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PATIL, B. N., PATIL, S. G., HEBBARA, M., MANJTTNATIIA, M. V., GtIpIA, R Ii &
MINIIAS, P. S. 2005. Bioameliorative role of tree species in salt-affected Vertisols of
India. A field experiment was conducted at the Agricultural Research Station, Gangavati,
Karnataka, India to study the effect of tree species on bioamelioration of saline Vertisols.
Six tree species, namely, Casuari,na equisetifolia, Acacia nilnkca, DalMgia sissoo, Azardirachta
indica, Sesbania grandiJlnra and Harduickia binata were chosen for the experiment.
Reduction in soil salinity, calcium carbonate and soil soluble sodium, bicarbonate,
chloride, sulphate and sodium adsorption ratio was observed under all the tree species
apart from improvement in organic carbon. Tree species such as A. nilotica and,
C. equisetifolia with higher biomass production exhibited greater bioamelioration
potential in saline Vertisols.
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PATIL, B. N., PAIIL, S. G., HEBBARAe M., MANJUNATIIA M. V., ctlpfA9 R. K, &
MINIIAS, P. S. 2005. Peranan spesies pokok dalam pembaikan biologi Verstisol masin
di India. Satu eksperimen lapangan dijalankan di Stesen Penyelidikan Pertanian,
Gangavati, Karnataka, India untuk mengkaji kesan spesies pokok terhadap pembaikan
biologi Vertisol masin. Enam spesies pokok iaitu Casuarina equisaifolia, Acacia niloticao
Dalbergia sissoo, Aza.rd.irachta indica, Sesbania grandiflma dan Hard.wickia binata dipilih
untuk eksperimen ini. Pengurangan berlaku pada kemasinan tanih, kalsium karbornat,
natrium larut, bikarbonat larut, klorida larut, sulfat larut dan juga nisbah jerapan
natrium di bawah semua spesies pokok. Selain itu terdapat juga pembaikan karbon
organik. Spesies pokok seperti A. nilotica dan C. equisetifolia yang mempunyai
penghasilan biojisim yang lebih tinggi menunjukkan pembaikan biologi yang lebih
tinggi di Vertisol masin.

Introduction

Salt-affected soils occupy 18 million ha in 15 states of India (Yadav 1998) and have
become a major concern to planners. Adoption of intensive agriculture has further
intensified the problems due to excess use of agricultural inputs such as fertilizers,
plant protection chemicals and water, with no provision for drainage. The
conventional engineering solutions to provide drainage are not only cost prohibitive
but also time consuming. Revegetation efforts of such lands with new options are
bioameliorative, besides providing cover, fuel, fodder, timber and control of soil
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and water erosion. The choice of proper tree species is thus largely governed by

their ability to withstand hostile stress environment such as high salinity, sodicity
and water logging. Genetic or species variation determines the ability of trees to
withstand such unfavourable soil conditions. Keeping these in view, Present
investigation was initiated to evaluate the role of tree species for their bioameliorative
potentials in salt-affected Vertisols.

Materials and methods

Field experiment was conducted from 1991 to 1997 on saline Vertisols of
Tungabhadra irrigation project, south India. The experimental site lies between

75o 37' E longitude and 15o 15' N latitude with an altitude of 419 m above mean

sea level. The climate is arid to semiarid and during the study period the average

annual rainfall was 625 mm, with most of it in September and October.
Initial soil physico-chemical properties indicated that the soil (0-60 cm)

comprised 23.7Vo sand,29.5Vo silt and 47.4Vo clay. At 0-90 cm depth soil reaction
and mean soil salinity (EC.) range from 7.79 to 7.97 and 10.5 to 14.0 dS,zm

respectively (Table 1 ) . Soil was medium deep varying from 0.75-1.00 m with calcic
layer underneath. The average depth of water table was within 0.5 m during
monsoon and 0.8 m during summer season.

The experiment followed a randomized complete block design with three
replications and the performance of tree species, in particular theirbioameliorative
effects, under saline and shallow water table conditions was evaluated. Six tree

species, namely, Hardwirkia binata, Sesbania grandiflma, Acacia nil,otica, Dalhngia si'ssoo,

Casuarina equisetifolia and Azard,irachta indicawere selected for the experiment.
Soil samples (depth of 0-90+ cm) were drawn at planting and at 48, 60 and 72

months after planting and were analysed. Soil salinity, soil soluble sodium (flame

photometry), Ca'* + Mgt* (versenate method), bicarbonate (acid-base titration)
and chloride (by titration with silver nitrate) were determined in the saturation
extract (Richards 1954). The sodium adsorption ratio (SAR) was calculated using
soil soluble Caz* + Mg2* and Nat. Soil organic carbon, calcium carbonate and
sulphate were determined by wet oxidation method (|ackson 1973), acid
neutralization (Piper 1950) and turbidometric method (Verma et al. L977)
respectively.

Results and discussion

Salinity

During the study period, tree species displayed a marked variation in their ability
to reduce soil salinity. Removal of salts from soil surface (0-30 cm) was evident'
These salts were either redistributed within the soil profile or leached out. A decrease

in salinity (> 36 months after planting) wasTSVo in A. nilotica followed by 747o in
C. equisetifolia (Figure 1). These two species, with larger biomass production
potential, canopy cover and soil organic matter content also had higher
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Table I Initial soil physico-chemical properties of the experimental site

Properties
Soil depth (cm)

0-15 l5-30 30-60 60-90 90+

Particle-size analysis (%)
Clay
Silt
Coarse sand
Fine sand
Total sand
Texture class

EC. (dS /m)
Range

Mean
pH mean
Soil OC (g.kg-')

Range
Mean

CaCOz (7o)

Range
Mean

Soil soluble composition
Na*

Range
Mean

K-
Range
Mean

Caz*

Range
Mean

Mg t*

Range
Mean

COrz-
Range
Mean

HCO3-
Range
Mean

SOoz-

Range
Mean

cl-
Range
Mean

SAR (m.mol/l)ttz
Range
Mean

47.5 48.6

29.5 30
6 6.8
17 14.6

23 2r.4
ccclg

1.3-32.8 t.V27.3 2.r-22.9 2.U2r.0
L2.3 r2.5 rr.7 10.5
7.e7 7.96 7 .79 7.81

r.2-9.7 1.2-8.1 1.9-8.1 I .0-4.7
5.5 4.3 3 3.1

9.0-15.9 9.7-16.8 r0.0-r7.2 10.4-18.6
12.6 13 13.9 t4.6

Cations (me/l)

46.8

2e.2
5.4
18.7

24
c

r.3-42.9
L4

7.89

3.9-10.5
7.6

8.9-r5.9
12.4

( l:2.5) :

2.Ft72.r 2.6-158.3 3.5-133.9 5.2-t04.6 4.+100.0
116.8 93.6 100.8 86.8 84.2

0.06-0.54 0.03-0.32 0.05-0.29 0.03-0.26 0.04-0.19
0.43 0.29 0.28 0.24 0.25

r.5-32.5 L.5-27.1 1.5-26.0 1.5-25.0 0.5-26.0
30.4 24.7 25.6 22.3 21.83

0.5-17.5 0.5-19.0 0.5-19.8 0.5-19.0 0.5-15.5
12.8 lo.t r1.2 9.6 8.7

Anions (me/l)

r.2-7 .2 r.0-7 .7 1.4-5.8 I .4-6.8 0.+7 .5
8.9 6.6 6.5 3.8 6.5

1.5-181.2 1.5-176.9 3.0-168.3 7.7-202.2 5.3_214.0
122 109 1 12.8 105.5 98. I

1.0-97.0 1.0-53.0 1.0-32.0 1.0-25.8 1.0-19.0
27 14.6 10.6 8.7 r0.4

2.U34.4 2.U33.0 3.5-28.2 5.2-22.2 6.2-22.0
r5.2 15 15.5 L5.2 15.8
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bioameliorative effects (Figure 2). Larger canopy decreased salinity by reducing
evaporation and upward saltflux. Species such as D. sissoo, S. grand,ifloraand
H. binataonly showed marginal reduction in soil salinity. Despite its slow growth
A. indica decreased soil salinity. A considerable decrease in soil salinity has been
reported when intertree row spaces were utilized for growing grass (Maliwal et. at.
1990). Although soil salinity was reduced in the initial years, a slight increase was
observed at the end of the study period, i.e. at 72 months after planting, due to
higher evapotranspiration (Huperman et a|.2002). Accumulation of salts in the
root zone is potentially a major limitation of trees in saline discharge areas, which
is in agreement with Morris (1991).

pH

Soil pH increased marginally under all the trees studied (Table 3). Increase in
soil pH was higher in surface layer of the soil (0-30 cm) compared with subsurface.
Increase in pH is an evidence of leaching of saline soils (Maliwal et al.l99l,Drechsel
et al. 799l,Vadiraj 1993).

Organic carbon

Figure 2 shows that soil organic carbon was higher when litterfall (biomass)
under tree cover was greater, as seen in Acacia nilotica (10.0 g kg-t) and C.
equisetifolia (9.0 S kg-t). This observation concurs with frndings by Suwalka and
Qureshi (1995). Slow growing species, such as H. binataand, A. indica, have lower
biomass production and thus contribute little to soil organic carbon.

--+- H. binata ------r- S. grandiflora

- -A - A. nilotica - - -r - D. sissoo

-----f-- C. equisetifolia -------o- A. indica

f nitial 24 36

Months after planting

Figure 1 Effect of tree species on soil salinity (0-30 cm)
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Figure 2 Effects of tree species on soil organic carbon and fresh
biomass vield

Solublz sodium

Soil soluble sodium decreased considerably after 48 months of planting (Table
2). The highest decrease was observed in A. nilotica (63.3%) followed by S. grand,iflma
(62.6Vo) and C. equisaifolia (59.2Vo).In contrast, H. binata (44.9Vo), A. indica (30.57o)

and D. sissoo (21.2Vo) remained less effective in improving soil properties. Efficiency
decreased with decrease in the level of any particular ion. Generally, our study
showed a net removal of sodium from the soil under all tree species. Soil soluble
sodium decreased as the depth of soil increased irrespective of tree species and A.
nilotica, C. equisetifoka and S. grandiflora facilitzted downward flux of sodium into
the lower horizons.

Solublz bicarbonate

Soil solution remained free of carbonates as soils were predominantly saline.
Soluble bicarbonates decreased with time irrespective of tree cover and all species
had a net flushing effect (Table 2). Of the six species studied, A. nil,otica removed
bicarbonates most effectively, i.e.77%. This was followed by C. equisetifolia (757o)

and D. sissoo (66Vo). Acacia ind,ica (14%) continued to be least effective in
bioamelioration of soil. Flushing of bicarbonate was higher in the surface (G-30 cm)
layer.

Solubk chloride

All tree species, except A. indica, decreased soluble chloride. Acacia nihtica, S.

grandifloraand H. binata flushed out more chloride than the rest of the species
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Table 2 Effects of tree species on soil pH and soil solution composition

351

Soil depth (cm)

0-30 30-60 60+ Mean

BP 48

MAP

BP 48

MAP

BP 48

MAP

BP 48

MAP

Soil pH
H. binata
S. grandiflora
A. nilotica
D. sissoo

C. equisetifolia

A. indica
Control

Soil soluble sodium (mell)
H. binata
S. grandiflora
A. nilotica
D. sissoo

C. equisetifolia

A. indica
Control

Soil soluble bicarbonate (mell)
H. binata
S. grandifloro
A. nilotica
D. sissoo

C. equisetifolia

A. indica

Control
Soil soluble chloride (mell)

H. hinata
S. grandiflora
A. nilotica
D. sissoo

C. equisetifolia

A. indica
Control

Soil soluble 5u tphate (mell)
H. hinata
S. grandifloro
A. nilotica
D. sissoo

C. equisetifolia

A. indica
Control

SoiI soluble SAR (m.mol,/l) o's

H. binata

S. grandiflora
A. nilotica
D. sissoo

C. equisetifolia

A. indica

Control

7.65 8.27
7.8 8.16
7 .87 8.13
7.93 8.22
7.89 8.26
7.69 8.03
7.93 *

5B.l 29.8
91.5 32.2
38.8 e.2
17.6 4.8

24.8 4.r
36.1 17.4
105.2 *

3 1.3

4.4 1.8

2.7 0.6
3.6 0.7
2.9 0.8

2.7 2.5
7.7 *

2L.5 5.4
27.7 4.8
7.4 r.4
3.3 L.4

3.8 1 .1

6 4.2

20.8 I

60 25.8
76.4 30.1

60.8 8.6
10.6 4.3
l4.B 4.2

29.5 l B.B

115.5 *

14.7 19

24 16.2

r2.r 7.3
8.2 4.5
13.9 4
r4.2 8.7
15.1 *

7.82 8.27
7.94 8.14
7.84 8.13
7 .89 8. 19

7.94 8.25
7.87 8.16
7.96 *

46 25.6
75.4 26.r
40 I 1.5

15.4 t2.3
25 7.4

26.6 20.4
100.9 *

9q
3.8

2.9
3.1

3.6
3

6.5

1.6

1.9

0.7
1.1

0.7

2.6
I

7 5.9
5.9 5.4
3. r 2.2
99
ih

1.9 1.8

3.3 5.4
10.6 x<

5r.7 22.r
90.4 25.8
58.1 r0.7
r9.8 r2.9
22.r 6.7
41.9 20.4
I 12.9 *

14.6 15.1

20.7 13

12.7 9. r
8.8 8.4
14.9 5.5
r2.3 9.1

15.5 {<

8.3 7.79 8.28
8.22 7.8e 8.r7
8.07 7 .9 8.1 I
B.l4 7.94 B.lB
B.l4 7.96 8.22
8.1 7 .83 8.1
* 7.gg *

7.9

7.94

8

B

8.05
7.94
7.8

37.5 22.8 47.2 26
65.2 28.4 77.4 28.9
32.6 20.1 37.r 13.6

r2.3 1B.B l5.l 11.9

15.1 14.8 21.6 8.8
24.7 22.8 29.1 20.2

85.5 * 97.2 *

2.6
3.8

3.7

2.4
3.5
3.1

5.2

4.3
5.9
3.4

2.4
2.3
2.L

9.5

88.6
r22.7
65.2

24.6
33.8
54.8

101.8

r.3
9

0.7
1.3

0.8

2.3
*

5.9
6.7
3.5
3.4
4.7
5.b

*

2.8 r.4
4 1.9

3.1 0.7
31
3.3 0.8

2.9 2.5

6.5 {<

10.9 5.7
l 1.1 5.6
4.6 2.4
2.6 2.3
2.7 2.5

3.8 5

15.7 *

20.3 66.7 22.7
27.9 96.5 27.9
20.2 6l .3 13.1

19.6 18.3 L2.2

r3.2 23.5 B

2r 42 20
* 110 *

13.5 13.3 14.3 t3.4
19.6 r5.2 2r.4 14.8

t4 12.3 12.9 9.6
7.7 10.7 8.2 7.8

1 l 9.8 13.3 6.4
l3.l lt.6 t3.2 9.8
15.5 * 15.4 *

BP=before plantingi MAP=months after planting; * not measured
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studied, ranging from 48-50Vo (Table 2). Bioameliorative effects ofD. sissoo (llVo)
and C. equisetifolia (7%) were marginal. Soil under A. indicahad a build ttp of 32Vo

chloride. Our study also showed that the tree species were more efficient in
removing chloride from the surface (0-30 cm) than from lower layers of soil.

Solublz sulphate

Soluble sulphate decreased under all tree covers but A. niloti,cawas the most
efficient vnth 79Vo reduction (Table 2). Efficiency was least under D. sissoo (33Vo) .

As in the rest of the parameters studied, removal of sulphate was also more effective
in the top 0-30 cm layers.

Sodium adsorption ratio

Tree species except D. szisoo decreased sodium adsorption ratio at 48 months of
planting (TableZ). Casunrlnaqul^wtl,fomwasveryeffectiveinreducingsodiumadsorption,
i.e. as much as 52Vo followed by S. grandi,flura (30Vo) and A. nil'oti'ca (25Vo). The
decreases in other species were not comparable with C. equisetifolia. Casuarina
equisetifukaalso caused more than TlVo redtction in sodium adsorption from the
surface layer (0-30 cm), followedby D. sissoo (45Vo). Decrease in sodium adsorption
ratio under vegetative covers has been reported elsewhere (Khanna 1994, Suwalka
& Qureshi 1995).

Calcium carbonate

Calcium carbonate (CaCOr) decreased under tree covers after 48 months of
planting and all species mobilized nonlabild CaCOu in soils (Figure 3). The decrease

in CaCO, was highest under A. nil,otica (32Vo) followed by D. sissoo (30.3Vo) and IL
binata (26.3 Vo) due to higher biomass addition and increased organic carbon in
soil (Figure 2). Ahigher decrease in CaCOrwas due to increased microbial activity
in litterfall and subsequent release of organic acids (Mongia & Bandyopadhyay
1992).

Conclusions

Tree species with higher biomass potential increased soil organic carbon and
caused soil salinity to decrease. Soluble sodium, bicarbonate, chloride and sulphate
aswell as sodium adsorption ratio decreased under all the trees studied. Reduction
in soil CaCO, suggested solubilization of native calcium carbonate due to
decomposition of litterfall by microbes.

Among the trees studied, A. niloticawas most effective in the bioamelioration of
salt-affected Vertisols, followed by C. equiseti,folia, D. sissoo and S. grandiJlora.
Hardwickia binataand A. indi,cawere less effective. Hence, species such as A. nilntica
and C. equisetifolia are recommended for afforestation of saline soils.
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Control

A. indica

C. equisetifolia

D. sissoo

A. nilotica

S. grandiflora

H. binata

Calcium carbonate (%)

n caco, (LSD at o.o5 = 2.102)

Figure 3 Influence of tree covers on soil calcium carbonate after
48 months of planting
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