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ABSTRACT

Saline water intrusion is a major problem and conflicting issue in south-west coastal region
of Bangladesh. The increased salinity has negative impact on agricultural diversity in this
region. The present study provides an assessment of perception of local farmers about
changes of agricultural diversity mainly diversity of vegetable species (both summer and
winter) and standing plants with the changes of salinity level in the nearby river. This study
was carried out in January to August 2005 through semi-structured questionnaire in selected
villages of different salinity prone areas such as high saline zone and moderate saline zone,
namely Paikgacha and Rampal, respectively. The study has revealed that in Paikgacha, the
salinity varies approximately within the range from 20,000 to 45,000 micro-mhos and in
Rampal it is from 10,000 to 30,000 micro-mhos. Due to increased salinity, the summer
vegetable species in Paikgacha and Rampal have been reduced from 16 to 2 and 15 to 9
respectively during the period 1975-2005. For winter vegetable species, this figure was
reduced from 13 to 9 in Paikgacha but in Rampal this number remained unchanged.
Standing plant species in Paikgacha and Rampal have been reduced from 31 to 14 and 35 to
21 respectively during that period. Agricultural diversity is reducing in substantial rate both
spatially and temporally.
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INTRODUCTION

Saline water in southwest coastal region of Bangladesh has created severe problems in agricultural
diversity. Changes in tide and fresh-water flow retreat of the salinity limit of the area and
productivity of soil and crop both reducing continuously. Under this process, during the wet season,
local rainfall associated with flood flows from upland regions keeps the salinity limit near the
coastline. Again, salinity starts increasing and introducing upland from the beginning of November
with the cessation of the rains and consequent reduction of river flows (Pramanik 1986). The upland
fresh water flowing from the Ganges through the Gorai-Madhumati channel governs the state of the
salinity of the southwestern region. But the Ganges outflow during the lean period has been reducing
since the commissioning of the Farraka barrage in 1975 (Rahman et al 2000). As a result of the
reduced flow of water to the southwest region, the intrusion of saline water progressively upstream
has made the region vulnerable to increasing salinity. Inundation of surface soil in inland during
high tide is common phenomena, the salinity state in river water controls the soil salinity of the
region (Chowdhury 1993).

Salinity intrusion has developed a significant change in soil fertility and immunity, increases disease
and insect infestation in field crops, restricts germination and normal growth of plants there by
reducing the crop yield (Mannan et al 2004). Salinity is the single most important factor for limiting
the improvement of crop intensity (Karim et al 1990). Gupta (1990) reported that salinity affect crop
diversity in terms of plant growth and yields of plants by general osmotic effect and specific ion
effect. Crop diversity is in fact correlated with the stability and resilience of an ecosystem which
would have positive relationship with the well being of the existing species structure including the
humans (Sengupta 2001). Farmers are leaving low productive crops and only concentrated high
yielding crop which is encouraging monocropping. Therefore, reduced crop diversity is a serious
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threat to the environment. With time these impacts will be severe if no measure is taken to manage
it. So, salinity is now recognized as a serious issue in south-west coastal region of Bangladesh and
has a direct impact on ecological sustainability. This study was focused on the changes of crop
diversity due to change in river water salinity.

METHODOLOGY

The study area was selected randomly considering the factor that the area should have high or
moderate saline zone. Considering the fact, Paikgacha under Khulna district (highly saline zone) and
Rampal under Bagerhat district (moderately saline zone) were selected. Two unions were selected
from the two sub-districts and from each union two villages were selected because two salinity
measuring stations of Bangladesh Water Development Board (BWDB) for Shibsa river of Paikgacha
and Passur river of Rampal are very close to the study area. Salinity data of these rivers represents
the salinity state of the selected regions. Yearly maximum salinity level series of 27 years (1975-
2004; 3 yrs missing) of these two rivers was collected from hydrology department of BWDB. The
statistical trend analysis was carried whether the time series data of salinity has statistically
significant positive trend or not in both two regions. The procedure of testing linear trends is
described herein:

Assume that y;, ¢ = 1, ..., N is an annual time series and N is sample size. Simple linear trend can be
written as:

v, =D+ Mt

where D and M are the parameters of the regression model. Rejection of hypothesis M = 0 can be
considered as a detection of a linear trend. The hypothesis that M = 0 is rejected if

RJ(N-2)
Tc = Nl Ti—a/2,v
JA-R")
in which R is the cross-correlation coefficient between the sequences yy, ..., yy and 1, ..., N and

Ti—a/ 2,vis the 1—a/2 quantile of the student ¢ distribution with v = N — 2 degrees of freedom.

Then, trend line was drawn by using MS Excel which represented the changed level of salinity
graphically from the year 1975 to 2004.

To detect the change of soil salinity state with the change of river salinity, secondary data were
collected from Soil Research Development Institute (SRDI). To collect the crop diversity related
data, a semi-structured questionnaire through purposive sampling was prepared. A household was
selected as the sampling unit considering the factors that at least one member of each household was
related with farming whose age was not less than 60 years during data collection period and
permanent resident of the study area. The sample size was determined following the principle of
Berensen and Levine (1992) and this was 35 and 45 for Paikgacha and Rampal respectively. The age
of the respondents was not less than 60 years because the questionnaire was used to obtain
information on the situation of the study area in the past from the year 1975 to 2005 from the local
residents. The statistics of the respondent’s age profile was 67.67 yrs (0.30 SE) and 66.38 yrs (0.15
SE) of Paikgacha and Rampal respectively.

The year 1975 was selected as the base year as it reflected the year of lowest salinity level in the
study area. Data of three years (1975, 1990, and 2005) with an interval of 15 years were undertaken
for the analysis of the situation. The interval was relatively high so that local farmers could assess
the changes clearly with this long year variation. As it was impossible to collect quantitative data
about amount of crop species for the previous years; numeric values 0 to 10 were assigned against
the qualitative data collected from respondents. Here rank O represents non-availability of a species
and 10 represents highly available for the species. Rank 0 to 10 was used to detect the subtle change
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of qualitative amount. Based on the quantification of qualitative data, diversity calculation was
accomplished.

Shannon Diversity Index (H'), Species richness index (d) and Species evenness index (e), Index of
dominance (c) following the methods described in Odum (1969), Shannon and Weaver (1963) and
Simpson (1949) are mostly used in biodiversity calculation and these are the appropriate calculation
of biodiversity. An actual number of individuals per species is obligatory to use the biodiversity
index. As crop related previous data for the study area was no longer available to calculate diversity
even in the agriculture department, the above indices were not used. So, local farmers’ perception
was used to assess the change of crop diversity. Moreover, farmers were primarily involved with
farming, supplying crops in local market for a long period, so they were the reliable source for
collecting related data. That is why local farmers’ perception was used for better approximation of
the changes of crop diversity. The farmers whom were interviewed were the residents of the villages
of Charbanda and Golbunia of Paikgacha; Gonabelai and Durgapur of Rampal. The respondents and
their predecessors were related with farming since long years ago.

Finally, to detect the actual factors, which are responsible for biodiversity degeneration eight
resource persons were interviewed. Among them, there were four agriculture scientists who were
working on Paikgacha and Rampal, two soil scientists and two university teachers of agrotechnology
disciplines of Khulna University.

RESULTS AND DISCUSSION

Assessment of changes of salinity

The yearly maximum salinity level series of 27 years in Shibsa river of Paikgacha and in Passur
river of Rampal have been considered for a comparison of the two study areas (Figure 1). It is
shown that salinity level in Shibsa of
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river from the year 1975 to 2004. The
result (Table 1) shows that linear trend
could be detected in the annual sediment
load at the 5% significant level. So, the
time series data of salinity has the
statistically significant positive trend in
both two regions which eventually indicate the increased level of salinity from the year 1975 to
2004. The trend line is also shown graphically in Figure 1.

Figure 1. Comparison of highest salinity level between
Sibsa of Paikgacha and Passur of Rampal in

different years showing trend line.
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Table 1. Result of trend analysis of salinity level series of Shibsa and Passur river

Name of the River Correlation Trend: test ~ Critical value at 5% significance  Existence of trend
coefficient, R statistics, T, level, Ty, , (t distribution)

Shibsa (Paikgacha) 0.438 2.195 2.06 Trend exist

Passur (Rampal) 0.383 2.073 2.06 Trend exist

With the increase of river water salinity, soil salinity is also increased in the study area. SRDI (2001)
made a comparison on soil salinity status in the study area between the year 1973 and 2000. The
result of comparison is shown in Table 2 and it was found that over three decades, total saline
affected area was increased by 21% in Khulna and 15.9% in Bagerhat. Among different salinity
classes, the affected area of higher order classes (S; and S4) was increased significantly.

TABLE 2. DISTRIBUTION AND EXTENT OF DIFFERENT CATEGORIES OF SOIL SALINITY IN KHULNA AND BAGERHAT

District Total Salt affected  Salt affected area in different salinity class % increase of total saline
area (‘000 hectare)  S1 S2 S3 S4 affected area over the
1973 2000 1973 2000 1973 2000 1973 2000 1973 2000 period (1973-2000)

Khulna 120.04 145.25 390 2883 9254 3332 13.00 5949 9.80 19.61 21.00
Bagerhat 107.98 125.13 8.30 35.66 77.08 41.50 2.60 4123 0.00 6.74 15.90

Source: SRDI, 2001.

Soil salinity class and effect of each class on plant is shown in Table 3. Brammer (1996)
demonstrated that soil weathering process and saline water intrusion by surface inundation are the
main source for soil salinization but surface inundation is dominant in the south west coastal
Bangladesh. So, river water salinity is responsible for soil salinization.

Table 3. Soil salinity class on the basis of electrical conductivity (EC) and its effect on plant

Salinity Class Salinity level (micro-mhos) Plant growth condition

Non saline (S,) <2000 Salinity affects mostly negligible

Slightly saline (S;) 2000-4000 Yields of very sensitive crops may be restricted
Moderately saline (S;) 4000-8000 Yields of many crops may be restricted

Saline (S3) 8000-16000 Only tolerant crops yield satisfactory

Highly saline (S,) > 16000 Only very tolerant crops yield satisfactory

Source: Karim et al 1990.

Assessment of changes in agricultural diversity due to salinity

To assess the changes of diversity of vegetables (both summer and winter) and standing plants,
perception of local farmers in Paikgacha and Rampal was used. About hundred percent respondents
in both two regions thought that number of crop species are gradually decreasing. When they were
asked how much a particular crop they produced in 1975, 1990, 2005; they responded qualitatively.
Through the qualitative data it was difficult to assess the changes. Then, they were asked to put the
value in between 0 and 10 against their qualitative amount per species; they chose the comparative
number through their inherent capacity. Based on assigned ranking, statistical analysis (Mean &
Standard) for Paikgacha (HSZ) and Rampal (MSZ) was carried out. The result of the analysis for
summer vegetables in different years is shown in Table 4. Statistical result of winter vegetables and
standing crops is also shown in Table 5 and Table 6. The name of the species is shown in Table 7
against each species ID which is used in Table 4, Table 5 and Table 6 for summer vegetables, winter
vegetables and standing crops respectively.

The mean value represents the average rank among the respondents and standard deviation
represents the variation of their perception. The lower value of standard deviation in the study
indicates accuracy of the approximation of amount of species. If we ignore the decimal places of
mean value, Table 4 indicates that in 1975, 16 summer vegetable species was present in Paikgacha
(HSZ) and in 1990, no species was extinct but availability of vegetables were reduced substantially.
But in 2005, substantial change occurred and only 2 summer vegetable species was present. In
Rampal (MSZ), 15 species was present in 1975, but in 2005 this figure was reduced to 11. Similarly,
Table 6 indicates that in Paikgacha (HSZ) 13 winter-vegetable species was present, but in 2005 this
was reduced to 9 and in Rampal (MSZ) number of winter-vegetables species remained unchanged
but their amount was reduced. This is because in 1975, salinity level in river as well as in soil was so
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small that it had insignificant impact on plant growth condition. In 1990, the level was increased and
created impact on yield of each species. But in 2005, salinity level was so severe that most of the
species were extinct and only few salinity tolerant species were available.

Similarly, in Table 6, it is found that standing plants in Paikgacha (HSZ) was reduced from 31
species in 1975 (as species No 19, 27, 32 and 34 are absent in HSZ) to 14 species in 2005. In the
case of Rampal this figure was reduced from 35 species in 1975 to 21 in 2005. Only salinity tolerant
species played dominant role in the study area.

Table 4. Statistics of assigned rank against qualitative amount of summer vegetables produced by
farmers in Paikgacha (HSZ) and Rampal (MSZ) in 1975, 1990 and 2005

Species ID Paikgacha (HSZ) Rampal (MSZ)
1975 1990 2005 1975 1990 2005

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Spl 8.87 0.81 583 051 206 0.31 801 079 583 0.51 211 0.21
Sp2 624 092 500 043 0.03 0.21 6.13 0091 2.13 049 0.03 0.25
Sp 3 6.12 0.59 501 041 0.06 0.23 8.13 0.51 5.12 045 1.96 0.31
Sp4 6.01 058 263 060 003 020 829 0.60 768 052 561 041
Sp5 7.01 0.60 298 0.31 0.03 023 000 058 0.00 030 0.00 0.64
Sp 6 8.19 052 498 030 003 0.02 901 041 431 035 213 0.26
Sp 7 7.59 052 495 029 0.09 031 6.13 031 4.13 0.21 2.30 0.28
Sp 8 8.13 051 486 030 003 020 516 0.61 5.10 0.31 1.96 0.17
Sp9 897 049 532 027 003 030 810 053 7.13 0.51 5.12 0.17
Sp 10 6.25 036 212 030 0.07 031 810 039 510 030 2.10 0.38
Sp 11 6.13 046 2.78 0.31 0.03 0.31 7.86 047 6.13 035 210 0.31
Sp 12 9.13 042 413 042 1.10 026 8.10 021 462 045 296 0.52
Sp 13 6.12 042 211 0.31 0.03 023 436 0.21 2.11 035 0.01 0.41
Sp 14 523 043 1.98 041 0.03 0.19 502 023 233 032 0.02 0.71
Sp 15 7.12 030 2.06 0.31 0.06 033 6.13 0.51 5.03 045 0.06 0.31
Sp 16 7.12  0.26 1.98 039 0.07 0.21 7.12 021 485 0.18 2.15 0.21

Source: Field Survey, 2005.

Table 5. Statistics of assigned rank against qualitative amount of winter vegetables produced by farmers
in Paikgacha (HSZ) and Rampal (MSZ) in 1975, 1990 and 2005

Species ID Paikgacha (HSZ) Rampal (MSZ)
1975 1990 2005 1975 1990 2005

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Spl 798 0.65 598 054 213 035 6.13 0.61 598 0.16 312 0.23
Sp2 694 0.76 6.01 045 235 025 815 039 496 029 213 0.29
Sp 3 6.89 049 569 039 004 026 0.00 059 0.00 036 000 032
Sp4 9.13 0.61 7.03 0.59 213 038 832 069 7.13 035 496 043
Sp 5 8.13 0.1 6.15 0.39 198 039 7.13 039 413 045 215 0.59
Sp 6 9.11 0.59 6.65 0.29 1.98 0.61 6.12 045 498 049 236 0.28
Sp 7 9.16 049 7.15 039 210 054 7.89 035 694 048 469 027
Sp 8 6.14 053 221 035 004 039 0.00 064 0.00 053 000 0.17
Sp9 9.14 049 532 035 213 036 9.12 039 7.16 059 497 0.19
Sp 10 894 035 412 036 236 039 9.13 046 698 034 499 0.35
Sp 11 9.10 0.54 6.13 035 4.12 037 898 037 7.13 029 512 034
Sp 12 896 045 2.13 045 035 0.35 8.12 026 796 041 4.13 032
Sp 13 7.13 041 213 054 039 029 7.84 029 6.15 031 411 039

Source: Field Survey, 2005.

To detect the changing pattern for every species in Paikgacha and Rampal, graphical presentation is
carried out. In Figure 2a, each line represents the changing pattern of every summer vegetable in
Paikgacha whereas in Figure 2b, each line represents the status of every species in Rampal. From
Figure 2a, it is found that summer vegetables in HSZ could not bear the extent of salinity in 2005
and substantial reduction occurred. Figure 2 (a) and (b) also indicate the spatial and temporal
variation of summer vegetable species. In HSZ, about total species was extinct; only two species
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remained but in MSZ reduction was lower compared to HSZ. Because in summer due to high
temperature, evaporation of fresh water occur which eventually increases salinization. As salinity
level in river and soil is high in HSZ compared to MSZ, this figure become high in high saline zone.
Similarly, Figure 3 (a) and (b) indicate the spatial and temporal variation of winter vegetable
species. From all comparative analysis it is concluded that agricultural diversity was changed both in
Paikgacha and Rampal but it is noticeable in Paikgacha rather than Rampal due to high degree of
salinity. The reduction of species in winter season is in smaller quantity rather than the summer
season because of lower evaporation rate in winter compared to summer.

Table 6. Statistics of assigned rank against qualitative amount of standing plants in Paikgacha (HSZ) and

Rampal (MSZ) in 1975, 1990 and 2005

Species ID Paikgacha (HSZ) Rampal (MSZ)
1975 1990 2005 1975 1990 2005

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Spl 8.02 055 241 041 0.02 0.31 811 052 312 049 211 049
Sp2 6.12 0.69 1.10 0.37 0.02 0.19 798 0.31 2.56 0.39 1.98 0.54
Sp 3 598 037 006 035 031 035 8.13 045 0.06 036 032 0.59
Sp4 543 029 0.13 0.31 0.07 049 698 0.31 231 0.32 131 0.31
Sp5 6.13 037 514 036 202 029 623 035 514 037 202 029
Sp 6 7.16 025 291 035 007 047 7.69 029 291 045 0.07 047
Sp 7 8.13 0.39 193 049 0.04 024 805 040 231 039 210 024
Sp 8 516 038 0.09 047 0.02 031 691 039 0.10 045 0.03 0.31
Sp9 514 045 0.10 042 007 0.16 7.15 037 213 041 0.13 0.51
Sp 10 7.02 049 099 036 0.03 034 911 0.39 1.15 039 0.03 0.54
Sp 11 6.19 0.59 1.10 0.35 0.07 045 8.11 0.59 1.16 0.34 0.07 0.56
Sp 12 8.02 0.61 3.10 048 003 0.15 791 0.61 2.10 049 029 0.26
Sp 13 798 024 790 039 780 033 656 024 715 042 8.13 0.29
Sp 14 691 026 3.15 0.31 2.04 0.31 7.12 026 4.65 0.31 2.11 0.80
Sp 15 7.64 0.21 759 039 7.10 035 7.12 026 740 035 798 0.31
Sp 16 7.69 0.15 495 028 210 026 691 021 416 029 354 045
Sp 17 859 021 431 0.31 198 033 7.12 0.21 2.13 0.35 1.98 0.35
Sp 18 7.15 0.21 041 0.37 007 033 6.19 029 231 039 201 056
Sp 19 0.00 026 000 045 000 034 7.16 028 456 045 231 031
Sp 20 213 026 200 049 0.04 0.21 465 027 231 039 214 049
Sp 21 698 026 431 049 413 034 7.13 029 6.12 037 432 042
Sp 22 8.15 0.21 7.07 047 693 0.33 820 035 810 047 8.00 0.39
Sp 23 512 026 291 045 216 037 520 038 211 045 1.97 0.37
Sp 24 2.13 037 007 038 0.06 033 413 037 215 038 0.06 0.34
Sp 25 461 039 6.13 034 798 049 461 049 6.15 035 8.10 0.49
Sp 26 213 026 091 042 0.02 047 425 041 2.11 047 002 047
Sp 27 0.00 040 0.00 035 000 037 7.2 038 216 049 0.03 037
Sp 28 431 026 4.10 0.29 1.21 0.21 698 037 421 031 211 021
Sp 29 691 034 415 037 3.13 036 813 028 431 038 2.11 031
Sp 30 812 032 912 045 9.12 0.16 6.54 031 712 048 750 0.35
Sp 31 816 022 850 029 895 049 565 029 6.65 035 8.65 049
Sp 32 0.00 029 0.00 0.28 000 047 4.65 031 2.10 0.31 0.61 048
Sp 33 2.10 0.34 1.00 0.27 0.03 0.31 413 034 216 032 0.04 0.31
Sp 34 0.00 0.39 0.00 029 0.00 0.16 413 041 241 046 0.03 0.39
Sp 35 410 038 031 028 0.03 048 7.13 039 002 048 0.04 049

Source: Field Survey, 2005.

Through an open ended question in the questionnaire, the factors responsible for such changes of
species diversity were captured. About cent percent local farmers assumed that salinity is the only
factor which is responsible for such changes. As the farming habit and other instruments, which they
used in farming were remained unchanged and salinity is increasing significantly, their perception is
reliable.
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Table 7. Scientific name of summer vegetables, winter vegetables and standing plants

Species  Summer vegetable Winter vegetables Standing plants

ID

Sp1 Solanum melongena Brassica oleracea var. capitata Mangifera indica

Sp 2 Benincasa hispida Vigna unguiculata var. Spondias mangifera
Sp3 Trichosanthes anguina Brassica campestris var. chinensis ~ Aegle marmelos

Sp 4 Luffa cylindrica Amaranthus oleraceus Punica granatum

Sp 5 Momordica dioica Abelmoschus esculentus Diospyros peregrina
Sp 6 Ipomoea aquatica Brassica oleracea var. botrytis Ficus carica

Sp7 Momordica charantia Amaranthus tricolor Syzygium cumini

Sp 8 Cucurbita moschata Ipomoea batatas Syzygium samarangense
Sp 9 Lagenaria siceraria Raphanus sativus Citrus grandis

Sp 10 Alocasia indica Beta vulgaris var. bengalensis Muca cvs.

Sp 11 Dioscorea alata Basella alba Citrus aurantifolia
Sp 12 Colocasia esculenta Lycopersicon esculentum Artocarpus heterophyllus
Sp 13 Amorphophallus campanulatus  Lablab niger var. Phoenix dactylifera
Sp 14 Corchorus oletorius Zizyphus mauritiana
Sp 15 Cucumis sativus Cocos nucifera

Sp 16 Luffa acutangula Carica papaya

Sp 17 Psidium guajava

Sp 18 Moringa oleifera

Sp 19 Areca catechu

Sp 20 Borassus flabellifer
Sp 21 Tamarindus indica
Sp 22 Manilkara achras

Sp 23 Prunus amygdalus

Sp 24 Terminalia arjuna

Sp 25 Acacia arabica

Sp 26 Ficus benghalensis
Sp 27 Anthocephalus cadamba
Sp 28 Albizzia sp.

Sp 29 Delonix regia

Sp 30 Azadirachta indica
Sp 31 Excoecaria agallocha
Sp 32 Bambusa sp.

Sp 33 Bombax ceiba

Sp 34 Terminalia belerica
Sp 35 Terminalia chebula

There are several factors like salinity, acidity, nutrients and minerals of soil, climatic conditions,
application of fertilizer and insecticides etc which are responsible for crop diversity degeneration.
To detect which factors are responsible in our study area, eight resource persons were interviewed
who were working with agriculture and soil of the study area. All of them mentioned that climatic
conditions and application of fertilizer and insecticides remained more or less unchanged. Other
factors were not changed substantially which are able to create biodiversity degeneration. They
remarked that salinity level was changed noticeably which eventually replaced minerals and reduces
nutrient status of the study area. So salinity is a stressed condition, which changes the agricultural
diversity in study area.
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Figure 2. Changing pattern of amount of summer vegetables for every species in (a) Paikgacha (HSZ) and (b)
Rampal (MSZ) based on assigned rank.
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Figure 3. Changing pattern of amount of winter vegetables for every species in (a) Paikgacha (HSZ) and (b)

Rampal (MSZ) based on assigned rank.

CONCLUSION

The study findings show that agricultural diversity of the study area is reducing with the increase of
salinity. The reduced agricultural diversity eventually decreases the agricultural production and
creates extinction of several species. Thus, desertification is going to be created in the study area.
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These consequences eventually create instability in the socio-economic sector of the study area in
terms of increased poverty of local farmers. So, salinity is now a terrible problem in south west
coastal region of Bangladesh. Immediately, Government should take step for reducing salinity level
of the study area. The reduction of salinity level in south west region of Bangladesh can be
accomplished by increasing upland freshwater flow from the Ganges through the Gorai-Madhumati
channel.
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