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Exhangeable cations and anions capacity of soil experiencing mortility
of shisham (Dalbergia sissoo) in semi-arid regions of Haryana, India

M.K. SINGH AND RAVI KUMAR*
Department of Forestry, C.C.S Haryana Agricultural University, HISAR (HARYANA) INDIA

ABSTRACT

In order to study the chemical properties of soils under healthy as well as dead trees of Dalbergia sissoo six different locations
selected in Chaudhary Charan Singh Haryana Agricultural University, Hisar and nearby places with an objective to ascertain
whether the mortality is caused by any chemical properties of soils . Soil samples from six different depth upto 150 cm were
collected and analysis for pH, E.C, Exchangeable cations and anions of soil. The concentration of exchangeable cations were
found higher in the soils under healthy trees as compared to dead trees while the pH, E.C and exchangeabl e anions were higher
under dead trees and its concentration increased with the increase in the soil depth at all the six locations.
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INTRODUCTION

Dalbergia sissoo (shisham) is one of the few
important broad-leaved leguminous trees. It isgrowsin
the entire sub-Himalayan tract and also in the Himalayan
valleys upto an elevation of about 1500m. It is grown
throughout Indo-gangetic plain and Rajasthan. Itisalarge
deciduous tree and it has been widely used for
afforestation, soil conservation, ravine reclamation etc.
in many parts of the country. It has a good atmospheric
N,-fixing ability, therefore, itisextensively plantedinsocial
and agro-forestry programmes.

After been grown successfully for hundreds of years,
trees of Dalbergia sissoo in their natural and man-
influenced ecosystem are adversely affected by various
biotic and abiotic factors. Sinceanumber of stressfactors
such as changing climatic conditions, stagnation of soil
water, longer dry spell, soil compaction, salt accumulation,
imbal ance of soil nutrientsand improper sitefor plantation,
adversely affects tree health which invite the secondary
pathogen and insects that attack the weakened tree and
finally leads to death of tree. So keeping in view above
points, present study was undertaken to know whether
the chemical properties of soil responsiblefor decline of
Dalbergia sissoo.

MATERIALS AND METHODS

Healthy and dead trees of Dalbergia sissoo were
sel ected from the campus CCSHAU, Hisar (Lat. 29°10¢
N, Long. 75°46¢ E and Alt. 215.2 m above mean sea
level) and nearby places. The distances between healthy
and dead trees were about 4-5 m. The trees were about
10-15 vears of age, their airth varied from 68 to 69 cm
* Author for correspondence.

and height 8-14 m. From each location, two trees one
healthy and one dead were selected. Four points at a
distanceof 1.5 meter fromthe base of treesin East, West,
North and South directions were marked. From these
points with the help of an auger, soil samplewere drawn
at adepth of 0-15, 15-30, 30-60, 60-90, 90-120 and 120-
150 cm from these directions. Samples from each
direction and depth were mixed together and one
composite sample was drawn. In thisway sampleswere
collected from six different locations under dead and
healthy trees. Soil sample were air dried, ground with
pestle and mortar and passed through 2mm sieve and
anayzed, pH (Kalraand Maynard,1991), Exchangeable
cationslike Ca* Mg* (Kanwar and Chopra,1976) Na*
and K* on Elico flame photometer, E.C, Water soluble
anions like Bicarbonate and chloride, (Richards, 1954)
and Sulphate (Chesnin and Yien, 1951).

RESULTS AND DISCUSSION
Soil pH :

Thesoil pH values (1:2 soil water ratio) at different
depth and at various locations are presented in Table-1.
In general the soil pH values were higher in soils under
dead trees as compared to healthy treesat al thelocations
and depth. Among healthy trees the lowest pH values
i.e. 7.5 was recorded at the surface layer of location L3
and highest 9.1 at lowest depth at location L . In case of
dead trees pH values varied from 7.9 (in surface level at
location L ,) to 9.3 in the soil sample at lower most depth
at location L. In both the cases the pH val ues increased
with theincreasingin soil depth.

The low pH values of upper surface layer may be
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Table 1: pH (1:2 soil water ratio) of the soil under healthy and dead trees of D. sissoo.
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Depth (cm) L, L, Ls L, Ls Le

H D H D H D H D H D H D
0-15 8.0 81 79 79 7.5 7.9 7.8 8.0 7.9 8.0 8.1 8.4
15-30 8.1 83 82 8.0 7.9 8.0 8.1 8.2 8.0 8.1 8.2 8.2
30-60 8.2 84 83 8.1 8.0 8.1 8.3 8.3 8.3 8.2 8.5 8.6
60-90 8.4 87 83 8.2 8.1 8.2 8.7 8.5 8.4 8.7 8.5 8.7
90-120 8.5 9.0 84 8.6 8.2 8.9 8.8 8.7 8.8 8.7 8.6 9.1
120-150 8.6 91 85 8.9 8.2 9.0 8.8 8.8 9.1 9.0 9.1 9.3
Mean 8.3 86 82 8.2 7.9 8.3 8.4 8.4 8.4 8.4 8.5 8.7
Mean -0.30 -0.02 -0.36 0.00 -0.03 -0.21
difference
SE 0.21 036 0.17 035 024 043 0.37 027 042 036 0.32 0.38
T 4.40* -1.02 2.86* 0.00 0.44 3.36*
T, 5% 2.015

* Significant, H = Healthy, D= Dead, SE= Standard Error

attributed to the higher accumulation of organic matter
on surface due to higher litter fall and its subsequent
decomposition and formation of organic acid. Subhanu
(2002), Nandi et al., (1991) and Kumar et al., (1998)
also reported the lowering of soil pH under Acacia
nilotica,Dalbergia Sissoo plantations.

The paired t-test value showed that at location L,
L ,and L these values under dead treeswere significantly
higher than the healthy trees, values being 4.401, 2.868
and 3.683 respectively. Sharma et al. (1998) reported
that the soil pH of dead Dalbergia sissoo plantation varied

from 7.5t0 9.7 as compared to near neutral pH in healthy
localities.

Electrical conductivity (dSm™) :

The electrical conductivity of soils increased with
depth in case of soilsunder healthy aswell asdead trees
of Dalbergia sissoo (Table-2). In general, the EC was
higher in the soil under dead trees as compared to healthy
trees at all the six locations. Under the healthy treesthe
EC vauevaried from 0.30 dSm™* (surface) at location L,
and L to 0.45 dSm™* (lower most depth) at location L ,.

Table 2: Electrical conductivity (dSm™) of the soil under healthy and dead trees of D. sissoo

Depth (cm) L, L, L L, Ls L
H D H D H D H D H D H D

0-15 034 036 032 034 030 033 029 032 028 033 030 033
15-30 0366 038 032 03 03 038 030 034 029 031 032 035
30-60 041 042 035 036 036 034 035 037 032 030 037 039
60-90 040 046 036 038 037 038 039 037 032 033 037 040
90-120 045 043 037 038 038 036 040 043 034 036 039 041
120-150 045 047 042 040 041 043 044 042 040 039 043 040
Mean 040 042 035 036 036 037 036 037 032 033 036 038
Mean difference 0.02 0.01 0.01 0.01 0.01 0.02

SE 002 002 002 001 002 001 002 002 002 o0.01 0.019 0131
t 0.79 1.66 0.88 0.90 1.15 175

t, 5% 2.015

* Significant, H = Healthy, D= Dead, SE= Standard Error
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Among the dead trees minimum EC was found on the
surface (0.32) at location L ,and maximum in lower most
depth (0.47) at location L,. It is evident from the data
that the trees helped in lowering down the salt
concentrationin soil. The reduction was maximum under
the healthy trees of Dalbergia sissoo. The effectiveness
of Dalbergia sissooinimproving soil by lowering itsEC
values might be attributed to its relative tolerance under
adverse soil conditions, amount of litter fall and its
chemical composition. Theresultsarein conformity with
thefinding of Kumar etal., (1998) and Nandi et al., (1991)
and Subhanu (2002). They aso reported the lowering
down of EC under Dalbergia, Eucalyptus and Acacia
plantationin arid conditions.

Paired t test value showed was no significant
difference in EC values in soils under dead and healthy
trees.

Exchangeable calcium (C mol kg?) :

The minimum exchangeabl e calcium (4.0 C mol kg
') was observed at the surface layer of location L, and
L, and maximum (6.8 C mol kg™) at the lower most soil
depth of location L,. In case of dead tree minimum
exchangeable Cawasfound 2.9 C mol kg* at the surface
layer of location L, and maximum 6.4 C mol kg™ in the
low most soil depth of location L, (Table-3). The
exchangeable cal ciumincreased with increasing soil depth
both in the soil under healthy as well as dead trees of
Dalbergia sissoo. Maximum exchangeabl e calcium were
observed in the soil of health[y trees as compared to the
soils under dead trees of Dalbergia sissoo.

EXHANGEABLE CATIONS AND ANIONS CAPACITY OF SOIL EXPERIENCING MORTILITY OF SHISHAM

The paired t-test value showed that at location L,
L., L, and L these values under healthy trees were
significantly higher than dead trees, values being 2.366,
3.024, 4.385 and 2.236.

Exchangeable Magnesium (C mol kg?) :

The data presented in Table-4 revealed that the
mi nimum exchangeabl e magnesium, 2.0 C mol kg was
observed at the surface of location L, and maximum, 3.9
Cmol kg* at 120-150cm soil depthat locationsL , and L
in case of healthy trees. Among dead trees the minimum
exchangeable magnesium 2.0 C mol kg was observed
at the surface of location L, and maximum 3.9 C mol kg
! at the lower most soil depth at locations L. The
exchangeable calcium, magnesium also increased with
increasing soil depth (Similar results were also reported
by Singh, 2002) both in healthy as well as dead trees.
Exchangeable magnesium content more in the soil of
healthy trees as compared to dead trees.

Significantly higher pair t-test values were observed
under the healthy trees soils as compared to dead trees
at locations L, and L, values being 4.111 and -4.472
respectively.

Exchangeable sodium (C mol kg?) :

In case of healthy trees the minimum exchangeable
sodium 0.41 C mol kg!was observed at the surface of
location L, and maximum 0.84C mol kg* in the lower
most soil depth at location L ,(Table-5). Under dead trees
the minimum exchangeable sodium 0.39 C mol kg* was
observed at the surface of location L ,and maximum 0.82

Table 3: Exchangeable Calcium (Cmol Kg™) of the soil under healthy and dead trees of D. sissoo

Depth (cm) Ly L, Ls L, Ls Le

H D H D H D H D H D H D
0-15 40 40 40 40 43 42 42 39 43 42 44 42
1530 41 42 42 43 47 43 45 43 4T 46 48 47
30-60 43 44 51 49 55 49 50 45 49 48 51 52
60-90 50 50 62 57 61 59 56 50 51 50 56 55
90-120 56 52 65 60 64 61 59 58 57 57 59 57
120-150 63 57 68 64 66 66 63 60 66 60 64 63
Mean 490 475 546 521 560 533 525 491 521 505 536 526
Mean difference 0.15 0.25 0.26 0.33 0.16 0.10
SE 037 026 049 039 038 041 033 034 033 027 030 030
t 1.27 -2.36* 3.02* 4.38* 1.89 2.236*
t, 5% 2.015

* Significant, H = Healthy, D= Dead, SE= Standard Error
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Table 4: Exchangeable Magnesium (Cmol Kg™) of the soil under healthy and dead trees of D. sissoo
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Depth (Cm) L1 L, Ls L, Ls Le

H D H D H D H D H D H D
0-15 2.1 2.0 2.2 21 24 2.3 2.0 2.2 2.4 2.2 2.4 2.3
15-30 2.3 2.2 25 25 25 24 24 24 25 2.4 2.7 25
30-60 2.7 2.6 2.6 2.6 2.7 25 2.6 25 2.7 2.7 3.0 2.8
60-90 2.8 29 29 2.8 2.8 2.7 3.0 2.7 29 29 33 29
90-120 36 3.7 31 3.0 31 32 3.7 31 35 3.3 3.6 35
120-150 3.8 39 3.7 35 3.6 3.6 39 3.7 3.8 39 39 3.7
Mean 290 283 283 275 28 278 293 276 29% 290 3.15 2.95
Mean -0.02 -0.08 0.06 -0.16 -0.06 -0.20
difference
SE 027 031 062 019 018 020 030 022 023 025 0.22 0.22
t 0.41 4.11* 158 1.49 1.34 4.47*
t, 5% 2.015
* Significant, H = Healthy, D= Dead, SE= Standard Error
Table 5: Exchangeable Sodium (Cmol Kg™?) of the soil under healthy and dead trees of D. sissoo
Depth (Cm) L, L, L3 L, Ls Le

H D H D H D H D H D H D

0-15 0.42 041 041 039 042 040 043 041 042 041 043 040
15-30 0.51 050 043 045 051 047 048 046 051 050 047 043
30-60 0.63 059 060 052 063 055 051 043 063 059 059 052
60-90 0.62 060 069 069 079 065 063 062 062 060 0061 0.63
90-120 0.70 0712 072 073 08 077 069 071 070 071 066 071
120-150 0.76 075 075 076 084 08 072 074 076 075 071 0.76
Mean 0.60 059 060 059 066 061 057 05 060 059 057 057
Mean 0.01 0.01 0.05 0.02 0.01 0.03
difference
SE 0.50 051 060 064 070 067 048 059 050 052 044 0.60
t 2.00 0.66 2.85* 1.00 2.00 0.16
t, 5% 2.015

* Significant, H = Healthy, D= Dead, SE= Standard Error

C mol kg™ at the lower most soil depth of location L.
The exchangeabl e sodium wasmorein the soil of healthy
trees as compared to dead trees of Dalbergia sissoo.
Exchangeable sodium increased with depth in case of
healthy as well as trees of Dalbergia sissoo. Similar
observations were observed by Singh, (2002).

In case of healthy trees the paired t-test value show
thesignificant differenceat location L ,in comparison to
dead trees, value being 2.353.

Exchangeable potassium (C mol kg?) :
The perusal of the data (Table-6) revealed that the
minimum exchangeable potassium i.e. 0.26 C mol kg

Internat. J. agric. Sci. (2007) 3(2)

was observed at the surface of locations L, and L and
maximumi.e. 0.76 C mol kg inthelower most soil depth
at location L,,. In case of dead trees the minimum value
(0.25 C mol kg*) was observed at the surface of locations
L, and L, and maximum 0.73 C mol kg* at the 120-150
cm depth of locations L, and L,. The exchangeable
potassium increased with depth. Similar observation were
observed by Singh (2002) in soilsunder both the healthy
as well as dead trees. Exchangeable potassium was
observed moreinthe soil of healthy trees as compared to
dead trees of Dalbergia sissoo.

In case of healthy treesthe paired t-test val ues show

thesignificant differenceat locationL , L, L, L, and L
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Table 6: Exchangeable potassium (Cmol Kg™) of the soil under healthy and dead trees of D. sissoo
Depth (cm) L, L, Ls L, Ls Le

H D H D H D H D H D H D

0-15 026 025 030 027 032 031 031 030 028 026 026 025
15-30 027 026 040 040 041 042 042 038 031 030 028 0.29
30-60 031 028 052 048 052 049 047 042 037 036 036 042
60-90 039 032 059 052 061 060 056 052 042 040 040 047
90-120 048 039 067 061 069 068 069 061 046 042 045 052
120-150 052 048 076 070 075 073 075 073 059 053 057 0.58
Mean 037 033 054 049 055 053 053 049 040 037 038 042
Mean 0.04 0.04 0.01 0.04 0.03 -0.03
difference
SE 045 036 069 062 067 065 068 064 046 039 046 052
t 3.14* 4.11* 2.15* 4.00* 3.32 -2.40*
t, 5% 2.015

* Significant, H = Healthy, D= Dead, SE= Standard Error

values being 3.140, 4.111, 2.150, 4.000 and 2.406
respectively.

Exchangeable Bicarbonate (meq/l) :

In the soils under healthy trees the highest
concentration (5.00 meg/l) was observed at locations L,
and L, and in soils under dead trees 6.0 meq/| at location
L, (Table-7). Therewas no definite patternin distribution
of bicarbonatein soil profile under heathy aswell asdead
trees. The mean values showed that the concentration of

bicarbonate were more in sols under dead trees as
compared to healthy trees. But at |ocation L4 the values
of t was significantly more in soils under dead trees as
compared to healthy trees, t = 3.873.

Exchangeable Sulphate (meqg/l) :

The sulphate concentration is presented in Table-8.
Thedatarevea ed that sul phate concentration varied from
0.76 meg/l to 0.52 meg/Il in case of healthy treesand 0.76
meg/I to 0.53 meg/l in case of soilsunder dead trees. The

Table 7: Bicarbonate concentration (meg/l) of the soil under healthy and dead trees of D. sisso0

Depth (cm) L, L, L L, Ls Lg

H D H D H D H D H D H D
0-15 471 492 500 503 481 492 461 473 500 510 460 4.70
15-30 263 271 224 230 276 283 236 242 220 230 232 2.34
30-60 452 463 452 447 453 462 431 450 440 450 4.23 4.36
60-90 294 297 243 248 281 286 271 274 242 247 251 2.70
90-120 301 310 330 329 291 302 282 28 320 330 256 2.70
120-150 450 500 500 600 481 493 410 410 420 530 458 4.80
Mean 372 38 374 392 377 38 348 361 357 383 346 3.60
Mean -0.17 -0.18 -0.09 -0.12 0.25 -0.13
difference
SE 086 097 115 135 09 09% 087 094 104 120 101 1.03
t 174 1.00 0.79 3.87* 154 1.86
t, 5% 2.015

* Significant, H = Healthy, D= Dead, SE= Standard Error
Internat. J. agric. Sci. (2007) 3(2)
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Table 8: Sulphate concentration (meg/l) of the soil under healthy and dead trees of D. sissoo
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Depth (cm) L, L, L3 L, Lg Lg

H D H D H D H D H D H D
0-15 070 073 072 072 071 072 067 068 071 072 0.70 0.71
15-30 055 056 053 054 052 053 056 056 056 057 056 0.57
30-60 058 057 056 057 056 057 057 058 057 059 057 0.58
60-90 067 066 063 064 063 066 060 061 066 0.67 0.66 0.67
90-120 067 067 069 070 066 067 066 067 066 067 0.68 0.68
120-150 076 075 074 074 075 076 073 075 074 076 0.74 0.75
Mean 065 065 064 065 063 065 063 064 050 066 0.65 0.66
Mean -0.01 -0.06 -0.01 -0.01 -0.01 -0.01
difference
SE 041 006 007 007 007 007 005 006 006 006 0.06 0.06
t 0.23 1.63 1.25 3.87* 6.18* 4.98*
t, 5% 2.015

* Significant, H = Healthy, D= Dead, SE= Standard Error

sulphate concentrati on was significantly morein soil under
dead Dalbergia sissoo trees to the soils under healthy
treesat locationsL , L and L, t-test valuesbeing 3.873,
6.187 and 4.989 respectively.

Exchangeable Chloride (meg/l) :

The chloride concentrations in soils under healthy
and dead trees of Dalbergiasissoo are presented in Table-
9. In the soils under healthy trees the chloride
concentration varied from 3.47 to 2.36 meg/l whereasin

case of dead treesit varied form 3.46 to 2.43 meg/l. the
t-test values showed that their was no significant
difference among the chloride concentration among the
soils under healthy and dead trees.

CONCLUSION

The cations exchangeable capacity were higher in
the soils under healthy trees as compared to dead trees
while the pH, EC, anions exchangeable capacity were
higher under dead trees as compared to healthy trees

Table 9: Chloride concentration (meg/l) of the soil under healthy and dead trees of D. sissoo

Depth (cm) L, L, Ls Ly Ls Le

H D H D H D H D H D H D
0-15 245 244 28 284 278 277 237 236 28 280 280 2.78
15-30 263 260 298 298 28 28 254 254 290 290 300 2.98
30-60 284 280 327 330 312 312 274 274 326 328 326 3.28
60-90 290 290 347 347 336 334 290 287 347 346 347 3.46
90-120 326 328 249 250 245 243 312 311 244 250 236 2.37
120-150 347 346 258 256 264 266 336 329 260 259 260 2.60
Mean 292 291 294 294 28 28 283 281 291 292 041 0.16
Mean 0.01 -0.01 0.01 0.02 -0.01 0.24
difference
SE 015 016 015 015 013 013 014 014 015 015 016 0.16
t 1.33 -0.23 1.08 182 -0.24 0.50
t, 5% 2.015

* Significant, H = Healthy, D= Dead, SE= Standard Error
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and their concentration increased with increase in soil
depth at all the six locations. Concentrations of
exchangeabl e cations and anions of soils at all the sites
under study were medium to high, which did not reflect
any nutritional deficiency in the soil which could cause
mortality in trees. From this study it may be concluded
that at all sites under study the exchangeable capacity,
pH, EC of soils could not cause mortality in Dalbergia
SiSsS00
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