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Abstract

For rehabilitation of soils rendered barren owiagalinity, adaptation to site conditions and npldtiuses
form important criteria of tree selection. Seedspodferred multipurpose tree speciésacia nilotica, Albizzia
lebbeck,andProsopis cineraria were sown in pots to study the growth behaviaeafdlings during the initial year of
establishment. Germination, Survival, height, stkameter and biomass production were determinddre¢ levels
of saline water irrigationAcacia nilotica showed moderate tolerance under medium levelalgfity of irrigation
water wheread\bizzia |ebbeck and Prosopis cineraria showed moderate tolerance upto low salinity lelgider
different levels of saline water irrigation respersreadth for height growth and total biomass watest for A.
nilotica followed by A. lebbeck. This pattern indicates th#t nilotica can grow in wider range of saline water
conditions compared to other two species. The &mfium, calcium and magnesium content increaset wit
increasing salinity conditions iAlbizzia lebbeck and Acacia nilotica being maximum irAcacia nilotica, however
K, Ca and Mg content decreasedPirosopis cineraria with increasing salinity levels. The ratios of KaNa/Ca and
Na/Mg increased with increasing salinity levels mutase ofAcacia nilotica Na/ Mg increased upto medium level
and decreased thereafter. At the end of experirttlemsoil N&, K, Ca and Mg* content increased with increasing
salinity levels and was maximum iRrosopis cineraria, whereas the organic carbon content in the sod wa
maximum underAlbizzia lebbeck at highest level of salinity of irrigation watefhese results suggests that the

growth of Acacia nilotica andProsopis cineraria seedlings was greatly promoted under the stresditbons of
salinity and resulting much more balanced growttenrms of biomass, which is vital for plants growin the harsh

arid environments where concentration of saltsusmmore.
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Introduction

On a world scale, there is an area of about 380
million hectares that is potentially usable foriagiture,
but where production is severely restricted by nili
(Flowers, 1977). A large area in the world (952lionil
ha) is affected with salinity or alkalinity or bofGupta
and Gupta, 1984). In India nearly 9.38 million haaais
occupied by salt-affected soils out of which 5.3liom
ha are saline soils (including coastal) .In Indibe
deterioration of agricultural productive lands hetarid
and semi arid zones can be directly attributedh® t
evolution of salinity (Pieri et al., 1996). In Iredground
water is major source of irrigation to supplememé t
water requirement of plants in arid and semiargioes
but the quality of majority ground water encountene
these regions is invariably poor (Yadav, 1980). &tp
from such lands that were adversely affected witd a
climate or scarcity of water, lands adversely défdc
with excess of salts (NaCl) were called as ‘Ref’ b
geologists in mid nineteenth century.
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Application of such poor quality water makes
the soil saline in nature which affects the plardgvgh
adversely. These saline soils are a wide spreadeesle
of the landscapes of arid zones and soil saliminais
one of the main processes responsible for the datjca
and reduced productivity of agricultural lands hegse
regions. Poor infiltration and drainage practicexd a
expansion of irrigated agriculture lands in aridne®
with huge evaporation rates are other reasons of
accumulation of salinity. Saline soils, predomimant
have chlorides and sulfates of Na, Ca and Mg, a
saturation paste pH of <8.2 and the electrical
conductivity of saturation extracts of saline sdsl
generally more than 4 dshat 25°C. Visual symptoms
(leaf burn, necrosis and defoliation), sometimesuoc
particularly in woody species. The threefold proteof
salinity are low soil water potential leading targytoms
of water stress, specific ions (Na, Cl) may bedpttiere
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by leading to ion imbalance (mainly calcium), leaglto
deficiency symptoms (Lambeesal., 1998).

To reclaim such degraded land of arid areas
investigations on methodology and monitoring oft sal
affected soils is required. Afforestation under tsuc
situations can be the most remunerative propostiion
improve local economy by using multipurpose tree
species and establishing them with the availablmesa
water, because forest species are know to tolenatre
salt stress in comparison to the agricultural fietdps
and are found to grow even naturally on the sé#étcééd
soils. It is of vital importance to know precisellge
composition of ground water, its effects on soil
properties and plant growth, the tolerance limifs o
important trees and to develop suitable management
practices for using salt water for irrigation witlianuch
adverse effects on soil, for deciding the suitapibf
species for plantation on such sites. Thereforeuteeof
trees for salinity control, fuelwood and fodder gwotion
and environmental benefits has been a subject of
renewed interest. These tree species are not olelrant
to salt and a drought stresses but also are wapitad to
the local agroclimate. This has immense signifieaimc
the present situation, when there is a burgeonémgashd
for protection of natural resources (land, soil and
water).Keeping these facts in view, the present
investigations have been undertaken. The objeative
this study was to evaluate the tolerance limitsalfne
irrigation water of the three tree specidbizzia lebbeck,
Acacia nilotica and Prosopis cineraria at establishment
stage through various growth parameters.
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Materialsand Methods

Soil used in the experiment was sandy loam
with sand 89.6% silt 7.4% and clay 3%. The physio-
chemical analysis of soil was done before sowing th
seeds in pots which had pH of 8, ECe 1.03 dsmadl; N
15.3m.el; K0.2m.et; Ca1.1m.e} Mg1.23 mel
1 Zn 0.40 ppm; Fe 4.72 ppm; Cu 0.24 ppm; Mm5.7
ppm and the available N, P and K were 169 K¢ ha
kg ha' and 275 kg Harespectively, ESP was 17.2 and
organic carbon content was 2.5g*kdHealthy seeds of
three multipurpose tree species Afbizzia lebbeck,
Acacia nilotica and Prosopis cineraria soaked in
distiled water overnight, were sown directly in 90
experimental earthen glazed pots at the rate ofeHl
per pot. Potting medium consisted of 10 kg normell w
pulverized sandy loam soil. Experiment was condiicte
in three parts, in first part of experiment, salim@gation
water used was of three electrical conductivityeley
0.52 dsrit' 4 dsnt" and 8 dsril. Saline water of 4 dsf
was synthesized by equal mixing of deionized watet
underground water which had EC = 8 dsmihese levels
are referred to as low,0%0.52 dsnm), medium, $ (4
dsm?) and high, $(8 dsm'") levels of salinity, having
the chemical composition as given in Table 1.The
experiments were initiated in the month of August a
the duration of the experiments were twelve monfing
experiments were laid out in randomized block desig
with three replications.

Table1: Chemical composition of underground water used with different levelsof salinity

Water | EC, | pHiy Na Ca Mg cl HCO; CO; RSC SAR
quality {m.e.L) (m.e.L )

(m.e.L™1) {m.e.l’l) | {mee?) | (moet) | (mel7) [(mmol/L)

12

Good 052 76 2.4 3.2 0.54 25 s 081 Mil 176
guality
(Sa)
Marginal 40 75 132 7 3 9.0 23 075 Wil 580
Iy saline
(51)
Saline 8.0 7.5 26.2 14 =] 18.0 5.0 0.35 Mil 8.20
(S2)

BAW= best available water,Ef=electrical conductivity of irrigation water,RSCsrdual sodium carbonate,SAR=sodium

absorption ratio

The germination and survival percentage of the
seedlings produced were evaluated. When the sgedlin
attained a height of 9-10cm, they were thinnedetain
only one healthy seedling in each pot and caretaleen
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to select seedlings of almost equal height. Obsens
for growth parameters including plant height, stem-
diameter, number of leaves and leaf area were dedor
monthly.At the termination of the experiment, whole
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plant was uprooted from the soil, washed thoroughly
with distilled water and dried in the air. Averafiesh
weight and oven dried weight of plants were recdrde
Leaf samples were analyzed for different ions (KlaCa

and Mg) following standard procedures (Jackson,7196
Soil samples at the end of experiment were analyzed
access the chemical changes that occurred due to
irrigation with saline / alkaline water (Jackson,
1967).With the help of the above data, specifi¢ fgaa
(SLA, Evans 1972), sturdiness (Chauhan and Sharma,
1997) and measure of response breadth (B) (Levins,
1968) were determined. Salt tolerance index (Wu and
Lin, 1994)=(mean value of plant height plus mealu&a

of salt treated plant biomass/mean value of plangHt
plus mean value of control plant biomass) X 100 was
also determined for each species and three salj@aes
were assigned according to their tolerance indices:

i) Above 90% = high; ii) Above 50% and less than
90% = moderate, iii)Less than 50% = low.

Statistical Analysis. Regression analysis was done for
different growth parameters with different salinity
(Senedecor and Cochron, 1973).

Results

Germination and Survival percentage:
Increase in salinity delayed the initiation of seed
germination and decreased survival rate in all iggec
Germination and survival percentage was maximum
(90% and 73% respectively) B cineraria at low level
of salinity and minimum (34% and 20% respectivety)
A. lebbeck under high level of salinity. The maximum
reduction in germination and survival at higheseleof
salinity was in case ofA. lebbeck (61% and 64%
respectively) and minimum iA. nilotica (9% and 4%
respectively), Table 6. Percent germination andigar
of the two species negatively correlated to salinit
however in case ofA. nilotica the correlation was
nonsignificant (Table 7).

Growth parameters. In A. lebbeck and P.
cineraria, the values of height growth of one year old
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seedlings decreased as the salinity level increapeid
high salinity level whereas in case of A. nilotitse
maximum values were recorded at medium level of
salinity. Comparison between the three speciesateld
that A. nilotica attained comparatively greater height
growth (100 cm) at medium salinity level than other
(Fig 1).The maximum reduction in height was in
P.cineraria (68%) at $ level and minimum irA.nilotica
(18%) at $ level (Table 6). Height growth of all the
species was negatively correlated to salinity, h@wen
case ofA. nilotica correlation was non-significant (Table
7). The steepest slope of the regression for hegjgiwth
was in P. cineraria and the most gentle slope was
recorded inA. nilotica. All the species attained less
height growth in the initial months from September
February but continuous growth was observed from
February to August in all the species . At higtssdinity
level, the maximunstem-diameter was recorded ir.
nilotica (6.1 mm) and minimum irP. cineraria (3.0
mm). Stem-diameter of all the species was also
negatively correlated to salinity though in case Aof
nilotica correlation was non-significant. 1A. |ebbeck
and P. cineraria, the values of totdleaf production of
one year old seedlings decreased as the salinigl le
increased up to high level whereas An nilotica the
maximum values were recorded at medium level of
salinity. Shedding of leaves was observed in a#l th
species at Sand $ levels during February to May, 2003
(Fig 2). The maximum leaf fall was observed undghh
salinity levels in all the species but the maximleaf
drop occurred in case &. lebbeck. At highest salinity
level, the leaf area was maximum An lebbeck (1.41
cm2) and minimum irA. nilotica andP. cineraria (0.20
cnt). The root length was maximum i nilotica (75
cm) at medium level of salinity and minimum i
lebbeck (27 cm) at high level of salinity though at highes
salinity level the root spread was maximunAir ebbeck
(5.9 cm) and minimum iR. cineraria (2.3 cm), Table 3.

Table 3: Growth parameters of the speciesat varying levels of saline water
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Species | Salini | Germinati | Surviva | Heigh | Stem L eaf Root Root
ty on (%) I (%) |t(cm) | diamete | area lengt | spread
levels r (cm? h
(mm) (cm)
A S 86 55 64 13.6 1.68 54 8.5
lebbeck
S 58 43 50 7.9 1.58 38 7.1
S 34 20 34 4.1 141 27 5.9
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Figure 1 : Height growth of the species under different salinity levels
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Total seedling dry mass and ratios: The values of total
seedling dry weight of three species under differen
salinity levels at the culmination of experimeng given

in Table 4. Biomass production reduced in two & th
species at Slevel and only in case oA. nilotica
maximum value was observed at medium level (41)37 g
The maximum reduction at,Sevel was inA.lebbeck
(75%) and minimum irA.nilotica (13%). Total biomass
of A.lebbeck andP.cineraria was significantly negatively

ISSN: 2277-9655

correlated to salinity at p<0.05, however in ca$eAo
nilotica correlation was non significant (Table 7). The
proportional allocation of biomass into different
components of the three species at different sgalini
levels is depicted in Fig 3. It is evident fromdig that
allocation to root component was maximum h
cineraria and to stem and leaf component was higher in
A. nilotica. In P. cineraria with increase in salinity,
higher allocation to root component was recorded.

Table4: Other growth parametersand ratios of the species under different levels of

saline water irrigation
Tree Salinity | Root Shoot Total Root : Leaf : Specific Height
species levels wt wt biomass | Shoot Stem leaf area | :Diameter
(9) () (9) ratio ratio | (cm®g?) ratio
A.lebbeck S 24.71 26.95 51.66 0.92 0.92 0.13 4,71
S 19.64 21.56 41.20 0.91 0.87 0.16 6.32
S 13.97 15.52 29.49 0.90 0.80 0.19 8.39
A.nilotica S 13.78 19.95 33.73 0.70 0.99 0.02 11.0
S 16.67 24.70 41.37 0.67 0.86 0.01 12.5
S 12.15 17.05 29.20 0.71 0.88 0.03 10.6
P.cineraria S 17.69 15.02 32.71 1.18 0.84 0.04 14.0
S 11.07 9.15 20.22 121 0.79 0.06 10.7
S 7.75 6.06 13.81 1.28 0.70 0.08 9.0

Number of nodules decreased with increasing salinity
levels. At highest salinity level, the maximum niemniof
nodules was recorded if.lebbeck (10) but in case of
A.nilotica there was no nodule formation. Dry weight of
nodules followed the same pattern as that of nurober
nodules (Table 5).The maximunoot: shoot ratio and
minimum leaf: stem ratio was recorded ifP. cineraria

at S level (1.28 and 0.70 respectively). The minimum
root: shoot ratio and maximum leaf: stem ratio was

recorded inAnilotica at S level (0.67) and Slevel
(0.99) respectivelySpecific leaf area followed the same
trend as that of leaf area (Table 4).The maximuineva
for SLA was observed in A.lebbeck (0.19°g™h at S
level and low inA.nilotica (0.01 cmig™) at S level.The
maximum value forsturdiness (height: diameter ratio)
was observed inP. cineraria (14) at 3 level and
minimum inA. lebbeck (6.32) at $level (Table 4).

Table 5: Number of nodulesand their dry weight for two species under different

salinity levels
Tree species Salinity Number of nodules per seedling Dry weight (g) per seedling
levels
A. lebbeck S 39.00 2.80
S 20.00 2.01
S 10.00 1.00
P. cineraria S 10.00 0.09
S 5.00 0.02
S 2.00 0.001
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Response breadth : Response breadth for total biomass

ISSN: 2277-9655

Table 6 : Percent reduction or increasein different growth parameters of the speciesréative
to control (S, with no salinity stress)

Tree species Salinity Germination Survival | Height Total biomass
levels (%) (%) (cm) ()
A.lebbeck S -32.6 -21.8 -21.9 -20.2
S, -60.5 -63.6 -46.9 -42.9
A.nilotica S, +19.7 +30.0 +26.6 +26.7
S, -9.1 -4.0 -17.7 -13.4
P.cineraria S, -16.7 -12.3 -46.4 -38.2
S, -31.0 -41.1 -67.9 -57.8

and height growth under different salinity levelasy
widest inA. nilotica and narrower foP. cineraria (Table

8).

Salt tolerance index: The salt tolerance index calculated
over the one year study period varied for the g®eci
(Table 9).A. lebbeck showed moderate tolerance under
medium and highest salinity leveR, cineraria showed
moderate tolerance at medium level and low tolexaic
high level whereag\.. nilotica showed high tolerance at
medium level, but moderate tolerance at high lenfel
salinit

Table 7 : Regression equations between salinity levels and growth parameters of the species

Trees Germination Survival Height growth | Stem-diameter | Total biomass
Species (%) (%) [cm) (mm} (g)
A lehbeck ¥=88.2—- 692X Y=58.0-4.70X Y=66.1-3.01X Y=13.8—1.26X ¥=53.1-296 X
r=-0.o0g* r=-009* r=-0097* r=-0.92* r=-{08"
=7.02 t=7.02 t=3.099 t=2.35 =192
A nilotica ¥Y=72.1-DB9 X Y=55.9-0.36X Y=B00-2 04X Y=7.57-0.13X Y=375-066 X
r=-0.33 r=-0.103 r=-0.42 r=-0.53 r=-0.41
1=0.35 1=0.03 =046 =063 =045
Feineraria | Y=013-373K | Y=76.8-404X | Y=B35758X | V=606 030K | ¥=327-250%
r=-0.599* r=-0.98* r=-0.58* r=-0.51* r=-0.54*
=702 1=4.52 =452 =219 1=2.76

* significant at 5% level of probability

Table 8: Response breadth pattern of the species along the salinity gradient

Tree Species

Eesponse breadth

Height Total biomass
A lebbeck 0942 0.950
A_ nilotica 0968 0983
P. cineraria 0.829 0.B93
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lonic composition of leaves: In all the species maximum
percentage of sodium ions was observed in leavdseat
highest level of salinity. Amongst the species, imaxn
Na content was recorded A nilotica at high salinity
level (Table 10). However the K content was maximum
at the lowest level of salinity irA. lebbeck and P.
cineraria and only inA. nilotica the maximum content
was observed at;3evel. The Ca and Mg content Af
lebbeck andA. nilotica increased with increase in salinity
level but inP. cineraria it decreased with increase in
salinity level. The maximum Na/K ratio was recorded
A. lebbeck (0.855) at & level and minimum inP.
cineraria (0.225) at $level, Na/Ca was maximum i
nilotica (0.251) at $level and minimum irA. lebbeck
(0.092) at glevel where as Na/Mg ratio was maximum
in A. nilotica (1.016) at $ level and minimum inP.
cineraria (0.247) at Slevel.

Table 9: Salt tolerance of the species under vary

Changes in soil properties: At the culmination of the
experiment pHs was maximum in soil unéercineraria
(8.2) at low level and minimum in A. lebbeck (7at)
high level of salinity. The ECe was maximum in P.
cineraria (23.79 dst) at S level and minimum inA.
lebbeck (14.83 dsrit) at S level. The maximum total
values and highest increase in Na, K, Ca and Mgecn
in soil was recorded foP.cineraria at the highest level
of salinity and minimum valuesf Na, Ca and Mg iA
Jebbeck at this level ( Table 11).The maximum value for
SAR was recorded iR .cineraria (54) at high salinity
level and minimum forA.lebbeck (16.5) at low salinity
level. The organic carbon content of soil was maxim
underA.lebbeck (5.4 g/kg) at $level and minimum in
soil underA.nilotica (4.3 g /kg) under Sevel.

ing levels of salinewater irrigation relative to lowest

salt level (0.52 dsm™)

Tree Species ECy Si(4dsm™) ECiw S, (8.0dsm™)
78.9 ( Moderate) 54.9 (Moderate)
A. nilotica 125.3 ( High) 83.6 (Moderate)
P. cineraria 55.9 ( Moderate) 34.9 (Low)

Table 10: lonic composition of leaves and their ratios under varying levels of
salinewater irrigation

K
(%)

Ca
(%)

Salinity
levels

Na (%)

Mg Na/K Na/Ca

(%)

Na/Mg
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A S 0.32 0.92 3.47 1.06 0.348 0.092 0.30p
lebbeck S 0.50 0.88 3.83 1.18 0.568 0.131 0.424

S 0.59 0.69 3.92 1.27 0.855 0.151 0.46p
A S 0.50 1.11 2.26 0.50 0.45 0.221 1.00
nilotica S 0.62 1.16 251 0.61 0.534 0.247 1.01p
S 0.69 0.94 2.75 0.71 0.734 0.251 0.97p
P. S 0.20 0.89 3.59 0.81 0.225 0.055 0.247
cineraria | S, 0.31 0.73 3.26 0.69 0.425 0.095 0.584
S 0.41 0.61 3.08 0.53 0.672 0.133 0.594
Table 11: Effect of saline water irrigation on soil properties
ECiw pHs Water soluble cations Organic
(dsm™) (m.e/L) carbon
Initail Values (g/kg)
ECe Na* K* ca™ Mg SA
R
1.03 15.3 0.2 1.1 1.2 25
A 0.52 7.8 2.14 23.7 0.3 1.3 2.8 16.5 | 5.3
lebbeck (+1.11) | (+8.4) (+0.1) | (+1.2) | (+1.6) (+2.8)
4.0 7.8 14.83 | 134.1 0.4 6.3 12.6 436 | 4.9
(+13.8) | (+118.8) | (+0.2) | (+5.2) | (+11.4) (+2.4)
8.0 7.7 21.24 | 227.4 0.6 15.0 32.0 469 | 5.4
(+22.2) | (+212.1)| (+0.4) | (+13.9) | (+30.8) (+2.9)
A 0.52 7.9 2.01 20.8 0.4 1.1 1.4 186 | 5.1
nilotica (+0.98) | (+5) (+0.2) | (+0.0) | (+0.2) (+2.6)
4.0 8.0 15.85 | 140.5 0.5 8.5 15.3 40.7 | 4.3
(+14.8 | (+125.2) | (+0.3) | (+7.4) | (+14.1) (+1.8)
2)
8.0 7.9 21.87 | 239.1 0.5 17.8 32.4 47.7 | 5.2
(+20.8 | (+223.8) | (+0.3) | (+16.7) | (+31.2) (+2.7)
4)
P. 0.52 8.2 2.35 28.5 0.4 11 15 251 | 44
cineraria (+1.32) | (+13.2) | (+0.2) | (+0.0) | (+0.2) (+1.9)
4.0 7.7 17.04 | 183.4 0.5 9.0 17.0 509 | 4.6
(+16.0 | (+168.1)| (+0.3) | (+7.9) | (+15.8) (+2.1)
1)
8.0 7.7 23.79 | 2815 0.6 18.8 35.6 540 | 4.8
(+22.7 | (+266.2) | (+0.4) | (+17.7) | (+34.4) (+2.3)
6)
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Discussion

For the rehabilitation of soils rendered barren
owing to salinity problems adaption to site corati
and their multiple uses, form important criteria foee
selection. Establishing salt tolerant tree plaoteti
utilizing the saline ground water may provide far a
economic use of abandoned arid lands. The initial
establishment of transplanted tree saplings igcatifor
raising tree plantation in salt affected soils, athi
provide stressful conditions for salts. stresss Hifficult
to make an objective assessment of salt tolerahtieeo
tree species raised in this experiment but ovenialht
growth and survival do indicate this response.le th
absence of clear and unambiguous procedure for
assessment of tree species for suitability tocgitedition,
an effort was made to rank the tree species orbaises
of three criteria. The first was the germinationdan
survival percentage on the basis of which the salt
tolerance is often described (Marehmal., 1993). As the
second criterion, the tree species were simply edrdn
the basis of their height growth, leaf productiomda
biomass produced by these tree species. The third
ranking was based on response breadth (in ternasyof
weight and height growth) and the salt tolerancthe$e
tree species.

Increase in salinity delayed the initiation of seed
germination and decreased survival rate in all iggec
Salt tolerance during germination and early segdlin
growth is critical for plants survival in salineilso The
tolerance of forest tree species greatly varies at
germination and seedlings stage (Tomar and Yadav,
1980). In case of germination and survival nilotica
showed the tolerance up to medium level of salinity
Paliwal (1972) has reported that the emergence tae
delayed and percent germination decreased as freale
of salinity increased. Similar results have begrored
by Tomar and Yadav (1980). This reduction could be
attributed to the osmotic effect of NaCl limitingel
hydration and to the toxic effect of NaCl on seetbgyo
or endosperm cell membranes (Blgssl., 1986).

All the growth parameters showed the maximum value
low salinity level and the value declined thereafse
high levels of stress but only in casefohilotica growth
parameters increased up to medium level of saliuity
decreased thereafter. The effect of highest tdsted of
saline water irrigation was most pronounced An
lebbeck but least inA.nilotica thereby indicating the
good tolerance of. nilotica to high salt stress. Similar
findings on some forest species were also repdied
Singh et al., (1991). In all the three species leaf area
decreased with increase in soil salinity stressdddn
chronic stress, plant often can adjust osmoticalhyl
maintain turgor, but leaf area production, phottisgais
and yield are often considerably reduced in spitthis
adjustment. Both root length and spread differed in
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response to salt levels. Fa nilotica andP. cineraria the
value for root length was maximum but spread was
minimum but inA. lebbeck root length was minimum
whereas root spread was maximum at low salinitgllev
Roots are directly in contact with the salts ané ar
potentially the first line of defense. K nilotica andP.
cineraria the deep vertical roots penetrating up to 75 cm
depth, reach lower water levels and enhance thecelsa
of survival in dry habitat, since salts are knowenbie
concentrated on upper crusts of soil. HoweverAin
lebbeck the horizontal growth was more and root length
was minimum, resulting in decline in tolerance to
salinity.

In case of salinity stress biomass production got
reduced in two of the species and only in caseé\.of
nilotica maximum value was observed at medium level.
The most likely factor causing these differencesait
tolerance may be the rate of salt transport tosti@ots
adversely affecting the leaf expansion, reducing th
photosynthetic efficiency of plant, further redugithe
dry matter production. Inherently slow growth is
associated with species characteristic of saline
environments (Ball and Pidsley, 1995). The maximum
root : shoot ratio at all the salt treatments walieerved
in P. cineraria, whereas leaf : stem ratio was observed
maximum at all the salts treatments An nilotica. In
A.lebbeck andP.cineraria, the number of nodules and its
dry weight decreased with increasing salinity stres
whereas inA. nilotica, there was no nodule formation.
Salinity inhibit nodulation depending upon the dagof
salt stress (Garg and Gupta, 1997). The saltaobter
index was moderate fdk. lebbeck andP. cineraria and
high for A. nilotica at medium level of salinity. The
property of salt tolerance may change with the
development of plant and may also change withype t
of salinity (Strongonov, 1964).

Plants that tolerate high external
concentration of salts invariably do so with higkernal
concentration, particularly in the leaves (Garg &ugpta,
1997). Maximum percentage of sodium ions was
observed in leaves of all the species at the higkesl
of salinity. At highest salinity level, the maximum
content of sodium and potassium was recorded\.in
nilotica. Very high Na accompanied by lower K appears
to be the primary reason of the poor growth anttyié
sensitive varieties (Garg and Gupta, 1997). Thecefbf
Na on K is twofold. At low concentrations Na may
actually increase K uptake though decreasing ligtier
concentrations (Levitt, 1980). The calcium and
magnesium content ofA. lebbeck and A. nilotica
increased with increase in salt levels buPirineraria it
decreased with increase in salinity. This was dwe t
higher absorption of Na which had an antagonidfece
on absorption of Mg. Mehrota and Dass (1973) also
reported decrease in Mg content. Sodium induced
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calcium deficiencies have notorious growth distayti
effects in developing leaves. The uptake of calcitom

the soil solution may decrease because of sodium io
strength that reduces the activity of calcium. Ehes
combined effects are mainly responsible for reduced
yield under saline conditions (Bernstein, 1975) eTh
toxicity of specific ions may lead to Ca deficiendye to
ionic imbalance (Rengel 1992a) e.g. in the presase

of P. cineraria, which is less tolerant to salinity. It has
also been reported by Dhat al. (1993) that theP.
cineraria is less tolerant as compared to other species.
These data related to salinity suggest that owimg t
higher uptake of sodium, Na/K, Na/Ca and Na/Mgosati
increased with increase in salinity level. Tolerspecies
selectively absorb potassium over sodium and thaisem
adjustment in the Na/k ratio to counteract the st#ct
(Levitt, 1980).

With the use of saline waters, a depression ingggdiin

the treatment of high EC irrigation water can be
attributed to the high electrolyte concentratiofise ECe

of the soil increased with the increase in saliniffhe
increase in soil salinization in the case of irtiga water

of 8 mmhos/cm EC was of lesser magnitude as cordpare
to that with water of 4 mmhos/cm EC. The Na, K @d a
Mg content of soil extract also increased with @aging
salinity levels in all the species. Enhanced abitib
exclude salts or Na from shoots and roots has been
considered to be the most important mechanism
operating in salt tolerant woody tree species (dasnd
Khanna, 1997). The sodium absorption ratio (SAR) of
the irrigation water increased as RSC increasen Hc®

to 14 m.e.l-1 and this caused sodiumlisation ofgbit.
The SAR value of the irrigation water did not achedy
affect the growth of the species at lower RSC \glue
nevertheless, the adverse effect became evidettieat
higher RSC value. The reduction in growth and total
biomass accumulation with increase in pH of soilldo
be attributed to increase in concentration of hygro
ions, increased corrosiveness upon cells or tissies
roots, inhibiting cell-division.The organic carboantent
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