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Abstract
Background: Soil salinity is a major menace to plants. Salt tolerant plants have developed different mor-

phological, structural and physiological characteristics, which enable them to survive and reproduce under 

high salt concentrations.

Hypothesis: It was hypothesized that differently adapted ecotypes of T. domingensis may have different 

structural and biochemical response to various levels of salt stress.

Studied species/Data description: Six ecotypes of Typha domingensis Pers. were evaluated for anatomi-

cal and biochemical response and to find out the mechanism of adaptation under salt stress. 
Methods: All the ecotypes of Typha domingensis were acclimatized for a period of six months. Four levels 

of salinity viz. 0, 100, 200 and 300 mM NaCl were maintained. The plants were carefully collected from 

the medium to study various anatomical and biochemical characteristics. 

Results: The most promising anatomical modifications were; reduced leaf thickness in Sheikhupura, 
Gatwala and Treemu ecotype, increased cell vacuolar volume in Sahianwala and Knotti ecotype, larger 
metaxylem vessel in Sheikhupura and Gatwala ecotype, aerenchyma formation in all ecotypes and high 
sclerification in Sahianwala and Knotti ecotype. Accumulation of osmolytes mainly proline and glycinebe-

taine in Treemu, Sahianwala, Jahlar and Knotti ecotype under different levels of salt stress may be defense 

mechanism of T. domingensis to prevent severe loss in turgor.

Conclusions: The results demonstrate that genetic potential of T. domingensis to grow under salt stress 

could be used for the purpose of phytoremediation and reclamation of soil salinity.

Keywords: Phytoremediation; Foliar response; Organic osmolytes; Sclerification; Wetlands.

Resumen
Antecedentes: La salinidad del suelo puede llegar a ser una amenaza para las plantas. Sin embargo, las 

plantas tolerantes a la salinidad han desarrollado diferentes características morfológicas, estructurales y 

fisiológicas, las cuales les permiten sobrevivir y reproducirse en altas concentraciones de sal. 
Hipótesis: Los ecotipos adaptados de Typha dominguensis pueden tener diferentes respuestas tanto estruc-

turales como bioquímicas a varias concentraciones de estrés salino. 

Especies estudiadas/Descripción de los datos: Seis ecotipos of Typha dominguensis Pers fueron evalua-

dos en base a sus respuestas anatómicas y bioquímicas para determinar el mecanismo de adaptación bajo 

la influencia de estrés salino. 
Métodos: Todos los ecotipos de T. dominguensis fueron aclimatados por un período de seis meses. Y fueron 

mantenidos en cuatro niveles de salinidad: 0, 100, 200, 300 mM NaCl. Posteriormente, las plantas fueron 

colectadas cuidadosamente del medio para el análisis de las características bioquímicas y anatómicas. 

Resultados: Las más interesantes modificaciones anatómicas encontradas fueron: reducción del grosor de 
las hojas en los ecotipos pertenecientes a Sheikhupura, Gatwala and Treemu; incremento en el volumen 
de las vacuolas en la célula en los ecotipos correspondientes a Sahianwala and Knotti; incremento en el 

tamaño de los vasos del metaxilema en Sheikhupura y Gatwala; formación parénquimaima de todos los 
ecotipos y alta esclerificación en los ecotipos de Sahianwala y Knotti. Acumulación de osmolitos prin-

cipalmente prolina y glicinabetaína en los ecotipos Treemu, Sahianwala, Jahlar y Knotti bajo diferentes 

niveles de estrés salino. Este puede ser un mecanismo de defensa de T. domingensis para prevenir la pér-

dida severa de turgencia. 

Conclusiones: Los resultados demuestran el potencial genético de T. domingensis para crecer bajo condi-

ciones de estrés salino que puede ser usado para el propósito de fitoremediación y determinación de sa-

linidad edáfica. 
Palabras Clave: Fitoremediación, respuesta foliar, osmolitos orgánicos, esclerificación, humedales.
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daptation to a specific environment is an evolutionary process and natural plant communities 
provide exclusive opportunity to study mechanism of adaptation based on structure and function 

(Ahmad et al. 2016). Adaptive components may fix in plant species, and even in populations 
of a same species as a result of long-term evolutionary history within a particular set of envi-

ronments (Anderson et al. 2011). Salt tolerance mechanism of plants is relatively difficult to 
quantify because of varied plant responses and complex nature of salt stress. The use of Typha 

domingensis Pers. as phytoremediation under salt stress condition has been found to be very 

much effective to alleviate salt induced damages (Khandare & Govindwar 2015).
 Plants growing in contaminated water provide a model for studying salt mechanisms of ac-

cumulation and tolerance in plants (Hegazy et al. 2011). Differential response to salinity dif-

fers greatly among plant species depending on the capability to gather noxious ion (Flowers & 

Clomer 2008), levels of stress (Hameed et al. 2014) and environmental conditions (Ahmad et al. 

2016). Salt tolerant plants are well-known for their ability to tolerate the high stress of salinity 

(Reddy et al. 2008), and are characterized by the presence of large air spaces and radiate chlor-

enchyma in leaf (Rad & Sonboli 2008). 

 Salinity is a noticeable stress which stimulate many physiological and biochemical reac-

tions in plants and disturb almost all functioning of plant cell (Megdiche et al. 2007) especially 

growth, leaf area and ultimate yield of the plants. Dehydration, ionic toxicity, nutritional defi-

ciency and hormonal imbalance are major mechanisms affected by salt stress (Farouk 2011). 

Saline environment causes: i) reduction in the water potential, ii) reduce the root efficiency for 
the absorption of water and nutrient, and iii) caused unequal distribution of ions, and thus shows 

the toxicity symptoms in plants (Meloni et al. 2003).

 Salinity tolerance takes place by two ways: by prevent the entry of the salt in plants or by 

minimize the concentration of the salt in the cytoplasm (Munns 2002). To protect the plants 

from osmotic stress, plants accumulate high amount of proline found in plants and other organ-

isms (Bartels & Sunkar 2005). It is widely accepted that under high salinity conditions, most 

halophytes can compartmentalize the Na+ in vacuoles and these ions can utilize as osmoticum 

(Glenn & Brown 1999). 
 Modifications of anatomical structures is an adaptive mechanism for the plant species (Gri-
gore & Toma 2007). Different changes in shoot anatomy of plants during growth have been 

observed at earlier stages (Hilal et al. 1998, Maggio et al. 2007). Important anatomical char-

acteristics related to salt tolerance are the sclerification in leaf parenchyma and other tissues 
(Dolatabadian et al. 2011), large aerenchyma (Abulfatih 2003), and presence of thin walled and 

large bulliform cell (Grigore & Toma 2011), under unfavorable environment.
 Salt tolerant plants are used to accumulate metals from contaminated water and carry out the 

phytoremediation process. Typha domingensis is competent to accumulate the metal ions prefer-

entially from wastewater than from sediments and has the potential to tolerate the high salinity. It 

was hypothesized that differently adapted ecotypes of T. domingensis may have different structural 

and biochemical response to various levels of salt stress. The present study was therefore aimed to 

evaluate the effect of salt stress on some foliar anatomical and biochemical attributes.

Materials and Methods

Plant material. Typha domingensis is a dominant species of aquatic wetlands, which is also 

known for its adaptability to saline and polluted waters. Six ecotypes were evaluated under salt 

stress to investigate the anatomical and biochemical response against the salt stress. Ecotypes 

were first established in the Botanic Garden Research Area, University of Agriculture, Faisala-

bad for six months in non-aerated standing water. The vegetative buds with three mature tillers 

were detached from each mature plant and were grown in plastic tubs (20 liters) in non-aerated 

flooded water conditions. Plastic tubs were half filled with a mixture of clayey-loam and sand in 
1:1 ratio, and then filled with 10 L water. Gatwala (Faisalabad) ecotype was collected along the 
bank of freshwater canal. Knotti and Jahlar ecotypes were collected from hyper saline wetlands 

of Knotti Garden and Jahlar Lake in the Salt Range. Treemu ecotype was collected from the 
bank of River Chenab near Treemu headworks. Other ecotypes Sahianwala and Sheikhupura 

were collected from saline-waterlogged area near Faisalabad and industrial polluted wetland 
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Plate 1. Plate 1. Ecotypes of Typha domingensis from a) River bank of Treemu Headworks, b) Jhang, c) Canal bank of Gatwala, d) Canal 

water of Faisalabad, e) Salt affected wetland of sheikhupura, f) Industrial-polluted waters of Sheikhupura. 

respectively (Plate 1 and 2). All sites showed significant difference in their physico-chemical 
characteristics (Table 1).

Experimentation. All the ecotypes of Typha domingensis were acclimatized in the Faisalabad 

conditions at Botanic Garden Research Area, University of Agriculture, Faisalabad for a period 
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Plate 2. Ecotypes of Typha domingensis from a) Hyper-saline Jahlar Lake, b) The Salt Range, Chakwal, c) Hyper-saline wetland Knotti 

Garden, d) the Salt Range, Chakwal, e) Saline-waterlogged wetland Sahianwala, f) Normal Faisalabad.

NOREEN AKHTAR ET AL.

of six months. The vegetative buds of almost equal size were randomly detached from mother 

plants and grown in waterlogged conditions. The experiment was organized in complete ran-

domized design with four levels of salinity viz. 0, 100, 200 and 300 mM NaCl and five repli-
cates. After 8 weeks of growth in the salt treatment, plants were carefully collected from the 

medium and washed thoroughly with distilled water.

95 (4): 807-821, 2017
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Table 1. Soil physico-chemical characteristics of the habitats of different Typha domingensis ecotypes. 

Habitat Jahlar Sheikhupura Sahianwala
  

Plant species Typha domingensis

Coordinates 31° 17’ 04.27N 31° 17’ 24.49N 31° 40’ 12.92N

 72° 24’ 45.17E 40° 06’ 19.82E 73° 12’ 22.81E

Elevation (m) 2,739 673 629

Saturation percentage 35.55 28.84 41.17

pH 7.49 8.81 6.98

ECe (dSm-1) 16.57 2.54 18.85

Na+ (mg kg-1) 2,848.07 84.58 4,448.38

Cl- (mg kg-1) 1,629.18 325.67 2,128.34

K+ (mg kg-1) 247.63 45.28 149.81

Ni2+ (mg kg-1) 14.67 39.38 21.54

Habitat Gatwala Treemu Knotti
  

Plant species Typha domingensis

Coordinates 31° 73’ 30.10N 31° 72’ 23.46N 32° 72’ 52.80N

 28° 12’ 46.17E 08° 08’ 47.72E 32° 08’ 55.31E

Elevation (m) 637 477 3021

Saturation percentage 27.58 24.16 38.19

pH 9.15 6.94 8.48

ECe (dSm-1) 3.12 2.52 35.47

Na+ (mg kg-1) 72.38 337.71 5,627.18

Cl- (mg kg-1) 434.38 341.57 2,529.13

K+ (mg kg-1) 59.59 63.78 378.56

Ni2+ (mg kg-1) 18.28 14.32 12.09

LEAF ADAPTATIONS FOR SALINITY STRESS TOLERANCE IN TYPHA DOMINGENSIS PERS.

Anatomical attributes. For the anatomical studies, five plants of similar age were selected and 
a piece of leaf 2 cm long was taken from the longest tiller were used. Following the procedure 

as described by Ahmad et al. (2016), material was fixed in formalin acetic alcohol (v/v for-
maline 10 %, acetic acid 5 %, ethyl alcohol 50 % and distilled water 35 %) fixative for 48 h and 
subsequently transferred to acetic alcohol (v/v acetic acid 25 %, and ethanol 75 %) solution for 

long-term storage. Permanent free-hand sectioning slides were prepared by serial dehydrations in 

ethanol using standard double-stained technique of safranine and fast green stains. Measurements 

were obtained using an ocular micrometer, which was calibrated with a stage micrometer. Photo-

graphs were taken with the help of a camera equipped light microscope (Nikon 104, Japan).

Biochemical attributes. To determine the biochemical parameters, supernatant was separated 

from fresh leaves (1.0 g), sliced in citrate buffer and incubated for 1 h and spectrophotometer 

(Hitachi 220, Japan) was used for biochemical analysis. Proline was estimated by the method 

described by (Bates et al. 1973). The proline concentration was determined from a standard 

curve and calculated on fresh weight basis as follows:

μmole proline g-1 fresh weight = (μg proline ml-1 × ml of toluene/115.5) / (g of sample)

 For glycinebetaine, dried plant material (0.5 g) was mechanically shaked with 20 ml of de-

ionized water for 24 h at 25 ºC and then filtered following a method of Grattan & Grieve (1998). 
For total amino acids, fresh leaves (1.0 g) were chopped in 10 mL of citrate buffer (pH 5.0) and 

incubated for 1h at room temperature and centrifuged at 15,000 rpm at 15 ºC for 10 min. The 
supernatant was separated and used to measure the total free amino acids following the method 

of Moor & Stein (1948). 

 For total soluble proteins (Lowry et al. 1951), fresh leaf material (0.2 g) was chopped in 5 mL 

of phosphate buffer (0.2 M) of pH 7.0 and was ground. The ground leaf material was centrifuged 

at 5,000 × g for five min. The supernatant was used for protein determination. Total soluble sug-

ars were determined by following (Yemm & Willis 1954). Plant material (0.1 g) was extracted 

in 80 % ethanol solution. Dried plant material was ground well in a micromill and the material 

was sieved to 1 mm sieve of micromill. Plant material (0.1 g) was extracted in 80 % ethanol 

95 (4): 807-821, 2017
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Figure 1. Anatomical leaf characteristics of six ecotypes of Typha domingensis under different levels of salt stress.

NOREEN AKHTAR ET AL.

solution. The extract was incubated for 6 h at 60 ºC. This extract was used for the estimation of 
total soluble sugars.

Redundancy analysis (RDA). Data was subjected to multivariate RDA to correlate anatomical 

and physiological attributes along salinity gradient using software CONACO (v. 5 for Windows, 

www.canoco5.com). The data for all anatomical and physiological parameters recorded in this 

study were standardized before RDA analysis. Then a multivariate direct gradient model was 

fitted and all variables were plotted on RDA Axis 1 and 2 (Figures 3 and 4)

Statistical analysis. Four salinity levels were maintained during the experiment. The experiment 

95 (4): 807-821, 2017
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Plate 3. Leaf structural adaptations (tip portion) of six ecotypes of Typha domingensis Pers. under different levels of salt stress. (LT: Leaf 

thickness, PCA: Parenchyma cell area, MCA: Metaxylem cell area, ACA: Aerenchyma cell area, ST: Sclerenchyma thickness). 

LEAF ADAPTATIONS FOR SALINITY STRESS TOLERANCE IN TYPHA DOMINGENSIS PERS.

was planned in completely randomized design (CRD) with five replicates. The data was also 
subjected to statistical analysis using Microsoft Excel software and Minitab statistical software 

for ANOVA and LSD for comparison of mean values.

95 (4): 807-821, 2017
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Plate 4. Leaf structural adaptations (mid portion) of six ecotypes of Typha domingensis Pers. under different levels of salt stress. (PCA: 

Parenchyma cell area, MCA: Metaxylem cell area, ACA: Aerenchyma cell area, ST: Sclerenchyma thickness).

NOREEN AKHTAR ET AL.

Results

Leaf anatomy. Under salt stress, leaf thickness was progressively reduced in Typha ecotypes 

from Sahianwala, Gatwala, Treemu and Knotti in response to saline medium. Jahlar and Sheikh-

upura ecotypes remained stable at low level of salinity (100 mM NaCl) but, as the salt levels 

increase the value related to leaf thickness was significantly decline in these ecotypes. At low 
level of salt stress, leaf parenchyma cell area in Sheikhupura and Treemu ecotype was increased 

but in Gatwala, there was significant decline in leaf parenchyma at 300 Mm Nacl. The ecotypes 
from Jahlar and Sahianwala remained more stable at low level of salt stress. Ecotypes from 

Sheikhupura and Gatwala revealed a distinct and significant decrease in metaxylem cell area 
under saline conditions. Up to 100 mM NaCl stress, metaxylem cell area remained constant but 

95 (4): 807-821, 2017
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Figure 2. Osmotic organic compounds of six ecotypes of Typha domingensis under different levels of salt stress.

LEAF ADAPTATIONS FOR SALINITY STRESS TOLERANCE IN TYPHA DOMINGENSIS PERS.

at 300 mM NaCl a reasonable decrease in metaxylem cell area was noticed in Sahianwala and 

Knotti. In Treemu ecotype this parameter decreased up to 200 mM NaCl but thereafter, at higher 

salt level this value remains stable and did not show any increase. Aerenchyma cell area was 

consistently increased in all Typha ecotypes in response to external salt levels of medium. The 

most prominent increased was recorded in Treemu, Knotti and Sheikhupura ecotype. A variable 

response of sclerenchymatous thickness was recorded in ecotypes of Typha along the salinity 

gradient. Sahianwala and Knotti ecotype showed consistent increase in sclerenchyma thickness 

with increase in salt stress at 200 Mm NaCl. A slight increase in sclerenchyma thickness was 

recorded in Sheikhupura, Gatwala and Treemu was observed at 200 Mm NaCl but thereafter a 
progressive decline was noticed (Figure 1 and Plate 3 and 4).

Organic Osmolytes. A prominent enhancement in proline content was observed in all ecotypes 

95 (4): 807-821, 2017
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Figure 3. RDA Ordination 

analysis of anatomical char-

acteristics of Typha domin-

gensis ecotypes under dif-

ferent levels of salt stress. 

Legends: L-Th = Leaf thick-

ness; L-CCA = Leaf corti-

cal/parenchyma cell area; 

L-St = Leaf sclerenchyma 

thickness; L-AA = Leaf aren-

chyma area; L-MVA = Leaf 

Metavessel area.

NOREEN AKHTAR ET AL.

of Typha plants in response to saline levels of growth medium. A significant increase in proline 
content was recorded in Knotti and Gatwala however, a non-significant increase was recorded in 
the rest of the ecotypes under saline toxicity. The maximum proline accumulation was recorded 

in Knotti ecotype. The glycinebetaine content was significantly high in all ecotypes of Typha 

under increasing levels of salt. This accumulation was comparatively higher in Sahianwala fol-

lowed by Knotti ecotype. Gatwala and Knotti ecotype showed prominent increase in total solu-

ble protein content with increasing level of salinity. The ecotype from Sheikhupura, Treemu and 

Sahianwala showed remarkable increase in protein content only at higher 300 mM NaCl level 

of stress but the pattern of variation remains unchanged at low levels 100 and 200 mM NaCl of 

salinity. All six ecotypes of Typha showed a progressive and significant increase in total soluble 
sugars under different levels of salt stress. The Knotti ecotype revealed significantly higher 
accumulation of sugars as compared to Sheikhupura ecotype where accumulation of sugars 

was decreased under saline environment. Jahlar, Gatwala and Sheikhupura ecotype revealed a 
consistent and significant increase in total free amino acids under different levels of salt. At low 
level of salinity 100 mM NaCl, Sahianwala ecotype showed increasing trend as compared to 

controlled conditions. The ecotype from Treemu and Knotti showed significant increase in total 
free amino only at higher levels 200 and 300 mM NaCl of salt stress (Figure 2).

Redundancy analysis (RDA). Among leaf anatomical characteristics, only parenchyma cell area 

was strongly associated with Treemu, and no other characteristics showed any association with 

leaf anatomical characteristics at 0 mM NaCl level. At 100 mM NaCl salinity level, no associa-

tion was recorded among habitats and anatomical characteristics. At 200 mM NaCl, Sheikhu-

pura was strongly associated with aerenchyma area and metaxylem area, and weakly associated 

95 (4): 807-821, 2017
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with parenchyma cell area. Jahlar was strongly associated with sclerenchyma thickness. At the 

highest salt level, there was again no association among anatomical characteristics and different 

habitats (Figure 3).

 Most of the biochemical characteristics were associated with Treemu at control (0 mM NaCl). 

However, glycinebetaine was related to Sheikhupura and proline to Knotti. At 100 mM NaCl 

level, Gatwala showed a strong correlation with total soluble sugars in all treatments and pro-

teins were associated with Sheikhupura, and glycinebetaine and proline with Knotti. Associa-

tion of these osmolytes was further changed at 200 mM salt level where again Treemu showed 

strong association with total soluble sugar and total amino acids. Glycinebetaine and proline 
showed association with Sahianwala. At the highest salt level (300 mM NaCl), Gatwala and 
Treemu was associated with total free amino acids and Sheikhupura with proteins (Figure 4).

Discussion

Differentially adaptive ecotypes of Typha domingensis responded differently to salt stress in 

relation to leaf anatomical and biochemical parameters. Each ecotype responded individually to 

different kind level of salt stress. Jahlar, hyper-saline Salt Lake in district Khushaab, Pakistan, 

where soil EC is more than 16 dSm-1, and the area is surrounded by mountains predominately 

of sand stone. Jahlar lake along with some other lakes like Uchaali and Kabeki inhabits some 

rare and endangered waterfall species like white headed duck. Another wetland in salt range is 

Knotti with soil EC over 35 dSm-1. The high quantity of salt in both these wetlands is due to 

brine water springs. Sahianwala (Faisalabad) is another salt affected wetland with EC nearly 

19 dSm-1. Soil around Sahianwala is highly saline and canal irrigation system is resulted a huge 

hyper saline wetland along both sides of the canal. Sheikhupura is an industrial city and the ef-

fluents from variety of industries is heavily metal toxic, where Ni metal is up to 40 mg kg-1 in 

the soil. Gatwala and Treemu are the fresh water habitats. The Gatwala ecotype was collected 
along irrigation canal whereas, that from Treemu along the river Chenab. Both have fertile non 

saline soil with low Ni content.

95 (4): 807-821, 2017

Figure 4. RDA Ordination 

analysis of biochemical char-

acteristics of Typha domingen-

sis ecotypes under different 

levels of salt stress. Legends: 

Prol = Proline; GB =  Glycine-

betaine; Prot = Total proteins; 

AA = Total amino acids; TSS 

= Total soluble sugar.
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 Leaf anatomical characteristics like leaf thickness, cortical cell area and metaxylem cell area 

significantly increased along with increasing salt level, as was also reported in many plant spe-

cies like in Cenchrus ciliaris and Cynodon dactylon (Mukhtar et al. 2013), as in wheat (Al-

desuquy 2014). However, ecotype from Sahianwala has relatively thick leaves mainly due to 

storage parenchyma and therefore more space for dumping off toxic ions like Na+ and Cl- as 

well as to conserve water under limited moisture availability. 

 Leaf architectural design is an essential tool to study the environmental changes as it is the 

most responsive plant organ to different environmental stresses (Cavusoglu et al. 2007, Ahmad 

et al. 2016). Leaf anatomical characteristics such as leaf thickness, parenchyma cell area and 

metaxylem area was decreased in all ecotypes under increasing stress levels. Leaf thickness 

is an extremely useful source to examine the stress response. In our study, leaf thickness was 

more pronounced and showed a sharp decrease under increasing salt stress levels in Sheikhu-

pura, Gatwala and Treemu ecotypes. Whereas, decrease in leaf thickness in Jahlar, Sahianwala 
and Knotti ecotypes revealed no significant variation under stressed condition. Decline in leaf 
thickness under stress condition has been observed by many researchers (Delorge et al. 2014). 

Witkowski & Lamont (1991) observed a reduction of the leaf thickness as well as a decrease of 

the mesophyll portion in number and size. This indicates a limitation of cell growth since divi-

sion and cell expansion would be more affected as a result of osmotic and water stress in the 

mesophyll cells (Carcamo et al. 2012). Reduction of leaf thickness may reduce the ability of 

plants to take up water under salt stress (Munns 2002, Atabayeva et al. 2013). 

 A consistent reduction in leaf perenchyma cell area was noticed in all ecotypes under stressed 

condition except Treemu ecotype in which this parameter was increased. However, parenchyma 

cell area was less affected in Jahlar, Sahianwala and Knotti ecotypes under increasing levels of 

salts, this may be due to increased cell vacuolar volume for storing the ions and osmolytes in 

plant body to tolerate the osmotic stress resulted from harsh environmental conditions (Flowers 

& Colmer 2008, Ali et al. 2009).

 Larger vessels in plants are efficient in nutrient and water conduction (Dolatabadian et al. 

2011) and metaxylem vessel seems to be directly related to efficient transport of water and nu-

trients from the soil, and these might be of greater importance under stressed conditions (Grattan 
& Grieve 1998). A consistent decrease in metaxylem area was recorded in all ecotypes along 
with increased stress levels except in Jahlar ecotype in which it is almost stable. However, eco-

types of Sheikhupura and Gatwala had larger metaxylem vessels as compared to others. Larger 
vascular bundle size under saline stress has been reported (Ali et al. 2009), which support the 

fact of hydraulic safety as the larger vessels are more prone to embolism/cavitation under water 

stress condition (physiological drought) created by salinity (Dolatabadian et al. 2011).

 Aerenchyma is a characteristic feature of Typha domingensis, as of many other hydrophytes 

of aquatic saline wetlands (Zhang et al. 2015b). One of the most common effects of increasing 

stress tolerance was the formation of aerenchyma. All ecotypes showed consistent increase in 

aerenchyma formation with increase in salt stress level. The maximum increase was observed in 

Gatwala ecotype that could be an important feature of this ecotype to survive and excrete toxic 
ions and overcome gaseous exchange problems during physiological drought (Hameed et al. 

2010). Aerenchyma is responsible for gaseous exchange under anaerobic conditions for normal 

metabolic processes in plants inhabiting water logged areas (Nawaz et al. 2013, Al-Maskri et al. 

2014, Di Bella et al. 2014).

 Sclerification is one of the most widely reported mechanism for the protection of plants under 
harsh droughty environment. Increased sclerification has also been reported by several research-

ers in many salt tolerant/ halophytic plant species (e.g., Nawaz et al. 2013, Hameed et al. 2010). 

Sclerification responded differently in different ecotypes as the stress level of the growth medium 
increased. High amount of sclerification in Sahianwala and Knotti ecotypes was reported which 
can be related to their ability of water conservation under salinity and this might be one of reason 

for their better degree of tolerance to high salinity. Enhanced formation of sclerenchymatous tis-

sues in leaf and other plant organs is the immediate response to physiological drought created in 

plants due to other environmental stresses (Al-Maskri et al. 2014). The major function of sclerifi-

cation is to decrease water loss by evapo-transpiration from the plant body and reduce tissue col-

lapse (Hameed et al., 2014). Increased sclerefication has also been reported by several researchers 

95 (4): 807-821, 2017
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in many salt tolerant/ halophytic plant species (e.g Nawaz et al. 2013, Hameed et al. 2010).

 One of the prominent feature of Typha domingensis is the accumulation of organic osmolytes 

like total free amino acids, proline, glycinebetaine, total proteins and total soluble sugars. This 

phenomenon has already been recorded in number of plant species and populations as the result 

of salt stress (Jogaiah et al. 2014, Saum et al. 2013). The Sahianwala ecotype depended more on 

the accumulation of the glycinebetaine whereas, Knotti ecotype on proline accumulation. Gly-

cinebetaine and proline accumulation is a protective mechanism of many plant species to avoid 

turgor loss under limited moisture conditions and has previously been recorded in relatively 

more tolerant species such as Vicia faba L. (Ashraf & Foolad 2007, Gill et al. 2014.) The Sahi-

anwala ecotype can be rated as more tolerant as accumulated both proline and glycinebetaine in 

high amount. In relation to other osmolytes, all ecotypes responded almost similarly as salt level 

of the medium increased.

 Environmental stresses, in particular salinity can cause severe loss in turgor in plants and as 

compensation accumulation of organic osmolytes is a defense mechanism of many plant species 

(Zhang et al. 2015a, Gupta & Huang 2012). 
 It can be safely concluded from this study that differently adaptive ecotypes of Typha domin-

gensis responded differently to salt stress in relation to anatomical and biochemical parameters. 

Overall performance of ecotypes under salt stress was reasonably good. The main factor in-

volved in the confrontation of these ecotypes under salt affected habitat was high accumula-

tion of osmolytes in particular proline and glycinebetaine and structural modifications like leaf 
thickness, leaf parenchyma and aerenchyma area and high amount of sclerification. All these 
features may contribute towards water conservation which is vital for the survival of the species 

under salt and physiological drought condition. 

Acknowledgements

We would like to thank anonymous reviewers for their time and valuable suggestions.

Literature cited

Abulfatih HA. 2003. Ecological anatomy of xerophytic leaves from Qatar. Journal of King Saud Univer-
sity 16: 19-29.

Ahmad KS, Hameed M, Fatima S, Ashraf M, Ahmad F, Naseer M, Akhtar N. 2016. Morpho-anatomical 

and physiological adaptations to high altitude in some Aveneae grasses from Neelum Valley, Western 

Himalayan Kashmir. Acta Physiolgiae Plantarum 38: 93 DOI: 10.1007/s11738-016-2114-x

Aldesuquy SH. 2014. Effect of spermine and spermidine on wheat plants irrigated with waste water: 

conductive canals of flag leaf and peduncle in relation to grain yield. Journal of Stress Physiology & 

Biochemistry 10: 145–166.

Ali I, Abbas SQ., Hameed M, Naz N, Zafar S, Kanwal S. 2009. Leaf anatomical adaptations in some exotic 

species of Eucalyptus L. (Myrtaceae). Pakistan Journal of Botany 41: 2717–2727.

Al-Maskri A, Hameed M, Ashraf M, Khan MM, Fatima S, Nawaz T,  Batool R. 2014. Structural Features 

of Some Wheat (Triticum Spp.) Landraces/Cultivars under drought and salt stress. Arid Land Research 

and Management 28: 355–370. DOI: 10.1080/15324982.2013.841306

Anderson JT, Willis JH, Mitchell-Olds T. 2011. Evolutionary genetics of plant adaptation. Trends in Genet-

ics 27: 258–266. DOI: 10.1016/j.tig.2011.04.001.

 Ashraf M, Foolad MR. 2007. Roles of glycine betaine and proline in improving plant abiotic stress resis-

tance. Environmental and Experimental Botany 59: 206–216. DOI:  10.1016/j.envexpbot.2005.12.006

Atabayeva S, Nurmahanova A, Minocha S, Ahmetova A, Kenzhebayeva S, Aidosova S, Nurzhanova A, 

Zhardamalieva A, Asrandina S, Alybayeva R, Li T. 2013. The effect of salinity on growth and ana-

tomical attributes of barley seedling (Hordeum vulgare L.). African Journal of Biotechnology 12: 2366-

2377.

Bartels D, Sunkar R. 2005. Drought and salt tolerance in plants. Critical Reviews in Plant Sciences 24: 

23-58. DOI: 10.1080/07352680590910410

Bates LS, Waldren RP, Teare ID. 1973. Rapid determination of proline for water stress studies. Plant Soil 

39: 205–207. DOI: 10.1007/BF00018060

Carcamo HJ, Bustos RM, Fernandez FE, Bastias EL. 2012. Mitigating effect of salicylic acid in the anat-

omy of the leaf of Zea mays L. ecotype from the Lluta Valley (Arica-Chile) under NaCl. Idesia (Arica) 

30: 55–63. DOI: 10.4067/S0718-34292012000300007

95 (4): 807-821, 2017



820

NOREEN AKHTAR ET AL.

Cavusoglu K, Kilic S, Kabar K. 2007. Some morphological and anatomical observations during allevia-

tion of salinity (NaCI) stress on seed germination and seedling growth of barley by polyamines. Acta 

Physiologiae Plantarum 29: 551–557. DOI: 10.1007/s11738-007-0066-x

Delorge I, Janiak M, Carpentier S, VanDijck P. 2014. Fine tuning of trehalose biosynthesis and hydrolysis 

as novel tools for the generation of abiotic stress tolerant plants. Plant Physiology 5: DOI: 10.3389/

fpls.2014.00147

Di Bella CE, Striker GG, Escaray FJ, Lattanzi FA, Rodríguez AM, Grimoldi AA. 2014. Saline tidal flood-

ing effects on Spartina densiflora plants from different positions of the salt marsh. Diversities and simi-

larities on growth, anatomical and physiological responses. Environmental and Experimental Botany 

102: 27-36. DOI: 10.1016/j.envexpbot.2014.02.009

Dolatabadian A, Modarressanavy SAM, Ghanati F. 2011. Effect of salinity on growth, xylem structure 
and anatomical characteristics of soybean. Notulae Scientia Biologicae. 3: 41–45. DOI:http://dx.doi.

org/10.15835/nsb315627

Farouk S. 2011. Osmotic adjustment in wheat flag leaf in relation to flag leaf area and grain yield per plant. 
Journal of Stress Physiology & Biochemistry 7: 117-138.

Flowers TJ, Colmer TD. 2008. Salinity tolerance in halophytes. New Phytologist 179: 945–963. DOI: 

10.1111/j.1469-8137.2008.02531.x

Gill SS, Anjum NA, Gill R, Anjum NA. 2014. Target osmoprotectants for abiotic stress tolerance in crop 
plants-glycine betaine and proline. In: Anjum NA, Gill SS, Gill R, eds. Plant adaptation to environmental 

change: Significance of Amino Acids and Their Derivatives. Wallingford, CT: CAB International, 97–108

Glenn EP, Brown JJ. 1999. Salt tolerance and crop potential of Halophytes. Critical Review in Plant Sci-

ence 18: 227-255.

Grattan SR,  Grieve CM. 1998. Salinity-mineral nutrient relations in horticultural crops. Scientia Horticul-

turae 78: 127-57. DOI: 10.1016/S0304-4238(98)00192-7

Grigore MN, Toma C. 2007. Histo-anatomical strategies of Chenopodiaceae halophytes: Adaptive, eco-

logical and evolutionary implications. WSEAS Transactions on Biology and Biomedicine 4: 204–218.

Grigore MN, Toma C. 2011. Ecological implications of bulliform cells on halophytes, in salt and water 
stress natural conditions. Studia universitatis “vasile goldiş”, seria ştiinţele vieţii 21: 785–792.

Gupta B, Huang B. 2012. Mechanism of salinity tolerance in plants: physiological, biochemical, and molecu-

lar characterization. International Journal of Genomics 2014: 1127–1142. DOI: 10.1155/2014/701596

Hameed M, Ashraf M, Naz N, Nawaz T, Batool R, Fatima S, Ahmad F. 2014. Physiological adaptative 

characteristics of Imperata cylindrica for salinity tolerance. Biologia 69: 1148–1156. DOI: 10.2478/

s11756-014-0417-1

Hameed M, Ashraf M, Naz N, Al-Qurainy F. 2010. Anatomical adaptations of Cyanodon dactylon (L.) 

Pers. from the Salt range Pakistan, to salinity stress. I. Root and Stem anatomy. Pakistan Journal of 

Botany 42: 279-289. 

Hegazy AK, Abdel-Ghani NT, El-Chaghaby GA. 2011. Phytoremediation of industrial wastewater po-

tentiality by Typha domingensis. International Journal of Environmental Science and Technology 8: 

639–648. DOI: 10.1007/BF03326249

Hilal M, Zenoff AM, Ponessa G, Moreno H, Massa ED. 1998. Saline stress alters the temporal patterns of 
xylem differentiation and alternative oxidative expression in developing soyabean roots. Plant Physiol-

ogy 117: 695-701. DOI: 10.1104/pp.117.2.695

Jogaiah S, Ramteke SD, Sharma J, Upadhyay AK. 2014. Moisture and Salinity Stress Induced Changes in 

Biochemical Constituents and Water Relations of Different Grape Rootstock Cultivars. International 

Journal of Agronomy 56: 789–799. DOI: 10.1155/2014/789087

Khandare RV, Govindwar SP. 2015. Phytoremediation of textile dyes and effluents: Current scenario and 
future prospects. Biotechnology Advances 33: 1697–1714. DOI: 10.1016/j.biotechadv.2015.09.003

Lowry RJ, Rosenbrough NJ, Farr AL, Randall RJ. 1951. Protein measurement with the folin reagent. Jour-

nal of Biological Chemistry 193: 265–275.

Maggio A, Raimondi G, Martino A, De Pascale S. 2007. Salt stress response in tomato beyond the sa-

linity tolerance threshold. Environmental and Experimental Botany 59: 276-282. DOI: 10.1016/

j.envexpbot.2006.02.002

Megdiche W, Ben Amor N, Debez A, Hessini K, Ksouri R, Zuily-Fodil Y, Abdelly C. 2007. Salt tolerance 

of the annual halophyte Cakile maritima as affected by the provenance and the developmental stage. 

Acta Physiologiae Plantarum 29: 375-384. DOI: 10.1007/s11738-007-0047-0

Meloni DA, Oliva MA, Martinez CA, Cambraia J. 2003. Photosynthesis and activity of superoxide dis-

mutase, peroxidase and glutathione reductase in cotton under salt stress. Environmental and Experi-

mental Botany 49: 69-76. DOI: 10.1016/S0098-8472(02)00058-8

Moor S, Stein WH. 1948. Photometric ninhydrin method for use in the chromatography of amino acids. 

Journal of Biological Chemistry 176: 367–388.

Mukhtar N, Hameed M, Ashraf M, Ahmed R. 2013. Modifications in stomatal structure and function in 

95 (4): 807-821, 2017



821

LEAF ADAPTATIONS FOR SALINITY STRESS TOLERANCE IN TYPHA DOMINGENSIS PERS.

Cenchrus ciliaris L. and Cynodon dactylon (L.) pers. in response to cadmium stress. Pakistan Journal 

of Botany 45: 351-357.

Munns R. 2002. Salinity, growth and phytohormones. In: Läuchli A and U. Lüttge, eds. Salinity: Environ-

ment-Plants-Molecules. Kluwer Acad Pub Springer Netherlands, 271–290.

Nawaz T, Hameed M, Ashraf M, Batool S, Naz N. 2013. Modifications in Root and Stem Anatomy for 
Water Conservation in Some Diverse Blue Panic (Panicum antidotale Retz.) ecotypes under drought 

stress. Arid Land Research and Management 27: 286–297. DOI: 10.1080/15324982.2012.727947

Rad AM, Sonboli A. 2008 Leaf and stem anatomy of the Cyperus subgenus Cyperus in Iran. Rostaniha 

9: 6–22. 

Reddy MP., Shah MT, Patolia JS. 2008. Salvadora persica, a potential species for industrial oil produc-

tion in semiarid saline and alkali soils. Industrial Crops and Products 28: 273–278. DOI: 10.1016/

j.indcrop.2008.03.001

Saum SH, Pfeiffer F, Palm P, Rampp M, Schuster SC, Müller V, Oesterhelt D. 2013. Chloride and or-

ganic osmolytes: a hybrid strategy to cope with elevated salinities by the moderately halophilic, chlo-

ride-dependent bacterium Halobacillus halophilus. Environmental Microbiology 15: 1619-1633. DOI: 

10.1111/j.1462-2920.2012.02770.x

Witkowski ET, Lamont BB. 1991. Leaf specific mass confounds leaf density and thickness. Oecologia, 88: 

486–493. DOI: 10.1007/BF00317710

Yemm EW, Willis AJ. 1954. The estimation of carbohydrates in plant extracts by anthrone. Journal of 

Biochemistry 5: 508–554. DOI: 10.1007/BF00317710

Zhang W, Tan NG, Fu B, Li SF. 2015a. Metallomics and NMR-based metabolomics of Chlorella sp. reveal 

the synergistic role of copper and cadmium in multi-metal toxicity and oxidative stress. Metallomics 7: 

426–38. DOI: 10.1039/c4mt00253a.

Zhang X, Shabala S, Koutoulis A, Shabala L, Johnson P, Hayes D, Nichols DS, Zhou M. 2015b. Waterlog-

ging tolerance in barley is associated with faster aerenchyma formation in adventitious roots. Plant Soil 

394: 355–372. DOI: 10.1007/s11104-015-2536-z

95 (4): 807-821, 2017


