vertisols under a

different set of agro-ecologicill zone. Climatic parameters of the area are

given in Table 45.

Table 45. Mean monthly weather parameters recorded at Water and
Land Management Institute, Aurangabad (MS)

Temperature Rclutivc
Month ("C) humidity Sun- Total Wind Evapora-

shine rainfall velocity tion
Max Min I (7H) II (14hr) hours (mm) (Km/hr) (mm/day)

January 29.2 13.0 68.2 39.3 9.32 1.35 2.13 4.1

February 31.6 14.4 60.3 30.9 9.90 1.99 2.09 5.1

March 35.3 18.3 51.4 23.4 9.88 4.47 2.13 6.9

April 38.0 21.4 47.5 22.4 9.74 3.47 2.40 8.7

May 39.7 23.6 56.0 23.1 9.71 15.76 4.02 9.9

June 35.0 22.8 78.0 45.2 6.54 143.88 4.57 7.2

J ulv 3.02 21.7 89.5 65.8 3.34 158.54 3.88 4.4

AU811st 29.0 20.8 90.6 70.1 :U6 141.29 3.20 3.6

September 30.2 20.h lJO.7 h2.1 5D 146.80 2.37 4.1

October 31.2 19.3 80.7 50.1> 7.81 106.08 2.08 4.7

November 30.0 16.1 (NO 46.0 8.62 21.98 2.06 4.8

December 28.6 11.9 67.6 4..U 5.38 11.39 2.09 4.1

-l7



6.3.1 Soil Characteristics

On July 7, 1998 soil samples were collected from the experimental

area No.1 and No.2 to study the initial physico-chemical characteristics

before the use of effluent for crop growing. Based on the percentage of

sand, silt and clay fractions (Table 46), the texture of surface (0~15ern) and

(15-30 em) in plot No.1 was sandy clay loam and of 30-60 em as sandy silt

loam. Soil texture of subsurface layer (60-90 ern) was coarser as sandy

Ioam. In plot No.2 surface soil texture (0-] 5 cm) was sandy clay loam but

a sandy layer (sandy loam to loamy sand) was present just below 15 cm

depth.

Table 46. Mechanical analysis of soil samples from fields of Mjs
Nath Pulp & Paper Mills Limited, Aurangabad (M.S.)

Location Depth Sand Silt Clay Texture
(cm) CYI, ) (%) (%)

Plot No.1 0-15 51.00 25.64 2336 Sandy clay loam

]5-30 48.72 23.92 26.36 Sandy clay loam

30-60 61.00 21.64 1736 Sandy silt loam

60-90 73.00 16.64 1031 Sandy loam

Plot No.2 0-15 56.80 22.84 20.36 Sandv clav loam

15-30 7J.OO 15.64 1136 Sandy loam

30-60 81.00 ]4.64 436 Loamy sand

60-90 84.00 12.64 336 Loamy sand

Plot No.1: Eucalyptus Plantation; Plot No.2: NSF Project Area.
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· 6.3.2 Effluent Quality

Quality of the treated effluent in terms of pH, EC dSm-l, total

dissolved solids (TDS) and suspended solid (SS) is given in Table 47. It

is clear that pH value of the effluent did not change significantly over a

period of 7 to S months starting from July 2000 to Feb. 2001 with its

maximum value of 7.4 in the month of January 2001. Total salt

concentration (EC dSnyl) ranged from 1.24 to 1.71 dSm-1 during the months

of July to December indicating fairly safe water quality class from crops

irrigation point of view. Total dissolved solid (TDS) ranged from 284 to

769 mg 1-1 during the month of [uy 2000 to Feb. 2001 indicating variable

quality of inputs and degree of its effluent treatment. From irrigation

point of view TDS concentration is within the safe limits and not likely to

affect either the crops or irrigated soil adversely. Amount of suspended

solids varied from 63.3 mg I-I to 96.0 mg l+ over a period of 7-8 months.

6.3.3.1 Effect of Effluent Irrigation on Growth and Yield of Crops

Table 47. Analysis of effluent from Mis Nath Pulp and Paper Mills
Ltd. Aurangabad (MS)

pH EC [dSm"] T.O.S. (mg 1-1) SS (mg 1-1)

Month
Average No. Average No. Average No. Average No.

value of value of value of value of

samples samples samples samples

'July 2000 7.22 lG 284 16 61..3 16

August 2000 7.2"1 2G 1.2-l 7 308 26 75.5 25

September 2000 7.2-l 13 lAS 4 318 12 88 12

October 2000 7.35 II 1.40 5 382 10 96 10

November 2000 7.20 17 415 17 92 16

December 2000 7AO 15 1.71 1 598 15 96 15

January 2001 7.50 25 567 25 91 25

February 2001 7.20 9 769 9 86 9
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.6.3.3.1 Maize

Effect of treated effluent on yield and other yield attributes of

maize (Var. Nath Samrat-Tl Z) is shown in Table 48. It is evident that the

treated effluent did not affect any of the growth characteristics adversely,

thereby their values were nearly the same under all the three treatments.

Average height of the plants was 209.3, 208.9 and 207.3 em under fresh

water, mixed and pure effluent (100%) irrigated plots, respectively.

Similarly, other growth parameters like stem girth, number of leaves and

their length/width, size and girth of cob did not change significantly on

using effluent for irrigation. Grain yield and biomass yield of the crop

was 24.5, 24.8, 24.0 and 60.3, 60.8 and 58.9 q ha' under fresh water, mixed

effluent and 100% effluent, respectively.

Based on these results it is hereby concluded that irrigation with

Table 48. Effect of effluent from Mis Nath Pulp and Paper Mills Ltd.,
Aurangabad on growth and yield of maize iKharif, 2000)

Particular
Treatment

Fresh water Fresh water +
effluent

Effluent

Plant height (em)
Girth of plants (em)
No. of leaves/plant
Length of leaf (em)
Width of leaf (em)
Length of cob (ern)
Girth of cob (ern)

Grain yield (q/ha)
Biomass yield (q/ha)

209.3

Y.5
Y.O

75.5

8.6
24.0
16.4
24.5

60.3

208.9
10.6
9.0

76.4
8.2

23.6
16.5
24.8
60.8

207.3
]1.3

8.0
74.8
8.8

23.8

16.0

24.0
58.4

50



Effluent irrigated maize at Aurangabad (M.S)



treated effluent did not affect the yield and other characteristics of maize

adversely. Yield and other growth characteristics of maize crop were at

par in effluent and fresh water irrigated plots.

6.3.3.2 Sorghum

Yield and yield attributing characteristics of sorghum (var. Amar

Nath-101) as influenced by fresh water, mixed effluent (1:1) and effluent

alone (100%) are given in Table 49. it is clear from the table that height

. of the sorghum plants slightly increased in effluent irrigated plots (187.3

cm) as compared to that in fresh water irrigated ones (179.5 cm). However,

other growth characteristics like no. of leaves/ plant, girth of plants,

length and girth of ear head of the plants were not significantly different

in both the plots. Grain yield and biomass yield were 21.0, 21.2, 20.5 and

68.5, 72.2 and 67.8 q ha' in fresh water, mixed effluent and 100% effluent

irrigated plots, respectively. Grain yield and biomass yield were thus

Table 49. Effect of effluent from Mjs Nath Pulp and Paper Mills Ltd.,
Aurangabad on growth and yield of sorghum during Kharif,
2000

Treatment
Particular

Fresh water Fresh water +
effluent

Effluent

Plant height (cm) 179.5

Girth of plants (em) 9.2

No. of leaves/ plant 9.7

Length of carhead (cm) 30.7

Girth of earhead (ern) 11.4

Grain yield (q/ha) 21.0

Biomass yield (q/ha) 68.5

185.8

9.2

9.5

32.5

12.5

21.2

72.2

]87.3

9.1

9.5

32.2

10.9

20.5

67.8
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higher due to mixed effluent (1:1) irrigation than others. Results of

sorghum yields also indicated the parity between fresh water and effluent

irrigations.

6.3.3.3 Cotton

Effect of effluent irrigation on plant growth characteristics and seed

cotton yield (var. Rajat) is given in Table SO. It is clear from the data that

the results are similar to those reported for maize and sorghum crops. All

the plant parameters namely plant height, number of branches, number of

bolls/ plant were not affected adversely with effluent irrigation. Seed

cotton yield and biomass yield were lS.8, 16.0, 16.3, and 78.4, 79.3 and

76.5 q ha:' under fresh water, mixed effluent and pure effluent (100%),

respectively. Based on these observations it may be concluded that

treated paper mill effluent did not cause any harmful effect on cotton

crop.

6.3.3.4 Mustard

Table 50. Effect of effluent from Mis Nath Pulp and Paper Mills Ltd.,
Aurangabad on growth and yield of cotton (Kharif,
2000-2001)

Treatment
Particular

Fresh water Fresh water +
effluent

Effluent

Plant height (cm)
No. of branches/plant
No. of squares/ plant
Seed cotton yield (q/ha)

Biomass yield (q/ha)

16S.S
17.S
"14.5

"IS.8
78.4

168.4

18.6
14.8

16.0
79.2

164.5
17.7
14.4
16.3

76.S

Note: Four Pickings made on 20 o.i.. l) Nov., 19 Dec., 2000 and Jan I L 200t.
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Yield and growth characteristics of mustard (var. Nath Sana 212)

crop as influenced by effluent irrigation are given in Table 51. It is clear

that behaviour of growth parameters was similar to other crops. Plant

height, no. of primary and secondary branches and number of pods/ plant

were not affected appreciably due to effluent irrigation. However,

relatively taller plants with more number of primary and secondary

branches were obtained with mixed effluent. Total number of pods was

highest (513.2) in mixed effluent irrigated plots as compared to fresh

water (487.6) and effluent (499.0) irrigated plots. Grain yield and biomass

yield of mustard was 12.0, 12.54, 12.0 and 62.5, 64.2 and 63.5 q ha' under

fresh water, mixed effluent and 100% effluent treatment, respectively.

Based on these results it is again inferred that effluent irrigation is not

harmful to growth of mustard crop.

6.3.3.4 Wlleat

Table 51. Effect of effluent from Mis Nath Pulp and Paper Mills Ltd.,
Aurangabad on Growth and yje ld of mustard (Rabi,
1999-2000 & 2000-2001)

Treatment

Fresh water Fresh water + Effluent
effluent

1999- 2000- 1999- 2000- 1999- 2000-

2000 2001 2000 2001 2000 2001

H2 129.7 93 1351 H2 129.8

6.1 11.2 6.5 7.4 5.7 7.6

15B 35.5 16.2 36.3 13.2 34.8

257 -lH7.6 27-1- 513.2 219 499.0

4.4 12.0 4.8 12.5 3.7 12.0

14.8 62.5 15.6 64.2 13.0 63.5

Particular

Plant height (cm)

No. of primary branches/
plant

No. of sub-branches/
plant

No. of pods/ plant

Grain yield (q/ha)

Biomass yield (q/ha)

Note: Sowing in 1999-2000 was delayed for about one month
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Growth characteristics of wheat crop (var. Nath wheat) along with

grain and biomass yield under all the treatments are given in Table 52. It

is clear that the height of plants did not differ significantly with all the

three treatments though it was slightly higher with mixed effluent as

compared to other treatments. Total number of tillers/ plant was slightly

more for mixed effluent in first year, but with 100% effluent in second

year. Mixed effluent (1:1) was effective as it caused maximum height of

the plants and maximum effective tillers and 1000grains weight. Average

grain yield and biomass yield were highest under mixed irrigation

followed by fresh water and 100% effluent, respectively. But variations

between latter two were not much.

Based on these results it m<l)'be concluded that effluent irrigation

Table 52. Effect of Effluent from M/s Nath Pulp and Paper Mills
Ltd., Aurangabad on Growth and Yield of Wheat (Rabi,
1999-2000 & 2000-2001)

Treatment
Particular

Fresh water Fresh water + Effluent
effluent

1999- 2000- 1999- 2000- 1999- 2000-
2000 2001 2000 2001 2000 2001

Plant height (em) 61.1 IOS.2 62.9 107.5 62.6 104.6

No. of tillers/ plant 9.3 H.S 10.2 9.S 10.1 10.8

No. of heads/plant S.3 3.5 5.9 3.6 5.6 3.4

No. of heads/ m2 1RO.S 182.8 179.4

1000-grain weight (g) SR.R ..tR.S 5R.6 49.2 53.2 48.8

Grain yield (q/ha) 29.6 39.4 32.5 40.0 24.1 39.5

Biomass yield (q/ha) 70.3 79.2 70.8 81.5 69.7 78.4

Note: Sowing in 1999-2000 was delayed by one month.
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did not induce any significant adverse effect either on growth or on yield

of the crops under this investigation. However, mixed effluent invariably

proved better.

6.3.4 Effect of Effluent on Eucalyptus

Eucalyptus plantation has been raised for judging the irrigation

suitability of the effluent. Observations on girth of the plants at 1.5 m

height were recorded and are presented in the Table 53. Based on the

average girth of the five plants in 5 random rows, it is concluded that in

most of the plants effluent irrigation has induced better growth thereby

more girth as compared to fresh water treatment. Overall, avcrage girth

of the effluent irrigated plants W(lS 11.2 cm against 9.7 em of plants

irrigated with fresh water.

Table 53. Effect of effluent from Mis. Nath Pulp and Paper Mill Ltd.
on girth of Eucalyptus plants at 1.5 m height

Average girth (em)
No. of row

Fresh water Effluent

1. 11.6 14.1

2. 9.6 13.0

3. '10.3 11.8

4. ~~ 9.3.J

5. ~.6 7.S

Averaze 9.7 J 1.2
h
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Effluent irrigated eucalyptus at Aurangabad (M.S)



6.3.5 Effect of Irrigation on the Soil

Salinity build-up in irrigated soil on account of effluent irrigation

in wheat crop during 2000-2001 is shown in Table 54. It is clear from the

table that the total salt build up in irrigated soil in terms of EC dSllyl is

increased due to effluent irrigation. However, plot having freshwater

irrigation also showed higher salinitv (1.6 dSIWI) in sub-surface layers (15-

30 em). It is possibly displacement of salts downward due to freshwater

irrigation. Mixed irrigation induced similar magnitude of salinity in both

the layers. In effluent irrigated plot salinity was restricted to surface layer

mainly. Here presence of salts in tubcwell irrigated plots might be due to

previous accumulation because of disposal of effluents in this part of the

field. This is further reflected in the analvsis of soil extract of this field as

concentration of cations of calcium, magnesium, sodium and potassium

was nearly of the same magnitude •.lS that in mixed water and effluent

Table 54. Effect of effluent from M/s Nath Pulp and Paper Mills
Limited on chemical properties of the soil after wheat
(2000-2001)

Treatment Depth EC Ca2+ Mg2+ Na+ K+ HCQ- CI-
J

(cm) (dS/m) (mel")

Fresh water 0-15 O.LJ3 3.0 1.0 9.6 0.09 8.0 10.0

15-30 1.60 3.0 2.0 12.2 0.14 12.0 14.0

Fresh water + 0-15 1.20 4.0 2.0 10.9 0.09 12.0 10.D

Effluent 15-30 "1.14 5.0 0.5 10.3 0.09 8.0 10.0

Effluent 0-15 1.13 3.0 "1.5 10.6 0.11 10.0 8.0

15-30 0.99 4.0 1.0 10.5 0.10 10.0 12.0

30-45 0.95 2.0 1.0 9.3 0.03 6.0 10.0

45-60 0.83 2.0 1.0 9.0 0.02 4.0 10.0

t'\Cl



treated plots. Sodium was 9.6 and 12.2 mer' in 0-15 and 15-30 cm soil

layers in fresh water irrigated plots and nearly similar concentrations was

observed in mixed effluent and pure ClOO%)effluent irrigated plots.

Concentration of anions (chloride and bicarbonate) was also the same in

effluent and fresh water irrigated plots.

Salt build up in irrigated plots after the harvest of mustard crops

is shown in Table 55. Pattern of salt build up in surface (0-15 em) and

sub-surface layers (15-30 em) was similar to that in wheat field. However,

EC values particularly in surface layer (0-15 cm) were comparatively

higher in effluent and mixed effluent irrigated plots. Magnitude of salt

build up in all three situations indicates that this plot has been the lagoon

for storing black liquor or effluent for sometime. EC was 0.86, 1.2 and 1.2

dSlW' in 0-15 cm soil layer on irrigation with fresh water, mixed and

effluent, respectively. Distribution of cations namely, calcium, magnesium,

sodium and potassium was nearly similar in the plots of all the three

treatments.

Table 55. Effect of effluent from Mis Nath Pulp and Paper Mills
Limited on chemical properties of the soil after mustard
(2000-2001)

Treatment Depth EC Ca2+ Mg2+ Na+ K+ HCQ- CI-
1

(cm) (dS/m) (mel')

Fresh water 0-15 0.86 2.0 1.0 8.8 0.2 12.0 12.0

15-30 0.82 3.0 2.0 9.1 0.2 8.0 8.0

Fresh water+ 0-15 1.2 3.0 1.0 10.0 0.2 12.0 10.0

Effluent 15-30 0.9 2.0 2.0 9.0 0.1 8.0 10.0

Effluent 0-15 1.2 3.0 2.0 11.0 0.2 10.0 10.0

15-30 1.0 2.0 1.0 9.5 0.1 10.0 10.0

30-45 0.8 5.0 1.0 8.3 0.1 6.0 8.0

45-60 0.7 2.0 2.0 7.9 0.1 R.O 8.0
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7. CONCLUSIONS

• Treated p<.lper mill effluent is usually of low to moderate

salinitv with medium level of sodium (SAR) and very low

concentration of hcavv metals.

• There was no SigllitiClllt adverse effect of effluent on grain and

biomass yield (If most of the crops such as rice, maize, mustard,

wheat and sugilrCane.

• On the other hand, there was some favourable effect on yield of

crops particul.ulv with mixed effluent.

• Quality of the produce such as sugarcane JUIce was slightly

improved with effluent irrigation.

• Content of hcavv metals ill grain and straw of the rice and

maize plant was very low.

• Physico-chemical characteristics of the effluent irrigated soil

were not advcrsclv affected during the period of experimentation.

• Soil salinity lind sodicitv (SAR) increased to some extent but

remained below the critical limits.

• Physical properties of the soil such as bulk density and hydraulic

conductivitv were slight", improved with effluent irrigation.

• Pcrfilitv status of the irrigated soil in terms of organic carbon,
-' . ( L

available phosphorus aru.l potash W,lS improved due to effluent

irrigation



,'Itt

• Elfluun! irrig<1tioll held Illl dderiorClting effect (Ill qualitv of the

grouml\\,<1tl'r at rvl/s. Sikb Papers Limited, Shamli (U.P.).

8. FUTURE RESEARCH

• Sigllifilant findings 01 this invl'stigation arc to be validated for

,1 further period of 2 to I, vcars in order to recommend the

tcrhnolos;v for farmers' usc., .

• lmp rovurncnt in physico-cill'lllical characteristics of the irrigated

llrg,lIllC matter Ill,ldilll',S and nut ritional requirement of crops.

• Studies should be e:\tclllkd to vegetable, garden and forest

• Usag« tl'chnolllg}' Io r lTl'iltl'd effluent needs to be standardized.
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