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Abstract: Salinity and bad quality irrigation water is very common problem in
Pakistan due to limited rainfall, more evapo-transpiration and high temperature. So,
there is need to select salt tolerant plants. In view of that a pot experiment was
*Corresponding author | conducted to study the growth performance and ionic composition of Conocarpus
Muhammad Arshad Ullah | erectus L. under saline — sodic conditions. Sixteen treatments i.e. (T;-<4(dSm™) + <15
(mmol LYY T,-20(dSm™) + 20 (mmol L™Y)Y2, T5-20(dSm™) + 40 (mmol LYY, T,
20 (dSm™) + 60 (mmol L™)Y?, T5-20 (dSm™) + 80(mmol L2, Te- 20(dSm™) + 100
(mmol L™)Y?, T,-30(dSm™) + 20(mmol L2, Te-30(dSm™) + 40(mmol L), To-30
(dsm™) + 60(mmol L2 Ty- 30 (dSm™) + 80(mmol L)Y T.- 30(dSm™) + 100
(mmol LY)Y2, T1,-40(dSm™) + 20(mmol L™)"?, T15-40(dSm™) + 40(mmol L2, Ty,
40 (dSm™) + 60(mmol L™Y)Y2 T15-40 (dSm™) + 80(mmol L)Y and Ty- 40(dSm™) +
DOI: 100 (mmol L)) were evaluated in order to assess their effect on plant growth and
10.21276/haya.2018.3.7.3 | ionic composition. Results revealed that increasing levels of salinity and sodicity had
negative effect on all plant growth parameters i.e. plant height, number of leaves and
branches. While owing to dual stress of salinity and sodicity minimum percentage
increase over control was noticed in Tghaving EC (40 dSm™) and SAR 100 (mmol L°
1)¥2. Results showed that sodium concentration increased with increasing salinity/
sodicity, while potassium in leaf samples was decreased. Maximum K/ Na was
depicted in control while minimal at the highest level i.e. T .
Keywords: Growth, buttonwood (Conocarpus erectus L.), soil salinity, potassium
status and potassium sodium ratio.
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INTRODUCTION

Plants grown under saline soils were subjected
to water stress and uptake of water by plants was
decreased which ultimately decreased the transpiration
rate [1]. Under salt stress plant closed its stomata which
protect the plant from dehydration. This condition
decreased the uptake of nutrients by plant and slows
down metabolism in plant and decreased the chances of
plant survival [2]. There are many abiotic stresses for a
plant but salinity is a major abiotic stress [3].

Conocarpus erectus can endure different
stresses like salinity, drought, heat, water logging, light
frosts, diseases and pests [4]. Accumulation of salt is
less in C. erectus as compared with other plants so it is
more efficient in preventing salts from going into the
xylem sap [5]. Low salinities increase growth and
development in this species, which mainly depend on
ion regulation, leaf succulence, and the presence of salt
glands in leaf lamina [6, 7]. It has also been reported
that C. erectus can tolerate high salinities more easily
than drought stress as its growth is less affected under

high salinities than under mild drought [8]. Buttonwood
is a seaside shrub or tree with highly salt-resistant
foliage. Conocarpus sp. is known as one of salt tolerant
forest species and their native habitats are moist.
Buttonwood (Conocarpus erectus L.), is an evergreen
shrub of family Combretaceae native to Florida's
mangrove forest ecosystem in North America. It is
found on the edges of salt flats, rock lands of the
Florida Keys, edges of hammocks, borders of fresh and
brackish marshes in South Florida. Conocarpus erectus
is a source of food for wildlife and it also protects the
soil during storm and helps to fix dunes. Buttonwood
(Conocarpuserectus L.) is planted as ornamental plant
in yards, streets, parking lots and parks. Buttonwood is
reported to be a soft, non-toxic and attractive plant to
feed animals because its green residues branches and
shoots are used as fodder [9]. The use of economically
useful salt tolerant plants in rehabilitation programmed
for a saline ecosystem would be a useful option [10].

Conocarpus erectus L. (buttonwood) habitat is
moist and mostly grows on shorelines in tropical and
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subtropical areas around the world [4]. Since the
nutrient status of C. erectus is very low so it grows very
well in the soils that have very low fertility [6]. Mostly,
it is planted in parks, streets and yards as ornamental
and the potted plants are used to make bonsai [11].
Leaves are useful in preparing some folk medicines,
which are tonic for diarrhea, catarrh, fever,
conjunctivitis, anemia and diabetes [12]. It is an
important source of food and protection for wildlife and
prevents erosion [12].

Abiotic stresses like heat, drought, water
logging and particularly salt stress affect not only the
plant growth but also its metabolic processes [13, 14].
Among physiological adaptations ion homeostasis is an
earlier response which involves uptake of specific ions
[15] and maintenance of turgor by osmotic adjustments
[16]. Anatomical characteristics involved in salinity
tolerance are related to changes in stomatal length and
width [17], stomata number and cell number of
epidermis [17], distance between vascular bundles [17]
and leaf thickness.

Water scarcity is the greatest crisis facing
humanity in the 21st century and possibly beyond [18].
Nearly every country in the world experiences water
shortages during certain periods of the year and more
than 80 countries now suffer from serious water
shortages [19]. Agricultural production consumes more
fresh water than any other human activity. To cope with
the scarcity of fresh water for the sustainable
development of agriculture, there is increasing
awareness among agricultural scientists and planners in
the utilization of seawater (at least diluted) for irrigation
of crops [20].

However, the high concentration of ionic
species in seawater is the main limiting factor in the
utilization of seawater for irrigation [21]. Some of the
basic variables are pH, electrical conductivity, salinity
and hardness [22]. Moreno et al., [23] evaluated the
effects of salinity stress on growth and yield of cotton
and sugar beet crops. Geng-Mao et al., [24] found that
Jerusalem artichoke could be safely grown in salt-
affected land with 25 and 50% seawater irrigation.

Studies in south-eastern United States have
looked at the role of SLR-induced increases in flooding
frequency and groundwater salinity in coastal hydric
hammocks of Florida [25, 26], pine rock lands on
oceanic islands off Florida’s coast [27], coastal marshes
of Florida and Louisiana [28, 29], deltaic coasts of
Mississippi [30], and tidal swamps in South Carolina
[31]. The coastal forest complex of Everglades National
Park (ENP) provides a novel setting because even
though they lie along South Florida’s shoreline, little
data exist on salinity regimes, plant distribution, and
dynamics of water table. With these, coastal
communities are associated rare and tropical plant
species at their northernmost limit of distribution [32],

making the coastal forests an important site from a
conservation standpoint as well. Considering the
importance of buttonwood (Conocarpus erectus L.) a
pot experiment was carried out to evaluate the effect of
various salinity stress levels on the growth performance
and ionic composition of buttonwood (Conocarpus
erectus L.).

MATERIALS AND METHODS

A pot study was conducted to evaluate the
growth and ionic concentration of Na, K, and K/ Na of
(Conocarpus erectus L) under different artificial
developed saline- sodic soils at green house of Land
Resources Research Institute, National Agricultural
Research Centre, Islamabad, Pakistan during, 2015. The
soil used for the pot experiment was analysed and
having 7.98 pH, 2.127 ECe (dSm™), 4.75 SAR (mmol
L™Y)Y2, 22.99 Saturation Percentage (%), 0.42 O.M. (%),
7.44 Available P (mg Kg™) and 97.85 Extractable K
(mg Kg™). Considering the pre- sowing soil analysis
the ECe (Electrical conductivity) and SAR (Sodium
Absorption Ratio) was artificially developed with salts
of NaCl, Na, SO,4, CaCl, and MgSO, using Quadratic
Equation.10 Kg soil was used to fill each pot. 10 seeds
of Conocarpus erectus were sown in each pot. Fertilizer
was applied @75-60-50 NPK Kg ha™. Treatments were
as T1—<4(dSm™) + <15(mmol L™)"? T,-20(dSm™) + 20
(mmol L™M)"?, T5-20(dSm™) + 40 (mmol L™Y)Y2, T,-20
(dsm™) + 60 (mmol LY Ts-20 (dSm™) + 80 (mmol
LYY2, Te-20(dSm™) + 100 (mmol LM, T,-30(dSm™)
+ 20 (mmol L'Y)Y2 T30 (dSm™) + 40 (mmol L)Y?,
To=30 (dSm™) + 60(mmol LH)¥2 T;0-30 (dSm™) + 80
(mmol L'Y)Y2, T,,- 30(dSm™) + 100 (mmol L™Y)Y2, T,e
40(dSm™) + 20(mmol L™YY? Ti- 40 (dSm™) + 40
(mmol L™Y)Y?, Ty4- 40 (dSm™) + 60 (mmol L™Y)? Tise
40 (dSm™) + 80 (mmol L™)¥? and Ty5-40 (dSm™) + 100
(mmol L™)"2. Post- harvest soil analysis was done.
Completely randomized deign was applied with three
repeats. Data on plant height, number of leaves plant™
and number of branches plant® at the time of
transplanting and after two years were collected. lonic
concentration of Na, K, and K/ Na of soil used in this
experiment after two years of transplanting of
(Conocarpus erectus L) seedlings was determined. The
data obtained were subjected to statistical analysis using
the STATISTIX statistical software (Version 8.1) and
the mean values were compared using least significant
difference (LSD) [33].

RESULTS AND DISUSSIONS

Salinity plus sodicity influenced the growth of
Conocarpus erecuts seedlings (table-1). Plant height is
the main growth parameter of this plant to withstand
salinity and sodicity stresses. Plant height was the
highest (70.00cm) at the time of transplanting at lowest
salinity and sodicity stresses i.e. Tis After two
transplanting this value was increased tol170
showing143% increase over control after two years. Tyg
having the top level of salinity and sodicity attained the
bottom position in plant height. Therefore it is resulted
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that plant height is inversely proportional to salinity
plus sodicity. Saline soils have adverse effects on plant
growth and cause plant death due to ion toxicity, water
stress, ion imbalance, or a combination of all these
factors [34]. Salt damage of plants occurs by a
combination of several causes, including mainly
osmotic injury and specific ion toxicity [35, 36] that
affect a variety of physiological and metabolic
processes in plants [37].

Number of leaves plant™ showed variations
among treatments (table-1).A huge variation of 362 to
803 after two years of transplanting indicated the worst
effects of saline sodic soil environment. % decrease
over control (after two years) in number of leaves plant”
! showed great difference (-70.43 to+1.16) among
treatments as mentioned in table-1. Significant
anatomical characteristics which plays an important role
in salt tolerance include stomatal shape, size, density
and orientation [38], increased thickness (succulence) in
leaf, root and stem [39], increased vascular bundle area
[40], high water use efficiency, low transpiration rate,
and low reduction in photosynthetic rate and
chlorophyll pigments [41].

Number of branches plant™is the detrimental
parameter in the growth of woody plants. Data
regarding number of branches plant™ presented in table-
2 influenced the severity of salinity and sodicity
stresses. % decrease over control after two years

transplanting cleared the picture indicated the range i.e.
-55.90 to -1.85 among treatments. % decrease over
control was increased as well as the salinity cum
sodicity toxicity was increased. Salinity is the most
familiar a biotic stresses that effect plant growth and
limit the many physiological processes such as
photosynthetic rate, mineral distribution and membrane
permeability [42]. Different plants respond to salinity in
different ways such as changes water balance and its
uptake, transpiration, metabolic pathways, exchange of
gases, leaves optical properties, ion uptake, respiration
and photosynthesis, morpho-anatomical characteristics
and balance of hormones [43, 44].

K" Na" ratio is the important factor for the
determination of salt tolerance in every plant. More K*
Na* ratio showed more salt tolerance. Data regarding
this parameter presented in table-2. T,[20(dSm™) + 20
(mmol L™)*?] showed the highest salt tolerance among
other treatments (table-2) due to having the maximum
value of K™ Na" ratio. Na+ stress interferes K* entry by
root cells. When Na* moves into the cells and gathered
to high levels, it becomes harmful to enzymes [45].
Plants have developed different mechanisms to deal
with salinity effects [1]. To prevent growth break off,
excessive Na has to be expelled or divided up into
compartments in the vacuole [45]. In some species, salt
concentration can also be reduced by transferring the
salts into old leaves or by storing them in the bark or the
wood.

Table-1: Influence of salinity plus sodicity on Plant height (cm) and # leaves plant™of Conocarpus erecuts seedlings

Treatment | Plant height Plant % increase | % decrease | # of # of % increase | % decrease
(cm) at height over control | over leaves at | leaves over over
transplanting (cm) ( after two control transplan | after control control

after two | years) (after two | ting two (after two (after two
years years) years years) years)

T, 70.00 170.00 143.00 | ---------- 30 803 2576.67 | ----------

T, 57.00 137.00 140.35 -1.85 29 785 2606.90 +1.16

T3 58.00 139.00 140.00 -2.10 32 845 2540.62 -1.40

T, 52.00 122.00 134.62 -5.86 27 700 2492.60 -3.25

Ts 58.00 129.00 122.00 -14.66 24 548 2183.33 -15.29

Te 62.00 122.00 97.00 -32.35 27 590 2085.18 -19.09

T, 66.00 155.00 135.00 -5.98 33 864 2518.18 -2.29

Ts 53.00 119.00 125.00 -13.18 29 729 2413.80 -6.33

T 62.00 142.00 129.00 -10.04 25 604 2316.00 -10.31

T 59.66 121.00 103.00 -26.31 26 491 1788.46 -30.59

Ty 58.00 103.00 78.00 -45.90 35 480 1271.42 -50.65

T 62.00 131.00 110.00 -22.41 26 611 2250.00 -12.69

Tis 64.00 132.00 106.00 -25.92 24 570 2275.00 -11.72

T 67.33 125.00 86.00 -40.28 27 488 1707.40 -33.76

Tis 70.00 110.00 57.00 -60.16 25 340 1260.00 -51.11

Tie 62.00 89.00 44.00 -69.64 42 362 761.90 -70.43
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Table-2: Influence of salinity plus sodicity on # of branches plant™ and Na, K, and K/ Na of Conocarpus erecuts

seedlings

Treatment | # of branches # of branches % increase | % decrease | Na' K* K/

plant™) at plant™ after two | over control | over control | Percentage | Percentage | Na*

transplanting years (‘after two (‘after two Ratio

years) years)

T, 7 61 77143 | - 2.31 0.72 0.31
T, 7 60 757.14 -1.85 0.77 0.32
Ts 8 65 713.00 -7.52 2.60 0.74 0.28
T, 6 50 733.33 -4.93 2.64 0.69 0.21
Ts 7 52 643.00 -16.60 3.23 0.61 0.17
Te 6 41 583.33 -24.38 3.63 0.52 0.14
T, 7 60 757.00 -1.82 3.86 0.73 0.27
Tg 6 50 733.00 -4.93 2.73 0.73 0.26
Ty 8 57 613.00 -20.49 2.81 0.69 0.20
T1o 9 50 455.56 -40.86 3.38 0.57 0.14
Ty 6 30 400.00 -48.12 441 0.40 0.09
Ty, 7 53 657.14 -14.79 4.49 0.69 0.23
Tis 9 55 511.11 -33.72 2.94 0.62 0.19
Tia 5 29 480.00 -37.74 3.92 0.56 0.14
Tis 7 34 385.71 -49.94 4.28 0.43 0.10
Tis 5 22 340.00 -55.90 4.63 0.34 0.07

T1=<4(dSm™) + <15(mmol L1, T,-20(dSm™) + 20(mmol L™H)*
60(mmol L™)Y2, Ts-20 (dSm™) + 80(mmol LY)¥2, Te-20(dSm™®) + 100 (mmol L™)Y2, T,-30(dSm™) + 20(mmol L™)Y?,
Te=30(dSM™) + 40(mmol L™)Y2, To-30 (dSm™) + 60(mmol L2, T10-30 (dSm™) + 80(mmol LM, T;,-30(dSm™) +
100 (mmol L™)Y?, T1,-40(dSm™) + 20(mmol L)Y, T15- 40(dSm™) + 40(mmol L)Y, T1,- 40 (dSm™) + 60(mmol L™)*?,
T15-40 (dSm™) + 80(mmol L) and Ty6- 40(dSm™) + 100 (mmol L)Y

CONCLUSIONS

Increasing levels of salinity and sodicity had
adverse influences on plant growth. Salinity cum
sodicity minimum percentage increase over control was
determined in T having EC (40 dSm’l) and SAR 100

(mmol L™,

Sodium concentration increased with

increasing salinity/ sodicity, while potassium in leaf
samples was decreased. Maximum K/ Na was measured
in control having less level of salinity plus sodicity
while minimum was in Ty i.e. EC (40 dSm™) and SAR

100 (mmol L2,
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