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ASSESSMENT OF NUTRIENT STATUS OF THE FOREST SOILS
AS COMPARED TO CULTIVATED SOILS OF THE
SUNDERBANS OF BANGLADESH
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ABSTRACT

An investigation was carried out to determine the nutrient status of soils of the Sundarbans of Koyra
Upazila under Khulna district. Forest soils of the Sundarbans receive seawater at a regular interval, but
the cultivated land inside the embankment never receives seawater. To investigate the impact of
scawater on nutrient status of the forest soils as compared to cultivated soils inside the embankment, soil
samples from the above two areas were collected at two different depths, surface (0-15 ¢m) and sub-
surface (15-30 cm). The chemical analyses included soil pH, EC, organic matter, N, P, S, K, Ca, Mg,
Na, B, Zn, Cu, Fe and Mn content in soils. The soils of the mangrove forest of Koyra Upazila were
saline, but the cultivated soils adjacent to the Sundarbans (inside the embankment) were acidic to saline.
EC values were higher in mangrove forest soils than cultivated land and both the pH and EC were
higher in surface soils. The organic matter, N, P and S contents were higher in surface soils than that of
sub-surface soils. The status of Ca, Mg and K were higher in sub-surface soils than that of surface soils.
The levels of N, Ca, Mg, Na, B, Cu and Mn were higher in forest soils than that of cultivated soils. But
the concentrations of Fe, P, S and Zn were higher in cultivated soils than that of forest soils. The level of
S in cultivated land was 401.4 mg kg''. The low pH (5.3 to 7.3) and higher amount of SO,-S indicated

that the soils of cultivated land were acid-sulphate. The concentrations of micronutrients were
comparatively higher in surface soils than that of sub-surface soils.
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INTRODUCTION

The Sunderbans are the largest single tract of the mangrove forest in the world. Bangladesh shares
about 62% of the total area of the Sundarbans. It is one of the valuable natural assets. [t constitutes
about 60% of Bangladesh natural forests and provides livelihood for at least 0.8 million people mainly
wood cutters, fishermen, honey collector, golpata collector etc. In addition to forest resources, the
Sunderbans forest is extremely important for the protective barrier against coastal erosion, cyclone,
storms, and tidal surges, wildlife conservation, fish production etc. Unfortunately, the condition of
this forest 1s deteriorating day by day. The biodiversity of the Sunderbans is in decreasing trend. We
doubt that soil quality may be one of the reasons contributing to this deteriorating condition. Because
soil is the storehouse of nutrient elements of plants. Obviously, floristic components are nourished by
the soil and get support to withstand. The soil nutrient status is likely to govern the growth,
development, and multiplication of this floristic composition, besides environmental influence. \\ is
presumed that there is a close relationship between the existing condition of the floristic composition

and soil nutrient status. Soil nutrient status is influenced somewhat by water nutrient status. Keeping
this fact in mind this study was conducted.

MATERIALS AND METHODS

The soil samples were analyzed in the Laboratory of the Departments of Agricultural Chemistry, and
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Soil Science, Central Laboratory, Bangladesh Agricultural University (BAU), Mymensingh and the -
Division of Soil Science, Bangladesh Institute of Nuclear Agriculture (BINA), Mymensingh. In order
to conduct the study, two forest stations Baniakhali and Kassiabad including five patrolposts (viz.
Hadda, Koyra, Shakbaria, Hayathali and Bazbaza) of the Sundarbans under Koyra Upazila of Khulna
range were selected with the help of the staff of forest division of Khulna. The soil samples were
collected during the month of January 2003 from the selected areas. At two different depths, surface
(0-15 cm) and sub-surface (15-30 cm), forty (20 x 2 = 40) samples were collected from mangrove
forest of the Sundarbans (outside the embankments) and twelve (6 x 2 = 12) samples were collected
from the cultivated land of Koyra Upazila adjacent to the Sundarbans (inside the embankment).
Preparation of soil samples

The collected soil samples were carried to the Laboratory of the Department of Agricultural
Chemistry, BAU for chemical analysis. The soil samples were then dried at room temperature, ground
to pass through twenty-mesh sieve and kept separately in polythene bag for chemical analysis. The
soil samples were collected following the instructions reported by Allen ez al. (1974).

Chemical analyses of soil

The soil samples were analyzed to determine i) pH ii) EC 1i1) Organic matter iv) Total nitrogen v)
Available phosphorus vi) Exchangeable potassium vii) Available sulphur viii} Exchangeable calcium
ix) Exchangeable magnesium x) Exchangeable sodium xi) Available boron and xii) Available zinc,
copper, iron and manganese. pH of the soil samples were determined by glass electrode pH meter as
described by Ghosh er al. (1983). The electrical conductivity of collected soil samples were
determined electrometrically (1:2.5, soil: water ratio) by a conductivity meter as described by
Anderson and Ingram (1996). Organic matter was determined titrimetrically following Walkley and
Black (1934) method and modified by Ghosh et al. (1983). Total nitrogen content in soil was
determined by macro Kjeldhal method (Jackson, 1973). Available soil phosphorus was determined by
Olsen method (Olsen et al., 1954) colorimetrically using SnCl, as reductant. Exchangeable potassium
and sodium were determined with the help of flame emission spectrophotometer (Ghosh er al. 1983).
Sulphur was determined by turbidimetric method with the help of a spectrophotometer (Page et al.,
1982). Calcium and magnesium were determined by complexometric method of titration using Na»-
EDTA as a complexing agent (Page et «l., 1982). Water-soluble B was extracted from soil by hot
water and determined by Azomethine-H method (Page er al., 1982). Available zinc, copper,
manganese and iron were determined by atomic absorption spectrophotometer (McLaren ef al., 1984).

RESULTS AND DISCUSSION

Variation in pH values

The pH values of the surface and subsurface soils of twenty samples of mangrove forest of the
Sundarbans varied from 7.2 to 8.0 and 7.1 to 7.9, respectively (Table 1). The pH values of surface and
sub-surface soil of cultivated land of the same Upazila adjacent to the Sundarbans inside the
embankment varied from 5.3 to 7.3 and 4.0 to 7.0, respectively (Table 2). The results indicated that
the soils of mangrove forest of the Sundarbans were saline in nature and the soils of cultivated land
adjacent to the Sundarbans were acidic to saline. Soil salinity might have developed due to the
inundation of saline sea water into the forest.

Electrical Conductivity

The electrical conductivity (EC) values of surface and sub-surface soils of mangrove forest ranged
from 3.3 t0 5.0 and 2.8 to 4.8 ds m"' with the mean values of 4.17 and 3.69 ds m', respectively (Table
1). About 45 and 50 per cent EC values of surface and sub-surface soils were less than their respective
means. But the EC values of the cultivated land adjacent to the Sundarbans inside the embankment
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ranged from 1.8 to 4.2 ds m™ and 1.1 to 3.9 ds m™', respectively. The mean values of these soils were
3.13 ds m" and 2.46 ds m"' in surface and sub-surface soil, respectively (Table 2). The average result
of EC of mangrove forest of the Sundarbans both surface and sub-surface was close to that of
Gunasekaran et al. (1992). The mean EC value of mangrove forest (4.17 ds m’') of the Sundarbans
was greater than that of cultivated land (3.13 ds m') adjacent to the Sundarbans. The result indicated
that the EC of the both soils were greater in surface soil than sub-surface soil.
Table 1. pH, EC, organic matter, nitrogen and phosphorus levels of surface and sub-surface
soils of the mangrove forest outside the embankment of the Sundarbans of

KoyraUpazila

Sample No. pH EC dsm’ % organic matter Yo N P (mg kg

Ss Sss |ss  [sss SS |sss Ss | sss Ss  [sss
S i 7.2 5.0 4.5 1.77 1.62 0.103 0.102 18.80  15.60
S» 7.9 7.8 33 3.0 2.60 2.00 0.137 0.106 1400 1140
Sz 7.8 7.7 4.5 4.3 1.78 1.60 0.107 0.102 1584 1118
Sy 7.9 7.8 38 3.8 2.51 2.17 0.126 0.112 1424 12.00
Ss 7.9 7.8 35 34 2.53 2.44 0.128 0.125 20.80  13.00
Se 5 73 3.3 3.2 2.08 218 0.147 0.110 1792 15.60
S, 74 7.4 4.8 39 2.46 2.28 0.117 0.113 14.20 1420
Sg 55 7.3 4.9 4.7 1.53 1.38 0.101 0.088 1560 13.78
So 7.2 7.1 4.9 48 319 2.90 0.193 0.189 10.40  7.40
Sio 7.4 7.2 4.1 4.0 2.53 2.29 0.126 0.113 8.40 7.36
Si 7.4 7.4 35 34 1.67 1.60 0.102 0.101 7.72 7.32
Siz 7.6 728 4.5 2.8 2.02 2.00 0.108 0.100 8.80 7.28
Siz 8.0 7.9 4.0 2.8 1.47 1.22 0.099 0.083 22,16 17.80
Sia 79 7.8 4.0 3.0 2.24 1.82 0.112 0.105 17.60  17.40
Sis 8.0 7.8 35 3.1 2.71 1.49 0.186 0.101 13.00 11.20
Sie 7.8 7.5 48 4.4 2.06 1.75 0.109 0.104 1432 9.12
Si7 8.0 7.8 4.7 38 1.42 1.09 0.098 0.065 2480 18.80
Sis 7.8 Tl 39 3.5 1.55 1.46 0.101 0.100 1640  12.00
Sio 7.8 7.8 42 32 1.49 1.29 0.099 0.085 18.40  12.68
Sy 7.9 7.8 4.2 4.2 1.80 1.60 0.109 0.102 14.00 8.80
Range 7.2 Pk 33 2.8 1.47 1.09 0.098 0.0065 7.72 7.28

to to to to to to to to to 1o

8.0 7.9 5.0 4.8 3.19 2.90 0.193 0.189 24.80 18.80
Mean 4.17 3.09 2.10 1.82 0.120 0.105 15.37  12.16
Sd 0.55 0.62 0.51 0.45 0.026 0.022 4.39 3.53
V% 13.33  19.60 24.24 24.85 22.100 21.708 28.59  29.10

S = Soil sample, SS = Surface soil (0-15 em), SSS = Sub-surface soil (15-30 cm)

Organic matter

Organic matter content in surface and sub-surface soils of mangrove forest ranged from 1.47 to 3.19%
and 1.09 10 2.90% with the mean values of 2.10% and 1.82%, respectively (Table 1). The organic
matter status in the cultivated land adjacent to the Sundarbans ranged from 1.15 to 2.53% and 0.58 to
2.38% with the mean values of 1.96 and 1.34% in surface and sub-surface soils, respectively (Table 2)
which are less than mangrove forest. It was found that organic matter level of the mangrove forest
was higher than that of cultivated land adjacent to the Sundarbans. The possible reason was that the
continuous addition of tree leaves to the forest soil and their slow rate of decomposition might have
increased the organic matter level.
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Nitrogen

The total amount of nitrogen in surface and sub-surface soils of the forest ranged from 0.098 to
0.193% and 0.065 to 0.189% having mean values of 0.120% and 0.105%, respectively (Table 1). But
the amount of total nitrogen in surface and sub-surface soils of the cultivated land adjacent to the
Sundarbans ranged from 0.087 to 0.131% and 0.050 to 0.114% having mean values of 0.112 and
0.084, respectively. Total N level in surface soil was found to be higher than that of sub-surface soils
in both mangrove forest and cultivated land. The results of the present study were in good agreement
with that of Fouda and Al-Muharranmi (1996). Due to the presence of higher amount of organic
matter in surface soil, the level of nitrogen in the soil was higher.

Phosphorus

Available phosphorus content in surface and sub-surface soils of the mangrove forest varied from 7.72
to 24.80 mg kg’ and 7.28 to 17.40 mg kg with the mean values of 15.37 and 12.16 mg kg,
respectively (Table 1). But the amount of available phosphorus in surface and sub-surface soils of the
cultivated land ranged from 11.32 to 24.00 and 8.56 to 16.36 mg kg™ and the mean values were 19.02
and 13.40 mg kg™, respectively (Table 2). The average content of available phosphorus in surface soil
was higher than that of sub-surface soils both inside and outside the embankment. The results
indicated that the amount of phosphorus was higher in the cultivated land adjacent to the Sundarbans
than that of the mangrove forest.

Table 2. pH, EC, organic matter, N, P, K and S status of surface and sub-surface soils of

Sample pH EC dsm™ % organic matter % N P
No. (mg kg')
SS [sss SS [sss sS [sss SS [sss SS [sss
SC, 53 4.0 39 3.0 2.53 2.38 0.131 0.114 10.4 14.8
SC, 7.1 7.0 1.8 1.1 1.87 0.98 0.109 0.008 23.6 14.3
SC; 12 6.0 3.1 2:3 1.95 0.58 0.110 0.050 16.4 12.4
SCi 53 4.14 42 39 248 1.18 0.127 0.091 11.32 8.56
SCs 73! 4.6 3.0 2.6 115 1:13 0.087 0.075 24.0 16.36
SCe 6.9 43 2.8 1.9 1.82 1.80 0.108 0.107 224 14.0
Range 53 4.0 1.8 1.1 1.15 0.58 0.087 0.050 11.32 8.56
to7.3 to 7.0 t0 4.2 t03.9 t0 2.53 to 2.38 to 0.131 t00.114  t024.0 to 16.36
Mean 3.13 2.46 1.96 1.34 0.112 0.084 19.02 13.40
Sd 0.77 0.87 0.46 0.58 0.014 0.022 4.65 2.46
CV% 24.83 35.39 23.47 43.77 12.835 26.430 24.49 18.35

cultivated land inside the embankment of Koyra Upazila adjacent to the Sundarbans

SC = Cultivated Soil, SS =Surface Soil, SSS =Sub Surface Soil

Potassium

Exchangeable potassium content of surface and sub-surface soils of the mangrove forest ranged from
0.803 to 1.57 and 1.10 to 1.855 cmol kg with the average values of 1.22 and 1.43 cmol kg,
respectively (Table 3). The results indicated that the amount of potassium in sub-surface soil was
greater than that of surface soil in both the mangrove forest and the cultivated land of Koyra Upazila
adjacent to the Sundarbans. It could possibly happen for the luxury consumption of potassium by
plants, sorptions and diffusion of free potassium ions from the surface soils (Brady, 1990).

Sulphur

The sulphur content in surface and sub-surface soils of mangrove forest was found to vary in between
152.43 to 335.35 mg kg™’ and 101.62 to 223.57 mg kg™ with their mean values of 225.51 and 162.05
mg kg ', respectively (Table 3).The amount of sulphur in surface and sub-surface soil of the cultivated
land adjacent to the Sundarbans ranged from 264.22 to 660.55 mg kg™ and 140.64 to 528.44 mg kg’
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greater in the mangrove forest than cultivated land. The amount of Ca in forest soil was higher
possibly due to continuos flooding by saline sea water. Sea water contained higher amount of calcium.
The range of soil calcium was in good agreement with that of Chaffey ez al. (1985).
Magnesium
The amount of magnesium in surface and sub-surface soils of mangrove forest of the Sundarbans
ranged from 6.1 to 10.2 cmol kg™' and 6.9 to 11.0 cmol kg™* with their average values of 8.03 cmol kg’
"and 9.13 cmol kg, respectively (Table 3). In case of cultivated land adjacent to the Sundarbans the
Mg content in surface and sub-surface soils ranged from 3.7 to 8.0 cmol kg™ and 6.3 to 9.4 cmol kg''
with their average respective values of 6.60 cmol kg™ and 7.86 cmol kg', respectively(Table 4). The
amount of Mg in sub-surface soil in both mangrove forest and the cultivated land adjacent to the
Sundarbans was higher than that of surface soil. But the amount of Mg was higher in mangrove forest
than cultivated soil.
Table 4. K, S, Ca, Mg and B status of surface and sub-surface soils of cultivated land adjacent

to the Sundarbans inside the embankment

Sample K S Ca Mg B
No. (cmol kg') (mg kg™) (emol kg") (cmol kg) (mg kg")
ss | sss ss | sss ss | sss ss | sss ss | sss
SCy 0.99 1.35 600.55 528.44 39 7.3 8.0 9.4 0.5 0.5
SC, 0.70 1.12 315.03 171.13 49 55 79 8.0 1.0 0.5
SCy 1.09 125 294.70 140.64 22 38 3.7 6.3 1.0 0.9
SCy 1.16 1.43 548.76 355.68 37 52 12 8.1 I 1.1
SCy 1.04 1.40 325.19 264.22 4.34 6.7 6.8 7:2 1.1 0.5
SC, 0.79 0.79 204.22 254.05 33 5. 6.0 8.2 0.6 0.6
Range 0.70 0.79 264.22 140.64 2.2 38 3.7 6.3 0.5 0:5
to 1.16 to 1.43 to 060.55 to 528.44 to 4.9 to 7.3 to 8.0 to 9.4 to 1.1 to 1.1
Mean 0.96 122 401.40 285.69 3.72 5.60 6.60 7.86 0.88 0.68
Sd 0.163 0.21 148.51 128.74 0.84 1.13 1.46 0.95 0.24 0.23
CV% 17.01 17.94 36.99 45.06 22.72 20.30 22.14 12.09 27.27 3423

SC = Cultivated Soil, SS =Surface Soil, SSS =Sub Surface Soil

Boron

Boron content in surface and sub-surface soil in the mangrove forest ranged from 0.2 to 1.3 mg kg™’
and 0.2 to 1.25 mg kg' with their average values 0.75 mg kg™’ and 0.572 mg kg™, respectively (Table
3). But B content in surface and sub-surface soils of the cultivated land ranged from 0.5 to 1.1 mg kg
and 0.5 to 1.1 mg kg™ with the average values of 0.88 mg kg™ and 0.68 mg kg™', respectively (Table
4). B content in surface soil was greater than that of respective sub-surface soils.

Sodium

Sodium content in the surface and sub-surface soils of the mangrove forest ranged from 9.31 to 13.48
cmol kg' and 8.48 to 12.60 cmol kg' with their mean values of 11.67 and 10.35 cmol kg,
respectively (Table 5). In case of cultivated land the amount of Na ranged from 5.7to 10.91 cmol kg™’
and 4.34 to 10.6 cmol kg' with their respective mean values of 8.83 and 6.14 cmol kg,
respectively(Table 6). The results indicated that Na content in surface soil was greater than that of
sub-surface soils. Similar findings were also presented by Zakir and Gayatri (1994). The amount of
sodium in the mangrove forest of the Sundarbans was greater than that of cultivated land adjacent to
the Sundarbans. It might be due to routine flooding of the forest soil by saline water.
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Zinc

The surface and sub-surface soils of the mangrove forest contained available zinc within the range

from 2.47 to 6.43 mg kg™ and 1.97 to 4.97 mg kg™ and the calculated mean values were 3.96 and 3.32

mg kg, respectively (Table 5).

Table 5. Na, Zn, Cu, Fe, and Mg status of surface and sub-surface soils of the mangrove forest
outside the embankment of the Sundarbans of Koyra Upazila

Sample Na Zn Cu Fe Mn

No. (cmol kg (mg kg (mg kg'") (mg kg™ (mg kg'")
ss | sss ss | sss ss | sss ss | sss ss | sss

& 1304 1087 415 38 11.72 847 18025 15925 1110 987
S: 935 760 634 4.60 12.15 887 20750 16031 1420 1104
S5 1260 1152 3.10 3.07 13.02 1262 17770 16790 1910 1693
S4 1254 1172 390 235 10.77 977 29330 25425 2048 1977
S 1000 848 335 282 11.32 107 20600 19775 1915 1808
S 1109 1025 556 3.75 12.65 918 18077 15920 2085  16.55
S 1282 1260 405 3.35 9.22 917 26450 24950  17.10 1542
Ss 1204 913 502 497 15.87 1455 14361 14078 1808 1497
Se 1204 1282 643 415 10.45 103 12581 12160 1589 1265
o 1348 1173 352 3.35 8.60 760 18680 15770 1070  7.37
S 1239 1152 3.03 231 922 785 12493 12180 2191 104l
Siz 1217 913 330 3.00 9.20 917 14175 13200 1747 1720
8 1065 891 495 497 8.10 710 37700 29840 2341 2010
Sis 1087 891 3.02 3.00 11.35 1035 15670 15075 1360 1251
Sis 9.31 913 3.00 38 9.42 815 12450 12350 1987  14.60
Sis 1293 1217 3.09 282 8.40 782 22150 22150 1870 1866
Sur 1217 1022 247 1.97 9.20 780 19080 18075 1402 140l
Sis 1109 1021 3.7 3.00 11.35 1032 12550 12390 1550 1350
Sio 1087 935 449 3125 9.37 742 18980 17880 2575 149
S2 11.09 1087 285 232 11.72 917 12950 12670 1541 1537

Range 9.3 848 247 1.97 8.10 710 12450 12180t0 1070 9.87

01348 01260 10643 10497 101587 101555 1037700 29840 102575 1020.10

Mean 1167 1035 396 3.32 10.65 931 18740 17131 1756 14.69
Sd 121 1.45 113 0383 1.87 178 62850 4871 3.76 3.29

CV% 1040 1403 2848 2525 17.57 1909 33530 2843 2144 2243

S = Soil sample, SS = Surface soil, SSS = Sub-surface soil

In the cultivated land the zinc content in surface and sub-surface soils varied from 4.18 to 7.81 mg kg
"and 3.71 to 7.4 mg kg' with their mean values of 5.4 and 4.80 mg kg™, respectively (Table 6). The
result showed that the available Zn was higher in surface soils than that of sub-surface soils both in
mangrove forest and in cultivated soils adjacent to the Sundarbans. The decreasing trend of Zn with
increasing soil depth was in good agreement with that of Razzaque (1995). The results also indicated
that the zinc content in cultivated soils was higher than that of mangrove forest of the Sundarbans.
Copper

The concentration of available copper in surface and sub-surface soils of the mangrove forest ranged
from 8.10 to 15.87 mg kg™ and 7.10 to 15.55 mg kg™’ and the calculated mean values were 10.65 and
9.31 mg kg, respectively (Table 5). The amount of copper in surface and sub-surface soils of the
cultivated soil ranged from 6.3 to 10.56 mg kg and 4.08 to 8.47 mg kg and the calculated mean
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values were 10.49 mg kg™’ and 6.25 mg kg, respectively (Table 6). The results reflected that
available copper was higher in surface soil than that of sub-surface soil both in mangrove forest and
the cultivated land. The results further indicated that the amount of copper in surface of both the soils
was about similar, but sub-surface soils of cultivated land contained higher amount than mangrove
forest of the Sundarbans.

Iron

The results indicated that iron (Fe) content of surface soils were higher than that of sub-surface so1ls
both inside and outside the embankment (Table 5 and 6). The results further indicated that the mean
amount of Fe was greater in cultivated soil (269.45 mg kg™) than that of mangrove forest (187.40 mg
kg™') of the Sundarbans.

Table 6. Na, Zn, Cu, Fe, and Mg status of surface and sub-surface soils of cultivated land
adjacentto the Sundarbans (inside the embankment)

Sample Na Zn Cu Fe Mn
No. (cmol kg™ (mg kg™) (mg kg™ (mg kg™) (mg kg
SS SSS SS SSS SS SSS SS | SSS SS SSS
SC, 5.80 475 4.56 4.18 6.71 5.81 3329 320.8 11.58 9.85
SC, 10.91 10.60 6.30 592 6.30 4.08 230.8 229.2 10.63 6.41
SCs 10.60 7.39 4.18 372 13.06 8.02 189.9 178.0 12.60 9.88
SCy 570 4.8 7.81 74 16.43 6.09 3784 365.7 10.57 5.38
SCs 10.50 5.00 428 3.87 10.56 8.47 286.0 277.7 10.87 5.37
SCe 9.52 4.34 527 371 9.92 5.03 198.7 189.6 9.95 7.90
Range 5.7 434 4.18 37N 6.3 4.08 189.9 178.0 9.95 to 5.38
01091 101060 to7.81 to 7.4 to 10.56  to 8.47 to 3784 103657 1260 to 9.88
Mean 8.83 0.14 5.40 4.80 10.49 6.25 269.45 251.83 11.03 7.46
Sd 222 222 1.29 1.39 3.51 1.55 69.51 68.48 0.84 1.89
CV% 25.17 36.20 24.0 28.99 3347 24.85 25.80 27.19 7.70 25.39

SC = Cultivated Soil, SS =Surface Soil, SSS =Sub Surface Soil

Manganese

The results indicated that the mean amount of Mn was higher in surface soil (17.56 mg kg™ and 11.03
mg kg'') than that of sub-surface soils (14.69 mg kg and 7.46 mg kg') both in mangrove forest and
cultivated soils adjacent to the Sundarbans, respectively (Table 5 and 6). The results also showed that
the amount of Mn was higher in the mangrove forest of the Sundarbans than that of cultivated soil
adjacent to the Sundarbans.
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