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Abstract: In Pakistan, arid and semi-arid areas are more prone to limited rainfall, extensive evapo-transpiration
and higher temperatures. For better understandings of current situation, a field experiment was carried out
to study the morphological characteristics, biochemical responses and ionic composition of Conocarpus spe-
cies (Conocarpus erectus and Conocarpus lancifolius) under saline soil conditions in Lal Suhanra National Park,
Bahawalpur during 2019-21. Three sites one at normal soil and two at different salinity levels (Medium and
High Salinity) were observed in order to assess their effect on plant growth and other parameters. The data
regarding physiological and biochemical parameters were recorded. Conocarpus lancifolius and Conocarpus
erectus has maximum (233) mmol m2sec'and (162) mmol m2secstomatal conductance respectively. Maxi-
mum transpiration rate (4.57 MMOL M=257) was observed at site-I in case of C. lancifolius, while maximum
transpiration rate in case of C. erectus was (2.94 MMOL M~257) at site-I. At control level, maximum photo-
synthetic rate was measured as (8.76 umol m-2sec?) in C. lancifolius and (5.59 pumol m?sec?) in case of C.
erectus. Conocarpus lancifolius and Conocarpus erectus has maximum SOD (13.29 and 19.62) and CAT (16.48
and 42.05), and POD (14.81 and 8.81 U/mg protein) respectively. Maximum values of Na* K*ratio in leaves
(3.08), shoots (5.98) and roots (9.84) were detected at site-I in C. lancifolius. Based on statistically analyzed
data, it is revealed that Conocarpus lancifolius can tolerate better salt stress as compared to Conocarpus erectus.
Both species of Conocarpus can tolerate salinity up to 25 dSm but growth of Conocarpus erectus is affected
more as compared to Conocarpus lancifolius.
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1. Introduction

Crop production and forest yield have been reduced due to climatic variation in
term of flooding, insufficient irrigation management, inadequate ions leaching and saline
water usage [1,2]. Poor soil management practices, high evapo-transpiration, poor water
conditions [3] and low rainfall are some prominent factors of salinity in arid and
semi-arid regions of the world [4]. Crop yields are constantly being reduced due to sa-
linity [5]. The major province (Punjab) of Pakistan in term of agricultural production is
also a victim of salinity and it was found that the most of the pumped ground water
(75-80 %) is not suitable for the irrigation, which can be harmful for the production of
various crops. It was observed that, about 14% of the whole irrigated lands are salt af-
fected. Similarly, it is increasing at 40,000 hectares on annual basis [6].

Level of salinity highly matters for slow growth and death of different plant species.
Soil and water with excess amount of soluble salt can reduced plant’s growth and de-
velopment. Nature has blessed plants with different abilities to cope with salt and water
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stress[Turner, 1986]. Due to strong salt tolerance genetic base, halophytes are considered
the most salt-resistant/tolerant plants and can grow well in the presence of high soluble
salts ranged from 125 to 5,000 parts per million. Excess of everything is bad, similarly,
excessive water also damages root through reduced root respiration, depletion of oxygen,
production of phototoxic compounds. These factors contribute to significant yield losses
[6, 7].

It was observed that engineering and chemical approaches were more expensive as
compare to others. This approach seemed to be not useful and unsustainable in case of
salt affected soils. Family Combretaceae has two species of Conocarpus named as Conocar-
pus lancifolius and Conocarpus erectus, which are tree and shrub, respectively. Growing in
low fertility soils and tolerating high temperatures (upto 47°C) are some unique charac-
teristics of Conocarpus species. Moreover, Conocarpus species are good source of food,
which is very delicious for the wildlife and it can also protect the soil during the storm.
Horticulture and Forestry department also receives services of Conocarpus erectus as an
ornamental plant in parks, streets and parking [8, 9]. Conocarpus erectus can serve as a
medicinal plant, which is used for the treatment of many ailments i.e., anemia, fever,
orchids, syphilis, diabetes, conjunctivitis, swellings and gonorrhea. Coastal and riverine
areas of Yemen and Somalia are considered the native hubs of Conocarpus lancifolius. This
specie is used in fuel, wood for buildings, boats and turnery and charcoal as it is the most
durable one.Leaves and bark can also be used in tannery. Besides this, its shoots, roots
and branches are also used for fodder purpose because it is soft, non-toxic and attractive
plant [10]. Therefore, the current study was conducted to check the harmful effects of
water and salt stress on two species of Conocarpus. In Pakistan, the researchers have not
given due importance to the growth responses of these species against water and salinity
stress. The results of the present study will be helpful for developing concrete strategy for
the betterment of salt affected lands, which can be responsible for the extension of tree
cover in Pakistan. Therefore, the aim of current study was planned i) to check the poten-
tial .;ps ii) for the evaluation of biochemical, morpho-physiological and ionic attributes
for salt stress in Conocarpus, and iii) To investigate the comparative as well as ameliora-
tive effects of two species of Conocarpus on the physicochemical properties of salt exces-
sive soils.

2. Materials and Methods

A field experiment was planned to evaluate the part of Conocarpus lancifloius and
Concarpus erectus in the reclamation of salt affected soils at Irrigated Plantation of Lal
Suhanra National Park, Bahawalpur, district of Punjab, Pakistan. Half year-old sound
plants were taken from the nursery of Punjab Forest Department, Bahawalpur. Then pits
were established for the transplantation of these species effectively made in the study site
for above mentioned reason at spacing of 6 x 10 on three unique locales of normal
(site-I),medium (site-1I) and high (Site-III) salinity levels.

2.2 Measurements

Plant growth parameters like stem diameter, plant height and number of branches
were recorded after two years. Leaves were taken for ionic composition and biochemical
analysis. Soil samples were collected from various depths for the study of several prop-
erties such as pH, SAR and EC. Organic matter, bulk density and infiltration rate of soil
were also determined before planting and after the harvesting tree crop. The data ana-
lyzed and interpreted by using standard statistical design[Steel et al. 1997].

For the analysis of particle size, Hydrometer method was used. For the measure-
ment of Bulk density, double ring core method was used. For the calculation of water in-
filtration rate, double-ring infiltrometer method was applied [11 Soil natural issue (OM)
decided after the strategy Walkley-Black. pH of soil was noted by saturating 300g soil
with distilled water, while soil mass was allowed to stand overnight. Finally, pH of soil
was note down with a pH meter. Electrical conductivity of the immersed remove was
noted with the assistance of EC meter. The buffer solution of NH4OH and NH4Cl in the
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presence of saturated extract, while eriochrome black T-indicator was used to titrated
against 0.01 N EDTA (Versinate solution) till bluish green point was gained at the end. A
progression of NaCl (2, 4, 6, 8, 10, 12, 14 and 16 ppm Na*) standard arrangements was
utilized to institutionalize the Flame Photometer (Sherwood-410). Sodium adsorption
ratio (SAR) was calculated in mmolc L.

For the measurements of sodium and potassium, Sherwood-410 Flame Photometer
with the assistance of self-arranged standard arrangements utilizing reagent review salt
of NaCl and KCI, individually by Wolf [1982].For the extraction of antioxidant (en-
zymes), firstly we take fresh samples of leaf (0.5 g), then the sample was grounded with
the help of a tissue grinder, which is treated with cold phosphate buffer (pH 7.8) solution
of about 5 mL of 50 mM, while placed in an ice bath. For the homogenization, it was
centrifuged at a rate of about 15000 x ¢ per 20 min at a temperature of 4 °C. The super-
natant was used for the fortitude of antioxidant (enzymes), supernatant was used. Turf
action was noted by estimating its capacity to control the photoreduction of nitrobluete-
trazolium (NBT) utilizing the strategy as depicted. With the end goal of exercises of cata-
lase (CAT) and peroxidase (POD), strategy for Chance and Maehly [12] was utilized with
a few alterations.

For the calculation of water potential (Yw) of leaves, Schlender type pressure
chamber was taken. Calculation was done before the harvesting of plants. The leaf was
firstly frozen at -20° C in a deep freezer for one week. After that, the frozen material was
melted and sap with the help a glass rod. For measuring the osmotic potential of sap,
vapor pressure Osmometer was applied. Difference among the osmotic potential (ys)
and water potential (w) detected the turgor potential values Wp= pw-{s

3. Results
Morphlogiacal Attributes

Plant growth and stem diameter was maximum at site-I which have low salinity
after 2 years transplantation. Two-year data regarding of plant growth showed that C.
lancifolius species perform better than C. erectus in saline conditions (Fig. 1). Plant height,
biomass and diameter decreased under salt stress. Interaction among the species and sa-
linity was observed as significant (p<0.05). Maximum plant height was measured in site-I
for both species. Different sites have different diameter of plants, as (5.45) cm on site-I,
(4.45) cm on site-1I and (3.59) on site-1II for C. lancifolius were noted. Maximum reduction
was noted in C. erectus was (0.59) cm at site-III, while minimum reduction was noted (0.92
cm) at site-I. While regarding plant biomass, maximum plant biomass was showed by C.
lancifolius as compared to C. erectus. In C. lancifolius, maximum plant biomass was noted
at site-I (6522 g) under low salinity level as compare to site-III (3972 g). While in C. erectus,
maximum reading in above ground biomass was (1717 g) at site-IIL
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Fig 1: Morphological adaptations of Conocarpus under different salinity levels
Physiological attributes

The maximum chlorophyll content was noted at site-I (59.43) in C. lancifolius
whereas the minimum chlorophyll content was observed at site-III (38.9) in C. erectus
(Fig..2 a). Salinity significantly reduced the photosynthetic rate in both species (Fig. 3.2 b).
C. lancifolius showed better photosynthetic rate as compared to C. erectus in all salinity
levels. At control level, maximum photosynthetic rate was 8.76 umol m2sec in C. lanco-
folius and 5.59 pmol m2sec! in case of C. erectus. In case of water use efficiency, both
species showed less water use efficiency as salinity level increased (Fig. 3.2 c). Maximum
reduction in water use efficiency was 0.89 in C. erectus at site-II1.

Transpiration rate of both species decreased as compare to control under salt stress (Fig.
3.2.d). Regarding species, C. lancifolius show better transpiration rate as compare to C.
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erectus. Maximum reduction in transpiration rate was 4.57 (MMOL M=251) at site-I ob-
served in case of C. lancifolius under high salinity on the other hand maximum reduction
in case of C. erectus was 2.94 (MMOL M-57) at site-I when salt stress was normal. Sto-
matal conductance has similar effect to transpiration rate and photosynthetic rate. Re-
duction in stomatal conductance was decreased with increase in salinity level and
drought level. At control condition, stomatal conductance was maximum with mean
value 233mmol m?2sec? in C. lancifolius and 162mmol m2sec'in case of C. erectus. These
results indicated that C. lancfolius perform better than C. erectus regarding stomatal
conductance (Fig. 3.2 e). Maximum water potential was noted as 3.67 at site-1II in C.
erectus, whereas minimum was observed at site-I in C. lancifolius. (1.67). Maximum turgor
potential was (0.87) at site-1in C. lancifolius and minimum was 0.43 in C. erectus at site-III.
Maximum osmotic potential was recorded in C. erectus at site-III and minimum was (2.6)
at site-I for C. lancifolius (Fig.2).
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Fig. 2: Physiological adaptations of Conocarpus under different salinity levels

Ionic composition

Conocarpus species under salt stress perform differently. Their ionic composition
was changed when submitted to salinity. Salinity significantly enhanced leaf sodium
(Na2), shoot sodium (Na*) content (Fig..). After determination of Na* and Potassium in
leaves, shoot and roots, we also calculated the K*N* ratio. In case of K*N* ratio in shoot,
maximum ratio was observed at site-I (5.98)while minimum was found at site-III (1.25)
for C. lancifolius. C. lancifolius showed better K*N* ratio than that of C. erectus . Maximum
K*:Na* ratio in leaves was observed at site-I in C. lancifolius followed by at site-II and
site-III. Whereas the minimum K*Na* ratio was observed at site-III (0.94) in the shoot,
(1.13) in roots and (0.61) in leaves for C. erectus (Fig. 3).
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Fig. 3: Ionic composition of Conocarpus under different salinity levels

3.4 Soil properties

Soil examination of experimental site indicated the saline sodic soil on the basis of
value of pHs, ECe and SAR. In each plot the value of pHs, ECe and SAR was different,
which indicated the differences in growth. At transplanting of plants, the size of seedling
was same but increase in plant after transplantation indicated experimental effects. With
the time, value of soil parameter (pHs, ECe and SAR) decreased, this reduction is more in
C. lancifolius than C. erectus. Comparison of species indicated that pH value decreased
with time due to plant growth (Table-1) This reduction in pH was more in case of C.
lancifolius. In case of soil ECe, both species showed reduction in ECe value due to uptake
of salts in plant body. Highest reduction in ECe was observed in C. lancifolius after two
years of transplanting of tress. The value of ECe was (3.37)at site- 1,(12.49) at site-II
and(16.07) at site-1II in case of C. lancifolius. While in case of C. erectus, the value ECe was
(4.34) at site- I, (14.06) at site- I, (18.79) at site- III and. The reduction in ECe was due to
planting of salt tolerant plant which uptake the salts in their body. Further, their interac-
tion was also significant (p<0.05) (Table-2).

After transplanting of seedling, the addition of leaf litter increased the soil organic
content due to decomposition of leaf litter after time. After two year of plants maximum
organic content was measures at site- I which was less in C. erectus, while more in case of
C. lancifolius. Maximum increase in OM was (2.15)% in C. lancifolius at site- I, while
minimum was (1.59)% at site-III in C. erectus (Table-4).

Regarding bulk density, maximum bulk density was (1.23)% in C. erectus after 2
years of tree transplanting at site- III, while minimum was (1.13)% at site- Iin C. lancifoli-
us(Table-5). Results also indicated that increase in salinity decreased the bulk density in
both species. Regarding infiltration rate, both species increased infiltration rate after two
years due to increase in root biomass. Moreover, the interaction between species and sa-
linity was measured as significant (p<0.05). For all the sites, infiltration rate was increased
due to plantation. Maximum increase in infiltration rate was at site- I cmh-1 which was
(0.63)% more at the time of transplanting for C. lancifolius. Minimum increase was at site-
III which was (0.44)% in C. erectus. Regarding the species, increase in infiltration speed
was recorded highest in C. lancifolius as compared to C. erectus (Table-6).
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Table-1: Effect of Conocarpus species on soil pH

Treatments Initial values C. lancifolius C. erectus
(After 2yrs) (After 2yrs)

Site - 1 7.80 7.64 7.75

Site — II 7.86 7.64 7.75

Site — III 8.45 7.73 7.95

Table-2: Effect of Conocarpus species on soil ECe (dS m)

Treatments Initial values C. lancifolius C. erectus
(After 2yrs) (After 2yrs)

Site — I 4.37 3.37 4.34

Site — II 17.67 12.49 14.06

Site — III 23.65 16.07 18.79

Table-3: Effect of Conocarpus species on soil SAR ((mmol L1)!72)

Treatments Initial values C. lancifolius C. erectus
(After 2yrs) (After 2yrs)

Site — I 31.84 14.09 19.6

Site — II 41.87 22.43 27.93

Site — III 50.69 41.34 44.42

Table-4:Effect of Conocarpus species on soil organic matter percentage (% age)

Treatments Initial values C. lancifolius C. erectus
(After 2yrs) (After 2yrs)

Site — I 1.89 2.15 1.9

Site — II 1.88 2.05 2.17

Site — III 1.31 1.75 1.59

Table-5: Effect of Conocarpus species on soil bulk density (g cm?3)

Treatments Initial values C. lancifolius C. erectus
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(After 2yrs) (After 2yrs)
Site — I 1.19 1.13 1.16
Site — II 1.24 1.19 1.22
Site — III 1.32 1.26 1.23
Table-6: Effect of Conocarpus species on soil infiltration rate (cm hr)
Treatments Initial values C. lancifolius C. erectus
(After 2yrs) (After 2yrs)
Site - 1 0.54 0.63 1.16
Site — II 0.44 0.58 1.22
Site — III 0.39 0.47 1.23

Biochemical attributes

The value of SOD increased in both species with increase in salinity level. Produc-
tion of SOD at site-I was 13.29 and site-III (19.62) for C. lancifolius, while for C. erectus, it
Maximum CAT was noted as (16.48)
at site-Ill in C. lancifolius, while minimum was (42.05) at site-I in C. erectus. Activity of
POD also improved under salt stress conditions in both species. So, production of these
antioxidant in plant reduced the oxidative damage caused by the salinity and improve
plant performance. Maximum protein (5.22) was noted in site-I for C. lancifolius whereas
minimum was observed at site-III amounted (1.89) in C. erectus. At high salinity level C.

was noted as (10.68) at site-I and (16.52) at site-III.

lancifolius perform better than C. erectus (Fig.4).
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4. Discussion

Inclusive analysis of studied species showed that maximum plant height, biomass
and diameter observed in C. lancifolius species. This indicated that C. lancifolius species is
more salt tolerant that C. erectus. Ashraf et al. [13] also reported similar results. The study
of Ashraf et al. [13] was carried out on the growth performance of different plant species
under different salts stress levels. The range of salinity was 4-25 dSm!. Regarding data
of branch number, the maximum branches were noted in C. erectus due to their genetic
ability to produce a greater number of branches. Leaves number were also recorded
highest in C. erectus as compared to C. lancifolius.

In present study, chlorophyll was decreased in response to salinity. Soil salinity,
drought and species significantly affect the chlorophyll content and their interaction was
also found significant. Regarding species, chlorophyll content was increased in C. lanci-
folius compare to C. erectus under salinity. Ionic compositions of leaves revealed signifi-
cant increase in concentration of Na* in the plant tissue content. Maximum Na* concen-
tration was observed in shoots and leaf tissue of C. erectus. The leaves of C. erectus species
showed least concentration of K* due to replacing ability of Na* to K*. Maintaining higher
concentration of K* in C. lancifolius improve the ability to grow under high salinity which
showed their ability to salt tolerance. Maintaining K* and Na* in plant tissues is important
factor to define the ability to salt tolerance [14]. Plant can restrict the accumulation of Na*
in their leaf under salinity stress so that it can get rid of these harmful ions by shedding of
their leaves. This is another adaptation by plant to tolerate high salt stress to survive
under saline conditions. Water and ion homeostasis may damage plant vascular path,
decreased growth, yellowing of leaves leading to plant death [15].

The growing plants in this study also affect the soil chemical properties like pH, EC
and SAR. Maximum reduction of SAR was observed in this study at site-II (highest sa-
linity level). Basava raja et al. [16] found similar results in his study. Reduction in soil
chemical properties was more in case of C. lancifolius as compared to C. erectus. Regarding
soil physical properties, soil where C. lancifolus grown show better soil physical proper-
ties than that of C. erectus. Similar findings were reported by Akhter et al. [17], who ob-
served that Kallar grass increased the soil porosity and water holding capacity, while
reduced the bulk density under saline sodic soils. Similar results were also found by
Mishra and Sharma [18] they conducted an experiment on two leguminous trees i.e
Prosopis juliflora and Dalbergia sissoo results of their study also increased soil porosity and
reduced bulk density with addition of organic matter to soil at end of experimental pe-
riod. Organic matter addition can also improve the soil porosity and soil structure. Pre-
sent inquiries at the end of experimental period increased organic content in C. lancifolius
due less shading effect. Conocarpus plantation species under saline sodic soil increased
organic matter in soil [13].

5. Conclusions

Present inquiries outspread the variations in the physio-morphological and bio-
chemical characteristics of two Conocarpus species against different salt levels. Results
revealed that maximum values of stomatal conductance (233mmol m2sec?), transpiration
rate (4.57 MMOL M251), photosynthetic rate (8.76 umol m2sec?) in C. lancifolius. Cono-
carpus lancifolius and Conocarpus erectus has maximum SOD (13.29 and 19.62) and CAT
(16.48 and 42.05), and POD (14.81 and 8.81 U/mg protein) respectively. Maximum values
of Na*K* ratio in leaves (3.08), shoots (5.98) and roots (9.84) were detected at site-I in C.
lancifolius.
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