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Abstract

Impact of the Bangshi River water quality on irrigated soil, plant growth and yield of
BRRI Dhan 29 was investigated during the 2007-2008 boro season. The study was
conducted by selecting two study sites, one is pollution affected Kulla union (Site-lor
polluted site) at the downstream part and the other is pollution free Sombhag union
(Site-II or control site) at the upstream part along the Bangshi River of Dhamrai
upazila. A total of three irrigation water samples, two from the Site-I eaeh at the
vegetative and reproductive stages and one from the Site-TIat the reproductive stage of
rice, were collected following standard methods and techniques. Two irrigated soil
samples from the Site-I and one sample from the Site-I! were also collected from the
plough depth on the same day ofwatcr sample collection following standard guidelines.
Water and soil samples were analyzed on spots and in laboratories ofInstitute of Water
and Flood Management (IWFM), Bangladesh University of Engineering and
Technology (BUET); Soil Resource Development lnstitute (SRDT), Ministry of
Agriculture; and Bangladesh Council of Scientific and Industrial Research (BCSIR),
Ministry of Science and Information and Communication Technology; Dhaka, by using
standard methods and instruments. A number of growth and yield parameters including
quality and price of rice from both sites were collected through measurements in the
rice fields and surveys at farmers' households. The results of the analysis revealed that
the values of pH, EC, DO, Cl, NI-'4-N, SAR and most heavy metals, such as Cu, Fe,
Mil, Pb, Cd, Ni and Cr except for Zn and As, exceeded the safe limits for irrigation at
the polluted site. However, the parameters were within the safe limits for irrigation at
the control site. The soils of both sites were silty clay loam, slightly acidie and non-
saline. The contents of OM were medium in both sites, whereas CEC was high in the
polluted site and medium in the control site The contents ofsoi! nutrient ofthe polluted
site were found to be higher than those of the control site, except for B The average
concentrations of heavy metals in soils were found to be significantly higher at the Site-
I than those of the Site-H. Though the nutrient content of soil was higher at the polluted
site and the fanning practices were similar at both sites, the growth and yield
parameters of rice were adversely affected at the polluted site. The average plant
height, root length, panicle length, number of tillers per plant, number of grains per
panicle, weight of 1000 grains, unhusked and husked grain yield, and straw yield were
about 22, 33, 24, 42, 45, 15, 30 and 42, and 31% lower but the weights of
unfilled/damaged grains and rice husks were about 108and 37% higher at the polluted
site than those of the control site. These might be due to the combined adverse effect of
high salinity and alkaline nature of irrigation water, higher concentrations of heavy
metals in both water and soil, and the excessive concentration of~-N in water at the
polluted site. The rice grains were of poor quality, i.e. gray in color and small in size in
unhuskcd, husked and boiled conditions, and bitter taste in boiled condition at the
polluted site. The quality of rice grains ill all conditions was found to be better in color,
size and taste at the control site. The poor quality of rice at the polluted site were likely
due to the adverse effects of irrigation water containing excessive salts and heavy
metals on nutrient uptake and heavy metal accumulation in rice grains. The continuous
consumption of heavy metal accumulated rice grains could greatly increase the health
risks of the farmers in future. Both the reduction in yield and the poor quality of rice at
the polluted site resulted in lower farm income of about 34% and 50''10 per hectare in
unhusked and husked conditions, respectively, compared to those at the control site.
However, the fanners of the polluted site are not shifting to groundwater irrigation due
to the traditional practice, financial viability and social acceptability.
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Chapter I

INTRODUCTION

1.1 Background and Prestnt Stale of the Problem

Bangladesh is an agrarian and a riverine country The overall economic performance of

this country depends on agriculture which contributes 21. I 1% to Gro,s Domestic

Product, of which 72% is contributed by crop sector (MoF, 2007), Rice covers about

70% of the total cropped area in the country (DBS, 2001), At present, rice alone

constitutes about 92% of the total food grains produced annually in the country The

total land area of Bangladesh is 14,39 million hectares (MIla) of which 8,42 Mha are

now under cultivation, Out of the total cultivable land, only 5.4 Mha (64%) is now

under irrigation (MoF, 2007), However, rice is the major user of irrigation water

covering 82% of the total irrigated area (Rashid et aI., 2005)

Groundwater and surface water are the main sources of irrigation water in Bangladesh.

The contribution of groundwater irrigation to total irrigated area is 80 60% while that of

the surfacewater is 19.40% (BADC, 2007a). However, the river systems of Bangladesh

contribute to agricultural development by supplying irrigation water particularly during

the dry season (November-May). The quality of river water is indispensable because

irrigation with poor quality water has detrimental effect on irrigated soil, plant growth

and yield of rice.

However, the river water, used by the people of roral Bangladesh for irrigation and

other purposes during the dry season, is now vulnerable to pollution due to seasonal

variation of river flow, increased human interventions from urbanization and

industrialization, over use of chemical fertilizers and pesticides in irrigated farms, etc.

Concerns of river water quality deterioration are gradually emerging, particularly in the

North-Central (NC) part of the country, due to the disposal of mostly untreated

industrial effluents to the rivers, About half of the total industrial establishments are

located in this part of the country, of which about one-third are textiles, apparels and

tanneries (WARPO, 2000), Moreover, about 65% of the total chemica!, plastic and

petroleum industries are also located in this part of the country. These industries

produce a lot of wastewater (about 60,000 mJ per day from textiles only) which is
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discharged directly to the surrouoding lands and water bodies without considering their

environmental and ecological ramifications An estimated 3-4 million people are direct

sufferers of this poor water quality (DoE and BEMP, 2004a). The land and aquatic

ecosystems as well as the livelihoods of the local community are now under threats.

The extreme situation occurs at Konaban and Sayar areas ncar the capital city of

Dhaka

The Bangshi River, a part of the Bangshi- Turag system in the NC region of Bangladesh

was once an important source of water for drinking and domestic uses, tlsheties,

agriculture, etc. However, the fiver is now vulnerable to increased pollution during the

dry season ITom indUstrial and municipal wastewater mostly from the Dhaka Export

Processing Zone (DEPZ) and other planned and unplanned industrial clusters in and

around Savar area. About 71% of textile industries in Savar area produce untreated

effluents of about 4,800 ml per day which are finally drained to the Bangshi River

through local canals (DoE and BEMP, 2004a). Furthermore, the dry season flow of the

river has decreased because of siltation, increased upstream withdrawal, etc., which

have increased the pollution intensity and decrcased the self cleaning capability.

The water quality of the BangshiRiver has so degraded that fertility and productivity of

the land irrigated with this water have gradually decreased, and mortality of ricc

seedlings and rotting of roots, etc, have increased as revealed from the discussion with

the local farmers Though lhe cost of irrigation with surfacewater was lower and return

was higher than those of groundwater, some cultivators have now shifted from surface

water irrigation to groundwater irrigation because of lower rice yield. The atrected

cultivators informed that yield of rice are substantially lower in the fields irrigated with

polluted river water comparedwith that of unpolluted water of the same river. Though

the surface water becomes scarce during the dry season and the cost of irrigation with

groundwater is high, many local cultivators of Dhamrai upazila (small administrative

unit) located at the nortb-western part of Dhaka city still use this polluted water for rice

cultivatioll, But this water has resulted in severe losses to traditiOllal agriculture in

tenns of soil fertility, plant growth and yield of rice. Irrigation water, polluted by

industrial wastewater, has detrimental effects on accumulation of heavy metals in soil,

nutrient uptake, and growth and yield performance of rice (EI-Sharkawi et al., 2004;

Begum, 2006; Rahman, 2006; Reddy and Behera, 2006; Abbas et a/., 2007).
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Although some studies have been conducted on nearby nvers of the Buriganga,

Shitalakhya, Dhaleshwari, Balu, Turag and Tong! Khal regarding pollution and its

impact (DoE and BEW, 2004b; Rahman and Hossain, 2008), no study has so far been

conducted on the Bangshi River, Furthermore, none of these studies investigated the

impact of polluted water on soil quality and rice yield. So, it is essential to evaluate the

consequences of degraded water quality of the Bangshi River on irrigated soil and rice

yield for sustainable soil environment and rice production during the dry season.

1.2 Objeetives of the Study

The study has been carried out to investigate the impact of water quality oflhe Bangshi

River on irrigated soil, plant growth and yield ofBRRI Dhan 29 during the 2007-2008

boro season. The specific objectives are

1 To assess the status of water quality of the Bangshi River and the quality ofthe

soil irrigated with this river water;

2. To estimate the changes in the growth and yield parameters of rice due to the

use of the Bangshi water; and

3, To find out the causes of the changes in the growth and yield parameters of rice

irrigated with this river water.

The study would reveal the effect of contaminated irrigation water on soil productivity

and HYV rice yield It would also be helpful in sustainable river basin planning

particularly during the dry season.

1.3 Limitations ofthe Study

The study was conducted under a budgetary constraint which led to some further

specific limitations, The specific limitations of the study were as follows

a. The study was conducted only in the 2007-2008 bora season. As the water

qualrty status of any river and its impact on rice yield are variable over time or

season, consideration of more than a season in subsequent years would have

been more representative.

b. Irrigation water and irrigated soil samples were collected only during the

vegetative and reproductive stages of rice. Collection of water and soil samples (
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at the beginning of the season (vegetative stage), middle of the season

(reproductive stage) and end of the season (ripening stage) would have been

more representative.

c Water sample was collected from only a sampling location at a selected depth

from each study reach on the Bangshi River. As the water quality status of any

reach on the river is not same in different locations at different depths of water

in same time, collection of water sample from different sampling locations at

different depths of water in each of the growing seasons of rice would have

been more representative for that reach of the river,

d, Composite soil sample of 9 sampling plols in the rice field at a selected depth

was collected from each site instead of the plot-wise separate soil sample

collection As the effect of irrigation with polluted water on soil quality is

variable, collection of the separate soil sample from different plots of the same

rice field at different soil depths would have been more representative.

e. Some parameters, such as BOD, COD, COJ, RCOJ, SO., PO" NO" K, B, Mo,

Co, etc., in water and Na, Cl, Mo, Co, etc in soil were not determined in this

study, Analysis of these parameters could lead to 'a more representative result

for both water and soil qualities,

f. Effects of irrigation with polluted water containing salts and heavy metals on

nutrient uptake and accumulation of heavy metals in growth and yield

parameters of rice ""ere not investigated in this study.

1.4 Organilation of the Thesis

The thesis contains five chapters, The organization of the chapters is as follows:

Chapter J: The introductory aspects like background and present state of the problem,

objectives of the study, limitations of the study and how the thesis is organized are

discussed in this chapter, This chapter also reveals the research problems on the basis

of the real context of the study area,

Chapter TJ: The available literatures related to the study have been reviewed in this

chapter. It briefly describes the influences of mostly untreated industrial effluents on

receiving water body which is the important source of irrigation. This chapter also
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provides an overview of the impact of water quality degraded mostly by untreated

industrial effluents on irrigated soil, plant growth and yield of rice.

Chapter ill: This chapter outlines the brief descriptionof the study area and the

experimental aspecls. The experimental aspects of the study include different materials

and methods which were followed in this study to achieve the intended objectives

Chapter N: This chapter describes in detail the results of the analysis of water quality

of the Bangshi River and the quality of soil irrigated with this river water It presents

the changes in the growth and yield parameters of rice. This chapter discusses in detail

the causes of changes in the growth and yield parameters of ricc. It also briefly

describes the management aspects of rice production in the study area.

Chapter V: It draws some conclusions on the basis of findings of the stlldy. This

chapter also makes some recommendations for further study.



Chapter II

LITERATURE REVIEW

2.1 Water Quality in Relation to Industrial Effluents

2.1.1 Studies in Bangladesh

FAP8A (1991) carried out a study to identify the status of water quality ofthe Bangshi

River Water samples were collected from the downstream part on the river during

January to February (dry season) and July to August (rainy season) in 1991. It was

found that pH, EC, DO and NH4~Nof the river water were 7.7, 424 jlS/cm, 8 °mg/I
and 06 mg/I, respectively, during the dry season, and they were 7.0, 110 ).IS/em,5,8

rug/land 0.9 mg/l, respectively, during the rainy season. The results of the study reveal

that water quality of the Bangshi River was good and within the safe limits for

irrigation during the both seasons in 1991

Zereen et al. (1999) carried out a study during 1989-1990 to obtain information about

the presence and concentration of some inorganic pollutants in the Padma River water

and bed sediment>, They found that the variation of pH, Ca, Na and Cr of water

samples were 6.7 to 830, 17.11 to 48.37 ppm, 17,51 to 20,09 ppm and 2.80 to 7.00

ppm, respectively, It was also reported that the mean concentration ofPb in the Padma

River water was more than 1 ppm. Therefore, the river was vulnerable to Pb and Cr

pollution exacerbated by upstream industrial discharges,

A study was undertaken to see the effects of industrial emnents on surrounding water

bodies in Kaliakoir of Gazipur district (MACH, 2001). It was found that the

concentration of DO varied from 0,6 to 1,2 mg/I in water of the Mokesh bcel

ecosystem The concentrations of Zn, Pb, Cd and Cr of water samples, collected from

the Harinhata culvert on the Ratanpur canal, were 0.512, ° 386, 0.049 and 0.416 mg/I,
respectively, The results from the data analysis show that water quality of the Mokesh

beel and Ratanpur canal was adversely affected by mostly untreated industrial emuents

in terms of DO levels and heavy metal concentrations, respectively.
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DoE and HEMP (2004a) conducted a sample study to investigate the effect of textile

industrial effluents, mostly originated from the Madhobdi area ofNarsingdi district, on

water quality of the Old Brahmaputra and Meghna Rivers during January 2003 to

February 2004. The results of the study are shown in Table 2, I. It is clearly seen from

the table that the effluents from the various textile processes tremendously degraded the

water quality afbolh rivers.

Table 2.1: Water quality status (average) of the Old Brahmaputra and M<'ghna

Rivers during January 2003 to February 2004

Parameters Unit Old Brahmaputra River Mcghna River

pH ]0, I 8.6

EC dS/m 223 0.36

DO mgll 14 3.8
CI mgll 564 419

NRJ-N mw1 9.2 0.5

C" mg/l 21 14
Fo mgll 8.7 9.3
C, mgll 0,06 003

Rahman (2006) undertook a study to examine the effects of heavy metal contaminated

water and soil on rice crop in the industrial areas As a part of the work, water samples

from the Buriganga and Turag Rivers were collected during the months of March and

April in the years onooo and 2001. The results of the waler sample analysis are sbown

in Table 2.2. Tbe study reveals tbat the water quality of both rivers was adversely

affected by industrial effluents in terms of DO levels and heavy metal concentrations.

An investigation was carried out to assess the water and soil pollution of Maona and

Moucbak industrial areas of Gazipur district of Bangladesh and its effect on rice and

red amaranth during 1998-1999 (Begum, 2006). Water samples comprising surface

water (pond, bill and Turag River) and groundwater (hand and deep tube weUs) were

collected during Marcb and April of 1998 and 1999, The results oftbe water sample

analysis are shown in Table 2.3. Jl is seen from tbe results that industrial effluents

,
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tremendously degraded the quality of surface and groundwater in terms of heavy metal

pollution in Maona and Mouchak industrial areas ofGazipur district

Table 2.2: Water quality status of the Buriganga and Turag Rivers

Parameters Unit Buriganga River Tung River

2000 2001 2000 2001

pH 724-7.78 7.30-7.87 7,02.8.10 7,11-8.01

EC ",Slcm 223-1902 236-1942 198-992 205-973

DO mg/I 0.2-7.6 0.3-7.9 0,6-9,4 03-9,3

N. mdl 0.44-6,3 1 0.47.598 0.27-3,71 0,303.74

C, mol 0.88-6.12 092-6,20 0,62-3.1] 0.65-3.14

Mg mdl 1.07-801 Lli_7,88 0,80-3 72 085-3,81

C, mg/l 0.02-0.12 0.Q3-0 14 0.01_0,23 0.02026

F, mg/I 0,01-0.23 0.01-0.26 0,00-0.09 000-0.10

M, mg/I 0,02023 002-0,26 0.01-030 0.00-0,28

Z, mg/I 121-1.62 1.26 1.68 000-0.28 0,01 0.33

Pb mg/I 0,01 729 0.02-7.42 0.Q1 035 0.01-0.39

Cd mgll 0,001-00]6 0.002-0,019 0.000-0.006 0,001-0.008

Ni mg/I 001-3,62 0.02-3.80 000-0,26 000.0,28

C, mg/I 0,00 112.27 0.00-120.59 0.00022 0.00-024

A" mg/I 0.016.0.032 0,020-0.039 0.001-0.121 0.001 0.129

A study was conducted on the Chattak to Sunamganj reach of the Surma River to assess

the status of water quality through analysis of some selected water quality parameters

during the dry and monsoon periods (Alam el aI., 2007). This reach of the river is

polluted by mostly untreated effluents of paper mill and cement factory It was found

that the mean values of pH and DO were 6,13 and 5.52 mgll, respectively, during the

dry period and they were 6,09 and 5.72 mgll during the monsoon period, The EC values

of water samples varied from 759 to 850 !-IS/emduring the dry period and 100 to 120

during the monsoon period. The heavy metal concentrations of water samples during

the monsoon and dry periods ranged, respectively, from 0.90 to 3.16 and 0.28 to 0.45

ppm Fe; 13 (constant) and 13 (constant) ppb Pb; 36 to 38 and 38 to 40 ppb Cr; 2.59 to

6.77 and 843.8 to 1443,1 ppb Zn; and 4,2 (constant) and 4,2 (constant) ppb Cu, The

•,
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results of the study reveal that the water was certainly unfit for drinking purpose

without any form of treat menI, but it was quite acceptable for irrigatiou.

Table 2.3: Water quality status at Mauna and Mouchak industrial areas of

Gazipur district

Parameters Unit 1998 1999

pH 6.00-8 78 6,01 8,83

EC ~S/cm 224-1761 225 1781

DO mgil 0,0 9.8 0,09.8

N, mgll 28,36254.01 28.05-241.92

C, mgll 12,16-65,10 12,1869.29

Mg mgll 4.42-28.82 4,50-29.04

CI mgll 1.6-219.2 1.0-228.8

Co mgll 0,01-1.46 om 1.48

Fe mgll 0,81-12,0 0,82 12.4

M, mgll 0.01-2.83 001-2.88

Z, mgll 0.01-3.60 0,01-3.72

Pb mgll 0.01-6,30 0.01-6,52

Cd mgll 0,006-0.016 0.006-0019

Ni mgll 0.00-0.23 0.00-0.29

C, mgll 0.001-0.373 0.00]-0.368

A, mgll 0.000-0.160 0.001-0.169

A study was conducted by DoE (2007) to estimate the value of damage due to

wastewater discharge to the Kamopara canal from the adjacent textile industries in

Savar. Most of the effiuents from these industries flow into the canal which then finally

disposes off into the Bangshi River, The results of these analyses revealed that the

values of pH, EC, DO, ammonia as nitrogen and Fe were 7.22 to ]0, 1860 to 4980

~Slcm, 2.6 to 6.2 mgfl, 0,12 to 26.2 mg/l and 0.39 to 2,26 mgll, respectively The

adverse effect of industrial effluents on water quality of the Karnopara canal is clearly

evident.
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2.1.2Overseasstlldi~

A study was carried out by Martinelli eI al. (2002) on the Piracicaba River basin

located almost entirely in the State of Sao Paulo, in the southeast region of Brazil, to

see the hydrology and water quality status, This basin covers three main rivers such as

the Alibia, the Jaguan and the Piracicaba itself. Most of the industrial effluents and

urban sewage drains to the rivers from the different cities of the basin, They found that

the average concentrations of Cl, Na, en and Mg varied from 65,8 to 392.7, 132.4 to

1088.4,78610215 and 44.7 to 116.9 mg/I, respectively, in the basin, The results of the

study show that domestic sewages and industria! effluents tremendously degraded the

water quality of the rivers in the basin.

A study was carried out by Nazif et at. (2006) on heavy metal contents of irrigation

water polluted by industrial and municipal wastewaters in Akbarpura area of District

Nowshera, NWFP, Pakistan. They found that the average pH of irrigation canal and

Sara River water ranged from 8, I to 8.3 and 8.4 to 8.9. The average EC of irrigation

canal water ranged from 0,86 to 1.02 dS/m whereas it ranged from 1,05 to 1,38 dS/m in

water of the Sara River, They also observed that the average values of heavy metals

contents of Akbarpura, Kurvi and Banda village were 0,73, 069 and 0.59 ;tg/ml Cu;

0.43,0.38 and 0,34 flg/ml Pb; 004,0.04 and 0,06 flg/ml Zn; 1.02, 0,93 and 0,90 flg/ml

Fe, ° 71, 0,67 and ° 61 ;tg/ml Mn; 0,14, 0 11 and 009 !-lglml Cd; 0.39, 0.34 and 0.33

flg/ml Ni; and 0,17, 0,15 and 0.13 !-lglmlCr, respectively, in canal water and 0.90, 1.03

and 1.20 ;tg/ml Cu; 0.43, 0,52 and 0.62 !-lglmlPb, 0.02, 0,03 and 0 06 !-lglmlZn; 1.29,

1.56 and I 75 !-lglml Fe; 0,77, 0,82 and 0851lglml Mn; 0.15, 0.17 and 0.20 !-lglml Cd;

0.53,0.64 and 0,72 flg/ml Ni; and 0.16, 0.21 and 0,291lg/ml Cr, respectively, in Bara

River,

Lokeshwari and Chandrappa (2006) conducted a shidy to assess the extent of heavy

metal contamination of vegetation including rice due to irrigation with sewage-fed lake

water on agricultural land in Bangalore, India. They observed thaI the average values of

Fe, Zn, Cu, Ni, Cr, Pb and Cd concentrations in lake water were 1305, 179, 17, 7, 18,

13 and 0.2 flgIl during the rainy season (April-October) whereas 777,113, 16,6.5,5,6

and 3.3 !-lgllduring the dry season (November-March), respectively.
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A study was carried out to assess the heavy metal pollution in the National Capital

Temtory (NCT) of New Delhi (Kaur and Rani, 2006), Water and soil are highly

influenced by industrial and domestic eflluents in peri-urban areas of NCT, Delhi,

where farmers intensively use these natural resources for agricultural purposes. They

found that the pH, EC, Fe, Mn, Zn, Cr, Ni and Pb in surface/subsurface v,'ater varied,

respectively from 7.67 to 9.41, 0,25 to 9 19 dS/m, 0.00 to 0.49 ppm, 0,00 to 1,15 ppm,

0.05 to 0.18 ppm, 0,00 to 1.49 ppm, 0,00 to 069 ppm and 0.00 to 0.15 ppm,

respectively, and mean values of these elements were 8,27, 2.68 dS/m, 0.16 ppm, 0.05

ppm, 0,07 ppm, 0,75 ppm, 0, 19 ppm and Pb 0 01 ppm.

The quality oiOgon River in South-Wesl, 1\igeria, was studied through a field survey

fOf a period of I year covering dry and rainy seasons (Jaji ef aI., 2007). The river is

polluted by domestic and industrial wastewaters day by day. At various points along the

river, which flow through Oyo. Ogun and Lagos States, people have been using the

polluted water for domestic and irrigation purposes. It was found that pH values of all

the water samples ranged from 6,9 to 7.4 during the rainy season and 6.3 to 7.9 during

the dry season For all the sites, DO values of the water samples ranged from 5.3 to 9,9

and 3,7 to 7.3 mg/l during rainy and dry seasons, respectively The chloride ion content

of this river varied from 10.7 to 27 7 and 17.3 to 2347.7 mg/I during these seasons,

respectively. It was also reported that the heavy metals concentrations in rainy and dry

seasons ranged from Below Detection Limit (BDL) to 0.043 and BDL to 0, 134 mg/l for

Ph; 0.002 to 0 024 and 0,002 to 0.009 mg/I for Cd; 1 9 to 4,8 and I 2 to 4.1 mg/l for Fe,

0.043 to 0 S9 and 0,091 to 1.889 mg/l for:MII; and 0.007 to 0.060 and 0.027 to 0.653

mg/l for Cu, respectively, The overall picture emerging from the study indicates that

the anthropogenic impact of the urban-industrial areas on the Ogun River is clearly

evident,

2.2 Soil Quality in Relation to Irrigation Water Quality

2.2.1 Physical properties of soil

Soil physical properties, such as texture, structure, water holding capacity,

permeability, capillary conductivity, infiltration, soil profile conditions and depth of

water table, are influenced by irrigation water wilh variable quality. Irrigation water

reduces the soil's aggregation capacity, porosity and penneability, and increases the
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active day contenl (Rasiah el aI., 1992). Salts from the irrigation water accumulated in

the soil profile and lead 10 soil dispersion and surface seal development during

irrigation, thus decreasing the infiltration rale and amount (Agassi el at., 1981l.

A study was conducted on the Tehran University farm in Karaj, Iran, to investigate the

effect ofwaler quality on physical and chemical properties of clay loam soil (Emdad el

aI., 2004)_ They applied three irrigation water treatments, such as low EC (06 dSrm)-

SAR (0.9) treatment, moderate EC (2 dS/m).SAR (10) treatment and high EC (6

dS/m)-SAR (30) treatment, and found that the application of medium and high EC-

SAR treatmcn! reduced aggregate stability, increased the bulk density of both the

surface crtist and underlying soil, and reduced the tOlal depth of infiltration They also

found that the infiltration was inversely related to the SAR of the applied water, with

the high EC-SAR treatment infiltrating 15% less water than the low EC-SAR treatment,

However, it was proposed by the authors that the subsequent increase in bulk density

and decline in infiltration, where moderate and high EC-SAR water was applied, was

due to an increase in clay tactoid swelling reducing the size of the conducting

micropores, dispersion blocking pores, and lor an increase in the thickness of the apedal

surface layer,

2.2.2 Chemical properties of soil

Emdad el al. (2004) found that the soil pH increased slightly when low and moderate

saline-sodic water was applied It was also observed that the EC of the surface soil

increased gradually and was similar to the EC of the applied water at the end of the

irrigation season. In addition, the EC of the subsoil was significantly higher than that of

the surface soil suggesting that the leaching through the surface layer was inadequate to

achieve equilibrium with the applied water.

The pH, EC, OM, N, P, K, S, Ca, Mg, B, Cu, Fe, Mn, ZI1, Pb, Cd, Ni, Cr and As

concentrations of soil samples, collected from Maona and Mouchak: industrial areas of

Gazipur district, were significantly increased due to the irrigation with polluted water

(Begum (2006). Khandelwal and Lal (1991) conducted a study on loamy sand, sandy

loam, sandy clay loam and clay loam soils irrigated with water containing high EC and

SAR. They found that the concentrations ofB increased in all soils and decreased with

increasing clay percentage of the soils.

•
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Rahman (2006) conducted pot e-:periments in irrigated floodplain soil at Fatulla of

Narayangonj district and found that irrigation water containing heavy metals increased

the concentrations ofpa EC, Pb, Cd, Ni, Cr and As, and decreased the concentrations

of N, P, K and S The results of the study comply with the previous study (Begum,

2006) in the ease ofpR, EC, Ph, Cd, N~ Cr and As, and differ in the case ofN, P, K

and S. Parvez el at. (2006) reported that irrigation with poor quality water increased the

soil pH, Ee, OM, N, S, Ca, Mg, Pb, Cd and Cu, whereas decreased P and K in

experimental soil. It is seen from the foregoing discussions that the influence of

irrigation with polluted water on macro-nutrient status particularly on N, P, K and S in

soil are variable, McClean el al. (2003) found that the concentrations of pH, CEC, Cu,

Fe, Mn, ln, Pb, Cd, Ni and Cr wcre significantly higher in soil irrigated with the

polluted water than those of the controlled soil.

Aydinalp el al. (2005) carried out a study on the Nilufer River and Ayvali canal at

Bursa Province, Turkey. The results of the study indicate that river and canal water

being extensively used for irrigation in the Bursa plain is seriously polluted by

industrial wastewater and that its use for irrigation is causing soil pollution They

reported that irrigation with polluted water increased the accumulation of heavy metals

i.e. Cu, Fe, Mil, ln, Pb, Cd, Ni and Cr in Fluvisols and Vertisols soils. It was also

found that Vertisols were polluted to higher levels than Fluvisols in terms of hcavy

metal accumulations.

A study was conducted to see the effect of contaminated water ofNul1ah Dek located in

Pakistan on rice and straw yields, and trace element accumulation in different parts of

rice plants and soil (Abbas el al., 2007) They reported that Zn concentration was

deficient to adequate and Cu, Fe and Mn concentrations were sufficient before the

transplanting of rice. However, the contents of these trace elements increased in soils

due to irrigation with contaminated water after the hal"est of rice crop.

Liu el af. (2006) carried out a study to see the accumulation of heavy metals in fields'

soils in the Hangzhoue-Jiaxinge-Huzhou Plain, which is one of the most important rice

production areas in lhejiang province, China, The results of the study revealed that the

accumulation of heavy metals, such as Cu, Zn, Pb, Cd and Cr, was significantly

increased due to irrigation with polluted water.
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2.3 Effects (If Water and Soil Quality on Growth and Yield (If Rice

Begum (2006) perfomed two field experiments al Maona and Mouchak of Gazipur

district during the Kharif seasons of 1999 and 2000 to study the effect of textile and

phannaceutical industrial effluents on the growth and yield of BRRI Dhan 29. Fresh

water was mixed with industrial effluents and applied to the experimental plots having

four replications such as fresh soil + fresh water (control), rresh soil + mixed water and

fresh soil + polluted water in uncontaminated ficld, whereas polluted soil + fresh water,

polluted soil + mixed waler and polluted soil + polluted water in contaminated field. It

was reported that all of the replications at both fields in 1999 and 2000 over the control

had decreased plant height, tillers per hill, panicle length, number of filled grains,

weight of 1000 grains, grain yield and straw yield, and increased unfilled grains The

results also showed that the content and uptake of mineral nutrients, such as N, P, K, S,

Ca, Mg, Cu, Fe, Mn and Zn, were adversely affected by different qualities of water in

experimental plots over the control plots.

Rahman (2006) conducted some pot culture experiments at the greenhouse of

Bangladesh Agricultural Research Institute (BARI) to observe the effect of different

industrial effluents (tannery, pharmaceutical and textile) on the grovvth, yield and

quality of ERRl Dhan 29 in 2000 and 2001 Each of these industrial effluents was

diluted with distilled waler and the application ratio of effluents and water were 25:75,

50:50,75:25 and 100'0, whereas the conlrol ratio was 0:100. The results revealed that

raw industrial effluents or their dilutions decreased the grain and straw yield, plant

height, tiller number per pot, number of grains per pot, weight of 100 grains, and the

content and uptake of plant nutrients, such as N, P, K and S, significantly over control

treatment.

Reddy and Behera (2006) carried out a study to assess the economic costs of industrial

water pollution in the rural communities in tenns of losses to agricultural production,

human health, and livestock. The study was conducted by selecting two vil1ages-one a

pollution-affected village (Kazipalle) and a control village (S. H, Puram)-located in

one of the industrial belts in Andhra Pradesh, South India. They reported that the

amount ofland under cultivation has declined substantially (88%) due to the incidence

of pollution and irrigation with polluted water in the case of all categories offarmers in

Kazipal1e village. Farmers of this village harvested more husks than grains from the •
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paddy field. The authors estimated that the IOml loss of paddy due to irrigation with

polluted water was about 225 ton in KazlpaHe village. They also reported that the

average yield was about 4.7 and 3.4 tlha!season before (1992) and after (2001)

pollution, respectively.

El-Sharkawi el at. (2004) carried out a study to evaluate the effect of the quality of

irrigation water on the rice grain yield, the uptake of major nutrients (N, P and K) and

the concentration of hea"y metals (Cd, Ni and Ph) in grains under paddy soil

conditions. They reported that the reduced yield observed in the low quality water

treatments might be due to the presence of higher contents of salts andioT heavy metals

in the water, which impaired the yield potential of the plants. It was also observed that

poor water quality reduced the uptake ofN, P and K, and increased the concentration of

heavy metals in the rice grains

2.3.1 Salinity

Generally, salinity of irrigation water is measured by its electrical conductivity (EC),

which determines agricultural productivity. Salty irrigation water can cause three major

problems in crop production such as salinity hazard, sodium hazard (SAR) and specific

ion (Na, CI and B) toxicity However, salinity is a major constraint to irrigated rice

production in semi-arid and arid climates because rice is a salt susceptible crop and

yield losses due to salinity can be substantial (Asch and Wopereis, 2001)

The initial and primary effect of salinity is due to its osmotic effects. The plant extracts

water from the soil by exerting an absorptive force greater than that. which holds the

water to the soil. If the plant cannot make sufficient internal adjustment and exert

enough force, it is not able to extract sufficient water and will suffer water stress. Salt

in the soil-water increases the force the plant must exert to extract water and this

additional force is referred to as the osmotic effect or osmotic potential (Ayers and

Westcot, 1994). Salts have an affinity for water. If the water contains salt, more energy

per unit of water must be expended by the plant to absorb relatively salt-free water

from a salty soil-water solution. Salinity lowers the water potential in the soil,

consequently lowering the water potential gradient from the soil to the plant cell.
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Salinity affects the growth of rice plant in varying degrees of its life cycle. The effect

may vary depending on the stages of plant development but the growth at which the

rice plant ig most vulnerable to salt injury is still controversial. Several studies (Fageria,

1985; Khalun and Flowers, 1995) reported that germination, active tillering and

maturation are considered to be less susceptible to salinity than seedling stage, early

reproductive stage, pollination and insemination, Satter (1987) reported that growth and

yield parameters of rice were mostly affected by salinity during maximum tillering and

panicle initial stage, and then sensitivity decreased with increasing growth period. Asch

and Wopereis (2001) found (hat the strongest salinity effects on yield were around

panicle initiation stage of rice. Akbar et ai. (1972) claimed that during vegetative stage

of rice, plant height, straw weight, number of tillers per plant and dry weight of root

sample were all adversely affected by salinity. They also observed that when rice plants

were continuously exposed to saline media, salinity affected panicle initiation,

fertilization of florets and spikelet formation resulting in increased number of sterile

florets.

The measurable or visible effects of salinity on plants can include reduced gro\vth rate,

damage of menstcms in growing shoots, reductions in yield components of rice, or

typical symptoms of nutritional disorders under osmotic and ionic stress (Shannon et

al.. 1998; Zeng and Shannon, 2000). They also reported that salinity effects were

highly significant on grain yield, plant stand, seed weight per panicle, and spikelets per

panicle, but not significant on panicle density, kemel weight and shoot weight per

plant. Moreover, panicle length, primary branches per panicle, spikelets per penicle,

number of filled spikelets, and seed weight per panicle were significantly reduced by

salinity (Heenan et al., 1988). Murty and Rao (1967) revealed that salinity increased

spikelet sterility, and decreased number of ear-bearing tillers per plant, number of

grains per panicle, weight of 1000 grains and ultimate grain yield of rice. Giriraj et aI.

(1976) observed in a field study using a variety of rice that grain yield was more

senously affected than plant height, panicle number and length of panicle.

Zeng et al. (2001) conducted a study to analyze the effects of salinity on plant growth

and yield components of rice by composing 20-day periods of salinization (four levels

of salinity: 0.9 (control), 1.8, 3.2 and 4 6 dS/m; and five timing treatment: seedling, 1-

leaf, 3-leaf, panicle initiation (PI) and booting stages). They found that the reduction in
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tiller number per plant, shoot dry weight, seed weight per plant and panicle, spikelets

per plant, fertility (percentage offiUed spikelet> per pllIlicle) and kernel weight (weight

per seed) were most pronounced through the all treatments at different growth stages

but a lO-day period between 3-leaf and PI was most sensitive to salinity in terms of

seed yield.

Zeng et at. (2003) designed a study to determine the interactive effects of salinity stress

(three EC leve!s' 0 9,33 and 6.0 dS/m) and water depth (six water depths' 4, 7, 10, 13,

16 and 20 em) on seedling establishment and grain yield in rice They found that the

effects of both salinity and water depth were significant on plant growth and yield of

rice, and identified highly significant negative correlations between water depth and

seedling establishment and also between water depth and grain yield. They also found

that deep ponding of saline water reduces grain yield by inhibiting the formation of

productive tillers. In addition, the shoot weight per plant, seedling survival rate, seed

weight per plant, number of panicles per plant and seed weight per panicle were 0.44g,

83.7%, 3.77g, 2.68 and 1.44g in treatment of 0.9 dS/m, 028g, 70,2%, 2,40g, 1.79 and

I 36g in treatment of3,3 dS/m; and 0.21g, 58.9%, 1.91g, 1.96 and 0.99g in treatment of

6,0 dS/m, The seed weight per plant was about 36% and 49% lower in the second and

third treatments, respectively, than that of the first treatment. On the other hand, the

seed weight per panicle was about 6% and 31% lower in the second and third

treatments, respectively, than that of the first treatment. Hal (1975) noted that

sllbmergence in saline water for a period of 48 hours at panicle initiation stage gave

significantly lower yield,

Asch et at. (2000) conducted two studies to develop a highly predictive screening tool

for the vegetative growth stage of rice to estimate salinity-induced yield losses,

Twenty-one rice genotypes were grown over seven sellSons in field trials in Ndiaye,

Senegal, between 1991 and 1995 and were subjected to irrigation with moderately

saline water (3.5 dS/m, EC) or irrigation with fresh water They found that there was a

highly significant correlation between KINa in leaves and salinity-induced grain yield

reduction: the most susceptible cultivars (IR31785 and IR28) had lowest KINa in leaves

and the strongest yield reductions. The study revealed that grain yield in the freshwater

treatment ranged between 547 glml (IR28) and 1184 giml (TR9884_54_3_IE-P) in the

hot dry season (lIDS) and between 543 glm! (IR28) and 873 giro! (IR9884-54-3-IE-P)
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in the wet season (WS) Under salinity, highest yields were observed in CSRI! (451

glm') in the HDS and in CSR10 (558 g!m') in the WS. The same cultivars also had the

smallest relative yield loss in the respective seasons (CSRI1, 44% in HDS; CSRlO,

14% in WS), Lowest yields under salinity and greatest relative yield loss were observed

in IRJ 1785-58-1-2-3-3 in both seasons (92% in HDS, 83% in WS), Later study in the

HDS 1998, grain yield ranged between 344 and 857 g/m' under freshwater conditions,

and between 15 and 378 glm' under saline conditions. TR31785 had the greatest and

lR4630 the smallest yield reduction under salinity. TOX 960~42-1 represented an

extreme case, having a very low KiNa leaves (0.05) combined with a moderate salinity-

induced yield reduction (48%).

Saleque el al. (2005) conducted field experiments to investigate the potential of

growing rice in a coastal saline environment of Bangladesh, Four rice genotypes were

tested at two saline soils (initial soil salinity was 4.65 and 8.75 dS/m), where irrigation

water salinity was less than 2 dS/m (low salinity) and more thar. 4 dS/m (high salinity)

They found that salinity in soil and irrigation water affects nutrient concentrations of P,

K, Na, Fe, and Mn in plant; redl.lces plant height, tiller and panicle number, and grain

yield; and increases sterility in rice. At the low-saline site, the height of BR5777 and

BRRI Dhan 28 was 107 em, which was decreased to 82 and 87 em, respectively, at the

high-saline site, The yields of four rice genotypes ranged ITom 4.95 to 6.58 tlha at the

low-saline site and 4.23 to 4 60 tlha at the high-saline site At the low-salinity site, the

highest yield of 6,58 tlha \'iaS obtained with BR5777 compared with 5.20 t!ha obtained

with BRR! Dhan 28. At the high-saline site, the yields of BR5777 and BRRI Dhan 28

were 4.53 and 4 60 tlha, respectively

Ayers and Westcot (1994) reported that the yield potential of rice is significantly

affected by different salinity levels, such as 2 0 dS/m EC (yield potential is 10(010),2.6

dS/m (90%), 3.4 dS/m (75%), 4,8 dS/m (50%) and 7.6 dS/m (0%).

Beecher (1991) conducted a study at the CSIROfIREC field station at Whitton, New

South Wales, to examine the effect of moderately saline water on rice yield and on the

properties of slowly permeable duplex soils. Rice was grOVY11on a transitional red-

brown earth for 3 consecutive seasons and irrigated with groundwater of salinities 0.25,

0,5, 1.0, 1.5, 2,0 and 4.0 dS/m, The author found a 25% yield reduction of rice due to

irrigation with water containing EC of 4.0 dS/m.
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It is well known that nutrients must be present in balanced proportion in the growth

medium for proper growth and development of the plants. But in saline soil-water

system, the balance may be disturbed by the accumulation of salts in the root zone.

Khan el al. (1992) reported thaI the contents of N, P, K, Ca and Zn decreased with

increased level of salinity but the content of Mg increased significantly irr ricc. On the

other hand, the concentrations orCa, Cu, Zn, and Mn in rice were found to be increased

by salinity (Alpaslan 01at., 1998). Mohiuddin 01af. (1998) reported that the continuous

application of saline water reduced the !,'Tomh, grain, and straw yields of rice, and the

N, P and K contents in both grain and straw The K content ofrice straw decreased with

increasing Na content suggesting an antagonism between Na and K (Giriraj el at.,

1976; Asch et af., 2000),

2.3.2 Sodium absOI'ption ratio

Ayers and WestcOl (1994) stated that excessive Na in relation to Ca and Mg (SAR) in

irrigation water promotes soil dispersion and structural breakdown (only ifNa exceeds

Ca by more than a ratio of about 3:1) due to lack of sufficient Ca to counter the

dispersing effects of the Na and such high Na content (>3: 1) results in a severe water

infiltration problems and makes it extremc1y difficult to supply enough water to meet

the crop water requirement Such condition also favors poor seedling emergence, lack

of aeration in soil, occurrence of plant and root disease, growth of weeds and

prevalence of mosquitoes.

A field experiment was conducted by Pazhanivelan et al. (2006) at Agricultural College

and Research Institute, Trichy, Tamil Nadu, during 1999-2002 to find out the effect of

conjunctive use of canal water and alkaline water in rice based cropping systems on the

growth and yield of crops, The canal water with pH of7 5, EC of 0.5 dSlm, SAR of 1.2

and RSC of 1,2 mell and alkali water with pH of 8.4, EC of I 9 dS/m, SAR of 16,5 and

RSC of 11.8 mell were used in the experiment. The results revealed that continuous use

of alkali water for rice and follow up crops (green gram, sunflower and cotton) resulted

in yield dec1ine of 18 - 35% for rice and 35 - 50% for follow up crops.

Minhas eI aI. (2007) carried out an experiment in filled.in lysimeters at the

experimental farm of Central Soil Salinity Research Institute, Kamal. The response of

paddy and wheat was evaluated to the combined use of good quality water (EC of 0.5
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ciS/m, RSC ofni!) and alkali water (EC of2.3 dS/m, SAR of 15, RSC of 11 3 mell) for

6 years (1997-2003) The results disclosed that the mean grain yields were found to be

801 and 518 gIlysimeter for paddy, and 587 and 478 gIlysimetcr for wheat under

irrigation with good quality waler and alkali water, respectively_ They also found thaI

continuous use of alkali water resulted in yield reduction of 14 - 55% for paddy and 15

- 22% for wheat compared to the good quality water.

2.3.3 Chloride ion toxicity

A toxicity problem is different from a salinity problem in that it occurs within the plant

itself and is not caused by a water shortage. Toxicity problems occur if certain ions in

the sailor water are taken up by the plant and accumulate to concentrations high

enough to cause crop damage or yield reduction (Ayers and Westcot, 1994). The degree

of damage depends upon time, concentration, crop sensitivity and crop water usc, and if

damage is severe enough, crop yield is reduced. The usual toxic ions in irrigation water

are chloride, sodium and boron.

Salinity generally inhibits the gro,vth of plants through reduced water absorption and

metabolic activities due to Na and C1 ions toxicity, and nutrient deficiency caused by

ionic interference (Yeo, 1983). Salinity also affects the photosynthesis via reduced

stomatal conductance, specific ion effects, and inhibition of the photosynthetic

mechanism It has been suggested that the accumulation ofNa and Cl ions is one of the

primary cause tor the decline in photosynthesis in salt stressed plants (Kurban el aI.,

1999). The more tolerant annual crops are not sensitive at low concentrations but

almost all crops will be damaged or killed if concentrations are sufficiently high (Ayers

and Westcot, 1994).

2.3.4 Ammonium-nitrogen

Nitrogen is a plant nutrient and stimulates crop growth. Natural soil nitrogen or added

fertilizers are the usual sources, but nitrogen in the irrigation water has much the same

effect as soil-applied fertilizer nitrogen and an excess will cause problems., just as too

much fertilizer would. If excessive quantities are present or applied, production of

several commonly grown crops may be upset because of over-stimulation of growth,

delayed maturity, or poor quality (Ayers and Westcot, 1994).
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In many grain crops, such as rice, excessive vegetative growth produces weak stalks

that cannot support the grain weight, resulting in severe lodging and difficulties for

machine harvesting. However, the sensitivity of crops varies with the growth stage.

High mlrogen levels may be beneficial during early growth stages but may cause yield

losses during the later flowering and fruiting stages (Ayers and Westca!, 1994). They

also suggested that high nitrogen ~ater can be used as a fertilizer early in the season.

A, the nitrogen needs of the crop diminish later in the growing season, the nitrogen

applied to the crop must be substantially reduced.

2.3.5 Heavy metals

Rahman (2006) carried out some pot culture experiments at BARl greenhouse to see

the effect of heavy metals on the growth, yield and quality of BRRT Dhan 29 for

consecutive two Doro seasons of 2000 and 2001. The results indicated that the grain

and straw yield, plant height, tiller number, grains per panicle, weight of grains, and

nutrients and heavy metals contents of grains and straws were adversely affected by

different treatments of heavy metals The highest grain yield was recorded from no

heavy metals treated pot which recorded significantly higher yield than any heavy

metal treated pot The grain yield decreased with increasing levels of heavy metals and

the yield decrease followed the order ofCr > Ni > Pb > Cd > As > Co. The stmw yield,

plant height, tiller number, groins per panicle, weight of grains, and nutrient contents of

slrawand grains were decreased significantly wilh increasing levels of heavy metals,

She also found that rice seedlings were died just after transplanting due 10 scvcre

toxicity ofCr and Ni.

2.3.5.1 Copper

Sarkunan et aI. (1989b) reported that rice plant, receiving the highest levels ofCu, was

stunted in growth and leaves became dark green similar to P deficiency Furthermore,

the high level of Cu affects the soil and the rice shoot, and substantially dccreases the

grain yield due to Cu toxicity (Lidon and Henrique, 1993). They also reported that Cu

adversely affects N, P, K, Na, Mg, B, Mo and Zn concentrations in rice shoot mainly by

changing their net uptakc. Lidon and Henrique (1991) found that Cu inhibits

photosynthetic electron transfer of rice plant.
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2.35.2 Iron

Sahrawat (2004) reported that there could be at least two types of Fe toxicity orthe rice

plant. Firstly, in some situations Fe toxicity type symptoms may be caused by the

deficiency of other nutrients, such as P, K. Cs, Mg, and Zn. The planllissue mayor

may not accumulate toxic concentrations of Fe, The deficiency of other nutrients could

be inherent or induced by high concentrations of Fe and! or AI. This is induced or

pseudo Fe toxicity. In the second simation, the toxicity symptom in the plant is caused

by toxic concentrations of Fe without any apparent deficiency of other plant nutrients.

This is true Fe toxicity_

Iron toxicity symptoms vary with cultivars and are characterized by a reddish-brown,

purple bronzing, and yellow or orange discoloration of the lower leaves (Sahrawat,

2004), Typical Fe toxicity symptoms arc generally manifested as tiny brown spots

starting from the tips and spreading towards the bases of the lower leaves. Rice plants

are able to grow normally when the concentration of Fe in the soil solution exceeds 300

mg/l However, Fe toxicity of rice has been frequently reported to occur in soils where

the concentration of Fe in the soil solution is lower than the critical limit of300 mg Fe/I

(Breemen and Moonnann, 1978) Such differential responses of the rice plant to Fe

concentration in soil solution can be attribuled to factors such as age and nutritional

status of the plant and chemical environment of the growth media In West Africa, Fe

toxicity has been reported to reduce rice yields in wetlands by ]2 ~ ]00% depending on

the intensity of toxicity and tolerance of the rice cullivar (Abifarin, 1988). In West and

Central Africa, Fe toxicity affects rice growth and yield on about 30% of the lowland

swamp soils in rainfed and irrigated lowland areas (Sahrawat, 2(04)

2.3.5.3 Manganese

Mn toxicity in plants could occur in acid soils and it is the most important growth

limiting factor in many acid soils (Foy and Cambell, 1984). Horiguchi (1988) reported

that rice plant is known as a Mn tolerant plant species which accumulates both Mn and

Si at a higher level in the leaves. It also reported that excess Mn hinders the

translocation of iron by causing the iron in the plant to be converted into an insoluble

form.

J
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2.3.5.4 Zinc

Zn is an essential heavy metal as micronutrient for plant, which requires in trace

amount but excess may causes detrimental effect on the growth and yield parameters of

nce. Chino (198]) observed thaI a 10% reduction in rice yield occurred when Zn was

460 ppm in paddy soils in Hokkaido, Japan. Ichikura 1'1al. (1970) reported that from

250 to 1000 ppm of total Zn in soil was harmful to rice plant

2.3.5.5 Lead

Khan (2001) conducted a greenhouse experiment with BRRl Dhan 29 to study the

efTect of Pb at tilleTing, flowering and harvesting stages of growth and the combined

effect of Pb and N al harvesting stage Four treatment ofPb (0 (control), 50, 100 and

200 ppm) and 12 combined treatment ofPb and N were applied in this experiment. The

agronomic parameters, such as plant height, tiller number per pot, panicle number per

plant, weight of 1000 grains, dry weight of ,traw and grain yield, were found to be

significantly lower in the treatment of 50, 100 and 200 ppm Pb than that of the control

treatment at all over the growth stages. The Pb-N interaction was found to be negative

in that higher level of Pb with lower level ofN applied in soil rc,ulted in lowest growth

and yield of rice as compared with lower level of Pb with higher level ofN application.

In addition, the study also revealed that the content and uptake ofN, P, K, S, Ca and

Mg of rice plant (straw) were negatively affected by all levels of Pb treatments at

tillering, flowering and harvesting stagcs ofricc.

A pot experiment with BRRI Dhan 26 was carried out by Pammy (2003) during Arnan

season in the greenhouse of the Department of Soil, Water and Environment,

University of Dhaka, to observe the effect of Pb and P on growth and yield parameters

ofricc. 1m-eerates ofPb (0,50 and 100 ppm) a, lcad acctate and three rates ofP (0, 65

andIJO kg/ha) as TSP in nine treatment combinations (3 levels ofPb and 3 levels ofP)

were applied to the soil. The individual and combined application of Pb and P on

growth, yield and chemical composition of rice were evaluated The agronomic

parameters such as plant height, tiller number per pot, dry weight of straw, panicle

number per pot and yield of rice were found to have remarkably lower caused by 50

and 100 ppm ofPb in comparison with 0 ppm ofPb when applied to the soil. The Pb-P

interaction was found 10 be negative to the growth of rice, which showed that all of the

•

•

•
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growth parameters were affected by high level ofPb (100 ppm) even in the presence of

higher level ofr (130 kgiha). However, the higher level ofPb with lower level ofP

applied in soil resulted in lower growth and yield of rice as compared with lower level

ofPb with higher level ofP application. Moreover, it was found that the content and

uptake of N, P, K, S, ea and Mg of rice straw were significantly reduced due to the

application of individual Ph, and the combination of Ph and P to the soiL

Chatterjee el al. (2004) conducted a study to evaluate the detrimental effects of excess

Ph on growth, grain yield, chloroplastic pigments, photosynthesis, metal tissue

concentration, and anti-oxidative enzyme activities of nce, Rice (Ory:a saliva L) cv

Swam Mansoori was grown in refined sand in a glass house at an ambient temperature.

The study revealed that the detrimental effects of excess Pb in rice was evident in

reduced biomass and vield, concentration of essential nutrients, and chloroplastie

pigments, photosynthetic rates, impaired nitrogen and carbohydrate metabolisms and

increased activity of acid phosphatase, ribonuclease along with certain anti-oxidative

stress enzymes (catalase). They also reported that rice, when grown with excess Pb,

hardly exhibits any specific foliar symptoms ofPb toxicity, but the growth is depressed,

number and size of leaves are reduced, development of tillers is restricted, and

ultimately formation of spikes is retarded and root development remains very poor at

maturity stage.

2.3.5.6 Cadmium

Generally, Cd causes oxidative stress in plants and the surrounding environment,

leading to gro\vth inhibition and even plant death (Somashekaraiah et aI., 1992).

Oxidative stress is the phenomenon implicated as one of the main causes of cellular

damage in all organisms exposed to a wide variety of stress eonditiollS.

In rice, the inhibition of seedling vigor, stunting of growth, decrease in activities of

many key hydrolytic ellZymes, and induction in synthesis of proline and certain novel

proleins caused by Cd toxicity have all been reported (Shah and Dubey, 1998; Shah at

a!., 2001). Hassan et al. (2005) conducted an experiment to see the influence of Cd

toxicity on antioxdant enzyme activities of two rice cultivars (Bing 97252 and Xiushui

63) differing in grain Cd accumulation. A significant decrease in chlorophyll content

and plant height was reported under higher Cd treatment (LO and 5.0 )lmol) at booting
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and til1ering stages of rice plants. Sarkunan et al. (1991) studied the effects of compost,

lime and P on Cd toxicity in rice. They found that the grain and straw yield decreases

with the increased Cd application

2.3.5.7 Nickel

The most common symptoms observed in rice plants exposed to phytotoxic levels ofNi

are chlorosis and necrosis of leaves, reduced root growth, inhibited germination, and

retarded seedlings and plant growth (Wang et a1., 2001; Lin and Keo, 2006). Moreover,

high Ni concentration is toxic to rice plants resulting in reduction of green biomass and

reduction in rates of photosynthesis and respiration (Rubio el at, 1994, Chen et al.,

2007). They also observed that rice plants accumulated high quantities of Ni and Cd

which decreased shoot and root lengths

2.3.5.8 Chromium

Cr has a direct detrimental effect on soil-plant system. Several studies revealed that

toxic effects of Cr on plant growth and development include alterations in the

germination process as well as in the growth of roots, stems and leaves, which may

affect total dry matter production and yield of rice (Shanker el al., 2005; Scocclanti et

al., 2006). Cr also causes deleterious effects on plant physiological processes such as

photosynthesis, water relations and mineral nutrition. Sarkunan el al. (1989a) and

Mishra e{ af. (1997) found that the significant concentration of Cr affects the plant

growth, soil nutrients, and straw and grain yield of rice.

2.3.5.9 Arsenic

Abedin et af. (2002) reported that use of arsenate containing irrigation water reduced

plant height, tiller number, straw and root biomass, number and weight of 1000 grains,

and grain yield. Grain yield decreased significantly (P<0.00l) with increasing arsenic

concentration of irrigation water. Arsenic contaminated irrigation water accounted for

26,38,56 and 65% yield reduction in 1, 2, 4 and 8 mg As/I treatment, respectively.

Zahan (2001) conducted a pot experiment in the net house at the premises of the

Department of Soil, Water and Environment, University of Dhaka, during the month of

June 2000 to August 2000 with BRR! Dhan 26 as a test crop. Arsenic was added at the
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rate of 0 (control), 10,20, )0, 40, 50 and 60 mg/kg using sodium arsenate compound.

The results revealed that rice was severely affected by As with increasing

concentrations There was distinct visual toxicity symptoms found in rice plant and the

growth was stunted rigorously_ The agronomic parameters, such as plant height, tiller

number per plant, dry matter production, panicle number per hill, number of grains per

panicle, number of unfilled grains, and fresh and dry weight of 1000 grains, were

reduced due to increased concentrations of As, It was observed that about 56% grains

remained unfilled and the dry weight of 1000 b'fains was 25% lower in case of the

highest level of As application compared to control. It was also reported that As exerted

an antagonistic effect on uptake and contents ofN, P, K, S, Ca, Mg and Zn in rice plant.
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MATERIALS AND METHODS

3.1 Study Area

The Bangshi River takes offfi-om the foot of the Madhupur Tract and flows through the

Tangail district and travels southward to fall into the Dhaleshwari River after entering

the Dhaka district near the junction of Kaliakoir and Savar I.lpazilas of Gazipur and

Dhaka districts. respectively. The total length of the river is 184 km and it has a basin

area of 1077 km2 The river works as the central spine for drainage of the NC region of

Bangladesh. The river is fed partly from the Jamuna River through the northern

Dhaleswari intake via the Pungli River, partly by the accumulated runoff of Jhenai and

Fatikjani Rivers from the north-west, and partly by direct runoff from the westem

slopes of the Madhupur Tract (Figure 3, I).

This study was conducted by selecting two study sites, one is pollution affected Kulla

union (Site-I) at the downstream part and the other is pollution free Sombhag union

(Site-II) at the upstream part along the Bangshi River of Dhamrai upazila (Figure 3. J),

The Site-I receives industrial effiuents mostly from the DEPZ and the other planned

and unplanned industrial clusters in and around Savar area, whereas the Site-II is more

or less free from this pollution. Irrigation water and irrigated soil quality of the Site-II

were considered as control conditions to estimate the impact of contaminated irrigation

water on irrigated soil and yield of rice in the Site-I. The co-operative river water

irrigation schemes of the Site-I and Site-II were operated mostly by the farmers of

Kaijarkundu and Makhulia villages, and the fanners of Goaldi and Kashipur villages,

respectively, They cultivated BRR! Dhan 29 which was dominant variety ofrice at both

sites The mode of irrigation at both sites was low lift pump (LLP). The climate of both

sites is similar and is characterized by high temperature in the months of April-May and

low temperature in the months of December-January. The average rainfall in the Rabi

(November-February), Pre-Kharif (March-May) and Kharif (June-October) seasons are

72 mm, Si5 mm and 15i5 mm, respectively (SRDI. 2002).
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Figure 3_t: Location map oftbestudy areas

The study sites fall under the same Agro-Ecological Zone namely the Young

Brahmaputra and Jamuna Floodplain, The common cropping patterns of the study sites

are nrustard-rice-fallow. The fanning practices were almost similar at both sites during

the 2007-2008 bora season (Table 3, 1),
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Table 3. t: General farming practices in the study area

Characteristics Unit Sile-l (Polluted Site) Site-II (Control Site)

Transplanting duration date January 12 - February 14 January 13 - February 11

Age of seedlings days 58 53

Height of seedlings om 185 18.3

Seedlings per hill No. 3 3

Hill spacing om 15*23 15' 23

Number of irrigation at

(il Vegetative stage No 18 19

(ii) Reproductive stage N9. 12 11

(iii) Ripening stage N9. 5 4

Fertilizer application

(i) Urea kgfha 295 285
(ii) TSP kglh' I 14 124

(iii) MP kgIM 67 57

Pesticide application

(i) Furadan kglh' 7 5

Oi) Nimper ml/ha 522 475

Weedicide application

(i) Rifit ml/ha 375 312

3.2 Collection ofWatcr and Soil Samples

This study was conducted during the bora season of2007-08, Two water sampling sites

along the Bao8sh! River and two soil sampling sites on the co-operative river water

irrigation schemes at the Site~r and Site-II were selected by taking into account the

processes affecting water quality and their influences Water and soil samplings were

carried out at the vegetative (34 Days After Transplantation (OAT)) and reproductive

(75 OAT) stages because the mortality of rice seedlings, rotting of roots, etc" were seen

at these stages in the rice field of the Site-I. Moreover, polluted irrigation water has

profound impact at the vegetative and reproductive stages in tenns of grov:th and yield

perfonnance of rice (Fageria, 1985; Khatun and Flowers, 1995; Zeng el al., 1001;

Wang el al., 1001; Hassan ef at., 1005).
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A total of three irrigation ",-atersample!, two from the Site-I, each IIIthe vegetative and

reproductive W!8~ and one from the Site-II at the reproductive stage of rice, were

collected (photo 3.1). One water sample was collected from the Site-II because quality

of water is always good and local people use it for bathing. washing. cooking and

irrigation purposes. New plastic bottles with hard plastic screw caps ",-ere used for

water sample collection. The bottles were properly cleaned before using lind washed 2-

3 limes with the river water 10 be sampled before sampling. Water samples were

collected from midstream by dipping each sample bottle 20-30 em below the water

wrfac:e,opening the bottle and allowing it to fill in and closing with its cap under water

(UNEPIWHO, 1996; Jaji cl ai., 2007), Each water sample was collected in two bottles,

placed in Bnice bolt and 'nlnsponed to ,he laboratory on the same day. After tnmsfer.

one bottlc was filtered using \Vh,.tlIlllllfilter PllpeI'"(125 rom diameter) and acidified

with 2 ml nitric acid 10prevent.he precipitation of heavy metals. The two samples were

then ~ in I refiigertltor at about 4eC umilanalysis.

'1 -' ,.,
, ".

Photo 3.1: Vi_ ofwllter sample eoU.«lkm from the Bingshi River

Two irrigated soil I/Imple~ from the Sitc-I and one sample from the Site-II were

collected from the plough depth (0-15 em) on the same day of water sample collection.

The soil samples were collected following Bangladesh Agricultural Research Council

(BARC, 2005) guidelines. During the soil sample collection from each site. the

irrigllted rice fields were considered as .IIsingle plot and 9 5.IImplingpoints wert

demarcated in that plot. Soil sample from each point WIlScollected by digging .II 'V'
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shaped hole up to the plough depth with a clean country spade, taking a slice of soil

having almost uniform thickness from one of the vertical side of the hole and placing

on a plastic sheet The suh-samples were sized by discarding excess soil ITom both the

sides oflhe slice and plough pan at the bottolTl, and freed from stubbles, grasses, plant

roots, etc, After that, the sub-samples wefe mixed thoroughly and made a composite

sample for that plot. The composite sample was divided into 4 piles over the plastic

sheet, two piles were discarded, the remaining two piles were mixed again and the

process was continued until the weight oflhe sample was about 500g Then the sample

was dried in a shaded place and pulverized with pestle, The sample was taken finally to

the laboratories for analysis.

3.3 Collection of Data on the Growth and Yield Parameters of Rice

Growth and yield parameters of rice from both sites were collected through

measurements in the rice fields and surveys at farmers' households. Data on plant

height, root length, panicle length, tillers per plant and grains per panicle were collected

from different plots of the rice fields randomly before harvesting of rice (Photo 3.2).

Information on yield and quality of rice grains with pricc, unfilled grains, rice husks

and straw yield were collected through surveys and measurements at household level

after the harvest of rice. Sample size for household :;urvcy was calculated by trial and

error method using the following standard equation (Haao, 1977)

n=[, ~ !.-J' ---------------------(3.1)J_,._' e
where n = samples size

(t = significance level

n -] = degrees of freedom where n is the number of observations used to estimate x .
L(x,-x)' d dd .. f .. 'd(tIh)= stan ar eVlatlon 0 flce Yle a
"-I

e = sampling error = 20% = 0 2

Total number of households at the Site-I and Site-II were 308 and 65, of which 60

households from the Site-I and 20 from the Site-II were surveyed by using structured

questionnaire (see sample questionnaire in Appendix-A), though the equation gave a

total 0[37 and 18 samples for the She-I and Site-II, respectively.
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\,

Photo 3.2: Vinl' of pllnlhtfgTUmtlStl~mrnl, It r~ldlevel

Processed (dried and cleaned) grain samples of rice were collected in separate plastic

bags from fanneB' houses orthe study sites BIJdomly rOT" measuring the weight of

1000 gnUns (photo 3.3). Total 25 grain samples were oollected from the Site-I and 10

from the Site-II, and finally determined the weight of 1000 grains from each sample by

using digital weight meter.

Photo 3.3: Vinf of wl1«ttd g•.•lo sarnplrs
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3.4 Methods of Water and Soil Sample Analysis

Water from the non-fiIlnrted and nOll-acidified bottle was used for analysis of a wide

range of water quality parameters, including Ct, NH ••N, Na, Ca and Mg, within a week

Water from the filtrnted and acidified bottle was used for analysis of heavy metals,

including Cu, Fe, Mo, Zn, Ph, Cd, Ni, Cr and As pH, EC and DO of irrigation water

were measured on sites by using ponable pH meter, ECffOS meter and digital oxygen

meter, respectively (photo 3.4). Cl of water samples was measured by titrimetric

method (Huq and Alam, 2005) and N}4-N by colorimetric method with Nessler's

reagent (Ramesh and Anbu, 1996). ea and Mg were determined through Atomic

Absorption Spectrometer (AAS) and Na by Flamephotometer (Petersen, 2002). Heavy

metals, such as Cu, Mil, Pb, Cd, Ni, Cr and As, of water samples were determined by

both Inductively Coupled Plasma-Mass Spectrometer (lCP-MS) (Aydinalp et af., 2(05)

and AAS, whereas Fe and Zn were analyzed by using AAS (petersen, 2002). The

sodium absorption ratio (SAR) of irriga1ion water was calculated from the ratio ofNa

ions and squared root ofCa and Mg ions' average.

Photo 3.4: Measuring pH, EC and DO ofirrigation water on the Site-I
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Soil teA1ure was determined from sieve lind hydrometer analysis. EC and pH of soil

were measured in a 1:5 and 1,2.5 soil-water suspension using Metrohm 644

conductivity meter and Metrohm 691 glass electrode pH meter, respectively (petersen,

2002). OM was detennined by Walkley and Black's method and CEe by ammonium

acetate extraction method (Huq and Alam, 2005). The concentrations of Ca and Mg

were determined through AAS, and K by Flamephotometer from soil extraction done

by using ammonium acetate extracted solution (Petersen, 2002). The content ofN was

measured by Kjeldahl method, P by Olsen's method, S by calcium biphosphale

extraction method and B by calcium chloride extractioll method (petersen, 2002). The

concentrations of heavy metals, such as Cu, Fe, Mn, Zn, Pb, Cd, Ni and Cr, were

detennined by DTPA extraction method through AAS (Petersen, 2002), whereas As

was determined by nitric acid digestion method through AAS (Saha and Ali, 2007).

Watcr and soil samples were analyzed by using thc laboratory facilities of Institute of

Water and Flood Management (IWFM) of Bangladesh University of Engineering and

Technology (BUET), Soil Resource Development Institute (SRDl) of Ministry of

Agriculture, and Bangladesh Council of Scientific and Industrial Research (BCSIR) of

Ministry of Science and Information and Communication Technology, Dhaka.

3.5 Data Analysis

After completion of the field surveys, all thc interview schedules were grouped and

interpreted according to the study objectives. The collected data were then checked and

verified. The data obtained through structured questionnaire survcys were coded and

tabulated in a data sheet. After that these data were entered in Microsoft Excel for

further analysis.
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RESULTS AND DISCUSSIONS

4.1 Water Quality of the Baugshi River

The results of water sample analysis are shown in Table 4 L It is seen from the table

that the values of pH, EC, CI, NH4-N, Na, SAR., Cu, Fe, Mn, Zn, Pb, Cd, Ni, Cr and As

of both water samples at the Site-I were remarkably higher than those of the Site-II. On

the other hand, the values of DO, Ca and Mg in both water samples were significantly

lower in the poUuted site than those of the control site, The lower DO level ill sample 1

compared to the sample 2 at the polluted site was likely due to the higher temperature

in water and the increased plant gro\\1h and decay during this period (Ahonkhai and

ChukWllogo, 1996) The level of DO at the polluted site directly helps realize the

intensity of pollution of the river during the dry season. The lower concentrations ofCa

and Mg at Ihe Sile-I might be due to the precipitation effect of higher pH (Tripathi and

Govil, 2001)

The average values of pH, EC, Cl, N}4-N, Na, SAR, Cu, Fe, Mn and Ni at the polluted

site were determined to be about 1.3, 5.6, 5,2, 16,3.62.4, 107.4, 6.9, 6.7, 7,0 and 5.5

times higher than those of their respective valLles at the control site, and Zn, Pb, Cd, Cr

and As were below the detection level at the control site. On the contrary, the average

concentrations of DO, Ca and Mg at the polluted site were about 5 1,29 and 3.4 times

lower than those of their respective concentrations at the control site

The values of pH, EC, DO, Nl-4-N, SAR, Cu, Pb and Cd of the samples 1 and 2; Mn

and Cr of the sample I; and CI, Fe and Ni oflhe sample 2 at the Site-I were found to be

exceeded the irrigation water quality standards. The concentrations ofNa, Ca, Mg, Zn

and As of both samples at the Site-T were within the safe limits, In contrast, all of the

water quality parameters at the Site-II were found to be within the safe limits for

irrigation.
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Table 4.1; Results of tested parameters of water samples of the Bangshi River

Site-I Site-D Irrigation Water
Para

Unit (Polluted Site) (Control Site) Quality Standards
meters

Sample-! I Sample-21 Average Sample-] Bangladesh FAa
Field Condition

pH 9.53 9.76 9,65 7.4 60-8.5 6.5-8.4

EC dS/m 2.48 2.65 2,57 0.46 225 NA
DO ppm 0.8 1.2 1.0 5.1 2: 5,0 NA

Laboratory Condition

CI ppm 553 618 585.5 112 600 NA
NI-L,-N ppm lJ.4 14,6 13.0 0.8 3.0 NA
N, ppm 594 529 561.5 9.0 1000 NA
C, ppm 22.0 22,0 22.0 63.5 NA NA
Mg ppm 6.4 7.0 67 225 NA NA
5AR 28.7 25,0 26,85 0.25 23 NA
C, ppm 028 0.27 0.275 0.04 0.2 0.2
F, ppm 0.44 3.85 2,15 0.32 1-2 5.0
M, ppm 0,23 0.18 0,21 0.03 NA 0.2
Z, ppm 005 0.177 012 SOL 5.0 2.0
Pb ppm 0,21 0.37 0,29 BDL 010 5.0
Cd ppm 011 0.03 007 SOL o I 0.01

Ni ppm 0.06 0,38 0,22 0.04 o 5 0.2
C, ppm 0.12 008 0.1 SOL NA 0.1
A, ppm 0.05 0,06 0.055 SOL 0.1 0.1

Note: 'BADe (lOOTh), lAyers and Westcot (1994); BDL = Below detection limit; NA

= Not available.

According to the irrigation water classification on the basis ofEC levels (Table 4.2),

the water at tbe polluted site falls under the doubtful class for irrigation (EC "" 2-3

dS/m) whereas it falls under the good class (EC ~ 0.25-0.75 dS/m) at the control site.
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Table 4.2: Irrigatioll water classification on the basis of Electrical Conductivity

(EC) values

Water Class EC (dSlm)

Excellent <0,25

Good 0,25-0.75

Permissible 0752.00

Doubtful 2.00-3.00

Unsuitable >3.00

Source Wilcox (1955)

Another irrigation water classification, on the basis of SAR values (Table 4,3), also

shows that the water quality was bad (SAR>26) at the polluted site whereas it was

excellent (SAR:$10) at the control site for irrigation purpose.

Table 4.3: Irrigation water c1assificatiol) on the basis ofSAR

Water Class SAR

Excellent :010

Good 10-18

Medium 18-26

Bod >26

Source: BADe (2007b),

4.2 Soil Quality of Study Sites

The textures of the soils were detennined to be silty clay loam (SeL) for aU soil

samples at both sites (Table 4.4). The pH levels of both soil samples at the polluted site

were slightly higher than that of the control site, According to the soil classification on

the basis of pH (Table 4 5), the levels of pH at both sites were found to be slightly

acidic (pH of5.6-6.5) in nature,
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Table 4.4: Results oftbe basic parameters of the studied soil samples

Textures EC OM CEC
Study Sites

Sample
Sllid Silt Clay pHN,. Class dS/m % C mol/kg(%) (%) (%)

Site I Sample-l 13 50 37 SCL 6.0 1,45 208 18.72

(Polluted Site) Sample-2 13 53 3' SeL 6.0 0,39 208 15.66

Average 13 51 5 35,5 SeL 6.0 092 2,08 17.19

Site-II Sample-3 12 56,5 31 5 SeL 5.9 0,22 1 88 13.86

(Control Site)

The values of EC, OM aud CEe of both soil samples at the polluted site were higher

than those of the control site. The salinity level in soil decreased abruptly from the first

to the second sample in the case of the polluted site. This might be due to the excessive

leaching of electrolyte concentration to the subsurface layer of soil (Emdad el a!.,

2004). According to the soil salinity classification (Table 4.6), the soils of both sites

were non-saline (EC<2 dS/m) in nature.

Table 4.5: Classification of soils on the basis of pH

Soil Reaction Class pH

Very strongly acidic <45

Strongly acidic 4,6.5.5

Slightly acidic 566.5

Neutral 6.6-7.3

Slightly alkaline 7.4 8.4

Strongly alkaline 8.5-9,0

Very strongly alkaline >9.0

Source: BARC (2005).

)
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Table 4.6: Soil salinity classification

Salinity Oass Ee (dSlm)
Non-saline (S~) <2

Slightly saline (51) 2-4

Moderately saline (S~) 4-8

Saline (5)) 8-16

Highly saline (54) >16

Source' Gupta and Gupta (1987).

In terms of soil classification based on OM and CEC (Table 4,1), the OM contents were

found 10 be medium in all soil samples whereas the CEC levels of both soil samples

were high at the pol1lJ1cdsite and medium at the control site.

Table 4.7: Classification of soils on the basis orOM contl'nts and CFe

Class OM(%) CEC (meq/1OOg)

Very high >5,5 >30

High 3,55.5 ]6-30

Medium 1.8-3 4 7.6-15

Low 1 0-1.7 375

Very Low <10 <3

Source: BARe (2005).

The average values of soil pH, EC, OM and CEC at the polluted site were determined

to be about 1.02, 4,18, L 11 and 1.24 times higher than those of their respective values

in the control site.

The contents of nutrients in the soil samples are presented in Table 4,8. It is seen from

the table that the contents of macro- and micro-nutrients in both soil samples of the

polluted site were higher than those of the control site, except for B, The B

concentrations of both soil samples were lower at the polluted site than that of the

control site, which might be due to the higher percentage of clay particles in soil

samples at the polluted site as reported by Khandelwal and Lal (1991),
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Table 4.8: Status of macro- and micro-nutrients in soil samples

Nutrient Unit Site-I Site-ll

Elements (Polluted Site) (Control Site)

Sample 1 Sample-2 Average Sample-J

Macro-Nutrients

N % 0.104 0104 0,104 0.095

P ppm 4.40 5.90 5.15 4.30

K C molfkg 0,29 0,29 029 0.21

S ppm 80.96 10690 9393 \8.00

C, C molfkg 13.22 1410 13.66 11.50

Mg C mol/kg 4,06 2.42 3.24 1 17

Micro-Nutrients

B ppm 032 0.37 0,35 0040

C9 ppm 4.51 7.64 6.08 3.54

F, ppm 453.6 410.4 432.00 147.2

Mn ppm 122.0 87.2 104,60 64.4

Zo ppm 2.16 2.40 2.28 2,04

In comparison to the nuttient status in loamy to clayey soil, of wetland rice crops

(Table 49), it can be stated that the concentrations of Ca, Mg and S in both soil

samples at the polluted site were vcr)' high, whereas they were very high, optimum and

low, respectively, althe control site.

The contents ofN and P were low and very low, respe\:tively, in soil samples of the

study sites, and the concentrations ofK and B were optimum and medium, respectively,

at the polluted site whereas both of them were medium at the control site. The

concentrations of essential nutrients as well as heavy metals, such as eu, Fe and Mn,

were very high in the soil samples of all the study sites, whereas Zn concentrations

varied ITomhigh to very high at the polluted site and it was high at the control site. It is

also seen from the Table 4.9 that nutrient contents of soil samples of all the study sites

were found to be higher than critical limits, except for the N and P.
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Table 4.9: Interpretation of soil test values based on critical limits for loamy 10

clayey soils of wetland rice crops

Nutrient V.ry V.ry Critical
Unit Low Medium Optimum High

Element Low High Limit

N % <0.09 0091- 0,181- 0.271. 0.361. >0.45 0.12

018 0.27 0.36 045

P ppm <6.0 6,1- 12.! 18.1-24.0 24.1 >30,0 8.0

12,0 \8.0 30,0

K C mol/kg <0.075 0,076- 0.15]- 0.226 0,31. >0375 0.12

0,150 0.225 0.30 0,375

S ppm <9,0 9 1- 18.1- 27.1-36.0 36 1- >45.0 10.0

180 27,0 450

C, C mol/kg <1,5 1 51- 3 1-4.50 4.51-6.0 6.1- >7.50 2.0

3.0 7.50

Mg C mollkg <0.375 0,376- 075\- 1.126- 1.51- >1.875 05

0750 Ll25 1.50 1.875

B ppm <0,15 0.151- a 31- 0,451- 0.61- >0.75 0.2

0.30 0.45 0,60 0.75

C9 ppm <015 0,151- 0.31 0.451- 061- >0.75 0.2

0.30 0.45 0,60 0.75

F. ppm <3,0 3. ]- 6.1-9.0 9,1-12.0 12.1- >15 4.0

6.0 15.0

Mo ppm <0.75 0.76 1 51- 2,26-3.0 3, I. >3.75 10

I 50 2.25 3.75

Z, ppm <045 0.451- 0.91- 1.351- 1.81- >2.25 0.6

0.90 1.350 1.80 2.25

Source. BARC (2005),

The average concentrations of N, P, K, S, Ca and Mg at the polluted site were about

1.1, 1.2, I 4, 5,2, 1,2 and 2.8 times higher than those of their respective concentrations

of the control site (fable 4.8), On the other hand, the average B concentration of soil

samples at the polluted site was about 0,9 times lower than that of the control site.
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The concentrations of heavy metals, such as Cu, Fe, Mn, Zo, Pb, Cd, Ni, Cr and As in

soil were respectively 4.51, 453,6, 122,0, 2.16, 17.8, 0,1, 47.5, 34,9 and 4,1 J ppm in

sample 1, and 7,64, 410.4, 87,2, 2.40, 26.25, 2,08, 54.20, 43.95 and 9.63 ppm in sample

2 at the polluted site. They were 3.54, 147.2,64.4,2.04,9.75,0.03, 16.95, 15.80 and

0,04 ppm in sample 3 at the control site, respectively. The average concentrations of

these metals in both soil samples at the polluted site were found to be about 6.08, 432.0,

104.6,2.28,2203, 1.09, 5085,39.43 and 6.87 ppm, respectively. It is found that the

concentrations were higher in the second sample compared with those of the first

sample, except for the Fe and Mn, in the ClIseof the polluted site (Figure 4.1)

I c Sampl&-1 tI sampl&-21

e 1000
•• 100•
0
0 10•S

1 JIlt0,
0

'" e. M" '" ~ c,
""0

" 0.1

Figure 4.1: Heavy metal concentrations of two soil samples at the polluted site

However, the average (;Oll(;entrations of Cu, Fe, Mn, Zn, Pb, Cd, Ni, Cr and As at the

polluted site were about 1.7, 2.9, 1.6, 1.1,2,3, 36.3, 3.0, 2.5 and 171.8 times higher than

those of their respective (;Oll(;entratiolls at the wntroi site (Figure 4.2). Therefore, the

accumulation of heavy metal, in soil due to the irrigation with polluted water is clearly

evident at the Site-I.

1 Site-! (<!Wrage) ----- Sile-lll
e 1000
•'" 100
0

0 100

~ 1,
• 0.1"0
8 0.01

Figure 4.2: Comparative heavy metal concentrations in ~oil at the two study sites
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4.3 Observed Problems in the Rice Fields

The farmers' surveys revealed that different types of problems had emerged in the rice

fields at the polluted Sill" hut none of them were seen by the farmers of the control site

(Table 4.10).

Table 4.10: Exposed problems in the rice fields of the study sites

Problem ID Description of Problems Site-l Site-Il

(Polluted Site) (Control Sitl")

S Problems in Soils DAT DAT
S, Color changed to black on surface 5-30 -
S, Soil become weak (sloth) 15-30 -
S, Algal development 20-75 -
S, White colored after drying 10-60 -
S, Increased number of pest 2060

S, Prevalence of weed 5 20--85 -

S, Increased mosquitoes problems All season -

P Problems in Rice Plants

P, Rotting of roots 3-30 -
P, Mortality of seedling 3-30 -
P, Red colored on leaf 30-75 -
P, Plant increased rapidly 1-40

P, Problem on panicle initiation 5060

P, Mortality of panicle 60-90 -
P, Rotting of root of mature plant 45-70 -
P, Mortality of rice plant 4590 -

P, Rice plant fallen on the ground 55-65 -
P" Panicle changed to black 60-75 -
P" Leaf color changed to blaek 60-65 -

NOIC:DAT ~ Days Aft~r Tran'p!mltation,
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The problems seen in the rice fields al the polluted site were closely associated with the

water quality orlhe Bangshi River. Among the 7 problems seen in soil at the polluted

site, 2 problems (8, and 82) were found to be during the vegetative stage, 4 problems

(8], S", S, and 86) were detected during both vegetlltive and reproductive stages, and

the remaining problem (57) was observed allover the growing seasons.

Among the II problems observed in rice plants at the polluted site, 3 problems (P" P,

and P4) were found to be during the vegetative stage, one problem (P3) during the first

two stages and the remaining 7 problems (P5, P6.P7, P8, P9.P,O and PIt) were observed

during the middle of the growing period (reproductive stage). It is also observed that

vegetative and reproductive stages were found to be more vulnerable in tenus of soil

related problems, whereas reproductive stage was found to be more vulnerable in terms

of plant related problems at the polluted site. Photo 4.1 shows the mortality problem of

rice seedlings at the polluted site.

Photo 4.1: Photo showing mortality of rice seedlings at the polluted site
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4.4 Growth and Yield Parameters of .Rice

The growth and yield parameters of rice are shown in Table 4, II. The average plant

height, root Icn!,>1hand panicle length were smaller in the polluted site compared with

those of the control site (photo:; 4,2 and 4.3). The grain yield was found 10 have

positive relationships with the number of tillers per plant, grains per panicle. weight of

1000 grains and straw yield. All of these parameters were found to be lower at the

polluted site compared with those of the control site resulting in higher amount of

unfilled grains and rice husks at the polluted site,

The plant height, root length, panicle length, tillers per plan!, grains per panicle, weight

of 1000 grains, unhusked and husked grain yield, and straw yield were found to be

about 21.9, 33.3, 23.8, 421, 45.0, 15.4, 303 and 41.9, and 30.8% lower and the

unfilled/damaged grains and rice husks were about 107.5 and 36.8% higher at the

polluted site than those of the control site, respectively.

Table 4.11: Status of growth and yield parameters of rice of the study sites

Average values at
Growth and Yield

Unit Site I Site-ll
Paramders of Rice

(Polluted Site) (Control Site)

Plant height om I 76.20 9754

Tillers per plant No. 11,00 19,00

Length of roO! om 15.24 22.86

Length of panicle om 20.32 26.67

Grains per panicle No 88.00 160.00

Weight of 1000 grains g 19.63 23.21

Unhusked Grain Yield lih, 4.32 6,20

Husked Grain Yield lih, 2.70 4.65

Straw yield lih, 3.15 4.55

Unfilled/damaged grain kg!' 160,83 77.50

Rice husk kg!' 362,50 265.00

,

•
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The irrigation water al the polluted ~itc WlIS found to IllIvc pH, EC. CI. NH••N. SAR.

Cu, Fe, Mil. Pb, Cd, Ni and Cr in e:o:cessto irrigation water quality standards, wh~s

all the plU1IlDrten at the control site were within the safe limits_ This might have ClIused

changes in the soil quality, and the growth and yield perfOllJUlnces of nOll in the

polluted site.

Soil pl:l is the most important fllClOT" ornutrlent availability in soil for plant. The effed

of soil pH on nutrient availability is clearly illustrated in Figure 4.3. It is seen from the

figure thaI the availability of nutmnts in soil for plant is proponional to the width of

each shaded row, In mon CllSC!I,the pl:l of 6-7 is optimum for adequate aVllilabilily of

nutrients in soil for plant.

- -- - - - - - - -- -- ,
- - - - ---

- - - .- - - - - -- --=.- C,'"- - -

• - . - . - -- --
- - -

K- -
--- , -- --

.' - - - ---
I Fo, )1•••"'- C,Co - -- - --

- - -- - --- -- M••-- - - - - - -
-- - -- - - -,- " - -.. - - -- -

4 5 6

,II

7 8 9

Figure 4.3: F.lTtd of pH on nulriml nailability in soih (SoUrtt: BARC, 2005)
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It is seen from the soil pH scale (Figure 43) and the values of soil pH al both sites

(Table 4.4) that the availability ofnUlrients in soils for rice plants was optimum at both

sites. Moreover, the nutrient level was higher, except for 8, al the polluted site than that

ofthe control site, Additionally, the farming practices during the hora season of2007-

2008 were aboul similar at both siles. Though the nutrient content of soil was higher at

the polluted site and the farming practices were similar at hoth sites, the yield reduction

was found to be about 30% and 42% in unhusked and husked conditions, respectively,

at the polluted site.

The irrigation water at the polluted :;ite was alkaline and the pH was higher than the

normal range (6.0-8.5). This alkalinity might ha\'e affected the content and uptake of

nutrients in rice plant by causing nutritional imbalance (Ayers and Westcot, 1994).

4.5.1 Effects of salinity on growth and yield of rice

The high EC values of irrigation water at the polluted site may have adversely affected

the growth and yield performances as BRRl Dhan 29 is a salt-susceptible variety.

Salinity lowers the water potential gradient from the soil to the plant cell due to the

osmotic effect of saline water at the polluted site Rice plants might be in water stressed

conditions in terms of lower uptake of water though water was available in the rice

field,

Farmers of the polluted site infonned that some problems emerged in the rice field were

change of soil color into white after drying (10-60 OAT), increasing rotting of roots

(45-70 OAT), mortality of seedlings (3-30 OAT) and rice plants (45-90 OAT),

impairment of panicle initiation (50-60 OAT) and nonnal growth (60-90 OAT), and

turning of panicle (60-75 OAT) and leave (60-65 OAT) color into black. These

problems identified by the local farmers might be linked with the use of saline water

coming from upstream industries. It is also found that salinity of the river water at the

polluted site adversely affected the irrigated rice within 3-90 OAT. Therefore, the

vegetative and reproductive stages were more vulnerable in terms of growth and yield

performance of rice, which directly and indirectly complies with several studies

(Fageria, 1985; Satter, 1987; Khatun and Flowers, 1995; Asch and Wopereis, 2001;

Zeng el ai., 2001)
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The grain yield of rice has positive relationship with the number of tillers per plant,

panicle length, number of grains per panicle, weight of 1000 grains and straw yield. But

the plant height, root length, panicle length, tillers per plant, grains per panicle, weight

of 1000 grains and straw yield were found to be lower at the polluted site than those of

the control site, The higher salinity of the river water at the polluted site might be one

of the reasons behind these issues which finally reduced the rice grain yield and

increased the unfilled/damaged grains and rice husks. The higher concentrations of salts

might have lowered the uptake of plant nutrients. The uptake of plant nutrients has

negative relationship with the concentrations of salts in irrigation water as reported in

many sttldies (Khan et al., 1992; Mohiuddin et al., 1998; Asch et al., 2000; El-

Sharkawi et al., 2004, Saleque et al., 2005). These findings are in accordance with

several studies focusing on the effects of salinity of irrigation water on the growth and

yield performance of rice (Heenan et al., 1988; Asch e/ al., 2000; Zeng and Shannon,

2000; Leng e/ aI., 2001; Saleque et al., 2005).

It has been found that, local farmers of both the study sites always maintained sufficient

water in the fields so that no water stress occurs during the plant growth. But

continuous ponding with water of higher salinity may have adversely affected the

growth and yield performances of rice at the polluted site, Zeng ef al. (2003) reported

that there is a significant negative correlation between the depth of irrigation and the

establishment of seedlings and grain yield of rice, where deep ponding of saline water

reduces grain yield by inhibiting the formation of productive tillers.

High salinity in irrigation water coupled with N and P deficiency in soil could lower the

uptake of nutrients and may have reduced rice yield at the polluted site It might be

deduced that a high salinity level of water (average about 2,6 dS/m) at the polluted site

had decreased rice grain yield up to 10% (Ayers and Westcot, 1994),

4.5.2 Effects of chloride ion toxicity on growth and yield of rice

The CI concentration of irrigation water at the polluted site was found to be higher than

standard, which may have adversely affected the metabolic processes of rice plants

(Yeo, 1983). Moreover, salinity may also have affected the photosynthetic activities of

rice plants at the polluted site by accumulating excessive C1 ion. Generally, the

accumulation of excessive Cl ion reduces the stomatal conductance and inhibits the
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photosynthetic mechanism (Kurban et aI., 1999). The farmers of the P0l1111oosite

informed that color ofleaves changed to red at 30-75 DAT, which might be due to the

excessive accumulation of CI ion. If the chloride concentration in the leaves exceeds

the tolerance of the crop, injury symptoms such as marginal leaf burn alld inlerveinal

chlorosis develop (Ayers and Wcstcot, 1994).

4.5.3 Effects of sodium absorption ratio on growth and yield of rice

Na level in relation to Ca and Mg in irrigation water (SAR) at the polluted site was

high. When Na concentration exceeds Ca concentration by a factor of3, soil dispersion

and structural breakdown occurs due to lack of sufficient Ca to counter the dispersing

effects of the Na, This results in a severe water infiltration problem and makes it

difficult to supply enough water to meet the crop watcr requirement (Ayers and

Westcot, 1994; Emdad et aI., 2004), The Na concentration exceeded Ca concentration

by a factor of almost 26. So the polluted site was suffering from a severe water

infiltration problem and could explain the local problems like poor seedling emergence,

occurrence of plant and root disease, growth of weeds and prevalence of mosquitoes,

water-logged condition, etc. In addition, the local fanners of the polluted site informed

that algal development (20-75 DAT), and the prevalence of pest (20-60 OAT), weeds

(20-85 DAT) and mosquitoes (all over the season) were found to have increased in the

rice field

4.5.4 Effects of ammonium-nitrogen on ~rowth and yield of rice

The average concentration of NH4-N (13,0 ppm) is far above the irrigation water

quality standard (3,0 ppm) in the case of the polluted site, Farmers of the Site-l

informed that the growth of rice plants was high at the vegetative stage but it was low

at the reproductive and ripening stages. Furthennore, most of the rice plants in the

polluted site became weak and fell down on the ground at 55-65 DAT. Thus, it appears

that high N content may be beneficial during the early growth stage but may cause

detrimental effect on growth and yield of rice at the later stages. Ayers and Westeot

(1994) reported that in many grain crops, excessive vegetative growth due to high N

contents produces weak stalks which cannot Sl.lpport the grain weight, resulting in

severe lodging and difficulties for harvesting,

•
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4.5.5 Effects of heavy metals on growth and yitld of rice

Among the 9 tested heavy metals, the concentrations of 7 metals (Cu, Fe, Mo, Ph, Cd,

Ni and erl in irrigation water were detected above the irrigation water quality standards

in the case of the polluted site, whereas all those heavy metals at the control site were

below and within the safe range ofwaler quality In addition, the concentrations in soil

have increased from the first to the second samples, except for Fe and Mo, in the

polluted site. The growth and yield parameters of rice might have been adversely

affected by higher amount of heavy metals in water and soil at the polluted sile because

there is an inverse relation between rice grain yield and higher amount of heavy metals

in water or soil or both. In addition, these heavy metals might have decreased the

content and uptake of maeronutrients in rice plants which could have further decreased

the vegetative b'Towth, grain and straw yield, and increased the unfilled/damaged grains

and rice husks, It has been reported by Rahman (2006) that the grain and straw yicId,

plant height, tiller number, grains per panicle, weight of 1000 grains., and nutrient and

heavy metal contents of grains and straws of wro rice (BRRI Dhan 29) are adversely

affected by different treatments with hcavy metals, The grain yield decreased by metals

is in the order of Cr > Ni > Pb > Cd > As > Co, The straw yield, plant height, tiller

number, grain per panicle, weight of grains, and nutrient oontents of straws and grains

decreased significantly with increasing levels of heavy metals, Rice seedlings died just

after transplanting due to severe toxicity ofCr and Ni.

Each metal might have pal1ieular effect on the rice plant at the polluted site. The high

level of Cu at the polluted site may have inhibited the photosynthetic electron transfer

of rice plant, retarded the grov,th of rice shoot and decreased the grain yield by

adversely changing their ne! uptake of nutrients (Sarkunan et at., 1989b, Lidon and

Hemique, 1991 and 1993),

The irrigation water and irrigated soil of higher Fe concentrations may have negatively

affected the gro\\1h and yield parameters of rice in the polluted site. The average Fe

concentration in soil at the JXlUutedsite was found to be about 432 ppm. Iron toxicity of

rice has been reported to occur in soils where the concentration is even lower than 300

mgIL (Breemen and Moonnann, 1978). Thus, it is deduced that Fe toxicity of rice was

frequently occurred in the field of the polluted site, which finally reduced the growth

and yield performance of rice as reported in different studies of West and Central
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Mrica (Abifarin, 1988; Sahrawat, 2004) They reported that Fe toxicity affects the rOOl

and leaf growth, and reduces the yield of rice by 12-100"10depending on the Fe

tolerance of the genotype, intensity of Fe toxicity, and soil fertility status.

The Mn concentrations of water at the polluted site might have adversely affected the

growth and yield parameters of ricc. However, the soils at both sites were slightly

acidic and Mn concentrations in soil of the polluted site were higher than the control

site. Thus Mn toxicity may have occurred at the polluted site, which may have lowered

the growth and yield parameters of rice (Foy and Cambell, 1984;Horiguchi, 1988).

The Ph concentrations ofwaler and soil at the polluted site were found to be higher,

which might also explain the cause of the changes in the growth and yield performance

of rice, Rice, when grown with excess Pb, hardly exhibits any specific foliar symptoms

of Pb toxicity, but the growth is depressed, nnmber and size of leaves are reduced,

development of tillers is restricted, and ultimately formation of spikes is retarded and

root development remains very poor at maturity stage (Chatterjee et at., 2004).

However, it is inferred that the higher concentrations of Pb lowered the plant height,

TOOtlength, panicle length, tillers per plant, grains per panicle, weight of 1000 grains,

grain and straw yield, and increased the untll1ed/damaged grains and rice husks at the

polluted site Morcover, higher level of Pb and lower level of Nand P in soil were

found to be in the polluted site, But the Pb-N and Pb-P interactions are reported to be

negative to the growth and yield performance of rice (Khan, 2001; Pammy, 2003)

Therefore, higher level of Pb with lower level of Nand P in soil at the polluted site

might have significantly affected the macro-nutrients uptake, and the growth and yield

parameters of rice.

The grov.1h and yield parameters of rice at the polluted site might have also been

affected due to the higher concentrations of Cd in irrigation water by creating oxidative

stress (one of the main causes of cellular damage), inhibiting of seedling vigor, stunting

of growth, decreasing in activities of many key hydrolytic enzymes, inducting in

synthesis of proline and certain novel proteins, decreasing in chlorophyll content and

photosYflthesisrate in rice plants (Shah and Dubey, 1998; Shah et al., 2001; Hassan et

al.,2005).



53

The high concentrations of Ni at the polluted site might have negatively affected the

growth and yield of rice. Generally, high Ni concentration is toxic to plants resulting in

chlorosis and necrosis of leaves, and reduction of green biomass; reduction in rates of

photosynthesisand respiration; reduction in root 81omh; low seed germination;

retardation of seedlings and plant growth; and decrease in shoot and root lengths

(Rubio el al., 1994, Wang of at., 2001; Lin and Kao, 2006, Chen el aI., 2007).

The Cr concentrations at the Site-I were found to be higher The high concentration of

Cr could stunt the growth ofronts, stems and leaves, which might have finally reduced

the total dry matter production and yield of rice at the studied polluted site, and results

have similarities with findings of several studies (Mishra et at., 1997; Sarkunan <:1at.,

1989a; Shanker eI at.. 2005; Seoccianti eI aI., 2006). Moreover. high Cr concentration

may have also caused deleterious effects on plant physiological processes such as

photosynthesis, water relations and mineral nutrition at the polluted site,

The water quality of the Bangshi River at the polluted site was tremendously degraded

mostly by untreated industrial effiuents, which adversely affected the irrigated soil and

the j,'fo\vth and yield ofrlce. In the polluted site, the yield reduction of BRRJ Dban 29

was found to be about 30% and 42% in unhusked and husked conditions, respectively,

compared to those at the control site, This might be due to the combined adverse efTect

of high salinity as well as alkaline nature of irrigation water, higher concentrations of

heavy metals in both water and soil, and the excessive concentration of ammonium-

nitrogen in water at the polluted site,

It is inferred that a sizeable portion of the yield reduction of BRRJ Dhan 29 at the

polluted site was caused by the continuous use of saline as well as alkaline water of the

Bangshi River. The findings of the study partially agree with the results of

Palhanivelan et al. (2006) and Minhas el af. (2007). It was found that the continuous

use of saline and alkaline water resulted in yield reduction of 18-35% in earlier study

(pazhanivelan el aI., 2006) and 14-55% in later study (Minhas ef at.. 2007) for paddy in

India. So, the rest of the yield reduction could be due to the higher concentrations of

heavy metals in both water and soil, and the excessive concentration of ammonium-

nitrogen in water at the Site-I. The higher levels of Fe and Ni in both water and soil,

and the higher levels ofPb, Cd and Cu in water at the polluted site might have resulted

in a significant yield reduction ofBRRI Dhan 29 among the other heavy metals.
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4.6 Management

4.6.1 Rice quality

According to the fanners' survey. the quality of ERRI Ohan 29 in "nhusked, husked

and boiled conditions was found to be significantly ditTeren! at the polluted site

compared to that of the control site (Table 4.12) The color of the rice grains in all

conditions was found to be gray at the polluted site, whereas it was yellow in unhusked

condition and white in hoth husked and boiled conditions at the control site, The size of

rice grains in all conditions was found to be small at the polluted site, whereas it was

large at the control site. The farmers as well as their spouses at the polluted site clearly

recognized the change in taste of the boiled rice Cfable 4,12). They felt that the boiled

rice was slightly bitter in laste. However, this bitterness ofboiJed rice was not found by

the farmers as well as theiT spouses at the control site

Table 4.1 2: Rice quality in different conditions at the two study sites

Quality of Rice

Condition of Rice Site-I (Polluted Site) Site-O (Control Site)

Color Size Taste Color Size Taste

Unhusked Gray Small - Yellow Large -

Husked Gray Small - White Large -

Boiled Gooy Small Bitler White Large Good

The clear evidences of the reduction in yield and quality of rice were found to be in the

polluted site during the 2007-2008 boro season, Generally, the reduction in yield and

quality of rice has consequential impact on rural livelihood through reduced farm

income and indirectly through a reduction in nutritional status and associated impact on

human health.

The changes of quality in all conditions at the polluted site were likely due to the

adverse effects of poor quality water of the Bangshi River on nutrient uptake and heavy

metal accumulation in rice grains. The salts and heavy metals in irrigation water and

irrigated soil at the polluted site might have decreased the contents and uptake of

essential nutrients, and increased the accumulation of heavy metals in rice grains (EI-
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Sharkawi eI al., 2004; Lokeshwari and Chandrappa, 2006; Rahman, 2006; Abbas el al.,

2007). The farmers of the polluted site habitually take this rice throughout the year.

Therefore, the continuous consumption of hea"y metal accumulated rice grains could

greatly increase the health risks in future

4.6.2 Financiall(lss of farmers

The yield ofBRRI Dhan 29 in unhusked condition was found to be about 4 32 and 6 20

ton per hectare (tfha) at the polluted site and control site, respectively, during the 2007-

2008 boro season. The price of rice was found to be Tk. 20,000 and 21,250 per ton at

the polluted site and control site, respectively, during the same season The lower price

(Tk. 1,250 per ion) at the polluted site was due to the poor quality of un husked rice,

Therefore, the farm income from rice was Tk, 86,400 and 1,31,750 per hectare at the

polluted site and control site, respectively. Tt is clearly seen that the farm income from

rice in unhusked condition was about 34% (Tk. 45,350) lower per hectare at the

polluted site compared to that of the control site during the 2007-2008 bora season. The

lower farm income defined as financial loss per hectare was due to the reduction in

yield (about 30% (Tk. 39,950}) and poor quality (about 4% (Tk. 5,400) of unhusked

rice at the polluted site,

In husked conditioll, the yield ofBRRI Dhan 29 was found to be about 2.70 and 4,65

tlha at the polluted site and control site, respectively, during the 2007-2008 bom

season. The price of rice was found to be Tk. 30,000 and 35,000 per ton at the polluted

site and control site, respectively, during the same season The lower price (Tk 5,000

per ton) at the pollnted site was due to the poor quality of husked rice, Therefore, the

farm income from rice was Tk. 81,000 and 1,62,750 per hectare at the polluted site and

control site, respectively, during the same season It is clearly tbund that the farm

income from rice in husked condition was about 50% (Tk. 81,750) lower per hectare at

the polluted site compared 10that of the control site during the 2007-2008 bora season,

The lower farm income defined as financial loss per hectare was due to the reduction in

yield (about 42% (Tk. 68,250)) and poor quality (about 8% (Tk. 13,500» of husked rice

at the polluted site,

The earlier data coupled with their diSCUSSionsshow that the contribution of yield

reduction in financialloS5 per hectare at the polluted site was found to be about 1.5 and

,
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5,3 times higher than that due to the poor quality of rice grains in unhusked and husked

conditions, respectively. It is also found that the financial loss was about 1.5 times

higher in husked condition compared to tllat in unhusked condition of rice at the

polluted sile.

4.6.3 Reasons for using the Bangshi water for irrigation at the polluted site

The water quality of the Bangshi River at the polluted site was found to be

tremenduusly degraded by mostly untreated industrial emucots, whereas it was more or

less free /Tom tbis pollution at the control sile, ,l,.s a result, the yield reduction of BRRI

Dhan 29 was found to be about 30% and 42% in unhusked and husked conditions,

respectively, at the polluted site In addition, the poor quality of nee grains, i,e, gray in

color and small in size in all conditions, and bitter taste in boiled condition, were also

found at the polluted site Both the reduction in yield and poor quality of rice further

resulted in financial loss of about 34% and 50% in unhusked and husked conditions,

respectively, at the polluted site. Therefore, the livelihood of local fanners was in

vulnerable conditions in terms of food serurity, financial stability and health issue,

However, the farmers of the polluted site have been adopting the irrigation with

polluted river water for rice production during the boro season by taking into account

some obvious reasons which arc discussed briefly in the following.

The farmers of the polluted site have been practicing irrigation with river water using

LLPs provided by BADe on a rental basis (Tk. 4000 per season) since the period of

minor irrigation development in Bangladesh i,e. early sixties. Initially, they had been

using diesel-driven LLPs for irrigation up to late seventies In early eighties, BADC

provided electricity driven LLPs instead of diesel driven llPs to the farmers on a

rental basis (Tk. 4000 per season) to minimize irrigation cost and to maximize crop

production, This system of irrigation had been running up to late eighties. Since early

nineties, the farmers have been adopting the co-operative river water irrigation scheme

using their ovm electricity-driven LLPs bought from BADC instead of rented LLPs.

There is a management body of about 16 farmers in each of the LLP operated scheme,

The management body selects a manager for running pump set, distributing irrigation

water, collecting fixed irrigation fee, etc. This system of irrigation with river water

using LLPs has now become well-established as weH as wen-accepted, Therefore, the

shifting of irrigation practice from river water using LLPs to groundwater using



57

shallow tube wells (STW,) will result in great financial loss for ordinary farmers at the

polluted site. In this study, the comparison was made between LLPs and STWs because

no nTWs were found at the polluted site

There are some striking advantages for ordinary fanners in the LLP operated irrigation

scheme compared to those of the STW operated irrigation scheme at the polluted sile

The irrigation fee of the LLP operated scheme was found to be Tk. 4,940 per hectare,

whereas it was Tk. 14,820 per hectare in the STW operated scheme It is clearly found

that the irrigation fce was 3 times lower in the LLP operated scheme than that of the

STWoperated scheme at the polluted site.

There is also the flexibility for ordinary farmers in the LLP operated scheme in paying

irrigation fee but it is rigid in the STW operated scheme in which a fanner must pay the

irrigation fee before irrigation The farmers share profit or loss equally in the LLP

operated irrigation scheme so Ihatthere is no possibility for any farmer to suffer. On the

other hand, the ordinary fanners are affected in thc STW operated scheme in tenns of

high irrigation fee, system of paying irrigation fee, etc The command area (CA) of a

STW was found to be 3 times lower than a LLP (Table 4 13). The initial setting cost of

STWs for irrigating an equivalent CA of a LLD was found to be 1.8 times higher

Table 4.13: Comparative command area and initial setting cost ofLLPs and

STWs at the polluted sitl'

Mode of Irrigation Command Area (ha) Initial Setting Cost (Tk.)

LLP 15 1,00,000

STW 5 60,000

Most of the farmers in the LLD operated scheme are poor and small farm holders at the

polluted site (Table 4.14). They have no financial capability as well as land holding

facility to set up a STW. In addition, the stealing ofSTW, transmitter, electric wire, etc.

is common at this study site. As a result, the system of irrigation using LLPs is now

well-accepted to the farmers at the polluted site. Moreover, they fee! flexible in the LLP

operated irrigation schemes though there is a significant fmancial loss due to the

reduction in yield and poor quality of rice at the polluted site,
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Table 4.14: Classification of farm holdings at the polluted site

Classification of Farm Holding Number

Small farm holdings (0.05-2.49 acres) 256
Medium farm holdings (2,507.49 acres) 52

Large farm holdings (~7.50 acres) 0

Total holdings 308
'based on BBS (2002).

It is clearly comprehended from the foregoing discussion thaI the shifting of irrigation

practice from the river to the groundwater has now become impossible for the farmers

due to the traditional practice, financial viability and social acceptability

4.7 Local as well as National Awareness

The water pollution of the Bangshi River due to the mostly untreated industrial

emuenlS became evident in 2-3 years after the establishment of the old DEPZ in 1993

at Ganakbari of Sayar upzila in Dhaka district, The pollution level of the river has

further increased sinee the establishment of the new DEPZ in 1997 next to the old

DEPZ The pollution level of the river has turned into a catastrophe for local people as

well as ordinary farmers since the dry season of 2000-2001, They infonned that the

water quality of the Bangshi River has now so degraded that the fertility and

productivity of the land irrigated with this water have gradually decreased, and

mortality of rice seedlings and rotting of roots, etc., have increased

The local people as well as ordinary farmers of Dhamrai upa>:ila in Dhaka district

formed an association namely the Bangshi Bachao Andolon (the Bangshi Protection

Movement) in the dry season of 2005-2006 to save the Bangshi River from the

unwelcome intrusion of mostly untreated industrial effiuents. They went to the upazila

office for several times so that the local government takes action against polluters of the

Bangshi River However, no action was taken by the local government against them.

Mr, Fazlul Haque, an active member of the association, wrote a poem on the Bangshi

River in the mean time (Photo 4.4). The main theme of the poem is 'we want a good

quality river water forthe whole life'.

~.',
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Photo 4.4: Photo showing a poem on Ill.feguanling the BIlDgshi River frum

pollution

Recently, the issue of water pollution of the 8aogshi RiVeThas become in the print and

electronic media. The association along with the members of Islam pur Rent-A-Car has

made a demonstration on the Dhaka-Aricha highway near the lslampur area ofDhamrai

upazila on 14'" Apri~ 2009, This demonstration has been telecasted by the non-

government television channel 'n",' on the same day. The Daily Prothom AIo, a widely

circulated newspaper in Bangladesh, has also published this news with a photograph on

16th April, 2009 (photo 4,5),

Photo 4.5: Photo showing the demonstration for saving the Bangsbi River

Mr, Benjir Ahmed, a Member of the Parliament elected from the parliamentary seat of

Dhaka-ZO, raised the pollution issue of the Bangshi River in the first session oftbe 9'"

Parliament. He has also urged the government to combat the water pollution of the

Bangshi River immediately for saving the livelihood of the local people as well as local

farmers ofDhamrai upazila.



Chapter V

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

Based on the findings of this study, the following conclusions arc drawn'

(i) Among the 18 water quality parameters tested, 15 parameters (pH, EC, CI,

NH4-N, Na, SAR Cu, Fe, Mn, Zn, Pb, Cd, Ni, Cr and As) were found to have

higher values and 3 parameters (DO, Ca and Mg) lower values at the polluted

site compared with those of the control site.

(ii) The values of pH, EC, DO, CI, NH,-N, SAR, Cu, Fe, Mll, Pb, Cd, Ni and Cr of

the Bangshi River at the polluted site were found to have e:<ceeded the

irrigation water quality standards, However, the values ofNa, Ca, Mg, Zn and

As were within the safe limits In contrary, all of the water quality parameters

at the control site were found to be within the safe limits for irrigation.

(iii) Among the 20 soil parameters tested, 19 parameters (pH, BC, OM, CEC, N, P,

K, S, Ca, Mg, and heavy metals including Cu, Fe, Mn, Zn, rb, Cd, Ni, Cr and

As) were found to be higher and only B concentration was lower at the polluted

site than those of the control site,

(iv) The soils of both sites were silty clay loam. slightly acidic and non-saline The

OM contents were medium in both sites, whereas CEC was high in the polluted

site and medium in the control site.

(v) The concentrations of Ca, Mg and S at the polluted site were very high,

whereas they were very high, optimum and low, respectively, at the control

site. The Nand P contents were low and very low in soil samples at both sites,

and the K and B contents were optimum and medium, respectively, at the

polluted site, wherell5 both of them were medium at the control site.

(vi) The concentrations of all heavy metals, except for Fe and Mn, increased from

the first to the second soil sample in the case of the polluted site. However, the

average concentrations orcu, Fe, Mn, Zn, Pb, Cd, Ni, Cr and As at the polluted

site were found to be about 1.7,29, 1.6, 1.1,23, 36 3, 3.0, 2.5 and 171.8 times
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higher than those of their respective concentrations at the control site.

Therefore, the accl.lmulation of heavy metals in soil due to the irrigation with

polluted water was dearly evident at the polluted site.

(vii) All of the essential nutrients as well as heavy metals (Cu, Fe, Mn and Zn) at the

polluted site were found to be very high, whereas they varied from high to very

high at the control sile,

(viii) The average plant height, root length, panicle length, number of tillers per

plant, number of grains per panicle, weight of 1000 grains, unhusked and

hL1skedgrain yield, and straw yield ofBRRI Dhan 29 were, respectively, about

21.9,33.3,23.8,421,45,0, 15.4, 30.3 and 41.9, and 30,8% lower and the

weights of unfilled/damaged grains and rice husks were, respectively, about

107.5 and 36.8% higher at the polluted site than those at the control site.

(ix) Though the nutrient content of soil was higher at the polluted site and the

farming practice was similar at both sites, the yield reduction ofBRRl Dhan 29

was found to be about 30% and 42% in unhusked and unhusked conditions,

respectively, at the polluted site. This might be due to the combined adverse

effect of high salinity as well as alkaline nature of irrigation water, higher

concentrations of heavy metals in both water and soil, and the excessIve

concentration of ammonium-nitrogen in water at the polluted site.

(,,) A sizeahle portion of the yield reduction ofBRRl Dhan 29 at the polluted site

was likely due to the continuous use of saline as well as alkaline water of the

8angshi River, The rest of the yield reduction could be due to the higher

concentrations of heavy metals in both water and soil, and the excessive

concentration of ammonium-nitrogen in water at the polluted site. The higher

levels of Fe and Ni in both water and soil, and the higher levels ofPb, Cd and

Cu in water at the polluted site might have resulted in a significant yield

reduction of BRRI Dhan 29 among the other heavy metals in both water and

soiL

(xi) The poor quality of rice grains, i.e, gray in color and small in size in unhusked,

husked and boiled conditions, and bitter taste in boiled condition, were found at

the polluted site On the other hand, the quality of rice grains in all conditions

was found to be better in color, size and taste at the control site,

,••
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(xii) The poor quality of rice grains at the polluted site were likely due to the

adverse effects of irrigation water containing excessive salls and heavy metals

on nutrient uptake and heavy metal accumulation in rice grains.

(xiii) The farmers of the polluted site habitually lake this rice throughout the year.

Therefore, the continuous consumption of heavy metal accumulated rice grains

could greatly increase their health risks in the future.

(xiv) Both the redl.lction in yield and the poor quality of rice at the polluted site

resulted in lower farm income of about 34% (lk. 45,350) and 50% (Tk.

81,750) per hectare in unhusked and husked conditions. respectively. compared

to those at the control sile,

5.2 Recommendations

Based on the experience gained during the course of this study, the following

recommendations are made:

(i) The effluent treatment plant should be established in every polluting

industry as soon as possible and operated continuously to protect the river

ecosystem and to ensure sustainable irrigation practice for rice production.

(ii) The water quality monitoring stations should be established on the Bangshi

River (no station has been on the river yet) for continuous monitoring of

flver water quality.

(iii) Some studies have been conducled on nearby rivers of the Buriganga,

Shitalakhya, Dhaleshwari, Balti, Turag and Tongi Khal regarding pollution

and ils impact, however, none of these studies investigated the impact of

polluted water on soil quality and rice yield. So, funher researches should be

conducted on those rivers to evaluate the consequences of degraded water

quality on the growth and yield performance of rice.

(iv) The present study did not include the experimentation of heavy metal

accumulation in rice grain in the study area which might be a good help in

understanding the contribution of hea\y metals and nutrient uptake in yield

performance. In future, this kind of research would be invaluable in

assessing and tracing out of the responsible heavy metals for reduction of

rice yield and in taking management measures accordingly.
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