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Abstract

Agroforestry is a viable land-use option of salt affected soils which ensure the remunerative use of this valuable
resource. A two years pot study was carried out to evaluate salinity tolerance of tamarind fruit plant against
different levels of salinity and sodicity. Treatments included were: T = EC, 1.17 dS m + SAR, 10.87, T, = EC,,
6 dS m+ SAR, 25, T3 = ECe, 6 dS m+ SAR, 35, T4 = ECe, 6 dS m! + SAR, 45, Ts = ECe, 8 dS m* + SAR, 25,
Te = ECe, 8dS m?t+ SAR, 35, T; = ECe, 8dS m+ SAR, 45, Ts = EC,, 10 dS m? + SAR, 25, To = ECe, 10 dS m-
1+ SAR, 35, T10 = ECe, 10 dS m* + SAR, 45. Results revealed that no plant was survived at higher level of salinity
(10 dS m) and sodicity (SAR 45) and complete cessation and mortality was observed in this treatment. Data of
survived plants at the end of study showed that salinity and sodicity suppressed the growth variables of tamarind
seedlings and increasing levels of salinity-sodicity led a reduction of 3.52% to 82.47% in plant height, 1.53% to
84.61% in stem girth, 5.63% to 88.26% in number of leaves and 7.44 to 90.77 in number of branches over control
(non-stress) treatment. Therefore, it was concluded that tamarind seedling can withstand and survive at salinity
and sodicity level of 10 dS m™ and SAR 35.
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1. INTRODUCTION

limitations of farming community (Gupta et

Globally, soil salinity and sodicity have
degraded one billion hectares of land
(Dagar and Minhas, 2016). This salt
induced land degradation under the impact
of climate change has emerged a daunting
environmental issue which continues to
threaten agricultural productivity.
Consequently, amelioration and
productivity enhancement of salt induced
degraded land is indispensable to fulfil the
increasing demand of food, wood and fiber
for growing population. Generally,
degraded lands are possessed by small
farmers facing poverty and severe
unemployment. Therefore, rehabilitation of
degraded land with use of chemical
amendments may fail to deliver the
expected dividends due to socioeconomic

This work is licensed under a

al., 2013). Planting of salt tolerant tree
species without accomplishing physical
remediation is a viable and economical land
use option for the rehabilitation of salt
affected soil which provide a great
opportunity for income generation and
maintain soil health. However, limited
scientific databases for the salinity
tolerance potential of wide range of plant
species especially fruit tree remains a
challenge. To achieve maximum benefits
and effective utilization of salt-affected
land, a research-based knowledge for
salinity/sodicity tolerances potential of
different field crop is required so that this
environmental burden transform into
economic opportunities for the farming
community. Several fruit trees, field crops,
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medicinal species, shrubs, bio-fuel crops
and forages grasses have been identified
having ability to withstand salinity and
sodicity stress. Thus, management through
crop diversification may be a promising
option for economic utilization of
marginally salt affected soil and to arrest
further salt induced degradation of this
valuable natural resource. Use of salt
tolerant tree species is an alternative
biological reclamation strategy which
ensure remunerative and sustainable land
use of salt-affected soil and control further
deterioration and maintain soil health
(Dagar et al., 2015). Salt affected soils get
ameliorated by plant debris, leaf litter,
organic carbon reduced exchangeable
sodium percentage and pH (Sharma et al.,
2010). A wide range of fruit and forest trees
have been identified suitable for cultivation
on salt-affected land (Dagar, 2014). In a
long-term experiment of seven years, out of
30 tree species, Tamarix articulata, Acacia
nilotica and Prosopis juliflora produced
biomass of 93, 70 and 51 Mg ha-1,
respectively and were found economically
suitable for cultivation on alkali soil (Singh
and Dagar, 2005). Glycyrrhiza glabra is
promising salt tolerant species which
rehabilitate large areas in the Hungry
Steppes of Central Asia (Kushiev et al.,
2005).

Tamarindus indica L. is a semi-
evergreen, multipurpose fruit tree. It is
cultivated more than 50 countries to meet
local communities (EI-Siddig et al., 2006).
The species has wide use as environment
decoration, forage for domestic animals,
wood for construction, folk medicine and
various food and non-food uses (Van der
Stege et al., 2011; Bourou et al., 2012)). It
is ideal to be -cultivated in drought
environment (Pereira et al., 2007) and
salinity degraded areas (Hunsche et al.,
2010; Hardikar and Pandey, 2011) of
semiarid regions. Gebauer and Georg
(2004) investigated the effect of saline
water (0, 20, 40, 60 and 80 mM NaCl) on
growth performance of four-week-old
tamarind seedling grown in sand culture.

Twenty weeks after irrigation with saline
water they observed leaves injury
symptoms in 60 and 80 mM NaCl. Dry
weight, shoot height and leaf area decreased
linearly with increasing levels of salinity
and effects were more noticeable at 60 and
80 mM NaCl. Similarly, Neto et al. (2018)
studied the growth variables of tamarind
seedling irrigated with 0.5, 1.5, 3.0, 4.5, and
6.0 dS m-1. Increasing levels of saline
water compromised growth parameters of
tamarind seedling and higher intensity of
saline water significantly reduced seedling
biomass, leaf area, chlorophyll contents and
carotenoids. Fatima et al. (2019) concluded
that saline water irrigation with 2.15 dS m-
1 caused an acceptable reduction of 10% in
growth variables of tamarind plant while
further increase in salinity i.e., 3.7 and 5.2
dS m-1 had detrimental effect on shoot
height and stem diameter. Previously EI-
Siddig et al. (2004) exposed the tamarind
seedlings to 0, 30, 60 and 120 mM NaCl
solution. They reported that seedling
growth was not markedly influence at 30
mM, however, 120 mM produced a strong
inhibitory effect on seedling emergence,
root/shoot fresh and dry weight. Hunsche et
al. (2010) evaluated the effect of O
(control), 40, 80, or 160 mM NaCl on
salinity tolerance mechanisms of tamarind.
They reported that Cl and Na contents
increased, while chlorophyll content, Ca
and antioxidative capacity reduced with
rising NaCl concentration.

To our knowledge, effects of dual stress
of salinity and sodicity on tamarind
seedling are  hardly investigated.
Nevertheless, this information is very
important for its domestication in saline-
sodic areas. Keeping above facts in view, a
pot study was designed to explore salinity-
sodicity tolerance of tamarind seedling and
to identify the level at which tamarind
seedling can grow successfully in saline-
sodic conditions.

2. MATERIALS AND METHODS
2.1. Experimental site and treatments
detail



A pot study was executed from 2016 to
2018 at Soil Salinity Research Institute,
Pindi Bhattian, Pakistan to explore the
ability of tamarind seedling to withstand
under different levels of salinity and
sodicity stress. A normal soil was analyzed
for (ECe =1.17 dS m-1, SAR = 10.87, pHs
= 7.56, Organic matter = 0.77 (%),
Extractable K = 110.0 (mg kg-1) and
Available P = 11.6 (mg kg-1) Texture =
loam, Saturation percentage = 33.50.
Desired levels of ECe and SAR were
developed artificially using Na2SO4, NacCl,
CaCl2 and MgS04 as calculated with the
help of quadratic equation (Ghafoor et al.,
1988). Treatments included were: T1 =
ECe, 1.17dS m-1 + SAR, 10.87, T2 = ECe,
6 dSm-1+ SAR, 25, T3=ECe,6dSm-1+
SAR, 35, T4 = ECe, 6 dS m-1 + SAR, 45,
T5=ECe, 8dS m-1 + SAR, 25, T6 = ECe,
8dSm-1+SAR, 35, T7 =ECe, 8dS m-1 +
SAR, 45, T8 = ECe, 10 dS m-1 + SAR, 25,
T9 = ECe, 10 dS m-1 + SAR, 35, T10 =
ECe, 10 dS m-1 + SAR, 45.
2.2. Experimental design
recorded
After development of desired levels of
salinity and sodicity, glazed pots were filled
@ 15 kg soil per pot. Pots were arranged in
Completely Randomized Design (CRD)
with three replications. tamarind seedling
with almost a uniform stature were planted
on 11-10-2016 in these pots keeping one
plant in each pot. Fertilizer @ one liter of
1% urea, triple super phosphate and
sulphate of potash was applied at the start
and after every six months. All agronomic
and plant protection measures were
exercised uniformly. Tamarind seedling
could not survive in T10 (ECe 10 dS m-1
and SAR 45). While data of survived
seedlings regarding growth characteristics
i.e., plant height stem diameter, number of
branches per plants and number of leaves
per plant was recorded on 27-9-2017 and
02-10-2018. Leaves and roots Na and K
contents were also determined using flame
photometer (digiflame code DV 710) by
adopting standard protocol. All plant and
soil analysis were carried out following the

and data
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methods of U.S. Salinity Laboratory Staff
(1954).

2.3. Statistical Analysis

The collected data for various growth
parameters were statistically analyzed. The
treatment mean comparisons were made
using Least Significant Difference Test @
5% probability (Steel et al., 1997) using
STATISTIX 8.1 package software.

3. Results:

3.1. Plant height

Dual stress of salinity and sodicity
negatively affected the growth of tamarind
seedling and effect was more pronounced
with increasing levels of salinity and
sodicity, even plants could not survive in
T10 (ECe 10 dS m-1 and SAR 45). Plant
height was also suppressed with increasing
levels of salt stress and data of second year
showed that plant height was 125 c¢cm in
control  (non-stressed) with maximum
increase of 19 cm with respect to its initial
value, while minimum increase of 3.33 cm
was noted at higher levels of salinity and
sodicity (ECe 10 dS m-1 and SAR 35)
(Table 1). When we compared the salinity
treatments with control (non-stressed), a
reduction of 3.52%, 26.31%, 57.89%,
31.57%, 42.10%, 80.73%, 68.42%, 82.47%
was recorded respectively in T2, T3, T4,
T5,T6, T7, T8 and T9.

3.2. Stem girth

Stem girth was significantly (p < 0.05)
suppressed by root zone salinity and
salinity treatments were differentiated more
clearly after two years (Table 2). The
maximum increase of 0.65 cm was attained
by plants in non-stressed conditions after
the two years which decreased linearly with
increasing levels of salinity and sodicity
and minimum increase of 0.10 cm with
respect to initial value was divulged in
survived plants at the highest intensities of
salinity and sodicity (ECe 10 dS m-1 and
SAR 35). Dual stress of sodicity and
salinity led to reduction of 1.53%, 15.38%,
47.69%, 30.76%, 52.30%, 72.30%,
66.15%, 84.61% in T2, T3, T4, T5, T6, T7,
T8 and T9 as compared to control.

3.3. Number of leaves



Table 1: EFFECT OF DIFFERENT LEVELS OF ECe AND SAR ON PLANT HEIGHT
(cm) OF TAMARIND SEEDLINGS

Treatments | At After After Increase | Difference | Decrease
EC: SAR transplantation | one year two intwo | over over
years years control control
Ty - 106.00 A 113.00 AB 125.00 19.00
Control AB
To- (6: 25) 114.67 A 120.67 A ,15\33'00 18.33 0.67 3.52
_ 97.00 ABC 103.67 ABC | 111.00 14.00 5.00 26.31
T3-(6:35) ABCD
Ts- (6 : 45) 76.00 BCD 80.33CD 23)4E.00 8.00 11.00 57.89
Ts- (8: 25) 105.00 AB 111.33 AB i\l:é)o 13.00 6.00 31.57
Te - (8: 35) 95.00 ABC 99.66 ABCD | 106.00 11.00 8.00 42.10
er = ABCD
T:-(8: 45) 73.00 CD 75.00 D 76.66 E 3.66 15.34 80.73
Te - (10: 99.00 ABC 102.33ABCD | 105.00 6.00 13.00 68.42
25) BCD
To-(10: 89.00 ABC 91.00 BCD 92.33 3.33 15.67 82.47
35) CDE
Tio - 58.33D Not survived | Not
(10:45) survived

Different letters in the same column indicate significant differences by LSD at P < 0.05.
Data regarding number of leaves depicted
that dual stress of salinity and sodicity

Table 2: EFFECT OF DIFFERENT LEVELS OF ECe AND SAR ON STEM GIRTH (cm)
OF TAMARIND seedlings

Treatments | At After After Increase | Difference | Decrease over
EC: SAR transplantation | one year | two in two over control
years years control
T1 - Control 0.75 A 1.05 A 140 A 0.65 -—-- ——--
T, -(6:25) 0.72 A 1.03A | 1.36 AB 0.64 0.01 1.53
T3-(6:35) 0.75 A 1.02A | 1.30 AB 0.55 0.1 15.38
Ts-(6:45) 0.63 AB 0.80BC | 0.97 CD 0.34 0.31 47.69
Ts - (8:25) 0.72 A 0.95AB | 1.17BC 0.45 0.2 30.76
Te - (8:35) 0.61 AB 0.77BC | 092D 0.31 0.34 52.30
T7-(8:45) 0.50 BC 0.60 CD | 0.68 EF 0.18 0.47 72.30
Tg-(10: 0.67 A 0.79 BC | 0.89 DE 0.22 0.43 66.15
25)
To-(10: 0.48 BC 054D | 058F 0.10 0.55 84.61
35)
T1o - 041C Not Not
(10 :45) survived | survived

Different letters in the same column indicate significant differences by LSD at P <0.05.
significantly (p < 0.05) arrested the growth
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of leaves and detrimental effect was more
pronounced with age of plants and severity
of stresses (Table 3). After two years, non-

was divulged in T2, T3, T4, T5, T6, T7, T8
and T9.
3.5. Leaves and root Na* contents

Table 3: EFFECT OF DIFFERENT LEVELS OF ECe AND SAR ON NUMBER OF

LEAVES OF TAMARIND SEEDLINGS

Treatments | At After After Increase | Difference | Decrease

EC: SAR transplantation | one year | two in two over over
years years control control

T1- 135.00 AB 258.00 | 419.00 A | 284.00

Control A

T2-(6: 129.00 AB 247.00 | 397.00 268.00 16.00 5.63

25) A AB

T3-(6: 141.00 A 250.00 | 363.00 222.00 62.00 21.83

35) A BC

T4-(6: 118.00 AB 197.00 | 281.00D | 163.00 121.00 42.60

45) BC

T5-(8: 136.00 AB 239.00 | 341.00C | 205.00 79.00 27.81

25) AB

T6-(8: 115.00 AB 181.00 | 245.00 130.00 154.00 54.22

35) CD DE

T7-(8: 127.00 AB 172.00 | 212.00 85.00 199.00 70.07

45) CD EF

T8-(10: 107.00 AB 148.00 | 193.00 F | 86.00 198.00 69.71

25) D

T9-(10: 132.67 AB 148.00 | 166.00 F | 33.33 250.67 88.26

35) D

T10 - 92.667 B Not Not

(10 :45) survived | survived

Different letters in the same column indicate significant differences by LSD at P < 0.05.

stressed seedlings produced maximum
(419) number of leaves which decreased
significantly and limited to only (166)
leaves per plants in T9 (ECe 10 dS m-1 and
SAR 35). Compared with control reduction
of 5.63%, 21.83%, 42.60%, 27.81%,
54.22%, 70.07%, 69.71%, 88.26%, was
recorded in T2, T3, T4, T5, T6, T7, T8 and
T9 respectively at the end of study.

3.4. Number of branches
Salinity/sodicity also suppressed the
number of branches of tamarind seedlings
and detrimental effect was more visible at
the end of study (Table 4). On average,
unstressed (control) plants showed an
increase of 18 branches per plants which
dwindled to only 1.66 in T7 (ECe 8 dS m-1
and SAR 45). In comparison to control
reduction of 7.44%, 38.88%, 68.55%,
11.11%, 59.27%, 90.77%, 62.94%, 87.05%

12

lonic analysis at the end of study showed
that leaves and roots Na* contents increased
with rhizosphere salinity/sodicity and
maximum Na* contents were observed at
higher level of salinity and sodicity at Tg
(EC: 10 dS m™ and SAR 35). As compared
to control Na™ contents were increased by
194.73% and 50.0% in leaves and roots
respectively in To (Fig. 1 & 2).

3.6. Leaves and root K* contents

An inverse relation was observed between
leaves and root K* contents and
salinity/sodicity levels. K" uptake was
suppressed by roots and leaves as salinity
and sodicity increased in growth medium
and particularly higher level of salinity and
sodicity at (ECe 10 dS m™ and SAR 35) was
detrimental for K" uptake and minimum
contents of K* were observed in this
treatment. A reduction of 55.55% and



Table 4: EFFECT OF DIFFERENT LEVELS OF ECe AND SAR ON NUMBER OF
BRANCHES OF TAMARIND SEEDLINGS

Treatments | At After After Increase | Difference | Decrease over
EC: SAR transplantation | one year | two in two over control
years years control
11.00 ABC 18.66 29.00 A 18.00

T1 - Control AB
T,-(6: 25) 10.00 ABCD ,10\78(2? 26.66 A 16.66 1.34 7.44
Ts- (6 35) 8.33 BCD éBl»DOEO 19.33 B 11.00 7.00 38.88
T4-(6: 45) 6.00 CD 8.66 EF %:1[566 5.66 12.34 68.55
Ts-(8:25) |13.66 A 21.00 A | 29.66 A 16.00 2.00 11.11

] 8.33 BCD 11.66 15.66 7.33 10.67 59.27
Te - (8:35) DE BC
T7-(8:45) |5.00D 6.00 F 6.66 D 1.66 16.34 90.77
Tg - (10: 11.66 AB 15.00 18.33 B 6.67 11.33 62.94
25) BCD
To-(10: 8.33 BCD 9.66 EF | 10.66 2.33 15.67 87.05
35) CDh
Tio - 7.66 BCD Not Not
(10:45) survived | survived

Different letters in the same column indicate significant differences by LSD at P < 0.05.
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Fig 1. Effect of different levels of EC. and SAR on leaves Na* (%) contents of tamarind
seedlings at the end of study. T (control), T2 (ECe 6 (dSm™) + SAR 25), T3 (ECe 6 (dSm™) +
SAR 35), T4 (ECe 6 (dSm™) + SAR 45), Ts (ECe 8 (dSm™) + SAR 25), T¢ (ECe 8 (dSm™) +
SAR 35), T7(ECe 8 (dSm™) + SAR 45), Tg (ECe 10 (dSm™) + SAR 25), To (ECe 10 (dSm™) +

SAR 35)

28.57% was recorded in leaves and root K*
respectively in comparison to control in Tg
(Fig. 3 & 4).

4. Discussion

In the era of climate change world is
encountered with environmental and
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economic crisis. Loss of production
capacity and degradation of natural
resources through salinization is a more
serious environmental problem and is
needed to fight against, as it continues to
threaten sustainability of agricultural
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Fig 2. Effect of different levels of ECe and SAR on roots Na* (%) contents of tamarind
seedlings at the end of study. T1 (control), T2 (ECe 6 (dSm™) + SAR 25), T3 (EC. 6 (dSm™) +
SAR 35), T4 (ECe 6 (dSm™) + SAR 45), Ts (ECe 8 (dSm™) + SAR 25), Ts (ECe 8 (dSm™) +
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Fig 3. Effect of different levels of ECe and SAR on leaves K* (%) contents of tamarind
seedlings at the end of study. T1 (control), T2 (ECe 6 (dSm™) + SAR 25), T3 (ECe 6 (dSm™) +
SAR 35), T4 (ECe 6 (dSm™) + SAR 45), Ts (ECe 8 (dSm™) + SAR 25), Te (ECe 8 (dSm™) +
SAR 35), T7(EC. 8 (dSm™) + SAR 45), Tg (ECe 10 (dSm™) + SAR 25), To (EC. 10 (dSm™) +

SAR 35)

productivity and causes annual global
income loss. Therefore, this situation
demands research-based comprehensive
approach which provide insight into
different aspects of salt affected soils.
Saline agriculture is expected to play a key
role to achieve maximum benefits and
sustainability of salt-affected soil. Research
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on the salinity tolerance potential of fruit
plants is modest as compared to other
agronomical crops because there is general
perception that fruit crops are sensitive to
salinity, however, some fruit crops may
perform well under the salt stress.
Therefore, current study was aimed to find
out the ability of tamarind seedling to
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Fig 4. Effect of different levels of ECe and SAR on root K* (%) contents of tamarind
seedlings at the end of study. T1 (control), T2 (EC. 6 (dSm™) + SAR 25), T3 (ECe 6 (dSm™) +
SAR 35), T4 (ECe 6 (dSm™) + SAR 45), Ts (ECe 8 (dSm™) + SAR 25), Te (EC. 8 (dSm™) +
SAR 35), T7(EC. 8 (dSm™) + SAR 45), Tg (ECe 10 (dSm™) + SAR 25), To (EC. 10 (dSm™) +

SAR 35)

withstand under different levels of salinity
(1.17, 6, and 8, 10 dS m-1) and sodicity
(10.87, 25, 35, 45 SAR). Results of study
exhibited progressively stronger inhibitory
effects on most of the investigated traits of
tamarind seedlings, even mortality was
observed at higher level of salinity and
sodicity (ECe 10 dS m-1 and SAR 45) in
T10. Data of second year showed that dual
stress of salinity and sodicity led a
reduction of 3.52% to 82.47% in plant
height, 1.53% to 84.61% in stem girth,
5.63% to 88.26% in number of leaves and
7.44 to 90.77 in number of branches over
control (non-stress) treatment. Growth of
most of most of fruit crop is suppressed by
salinity > 2 dS m-1 and significant
reduction may occur at 5 dS m-1 (Ebert,
2000). Similar results were observed in
current study that complete mortality of
tamarind seedlings occur at (ECe 10 dS m-
1 and SAR 45). Gebauer and Georg (2004)
also reported that increasing level of 80 mM
NaCl stress caused a significant reduction
in leaf area and plant height of tamarind
seedlings. The depressing effect of salt
stress on growth variables of tamarind
seedlings may be justified by that
continuous exposure of plants to abiotic
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stress alters the normal functioning of
physiological and biochemical processes
(Misra, 2018). The first effect of salt stress
on plant is a quick shock of osmotic stress,
resulting in drought conditions because
roots are unable to absorb soil water
(Munns and Tester, 2008). Most of the fruit
plants are sensitive to this initial osmotic
shock (Bernstein, 1980). Further, long term
exposure of plants to salt stress
environment as in current study results the
accumulation of toxic ions in young leaves
(Acosta-Motos et al., 2017) that suppress
the plants growth and reduces fresh and dry
weight of stem, leaves and root weight (Li
and Li, 2017). Salt stress has been found to
alter the leaf morphology, stimulates the
falling and aging of older leaves (Li and Li,
2017) and reduces stem girth due to
shrinkage of vascular tissues (Wungrampha
etal., 2018). Conformity results were stated
by Neto et al. (2018) that higher intensity of
saline water significantly reduced seedling
biomass, leaf area and chlorophyll contents
in tamarind.

Salt stress inflicts detrimental effects on
photosynthesis, reduced stomatal
conductance and carbon assimilation which
are directly related to low plant yield (Jajoo,



2014; Acosta- Motos et al., 2017). Root
zone salinity leads to disruption of cell
metabolism, enzyme  structure and
membrane integrity (Tanveer et al., 2018)
thus decreases photosynthesis, respiration
and ultimately crop yield (Wungrampha et
al., 2018). In addition, excessive uptake of
Na+ and Cl— caused ion toxicity in salt
stressed plants which further hinders the
uptake of essential nutrients like, N, P, K,
Ca, and Mn (Nongpiur et al., 2016).
Moreover, excessive uptake of Cl- and Na+
trigger K+ efflux, (Shabala, 2009) reduce
leaf turgor potential (Chartzoulakis, 2005)
generate reactive oxygen species (Misra,
2006) degrade the chlorophyl contents
(Singh et al., 2015) limits the stomatal
conductance (Flexas et al., 2004) reduce
CO2 supply (Munns et al., 2006) resulting
in low carbon fixation (Hnilickova et al.,
2019). All these factors have damaging
effects on physiological and biochemical
processes of plants and consequently, salt
stressed plants show poor performance
(Hasanuzzaman et al., 2013). Similarly,
Fatima et al. (2019) concluded that salinity
levels of 3.7 and 5.2 dS m-1 had detrimental
effect on shoot height and stem diameter of
tamarind plants which support the current
findings.
5. Conclusion
Rehabilitation of salt prone land is not
always economical and practicable
approach because of environmental and
socioeconomic constrains. Growing salt
tolerant fruit plants may be a viable
alternative approach which ensure the
remunerative use of salt affected land.
Therefore, above findings suggest that
tamarind seedling can be grown
successfully at salinity and sodicity level of
10 dS m-1 and SAR 35. However, it is
recommended that results obtained in
current study should investigated in detail
under saline-sodic field conditions.
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