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Madna and Chandpur soils, making it unlikely
that they were locally translocated.

The study showed that deposited sediments along ~

the Meghna River in the vicinity of the CIP haves
a high nutritive value for crop productions The
value of the sediments lies in their worth as
substrates for crop production and their high
content of nitrogen and potassium, both normal-
ly deficient in local soils. The high nitrogen
content is probably attributable to particulate
organic allochthonous material and algal oio-
mass, both of which are high in flood water
draining large expanses of previously inundated
lands. The nitrogen content of the sediment was
low in relation to levels of fertilizer normally
applied, and probably low in relation to the
amounts of nitrogen lixed hy the abundant BGA
populations. The sediments also were found to
be substantially higher in EC, organic matter,
calcium, sulphur, potassium, and manganese
than local soils, but signiticantly lower in copper
and zinc. Nutrient concentrations in lower-
elevation sediments were significantly higher
than in those deposited at upper elevations. The
higher clay content of lower elevation deposits
may contribute to the higher nutrient content
through higher proportions ot adsorbed ions

The study showed that soil nutrients are affected
by many factors in an area subjected to Hooding
and flood protection, some of these being: types

A principal components analysis indicated that
protection from flooding brings about a discern-
ible shift in nutrient content, but an even greater
shift occurs in protected soils during the mon-
soon rains. Monsoon flooding and associated
changes in cropping, the study found, lower the
pH and the organic matter, calcium, magnesium,
iron, and manganese content of most soils.
Levels of potassium, nitrogen, phosphorus and
sulphur increase because of fertilizer applications
inside the embankment, and fertilizer applica-
tions and sediment deposition outside the em-
bankment, No Hooding-induced changes in zinc
levels were found.

The major ditference between the protected ary |
unprotected areas was in lood protection aitl
associated crop production: within the embank-
ments production was two to three times higher
than it was outside because of the protection
provided and because of associated changes in
cropping patterns and the use of high yielding
varieties (HY Vs). Such increases in productign
required high rates of fertilizer application,
which are necessary for such crops as potatoes,
HYV boro and HYV transplanted aman. The
high crop production rates of the protected areas
could probably not be obtained in flood prone
areas, even with the annual deposition of nutri-
tive sediments.

Levels of potassium, nitrogen, phosphorous,

sulphur, boron, copper, zinc, and electrical
conductivity all rose in protected soils on the
Meghna side ot the CIP after the monsoon
cropping and harvesting season. All of these

of crops grown, types and rates ot fertilizer -
applications, elevation of the soils relative to the
{ local flooding levels, and the sediment content of

{ ! the rivers supplying the tloodwaters.

Meghna River water, the analysis found, is high
in TDS — probably sodium, chlorides, and
bicarbonates — but contains only moderate
amounts. of dissolved cafcium; low levels of
magnesium, potassium, and other inorganic soil
nutrients; and only traces of ammonium nitro-
gen. Dakatia River water had similar potassium

nutrients, with the exception of copper and
boron, were present in the fertilizers applied,
principally Triple Sulphur Phosphate (TSP),
Single Super Phosphate (SSP), muriate of potash
(MP) and zinc sulphate. The rise in electrical
conductivity was associated with the high levels
of calcium, potassium, and ammonium cations
and sulphate and chloride anions in the dissolv-

and sulphur content but was lower in calcium,

ing fertilizer applications.
magnesium, phosphorus, manganese. and espe- :

' ‘I cially TDS. Soil nutrients contributed as dis- Nutrient depletion within.tl.  CIP is high over-
b solved forms in incoming floodwater were all, gnd is especially so in upper elevation soils,
.‘ i probably slight by comparison to those transport- which support crops of potatoes, HY'V boro, and
\J ed in the form of sediments. HYV aman. Fertilizer additions replace most of

b nutrients removed by cropping, but potassium is
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SUMMARY

Rice productivity in Bangladeshis low compared
with that of other rice-growing areas of the
world hecause of poor soil fertility. limited use
of costly f'u:r[i]iu'rs.:.\’?i.if“nt' flood damage, and
only moderate achievements in irrigation. Past
attempts to ameliorate this situation have placed
30 percent of the country under flood control,
drainage and irrigation (FCD/I) projects, intend-
ed to improve hydrologic conditions for the
benefit of crop production. These FCD/I pro-
jects generally impede flooding during the
monsoon season and prevent deposition of river-
borne sediments on soils within protected areas.

Although the linkage between flooding and soil
fertility has long been recognized, previous
investigations of pedological changes in flood-
protected areas have been limited. Those studies,
however. indicate the likelihood of widespread
deficiencies in elements such as zinc and sul-
phur, possibly due to the intense cultivation of
rice following flood protection. This report, on
a study of soil fertility in one project area, adds
to this knowledge base. Prior to this study there
had been no systematic investigation of the
effects on soils of excluding the annual deposi-
tion of river-horne sediments.

This report presents the results of a one-year

“comparative study of flood-protected and flood-

exposed soils in the Chandpur Irrigation Project
(CIP). The objectives of the study were to
compare nutrient characteristics of soils inside
and outside the protective emhankment, measure
the nutrient qualities of deposited sediments, and
examine the soil nutrient relationships of other
potentially significant factors such as blue-green
algal (BGA) distribution and abundance, dis-
solved nutrient levels of river and irrigation
water, and the effects of fertilization and chan-
ges in cropping patterns.

Eight sites were selected and sampled twice each
in a balanced sampling design based on river
frontage (Meghna or Dakitia rivers), protection
(outside or inside the embankment), relative

elevation (medium highlands or medium low-
lands), and timing relative to monsoon flooding
(pre-monsoon and post-monsoon). At each site
in each period, 20 topsoil samples were collect-
ed. Twenty sediment sampling trays were placed
in flood exposed sites prior to the monsoon
flooding and collected after floods had subsided.
Soil and sediment samples were assayed for
texture, pH, organic matter, electrical conductiv-
ity, and available nitrogen, phosphorus, potassi-
um, calcium, magnesium, sulphur, zinc, iron,
copper, boron, and manganese. Water samples
also were collected on four occasions from four
apen river and canal sites and one site inside the
CIP during the monsoon period, and from a
number of internal irrigation canals during the
dry season. Water samples were analyzed for
pH, total dissolved solids (TDS), electrical
conductivity (EC), and available nitrogen,
phosphorus, potassium, calcium, magnesium,
sulphur, zinc, iron, copper, boron, and manga-
nese. BGA samples were taken from rice plants
and surface water in the sampling sites and
subjected to microscopic examination for identi-
fication and volumetric assessment of BGA
abundance. Among the other data collected from
the sample areas were cropping patterns, rates of
fertilizer application and ¢rop production.

Little or no sedimentation occurred in the sam-
pling sites along the Dakatia River because
floodwater there was mainly sediment-free
rainwater. Sediment deposition along the Megh-
na was probably lower thar normal because of
the abnormally low flooding intensities and
water levels of 1992, Thé sediment samples
from the Meghna sites were sandy loams and
had a different texture than the local soils, which
are loams and clay loams. The déposited sedi-
ments obviously were translocated soils from
elsewhere, and were probably a combination of
agricultural soils eroded from the upper Meghna
and upper Padma basins and transported to the
CIP sites. Their physical and chemical composi-
tion was quite differént from that of the local



Effects of Flood Protection on Soil Fertility

applied in guantities o0 low to adequately
replace what is used and is notably deficient in
all soils in the CIP. Soils in the unprotected
areas support less nutrient-exhaustive crops and
produce lower yields. These soils are supple-
mented with fertilizers as well as high amounts
of organic manure. Local farmers are of the
opinion that crop production within the CIP is
becoming increasingly dependent on high appli-
cation rates of fertilizers.

Based on the findings of this study, river-horne
sediments are valuable sources of soil nutrients
and their exclusion from agricultural lands by
embankments is a major potential negative
impact of flood control developments. The
potential loss of nutrient sediments in such
developments should be halanced against the fact
that flood protection permits more intensive
cropping and higher crop production. The study
also demonstrated that sedimentation of agricul-
wral lands from river-derived Hoodwater is
heterogenous, vceurs mainly in areas close to the
mainstem rivers. and may be minimal or absent
in areas flooded by smaller rivers.

Controlled flooding appears to be an appropriate
way to take advantage both of the increased
production associated with flood protection and
the free nutrient content of deposited sediments.

Through controlled flooding, sediment rich
water could potentially be permitted access 10
agricultural lands at key periods in the cropping
cycle, but could be excluded during subsequent
periods when crops are susceptible to flood
damage and when sediment concentrations may
be declining due to subsiding flood levels. It
would seem desirable, however, {0 examine the
efficiency of sediment deposition on lands when
flood waters enter primarily via regulators rather
than overbank spills, since restrictive canal and.
regulator openings are likely to act as sediment
traps.

The report recommends that controlled flooding
be further examined as an option for flood
control in agricultural areas and that ways be
specitically sought to ensure effective transfer of
river-borne sediments to agricultural lands at key
periods in the cropping cycles. [t suggests that
the nutritive value of sediment deposition be
quantified in an economic sense to permit its
consideration in project cost-benefit analysis. It
further recommends that consideration be given
to repeating the soil comparison study in other
regions in Bangladesh, especially in the upper
Meghna, Jamuna and Ganges basins, where
different sedimentary regimes and local geo-
chemistry might produce different information
and conclusions from those arrived at here.

STUDY PARTICIPANTS

The study was designed and managed by Abu
Md. Ibrahim of ISPAN. The report was pre-
pared by Stanley M. Hirst and A.M. Ibrahim of
ISPAN. Dr. Z. Karim of the Bangladesh Agri-
cultural Research Council (BARC). and Drs.
Md. Idris Ali and A.K. Podder of the Bangla-
desh Institute of Nuclear Agriculture (BINA).

Chemical analysis of soil samples was undertak-
en under the direction of Dr. Md. Idris Ali of
BINA, while Dr. A.K. Podder of BINA and Dr.
A. Aziz of Dhaka University undertook the
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examination and analysis of blue-green algal
samples. Dr. Stanley M. Hirst of ISPAN carried
out the statistical analyses. Dr. Z. Karim of
BARC served as study advisor.

Md. Faruque of ISPAN collected soils samples
and land use and cropping data, and maintained
liaison with cooperating farmers in the study
area. Assistance in collection of field data was
given by Md. Masuduzzaman, Shah Newaz
Siddigi, Golam Monowar Kamal and Raguib-
uddin Ahmed of ISPAN.
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Chapter 1

INTRODUCTION

Bangladesh has a total area of 148,393 km’, of
which about 90 percent comprises one of the
largest deltaic plains in the world, formed by the
confluence of the Brahmaputra (Jamuna), Gan-
ges and Meghna rivers. The remaining 10
percent is comprised of the undulating, forested
Hill Tracts. About two-thirds of the national
area is cultivable, and of this about 60 percent is
subject, on average, to seasonal flooding from
river overbank spillage as well as heavy rainfall
(World Bank 1992).

Agriculture is highly attuned to seasonal flood-
ing, and the linkage between flooding and soil
fertility has long been recognized. The Bengali
term barsha refers to normal, beneficial flooding
of agricultural land which does not significantly
affect homes and villages. Bentley (1925) com-
pared situations in east and west Bengal and was
the first on record to claim that embankments
reduced soil fertility by preventing flooding.

Water control measures, many at a small scale,
have been extensively developed to reduce
sporadic flooding damage to agricultural crops
and property, and to improve drainage and
irrigation. Large-scale destructive floods such as
occurred in 1987 and 1988 are comparatively
rare, but of sufficient negative impact to infra-
structure and livelihoods as to have prompted an
international response in the form of the Bangla-
desh Flood Action Plan (FAP) which seeks to
reduce flood damages through construction of
protective embankments and related water con-
trol measures.

At present about 30 percent of the net cultivated
area in Bangladesh is covered by flood control,
drainage and irrigation (FCD/I) projects (World
Bank 1992). The most flood prone soils are
either on active floodplains within and close to
river channels, in the northern and eastern areas
which receive flash floods from neighboring
hills, and/or in flood plain basins. FCD/I pro-
jects aim at improving the hydrologic regime of
these flood prone soils for the benefit of crop

production. Rice productivity in Bangladesh is
low compared to other rice-growing areas of the
world; responsible factors cited are poor soil
fertility, limited use of costly fertilizers and a
lack of irrigation (Sattar 1991). Irrigation per-
mits the growing of high yielding varieties
(HYV) of rice in the dry season. HYVs plus
fertilizers have led to 37 percent rise in agricul-
tural production since 1970 (MOEF 1991), but
in the past decade average HYV yields have
remained static or have decreased. Possible
reasons cited for this (MOEF 1991) are year-
round waterlogging of soils leading to the forma-
tion of toxic compounds, and the loss of zinc
and sulphur through deep percolation. About 3.9
million ha land are presently deficient in sul-
phur, and 1.74 million ha deficient in zinc
(MOEF 1991).

FCD/I projects generally reduce both the depth
and duration of seasonal flooding and thereby in-
crease the surface area in the highland and
medium highland categories. FCD/I projects
located near the major rivers generally impede
river water flooding during the monsoon season,
and hence soils within the protected areas do not
receive fresh river-borne sediments. Finer
sediments are commonly looked upon by local
farmers as nutrient sources (ISPAN 1991, 1992),
in contrast to coarse sands which are detrimental
to crop production and which have to be re-
moved from lands following flooding.

The pedological effects of FCD/I development
so far undertaken in Bangladesh have been sub-
jected to only limited investigation. Zinc and
sulphur deficiencies are documented in intensive-
ly cultivated soils of the Chandpur Irrigation
Project (CIP), Dhaka-Narayanganj-Demra Pro-
ject (DNDP) and the Ganges-Kobadak Project
(Andriesse 1982). This is suggested to be due, at
least partly, to the higher extraction of trace
elements that takes place under high cropping
intensities with HYV’s, and partly due to ele-
ments being less available for uptake by plant
roots under submerged conditions of higher
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frequency and longer duration, i.e. less fallow
conditions.

Soil analyses in the CIP indicate an adequate
supply of potassium, while phosphates are
deficient and the nitrogen content very low
(CIRDAP 1987). Most sampled areas have suffi-
cient supplies of calcium, magnesium and iron,
but sulphur, boron, manganese and zinc contents
are low. Both Andriesse (1982) and CIRDAP
(1987) refer to the high iron content of soils,
believed to be related to a low soil pH. These
two studies were confined to investigations
inside flood-protected areas only, which limits
the scope of understanding the effects of flood
protection measures on the physical and chemi-
cal characteristics of these soils.

FCD/1 development may atfect soil fertility in
one or more ways:
- reducing or eliminating the periodic addition
of new sediments;
eliminating or reducing topsoil flooding and
the associated topsoil chemical changes
which may affect nutrients;
increasing or decreasing the extent of water-
logging and the associated physiological
changes to root efficiency;
bringing about changes from natural flood-
associated soil moisture regimes to irriga-
tion-induced soil moisture regimes; and/or
leading to cropping intensification and the
associated increased use of inorganic fertiliz-
€ers.
Because of heterogeneous soil characteristics in
flood plains, such changes of environmental
factors may have different effects on the avail-
abilitv of nutrients in different areas.

Increased development of FCD/I projects is
expected to take place under the FAP with
consequent wide-reaching implications for soil
fertility, crop production and-land management.
The potential effects of such flood control on
soil fertility, through the restriction of sediment
inputs - nd possibly other changes, has been
indicated as a major concern by FAP partici-
pants (e.g. ISPAN (991, BCEOM et al. 1993).

The study reported here was undertaken by
ISPAN in collaboration with the Bangladesh

Institute for Nuclear Agriculture (BINA) and ts
Bangladesh Agricultural Research Council
(BARC) to provide additional data, information
and insights into soil fertility status and its
relationship to flooding and sediment deposition,
Time and budgetary constraints within the FAP
16 Environmental Study limited the study effort
to a one-year examination of soil fertility in one
major location only. After consideration of a
number of potential study sites, the Chandpur
Irrigation Project (see frontispiece) was selected
because of the presence of two major rivers
providing sediment, one carrying heavy sediment
loads (Meghna) and the other relatively lighter
loads (Dakatia), the availability of flood-protect-
ed and flood-exposed locations within the same
soil series, the availability of background soils
data, and the willing cooperation of local far-
mers. It was recognized from the outset that this
would not provide general answers to all queries
related to FCD/I and soil fertility because of the
reported wide-ranging variations in soil and
flooding conditions in Bangladesh.
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Chapter 2

BACKGROUND

2.1 Soil Development in the Bangladesh

Floodplain

The Bengal Lowlands are one of the oldest
alluvial plains in the world. The recent alluvial
lowland is divided into two regions - the Brah-
maputra-Jamuna floodplain and the Ganges
floodplain, with the Barind formation between
them (Umitsu 1987). The youngest surfaces lie
adjacent to the present rivers.

Sediments in the Brahmaputra-Jamuna floodplain
are mainly sandy with a gravel bed at a depth of
50 to 100m (probably late Quaternary). The for-
mations above this are coarse sand and gravel
mixes at the lower levels and finer silts at the
upper levels. Variations in sediment characteris-
tics are due to changes in the sedimentary envi-
ronment and changes in the upper reaches of the
rivers. The uppermost part of the sediments is
made up of oxidized alluvium (Umitsu 1987).
The plains are formed of riverine sediments and
are generally of dark and loose material with a
high water content and a variable organic matter
content.

The morphology of the river plain is distinctive
and consists of a series of ridges and depres-
sions, river levees, slopes and swamps, braided
streams, meander scars and typical river chan-
nels. On the micro scale the topography is
highly variable, but macroscopic slopes are very
slight (Murray et al. 1992). Six broad morpho-
logical types are distinguishable (Brammer
1989):
- Active young floodplains (chars) along
major river channels; experience bank
erosion and new deposition of seasonal
alluvium; have mixed silty/sandy depos-
its; undergo severe flooding 2-5m in
depth.
River meander floodplains, characterized
by basin and ridge topography such as
haors, baors, backswamps and beels;
heavy clays and silts dominate; seasonal

flooding with rainwater up to Sm, 1-2m

on ridges.

Estuarine floodplains; level relief and

few channels; deep silty deposits; sea-

sonally flooded by rainwater; soils and
estuary waters become saline in dry
season.

. Tidal floodplains; level basins drained
by tidal creeks; clay soils; flooded at
high tide by river and/or rainwater,
saline soils.

Alluvial fans and piedmont plains; depo-
sition occurs after flash flooding events,
silt-hearing water leads to sand, loam
and clay patterns of soil development.
Major floodplain basins; flooding to Sm
occurs seasonally; central haors are wet
year-round; rainwater flooding with
flash flooding brings silts.

River alluvia along the Ganges and in the estua-
rine zone contain lime (Murray et al. 1992).
Ganges tidal, Brahmaputra river and estuarine
alluvia are neutral to moderately alkaline but not
calciferous, while alluvial fans and Brahmaputra
river deposits are slightly acidic. Both Meghna
and Jamuna floodplain soils are typically neutral
to slightly alkaline (Whitton et al. 1988a),
although the Jamuna floodplain receives much
more silt.

Topsoils which do not receive annual depositions
of alluyium are generally acidic, while alluvium-
rich soils are neutral or calcareous (Murray ef
al: 1992). In dry periods redox reactions in
topsoils lead to acidification. This is permanent
except where biological activity brings a constant
new supply of material to the surface or alluvial
deposition occurs. During ponding and submer-
gence soils are neutralized and leaching occurs
rapidly. Only active floodplains and surrounding
areas receive significant depositions of silts on
an annual basis.

5 (o
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2.2 Sediments and Sediment Deposition
Rahman er al. 1990 estimate the mean annual
discharge of the Brahmaputra to be 19,200 m’/s
and the mean annual sediment runoff to be 1370
tonnes/km?. For the Ganges the mean annual
discharge is 11,610 m’/s and mean annual sedi-
ment runoff 492 tonnes/km’. The estimated
mean discharge for the Meghna is 3513 m%/s.
Sediment runoff has not been estimated for the
Meghna. From these data Murray er al. (1992)
estimate a net overall annual deposition in the
delta of 2 billion tonnes, calculated roughly from
input-output comparisons. This translates into an
average annual deposition rate of 0.8 cm. The
suspended sediment load of the Brahmaputra-
Ganges systems is characterized by coarser
fractions in the Himalayan tributaries and finer
material downstream.

Rivers tend to deposit sediments on their beds
and along their banks at low or falling discharg-
es, and to resuspend these sediments at high or
rising discharges. For some rivers such as the
Mississippi in the U.S.A., seasonal changes in
water level and river slope are factors leading to
remobilization of suspended sediments; there are
as yet no data on these phenomena for the
Brahmaputra, Ganges and Meghna systems
(Murray er al. 1992)

Sediment deposition on cultivable lands varies
regionally, according to the main river sediment
source (Brahmaputra, Ganges or Meghna) and
the subsidiary sources, the distance from the
river banks, and probably a number of other, as
yet undetermined, factors. For a deepwater rice
area at Manikganj, supplied with floodwaters
from the Brahmaputra (Jamuna), Whitton er al.
(1988a) recorded sediment deposition occurring
from early July to the first week in November.
Sediment deposition was highest in July (215
g/m*/week) and’lowest by November (35 g/im?/-
week). Whitton er al. (1988a) found measured
annual sediment deposition to range from a low
of 36 g/m* at Daudkandi on the Meghna River
(recorded twice in separate years) to 5353 g/m’
at Mohadebpur near the Jamuna-Ganges conflu-
ence. The median deposition for all sites was
408 g/m’ (~ 4 tonnes/ha). Sites near the Meghna
had the lowest deposition (36 to 187 g/m?),

while sites near the Jamuna had the highest
deposition.

The nutritive value of deposited sediments
remains contentious, For most world rivers,
suspended sediments absorb a number of aque-
ous ionic constituents (Meade 1988, Milliman
1991, cited by Murray et al. 1992) and thus play
a major role in geochemical cycling by trans-
porting these ions through the hydrological
system. The amounts and rates of sediment
transportation via adsorption are affected by
various factors, including deforestation, farming
practices and damming, as well as the effects of
local embankments. Bangladeshi farmers almost
unanimously extol the virtues of new silts depos-
ited on their lands as sources of nutrients. How-
ever, Brammer (1976) suggests river alluvium is
probably relatively infertile as it contains little
organic matter or nutrients which are available
to crops in the short-term. He indicates three
alternative sources of soil fertility arising from
seasonal flooding: :

. nitrogen-fixing activities of blue-green
algae (BGA); .
decomposition of deep water rice plants
and other submerged vegetation; and
nutrient release resulting from shifts
from acid or alkaline reactions (dry
soils) to neutral ones (submerged soils).

Particulate organic carbon (POC) is a commonly
measured component of river water, and
Depetris er al. (1991, cited by Murray er al.
1992) note that POC is positively correlated with
suspended solids, especially during rising river
stages; increased discharges cause dilution of
POC concentrations.

2.3 Water-Soluble Nutrients

Dissolved ions in river waters are a potential
source of nutrients to flooded soils. The upland
zones of the Ganges and Brahmaputra basins are
dominated by calcium, magnesium and bicarbon-
ates, while sodium, potassium, sulfates and
chlorides come from the lower basins (Degens ef
al. 1991, cited by Murray et al. 1992). Chloride
concentrations tend to be higher in the Ganges,
which is roughly twice as saline as the Brahma-
putra, and are derived from flooded soils. Dis-
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solved solids in the Ganges average 178 mg/l,
and in the Brahmaputra 100 mg/l; the Ganges
transports 70 million tonnes/year dissolved
solids, while the Brahmaputra moves 60 million
tonnes/year (Murray et al. 1992). Despite these
large masses of transported nutrients, suspended
solids still dominate over dissolved solids in the
major river systems entering Bangladesh, e.g. a
10:1 ratio between suspended and dissolved
solids was measured in the Brahmaputra at
Gauhati in India (Subramanian and Ittekot 1991,
cited by Murray et al. 1992).

Dissolved organic carbon (DOC) is a commonly
measured and interpreted component of the
dissolved solids loading of river water, and
Depetris et al. (1991, cited by Murray et al.
1992) note that DOC concentrations increase
with increasing discharge, especially during
intensive floods. A significant source of DOC is
amino acids and carbohydrates derived from bio-
logical activity on the floodplains.

Karim er al. (1991) measured the amounts of
nutrients in irrigation water from the major
Bangladesh rivers and found it to vary with the
river and with the crop in question. For boro
rice, about 55 percent of the potassium require-
ment (59 kg/ha) was provided by Ganges irriga-
tion water. The contributions were lower for
- transplanted aman (35 percent) and for wheat
(33 percent). The contribution to the phosphorus
requirement for boro varied from 5 kg/ha from
the Ganges to 7 kg/ha from the Meghna. Supply
of sulphur to boro crops was similar for the
Jamuna (33 kg/ha) and Ganges (31 kg/ha).

24 Biological Nitrogen Fixation
Biological nitrogen fixation (BNF) of aerobic
nitrogen by microorganisms, especially blue-
green algae (BGA), has been credited with being
a major source of nutrient nitrogen for flood-
plain crops in Bangladesh, especially rice.
Martinez and Catling (1982) estimated that BGA
growing in paddy fields could fix up to 30 kg
nitrogen/ha, a substantial proportion of the
nitrogen requirements of rice. Murray er al.
(1992) calculated that nitrogen fixed through
BGA in the Bangladesh floodplain (possibly
180.000 tonnes/year) may be 35-40 percent of

the amount applied as nitrogenous fertilizer.
BGA are not dominant organisms in the Bangla-
desh soil or aquatic environment, and have been
found to comprise <2 percent of total algal
populations in surveyed samples (Khan and
Venkataraman 1991). Highest numbers are
found in alkaline soils, with much lower densi-
ties in acidic soils (Watanabe and Roger 1984,
Khan and Venkataraman 1991). Thirty three
species of BGA belonging to 22 genera have
been identified from 25 deepwater rice sites
within the Jamuna, Meghna and Ganges flood-
plains (Catling et al. 1981). Anabaena, Gloeo-
tricha, Oscillatoria, Nostoc, Carococcus and
Lyngbya spp. are most abundant. Fourteen
genera were found to be rare. Many species are
epiphytic on leaf sheaths, others on nodal roots.
BGA are typically less common in water sam-
ples. Catling er al. (1981) found BGA to decline
in numbers when floods receded in October and
standing waters became cloudy, malodorous and
anaerobic. They note that deepwater rice areas
are likely to have more BGA than others due to
the large expanse of stem area under well-oxy-
genated, clear water.

Rother er al.(1988), one of the few groups of
workers to actually examine the role of BGA in
nitrogen fixation under Bangladesh conditions,
found that nitrogen fixation is less important
during the actual flood season than in moist soils
in the period immediately preceding flooding.
More than twice as much nitrogen was fixed in
the pre-flooding period at their study site at
Manikganj. They also found that BGA were
much more abundant in fallow fields than in
flooded paddy fields. Despite its value as a
nitrogen source, fixation by BGA was not re-
sponsible for all nitrogen available in deepwater
rice areas (Rother et al.1988). They estimated
that soluble nitrogen in floodwater contributed
~6 percent of deepwater rice requirements (on
an areal per ha basis), and BGA on soils in the
area contributed ~ 11 percent. They speculated
that the remainder of the required nitrogen came
from lateral transport from fallow areas (where
BGA are very abundant) or some other nitrogen-
fixing system. BGA growth in flooded paddy
fields appear to be favored by higher contents of
magnesium and calcium in the water (Whitton ez
al. 1988b).
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Chapter 3

STUDY AREA

The Chandpur Irrigation Project (CIP) is a major
FCD/I project located on the left bank of the
Meghna River, south of Chandpur town in the
districts of Chandpur and Laksmipur (Map I,
Annex 1). The CIP comprises an area of
53.000ha on both sides of the South Dakatia
river. Gross cultivable area is estimated at
36,000ha, with a total irrigable area of
29,000ha.

The project effectively started in 1975 and
includes flood protection, drainage and irri-
gation, as well as other infrastructural improve-
ments such as navigation facilities, roads and
agricultural extension services. The project area
is protected from the Meghna and Dakatia rivers
by 10lkm of flood control embankment of
average height of 3-4m. Drainage facilities
include two regulators at Char Bagadi with
reversible pumps of capacity 35 m’/s used for
both drainage and irrigation. The southern
regulator at Hajimara has a capacity of 652 m’/s
and provides drainage only. Irrigation water is
first lifted into the south Dakatia River which
then feeds a network of tributaries, khals and
irrigation canals. Lifting of irrigation water is
via low-lift pumps hired out to farmers’ groups
in units of 16ha each.

Total population in the project area in 1976 was
measured at 658,000, with 102,000 farm fami-
lies (Andriesse 1976). About 77 percent of the
farmers owned their land, 17 percent were
owners/tenants, and 6 percent were purely
tenants. The average gross farm area at that time
was about 0.4ha, with a net cultivable area of
0.3ha per farm. In 1976 about 50 percent of the
farms were smaller than 0.2ha, 20 percent were
between 0.2 and 0.4ha, and IS5 percent were
between 0.4 and 0.6ha. Homesteads and tanks
covered 25 percent of the area. Based on nation-
al growth rates, it is calculated that the 1992
population density in the area is about 906,000
persons (density 1700/km?), with farm families
totalling about 150,000. Gross farm area is
estimated to average only 0.3ha, with average

cultivable area of about 0.2ha.

The area has 220-230 days of kharif (wet sea-
son) growing period, 120-145 days of rabi (dry
season) growing period and 40-50 days of pre-
kharif transition period. The area remains under
a minimum temperature of < 15°C for about 50-
70 days during the dry season.
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