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ABSTRACT 
There are many biotic and abiotic factors which limit crop production but abiotic stresses are 

more important. Salinity is one of the most important abiotic factor which has adverse effects 

on plant growth especially in irrigated regions under arid and semi-arid climate. The major 

objectives of current study were to conduct survey of problematic sites and assessment of 

salinity tolerance potential of selected trees (Eucalyptus camaldulensis, Vachellia nilotica and 

Syzygium cumini). Field visits were carried out in villages of three selected sites i.e. Satiana 

(Faisalabad), Sangla Hill (Nankana Sahib) and Gojra (Toba Tek Singh) to collect the 

socioeconomic data through validated questionnaire. Results revealed that mostly respondents 

of the sites were middle aged having about 8-10 years of education with less than 5 acres of 

landholding and at all three sites most of the respondents were engaged in farming. Maximum 

number of respondents were aware about various services of trees such as soil reclamation, 

shelter etc. The results indicated that tree planting trend at all sites was increasing because of 

the presence of degraded lands and most of such areas fall in the category of saline lands. 

Maximum number of respondents were of the view that soil reclamation projects helped in 

revegetating the saline and waterlogged patches. Role of agroforestry practices in reclamation 

of saline soils was observed in second study at the selected soils. Soil samples were collected 

from two soil depths (0-15 cm and 15-30 cm) for determining the effect of trees on 

physicochemical properties of soil under and away the tree canopies.  No swift change was 

observed in soil pH at different depths during the study period however, slight reduction in pH 

was recorded in soil under trees as compared to control site (away to tree canopy). The EC 

values were higher at 0-15 cm as compared to 15-30 cm soil depths. Overall, the organic matter 

was higher under tree canopies at 0-15 cm depth at all three sites. During 3rd year organic 

matter was more at 0-15 cm depth as compared to 15-30 cm and maximum was observed in E. 

camaldulensis and V. nilotica whereas minimum was under S. cunimi at 0-15 depth. 0-15 cm 

soil depth has more saturation % as compared to 15-30 cm at all sites. Soil bulk density was 

decreased with the increase soil depth. Two pot trials were conducted in the experimental area 

of the Department of Forestry and Range Management University of Agriculture Faisalabad. 

In the first pot trial different salinity levels (control condition, 5 dS/m, 10 dS/m, 15 dS/m and 

20 dS/m) were developed to study its effect on seed germination, survival, biomass and 

physiological parameters of selected tree species. Germination and survival rate of E. 

camaldulensis and V. nilotica was better as compared to the S. cumini where absolutely no 

germination was observed. Higher salinity level negatively affected the morphological and 

physiological growth at this very initial stage. Growth of E. camaldulensis, V. nilotica and S. 

cunimi at germination and seedling stages significantly decreased under higher salinity levels 

as compared to control or moderately saline conditions. Second pot trial was conducted to 

study the effect of higher salinity levels (control condition, 10 dS/m, 20 dS/m, 30 dS/m and 40 

dS/m) on the seedling growth of above mentioned tree species. The results revealed that the 

plant height, fresh and dry weights of shoot and root, shoot and root length, stem diameter, 

number of branches and leaf area reduced significantly with higher salinity levels. Salinization 

had also a significant negative impact on the physiological plant growth. Drastic changes were 

observed in case of photosynthetic rate, transpiration rate and other physiological parameters. 

Na+ ion accumulation in leaves, shoots and roots was more at higher salinity levels. Results 

revealed that E. camaldulensis and V. nilotica can germinate, survive, tolerate and accumulate 

salts at both seed and seedling stages up to certain limit.     



  1  

CHAPTER 1  

INTRODUCTION 

Among different abiotic stresses, salinity is thought to be a key factor which inhibits growth 

of plants especially in irrigated regions under arid and semi-arid conditions (Munns, 2002; 

Liang et al., 2005). Soil degradation due to salinity is of significant importance. Salinity affects 

vast area of arable land globally and may be considered as saline and sodic depending upon 

the level of electrical conductivity. Both sodicity and salinity have severe effects on crop 

growth and yield (Munns and Tester, 2008). The negative plant growth due to salinization 

largely depends on the environmental conditions, tolerance of plant, soil texture and structure 

(Ghoulam, and Fares. 2001; Wicke et al., 2011).      

Globally, area affected due to salinity and sodicity covers more than 800 million hectares of 

land. Most of such lands have soluble salts like magnesium sulfate (MgSO4), calcium chloride 

(CaCl2), sodium chloride (NaCl) and sodium sulfate (Na2SO4). These are known for water 

dissolving properties and then production of salt ions. These salts release anions such as SO- 

and Cl- while cations like Mg+, Na+ and Ca+. As per content of their electrical conductivity 

(EC), lands affected with salts are separated into four different classes. Following are the 

classes according to the electric conductivity: Soils most affected by salts (EC= 14.69–36.81 

dS m-1); soils affected moderately by salts (EC= 11.10–14.43 dS m-1); soils with less adverse 

effects (EC= 5.75–9.8 dS m-1); and soils with standard salts (EC= 2.74–4.56 dS m-1) (Ghosh 

et al., 2012).  

According to some other estimates more than 3% of the total land of the world is reported to 

be affected by salinity (FAO, 2000; FAO, 2006). Severe salinity problems exist in different 

countries of various continents including mainly Australia, Pakistan, China, Egypt, Iraq, India, 

Syria, Mexico, United States and Russia. Out of total land area in Asia-pacific zone almost 6.1 

% has been affected by salts (Wicke et al., 2011). Globally one billion hectares are claimed to 

be affected by salinization and about 76 million hectares are the result of humanly induced 

sodification and salinization. (Oldeman et al., 1991).  

In Pakistan, soil salinity is one of the major environmental issues and about 25% of irrigated 

land has been affected by salinity (FAO, 2006; World Bank, 2006). Pakistan ranks 8th in the 

world with respect to land affected by salinity (FAO, 2006; Corbishley and Pearce, 2007). 
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About 13 % of all irrigated agricultural land in arid and semi-arid regions is classified as 

strongly saline (World Atlas of Desertification, 2018). In Pakistan, total land area which is 

affected with salts is estimated around 6 million hectares. This land is present in Punjab and 

Sindh provinces which is major part of Indus River Basin. This irrigated agricultural land has 

become more affected because of water management system which is inappropriate and 

unsuitable (Qureshi et al., 2008). According to a survey during 2001 to 2003, 1.785 million 

hectares (10.1 %) of total land of Pakistan was slightly saline 0.636 m ha (4.2 %) was 

moderately saline and 1.148 M ha (6.2 %) was severely affected by salts (Zaman and Ahmad, 

2009). Excess of salts in water and soil have damaging effects on crops production moreover, 

it results in significant loss of arable soil particularly in semi-arid and arid areas (Young et al., 

1980; Kennedy and de Filippis, 1999; Cayuela et al., 2001). In Middle East and North Africa, 

land area affected with salts is estimated to be 15.10 hectares. Similarly, in Australia one third 

of total agricultural land is at risk of becoming saline (Munns, 2002; Rahimi, 2012).  

Because of unsuitable irrigation management, the phenomenon of sodification and salinization 

is continuously occurring with an annual estimated acreage of 0.25 to 0.5 million hectares 

(FAO, 2000). In South Asia, regarding agriculture main concern is degraded soils and 

uninterrupted increase in such area because in this region land under agriculture is shrinking 

whereas demand for fuel, feed and food is increasing. Mainly salt affected soils are of three 

types (i.e. saline, sodic and saline sodic) which are causing reduction in crop yield and 

agricultural productively. High salt concentration hampers osmatic movement of solutes from 

plant roots, damaging soil texture, and structure specific ion effect which ultimately causes cell 

injuries (Abrol et al., 1988; Lamond and Whitney, 1992; Ghassemi et al., 1995; Rahman et 

al., 2004).  

 Moreover, salinity/ sodicity is also associated with waterlogging. Waterlogging reduces the 

oxygen presence in root zone and thus slows down the plant growth (Barrett-Lennard, 2002, 

2003). In spite of using soil amendments, most of problematic soils are considered as waste 

lands as these are less fertile and give less yield because of sodicity, salinity and waterlogging 

(Singh, 1992).  

According to Bor et al. (2003) salinity have adverse effects on plants growth and may increase 

plant mortality rate due to ionic imbalance, toxicity and a combination of all such factors. 

Stunted growth of cops and sparse vegetation is due to salt stress, nutritional imbalance, 
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osmotic stress (Marcar et al., 1999).  Salinization disturbs the physiological functions of plants 

which result in stunted plant growth and ultimately affects plant morphology (Munns, 2002; 

Munns, 2005). This could be enhanced when soil salinity coincides with increase in soil pH 

(Singh, 1992; Marcar et al., 1999; Bor et al., 2003; Munns, 2005; Maathuis and Diatloff, 2013; 

Ramezanian, 2013; Abbas et al., 2013; Luo et al., 2016; Kumar et al., 2016; Meier et al., 

2017).  

Globally most of the soil salinization has been reported in dry lands having arid to semi-arid 

climate. Salinity is having negatively impact for field crops, pastures development, tree growth 

which ultimately leads to economic losses. Researchers have confirmed that salts in high 

concentration have harmful effects on the crops (Bernstein, 1961-1962; Maas and Hoffman, 

1977; Kramer, 1983; Mer et al., 2000; Kushiev et al., 2005; Abdul-Jaleel et al., 2007; Abid et 

al., 2011). Moreover, extreme concentration of salts can disturb plant growth at different stages 

(Donahue et al., 1983; Ramezanian, 2013). At high salinity levels poor germination rate and 

survival was also observed in different tree species (Garg and Gupta, 1997; Madsen and 

Mulligan, 2006).   

However, trees and crops species behave differently in response to salt stress sensitivity 

(Downton, 1977; Agarni, 1986; Brady and Weil, 1996; Ahmad et al., 2010). Soils possess 

different salt types in various concentration and plants adopt different mechanisms to avoid or 

tolerate such toxic concentration. Moreover, cells, tissues and organs of plant show variable 

tolerance at different stages of development (Munns, 1993; Ashraf, 1994; Munns, 2002). 

However, researchers have found that root growth of plant is affected by salinity more as 

compared to shoot growth (Downton et al., 1990; Brady and Weil, 1996; Ramoliya and 

Pandey, 2002; Mer et al., 2000).  

Moreover, adverse effects of high salt concentrations on plant growth in dry soil were higher 

as compared to in wet soil. In saline deserts, drought is a common phenomenon. Therefore, 

sooner or later, shoots and roots response to salinity must have to be understand under dry and 

wet conditions. Information attained by researches regarding plant survival and growth can be 

used for afforestation purposes in deserts of saline nature in order to choose the suitable plant 

species (Garg and Gupta, 1997). The detrimental outcomes of salinity can fluctuate depending 

on climate factors, soil texture or plant types. On the basis of plant ability to survive in salinity 
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they are considered as mild salt tolerant called as glycophytes and high salt tolerant may be up 

to (300-500 Mm) as halophytes (Tang  et al., 2015).  

Salinity creates unfavorable growth conditions for plants which results in stunted growth of 

the seedlings and delay in germination (Koller, 1956-1957Kang and Saltveit, 2002).  Kader 

and Jutzi (2004) have stated, that due to salinity seed vigor index, percentage and rate of 

germination was reduced. Excessive salt ratio causes a high osmotic potential, which affects 

movement of water in soil and its availability to crop. Due to high osmotic pressure, salinity 

causes decrease in nutrients uptake and makes difficult for the plants to utilize nutrients 

(Grattan and Grieve, 1999; Tan et al., 2019).   

Seeds respond to environment related factors like edaphic, especially salinity, temperature and 

light when they are in dormant conditions whereas in other cases seed may remain dormant 

due to an immature embryo, impermeable hard pericarp (Ungar, 1977; Khajeh-Hossein et al., 

2003).   Salt stress can decrease the seed germination percentage and also reduced growth rate 

of some crops (Yildirim et al., 2002; Yang et al., 2005).   

Salt stress first disturbs the root system and inhibits plant progress firstly due to osmatic stress 

and finally by the unavailability of nutrients (Datta, 1965; Munns, 2005). Seed of halophytes 

under field conditions when subjected to saline stress usually dominated by NaCl and other 

salts negatively affected the germination rate (Khan, 2002; Yildirim et al., 2009).   

For improving the plant growth and development in saline conditions, best option is the 

removal of salt from root zone. Engineering, chemical and biological approaches are the most 

commonly used for the amelioration of such lands. First two methods were reported to be 

costly but biological approach produced excellent results globally (Nasim et al., 2000; De 

Lima, and Torres 2009). This approach is the use of halophytes for the controlling salinity 

(Behera et al., 2015). Halophytes have inherent ability to cope with the adverse effect of 

salinization (Larcher, 2003) for regulating the proper growth plants have to accelerate the 

physiological and biochemical processes (Hernández et al., 2001; Larcher, 2003). In forest 

different country like Pakistan having only 4.8% area with less than 2% forest cover, use of 

salt affected lands for tree plantation will be more beneficial than agronomic practices (Sun 

and Dickinson,1994).  

Agro- forestry is a sustainable land use management system in the biological reclamation salt 

effected soils. Apart from continuous income, sustainable production and regular employment 
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are the additional benefits of this land use management system. In biological approach soil 

reclamation depends upon different factors such as planting density, quantity and quality of 

litter production, nature and types of tree species, and different sliviculture practices. (Behera 

et al., 2015). The development and maintenance of sustainable agro forestry systems by using 

perennial vegetation including grass, shrubs, crops and trees on highly salt-affected lands is an 

easy and cheaper strategy with more socio-economic benefits (Qureshi et al., 1993).   

 In the opinion of all aforementioned information, the present project was designed to assess 

the growth of multipurpose agroforestry tree species in saline soil (Eucalyptus camaldulensis, 

Vachellia nilotica, Syzygium cumini). So, this project would help scientists, foresters and 

farmers in revegetating the saline soils by using most suitable agro-forestry tree species.  

Objectives  

 Survey of different problematic areas to know the severity and extent of damage due 

to salinity  

 Assessment of salinity tolerance potential of selected agroforestry tree species.  

 To study the ameliorative effects of selected tree species on the physicochemical 

properties of salt affected soils.  
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CHAPTER 2  

REVIEW OF LITERATURE  

This chapter covers the scientific work done throughout the globe on soil salinity and its 

reclamation and revegetation by using different approaches especially biological approach. 

Salt affected soils have different categories which can be described as sodic, saline and saline 

sodic. This part highlights the results importance of previous studies and elaborates biological 

approaches to alleviate the threats of salinity on morphology and physiology of tree species.   

2.1 Salinity a global problem   

In arid and semi-arid areas salinization of soil and ground water is considered one of the major 

limiting factor for crop and forest growth (Kaur et al., 2002). Since last two to three decades’ 

vast area of arable agriculture land has been degraded due to the presence of soluble salts in 

excess than the normal range (Rego et al., 2011). Around the globe, plants growth is effected 

by salinity in more than 100 countries. It is a serious threat to productive soils which is 

spreading unabated (Saddiqui et al., 1984; Massoud, 1988). According to Zhu, (2003) 50% of 

the irrigated lands and 20 % of the cultivated lands are under to low sever level salinity stress. 

Around 37% of total world land is sodic and 23% is saline while salt affected land covers 

nearly 4,000,000 square kilometers. Among salt affected countries, Pakistan is ranked 8th 

whereas, 6% of total area of Asia-Pacific is facing salinity threat (FAO.2005).   

Pakistan has 22.94 million hectare cultivated land out of which irrigated land is 18.78 million 

hectares while 6.67 million hectares is affected by salts (Khan et al., 2002). Water is another 

factor which is aggravating the situation as 75-80% irrigation water has higher RSC, SAR and 

EC values (Ghafoor et al., 2001). Globally salinity is rising by 10% annually and it is a major 

threat to agriculture sector of Pakistan (Saboora et al., 2006). Area affected by the salinity is 

around 830 million hectares in the world Australia, Thailand and sub – continent are the most 

prominent regions facing salinity threats.   

2.2 Symptoms of salt stress in plants 

Salt stress interrupts physiological and metabolic reactions in plant, ultimately reducing the 

growth processes which results in low yield or poor quality output (Turan et al., 2010). 

Salinization imposes adverse effects on different growth parameters i.e. seed germination, 

survival rate, morphological parameters like root growth, fresh and dry above ground biomass, 
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plant height, stem girth etc. (Bor et al., 2003).  Decline in respiration and photosynthesis rate 

are two major physiological disturbances caused by high concentration of salt in water and soil 

(Munns, 2002). Enzymatic activities like microbial respiration, b-glucosidase, alkaline 

phosphatase and activity of benzoyl argininamide hydrolyzing were inhibited with raising 

level of soil salinity (Gilman and Watson, 1993). Some other studies have also shown that 

enzyme movements are influenced by salinity (Leske and Buckley, 2003). Wyn et al. (2002) 

perceived that halophytes have high levels of sodium in their above ground tissues as compared 

to other species.  

Inhibited uptake of macro and micro nutrients was observed in plant tissues which were grown 

in saline media (Kaya et al., 2001). Munns (1993) observed different stresses induced by 

salinity in plants like, osmotic stress which then further leads to shortage of water, ion toxicity 

caused by excessive Cl- and Na+ and deficiency of PO4
-3, NO-3, K+ nutritional disruption.  

2.3 Osmotic inhibition 

Plant water retention is disturbed because of external mediums having greater osmotic 

potential and opposing effects on protein, photosynthesis and gas exchange due to salinity 

(Romero et al., 2001). When plants are grown in saline soils their water retention capacity is 

decreased and sharp decline can be seen in growth pattern. Salinity increased the water 

deficiency, similar to drought induced deficiency (Nawaz et al., 2010). As compared to other 

salt specific stresses, shoots and roots are more damaged because of water deficiency during 

initial stages of growth (Munns, 2002). Fresh leaves development depends upon soil solution 

and water potential. Rapid growing cells possess capability to stock salts in increasing vacuoles 

and cytoplasm salts are seldom stocked and fresh leaves face hindrance in growth (Freeman, 

1973; Munns, 2005; Natarajan et al., 2012).    

Sodium concentration was noted in epidermal and mesophyll cells after a day from a solution 

of 100 mM in which sodium chloride concentrations were 49 and 38 Mm respectively.  

However, this higher sodium concentration was found to be helpful instead of damaging as it 

adjusted cells’ osmotic potential while facing salinity issue (Gutterman et al., 1995; Flowers et 

al., 2007). When stress was applied to wheat, it was found that chloride and sodium were 

reduced the in wheat crop production at the different levels of salinity (Hu et al., 2005). 

Keeping above remarks in mind it can be supposed that to keep lower salt concentration in a 

cell their rapid growth can be considered as potential factor. Specific ion toxicity is caused by 
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salts such as sulphate, chloride and sodium when these are absorbed in high concentrations. 

This can effect crop growth either completely or partially. Most woody plants and crops which 

are sensitive to specific ion toxicity respond differently in their own unique manner (Abrol et 

al., 1988). In Acacia ampliceps reason for growth decrease was higher concentration of Na+ 

as compared to the other cations (Mahmood et al., 2010). The plants growing in saline soil 

have more accumulation of NaCl and stop mineral uptake (Abrol et al., 1988; Romero-Aranda 

et al., 2001; Flowers et al., 2007).  

Usually older leaves possess high concentrations of salts and it may cause necrosis if salts are 

accumulated for a long period. However, necrosis occurred when cell vacuole cannot store too 

much concentration of salt. In such circumstances, proteins and enzymes functions are 

disrupted by high concentrations as salt started to increase in cytoplasm. Similarly, if salts are 

accumulated in cell walls there may be dehydration of the cells (Munns, 2005). Salts are coped 

by plants either their ejection from cytoplasm or complete restriction entry. Sodium ion 

concentration varies from 10mM to 30mM in roots cytoplasm (Munns and Tester, 2008). 

However, in leaves cytoplasm it is presumed to be very less than 100 mM but this 

concentration is not précised (Gorham et al., 1987). In order to keep unnecessary salts by plant 

roots, various mechanisms are exercised by plants but if failed then salts gradually 

accumulated in their cells. To evaluate Na+ tolerance, a trial was conducted over various wheat 

plant genotypes. Genotypes which accumulated high concentration of Na+ in mature and older 

leaves showed leaf injury and poor crop yield was observed (Husain et al., 2003). Severe 

morphology changes of the plant were observed such as failing of leaves to uphold appropriate 

thickness and loss of stomata grip. This was the result of 80 mM concentration of chloride in 

water present in plant tissue. Moreover, leaf burning is caused by chloride excess. Necrosis 

starts as stress intensity increases and ultimately spread to whole leave but it initiates from tips 

(Loreto and Bongi, 1987). It was found that entire plant gradually defoliates as leaves burnt 

because of elevated concentration of chloride (Marschner, 1995).  

2.4 Nutritional disruptions  

Nutrients interface and high concentration of salt results in insufficiencies and disparities of 

the main nutrients (Marschner, 1995). Greater addition of Cl- and Na+ causes imbalance in 

nutrients uptake and as a result manganese, calcium and potassium uptake is minimized 

(McCue and Hanson et al., 1990; Karimi et al., 2005). Salts accumulation showed negative 
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effects on plants as it limited the utilization of nutrients and their uptake as well as enzymes 

cells metabolism was also affected (Munns, 2002; Lacerda et al., 2003). Normally plants 

metabolism is disturbed by inactivation of enzymes which is the result of high ratio of Na: Cl 

(Booth and Beardall, 1991). Protein formation is facilitated by potassium as it helps in 

photosynthesis and in osmoregulation (Freitas et al., 2001; Lacerda et al., 2003; Ashraf et al., 

2004; Munns and Tester, 2008). Deficiency of potassium is caused by extreme uptaking of Cl- 

and Na+ as they decrease K+ uptake (Gopa and Dube, 2003). In Acacia ampliceps, absorption 

of Mg+, Ca+ and K+ was blocked by heavy sodium accumulation (Mahmood et al., 2010). To 

maintain cell membrane normal functioning and composition, both calcium and potassium 

play a vital role (Wenxue et al., 2003). For salinity tolerance of any plant, a critical parameter 

is its calcium regulation under stress of salt (Soussi, 2001; Khalil et al., 2012). Membrane of 

Tissues received damaging effects because of Ca+: Na+ ratio reduction. Decrease in the uptake 

of K+ because of salinity (Soussi, 2001) was observed. Plants are thought of having enhanced 

tolerance against salinity stress which possess good K+: Na+ ratio (Marcar et al., 1991; Saqib 

et al., 2005). Salinity damages can be reduced by enhanced Na+ ratio which can be achieved 

by Ca+ exogenous application (Zhu et al., 1993).  

 2.5 Effect of salinity on plant morphology    

Salinity reduced the plants growth under salinity stress has been stated before for C. quinoa, 

and numerous slat tolerance tree species (Uchiyama et al., 1987; Koyro, 2006; Redondo 

Gόmez et al., 2006; Hariadi et al., 2011; Zhu et al., 2016). Reduction in biomass of the plants 

response to high salinity levels is very common in slat tolerance plants (Ungar et al., 1996; 

Wang et al., 1997; Khan et al., 2002; Koyro et al., 2006; Redondo Gόmez et al., 2006; Geissler 

et al., 2009; Wang et al., 2009). Difference in growth of halophytic tree species in saline soil 

have also reported (Qureshi et al., 1993; Zhu et al., 2006). It was also studied by researchers 

that increasing the slat stress levels plant yield production was decreased (Khalil et al., 2012; 

Khan et al., 2002). Decline in root and shoot biomass under salinity moisture stress and 

combination of both salinlty and water logging was observed in the various experiments 

(Ramoliya et al., 2002; EI-Juhany at al., 2005). Saqib et al. (2013) found that the crop 

production of wheat was decreased under salinity.  The plant height was significantly reduced 

in tree species by cumulative the salinity levels. In many earlier trials the reduction in height 

of plants was recorded with salinity stress which also reduced the plant biomass due to 
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deficiency of nutrients and osmotic potential (Munns, 2002; Greenway et al., 2003; Abbas et 

al., 2013). Plant metabolic pathway is changed by increasing slat concentration, which 

decreased the elasticity of cell wall and lastly height of plant (Munns et al., 2002). Shoot fresh 

weight is measured as a main criterion for halophytic plants (Saqib et al., 2005; Hameed et al., 

2010). Shoot fresh weight and growth rate in salinity sensitive genotypes of Eucalyptus 

camaldulensis seedlings suddenly reduced, whereas those in salt resistance genotypes of 

Eucalyptus camaldulensis were constant when shifted to 28 dS/m (Grieve et al., 1999). More 

shoot fresh weight was considered as good to cultivate under salt effected soils. Shoot dry 

weight of eucalyptus, in three most salt-tolerant origins in this trial were 14340 (Petford, Qld), 

15024 (Lake Hindmarsh, Vic) and 15029 (Lake Albacutya-N, Vic), with about 50% reduction 

due to salinity (Marcar et al., 1999). Salinity was very harmful for Acacia nilotica under water 

stress and under salinity stress (Al-shaharani and Shetta, 2011). The number of branches was 

reduced because of loss in turgor potential and also deficiency in nutrients (Ibrahim et al., 

1991; Shreif, 2000). Salt stress has an influence on the growth of root but here are insufficient 

studies on growth of root against salt stress. Sodicity further intensifies the situation by 

resisting the root growth of halophytic tree species. A large number of leaves fall and roots of 

plants was affected by high salinity and also due to of physico-chemical properties of soils 

(Lal, 1989). Plants root length was restorative in saline situations which is also stated for other 

salinity tolerance grasses i.e. S. airoides and P. ciliata (Marcum et al., 1999; Marcar et al., 

2002; Teakle et al., 2013). Deep growth of plants root may comfort for absorption of potassium 

and storage of sodium in the roots by inhibiting sodium stacking into the xylem cell up to a 

threshold of salt (Marcar, 1993; Munns and Tester, 2008). Demir and Arif, (2003) observed 

that root growth was hampered by saline environment as compared to the upper part of the 

plant. E. camaldulensis dry weight of shoot was decreased in different regions like Lake 

Hindmarsh-SE and Lake Albacutya-N Lake AlbacutyaS, Lowan Valley, Silverton, due to 

salinity (Marcar et al., 2002). The stem diameter was extra reduced by increasing salinity 

(Qadir et al., 1997). The diameter of plants stem was reduced because the decrease in turgor 

potential. (Ashraf et al., 1994).  Increase in salinity levels decreased the tree shoot growth 

(Yokota, 2003; Farooq et al., 2010).  

Salinization results in decreased plant biomass caused by osmotic effect, ion toxicity and 

deficiency of nutrients (Garg and Gupta, 1997; Munns and Tester, 2008).  
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 2.6 Salinity effect on plant physiology  

Salinity is an abiotic stress that inhibit physiology and adversely affects plants in various 

growth processes (Munns et al., 2002). Photosynthetic rate was decreased in plants when the 

increased salinity stress levels and was observed in in tamaric seedlings (Wang et al., 2011). 

Higher salts concentration accumulations  in the leaves and with additional salt in young leaves 

reduced the  leaf area of  plants  and ultimately photosynthetic rate also declined (Munns et 

al., 2002; Eisa et al., 2012; María et al., 2017) also found that the photosynthesis rates of 

seedlings were significantly reduced by increasing the salt stress levels and more NaCl 

concentration decreased the photosynthesis with a reduction in transpiration rates of seedlings 

but increased photosynthetic water use efficiency percentage. (Xu et al., 1994; Marler and 

Zozor, 1996; Maria et al., 2017) found that stomatal conductance of the water melon reduced 

in salinity stress conditions. Stomatal conductance was decline in tree species in salt stress 

reducing the carbon dioxide stream which significantly decreased the photosynthesis of plants. 

A relatively low level of intracellular carbon dioxide observed in P. australis (Choi et al., 

2005). Intracellular CO2 concentration decreased as salinity levels was increased, photosynthic 

water use efficiency increased at higher salinity levels because of the decreases in transpiration 

rate rather than CO2 absorption (Munns et al., 2002; Pagter et al., 2009; Eisa et al., 2012). 

Plants under salt conditions usually minimize the transpiration, exploit photosynthesis rate and 

increase water-use efficiency (Xu et al., 1994; Eisa et al., 2012). This is a kind of adaptation 

mechanism that enable plants to grow under stress conditions. Due to high salt concentration 

increase in water use efficiency in Chenopodium was also reported by Eisa et al., (2012). In 

the context of these findings it can be assumed that the reduction of water and CO2 in the leaves 

were the main reasons of reduction of photosynthesis rate in slat stress conditions (Koyro et 

al., 2006). High Salinity level reduced the photosynthetic rate of tree species (Ashraf and 

Shahbaz, 2003). The photosynthetic rate, CO2 integration is normally decreased by high 

salinity stresses (Purwanto, 2003).  

Significant decrease in transpiration rate of Tamarix chinensis Lour seedlings had been 

observed when grown in saline conditions, where uptake of water by plants was reduced which 

eventually reduced the transpiration rate, due to stomatal closing (Munns, 2002; Wang et al., 

2011; Eisa et al., 2012). Photosynthetic rate in the seedling of Phoenix dactylifera and other 

halophytes plants decreased with increasing salinity. Decrease in photosynthesis under saline 
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soil is due to Na+ in numerous plant species (Chaves et al., 2009; Geissler et al., 2015). At 

lower salts higher rate of photosynthesis was observed which, it decreased afterwards when 

salinity levels increased. At higher salinity levels the conductance of stomatas reduced but at 

lesser salinity level they remained unchanged (Parida et al., 2004). stomatal conductance 

reduces with enhancing salinity levels leading to a related reduction in gas exchange. Similar 

results were reported earlier on Avicenna marina (Eller et al., 2014; Hoa et al., 2015). 

Photosynthetic water use efficiency was significantly increasing when the salinity level was 

increasing. Increase in PWUE of   E. camaldulensis in high salinity level resulted in rapid 

decline of transpiration rate relatively than assimilation of CO2 (Flexas et al., 2004).   

2.7 Salt stress effect on ionic composition   

More concentration of sodium ion in the plant tissues reduced the plant growth (Marcar et 

al.,1991; Grieve and Shannon, 1999). The accumulation of toxic ions in tissues of plants is the 

main cause of reduction in the plant growth under salinity conditions (Muscolo et al., 2003; 

Morais et al., 2012). Heavy concertation of Na+ in the plant stress is a reason imbalance of 

nutrient and ion toxicity (Arzani et al., 2008). High sodium ion concentration was perceived 

in the leaf tissues of E. camaldulensis when subjected to salt (Grieve and Shannon, 1999). In 

seedlings of dogwood concentration of Na+ in shoot, root and leaves were increased with 

enhancing the external NaCl.  

Heavy NaCl accumulation has been reported for other tree species exposed to salinity (Nabil 

and Coudret, 1995). Lower sodium and higher potassium concentration within plants cell is 

known halophytic plants (Qureshi and Barret- Lennard, 1998; Grieve and Shannon, 1999; 

Saqib et al., 2005; Morais et al., 2012). The high concentration of sodium in old leaves have 

than premature leaves that enhanced the absorption of Na+ in plant leave tissues and eventually 

reduced the growth. Increasing the salt ions in old leaves in salt stress condition leads to 

senescence of leaves and reduced leaf area which ultimately reduces the growth of plants (Fox 

and Guerinot, 1998; Munns et al., 2002). The Na+ absorption is increased with rising salinity 

levels which decreased the potassium ion then enzymes activity was also reduced (Willadino 

and Camara, 2005). Moreover, K concentration has a vital role in halophytic plants where 

uptake of K+ concentration is reduced by Na+ (Grieve and Shannon, 1999; Shirazi et al., 2005). 

In the previous studies, the decrease of K+ level in leaves and root was observed as Na + ion 

concentration blocked the uptake of potassium ions Reduction of potassium ion concentration 
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uptake is due to salinity was also observed in many studies (Shirazi et al., 2005; Saqib et al., 

2013). The plants with higher Na+ and K+ ratio are considered as good halophytic tree species 

under saline soils (Saqib et al., 2005; Morais et al., 2012). Buildup of Na+ in eucalypt species 

depicts the characters of halophytic tree species. On the basis of sodium ion omission, 

Eucalyptus, have been considered as good tree species at saline soils (Adams et al., 2005).     

2.8 Drought stress  

To fulfill future and present needs availability of water is essential but because of climate 

changes water shortage is becoming a serious threat (Rosegrant and Cline, 2003). In many 

crops yield has been decreased up to 50% because of water deficiency (Wang et al., 2003).  

Crop’s productivity and growth is affected by shortage of water which is considered as a very 

severe stress among abiotic factors (Zlatev and Lidon, 2012). Areas which are threatened by 

climatic changes can face water crisis and drought stress which will lead to abnormal plant 

growth (Harb et al., 2010). At different levels of development and growth, drought has adverse 

effects on crops in numerous ways (Yordanov et al., 2000). A plant’s ability to face any stress 

depends upon the plant’s genetic ability to face that stress and time duration of the intensity of 

stress (Wentworth et al., 2006; Zlatev and Lidon, 2012). Almost similar effects have been seen 

by water stress and salinity (Munns, 2002; Zushi et al., 2009), definitely both salinity and 

water stress badly effects functions of plants but independent studies are required to identify 

the most common disturbance (Meiri 1984; Homaee et al., 2002). This should be explored 

further because each stress may be affecting different parts separately i.e. salinity in root zone 

and shortage of water in upper parts (Homaee et al., 2002).  

It has been noticed that osmotic effect (because of salts stress) is lower potential effect (because 

of shortage of water) on bean plant growth (Meiri, 1984). Moreover, in cotton and pepper, 

effect of salinity was lower than water shortage stress (Shalhevet and Hsiao, 1986). Even 

though these factors act additively (both osmotic and metric components), and kinetic factors 

such as transpiration and uptake of water must have to be noticed too. Water movement from 

soil to roots of a plant is not controlled by osmotic forces but by matric forces, that’s why for 

lower and higher demand of evaporation, reaction of plant is different to these stresses. In 

nonlinear way, water flow towards root is reduced by a reduce matric potential because of soil 

dryness. Whereas, water movement rate to root, despite an increase in salinity, is not affected 

even after the reduction of water potential. Water is allowed to enter in roots because cortical 
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cells possess the ability to adjust themselves osmotically under salinity stress (Homaee et al., 

2002).  

 Shalhevet and Hsiao (1986) observed that at similar potential levels of soil-water, compare to 

salinity, water stress caused high decrease in pepper and cotton leaves’ water potential. 

Furthermore, compared to salinity, in water shortage low osmotic adjustments were seen in 

the plant leaves. Less growth was seen because of less CO2 assimilation and transpiration 

which was the result of reduced leaf turgor pressure due to water stress. Density of root length 

and type of plants are the major factors which cause a difference between osmotic and matric 

effects. By collecting various osmotic, drought tolerant species determination to keep higher 

relative contents of water as these lower the water potential. Cell dehydration, tolerance and 

escape are some of numerous strategies which plants follow to deal with water deficiency 

(Turner, 1986). Various anatomical features are used to avoid water shortage like change in 

orientation and area of leaf, cuticle resistance and stomata (Jones and Corlett, 1992). Under 

conditions of less water potential, to maintain cell turgor, osmotic adjustment strategy is used. 

This helps plants in water uptake and to maintain growth and metabolic activities (Martiınez 

et al., 2004).  

2.9 Waterlogging and salinization   

Crops in waterlogged soils cause oxygen depletion which then further reduce the respiration 

process of roots and affects other important processes such as phytotoxic compounds’ 

production. Redox potential of soil is changed in saturated conditions and this phenomenon 

favors certain ions production which is harmful. Saturation of soil also causes nitrogen loss. 

Collectively these factors cause hindrance to growth and yield of crops. Waterlogging is 

occurred when water drainage through gravity is slower than water entrance in the soil Glacier 

melting due to global warming will be causing frequent floods which then further will damage 

lowland areas that are highly productive and largely populated (Prudhomme and Svensson., 

2002).  

Another cause of waterlogging is intensive irrigation of improper leveled farmlands on large 

scale and as a result of this underground water tables can rise in patches. For example, in Indus 

valley (Sindh, Pakistan) water table was 4 m by 1984, in most areas it was around 1.6 m. More 

threatening fact is that this water is loaded with salts. This is because of topography of the area 
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as land is flat and lateral drainage is very slow. Conversion of meadows to arable farmland 

and urbanization has also affected water drainage (Van Der Ploeg et al., 2002).  

Impact and magnitude of excessive water stress is influenced by various factors. These include 

type of soil, length of day, temperature, stress duration, type of plant and growth stage. 

Waterlogging cause oxygen depletion in the root zone because diffusion rate of oxygen. As a 

result, changes occurs like energy production, plant respiration reduction, microbe’s activity, 

availability of nutrients and gathering of numerous compounds in soil and near root zones 

which can become poisonous. Furthermore, raised water level damages the soil pores and 

creates hindrance in diffusion of gases. Mostly in such cases water evaporates and salts remind 

of soil surface and it is considered as a major cause of salinization (Homaee et al., 2002; 

Alaoui-Sosse et al., 1998).  

2.10 Reclamation of saline soils  

For the reclamation of salt effected soils accessible Ca+ source is applied to the site for the 

removal of excessive sodium. Then to accelerate the process of leach down of sodium, water 

is supplied excessively and well developed drainage system is required for this process (Abrol 

et al., 1990; Oster et al., 1999). Calcium source is present in salt affected soils in calcite form 

(CaCO3) at different depths. This may be formed by precipitation or it can be a part of parent 

materiel of that soil (Gupta and Abrol, 1990).  For effective reclamation sufficient calcium 

cannot be provided by calcite because of its low solubility nature. Another calcium mineral is 

dolomite as compared to calcite, it is even less soluble. That is why to reclaim a sodic soil 

calcium source chemicals have to be applied (Oster et al., 1999). Gypsum is such chemical 

which after dissolution provides calcium while other is sulfuric acid (H2SO4) which increases 

calcite solubility to discharge enough calcium. However, there are some factors which limits 

the use of chemical approach to be used for reclamation of problematic soils such as (i) low 

quality chemicals with impurities; (ii) limited supply and (iii) high cost which a poor farmer 

cannot afford (Qadir et al., 2007).  

 2.11 Agroforestry as an alternative  

There are various ways to reclaim saline soil like engineering, chemical and biological 

approaches. Engineering and chemical approaches are costly and required recurring budget 

but biological approach is cheaper and also provides socio-economic benefits to the farmers 
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and adjoining communities. In biological approach, salt tolerant tree species are used to 

reclaim the problematic soil (Ghaly et al., 2002).  

Chemical and hydrological approaches are effective in order to improve soil conditions, yet 

these methods are expensive as compared to saline agriculture (DMC, 2002). Reclamation of 

saline soils by using agro-forestry tee species, shrubs and grasses will not only lower pressure 

on productive land by accomplishing food requirement of exploding human population but 

will also help in the stabilization of fragile environment (Venkatesh et al., 2006).   

The development and maintenance of sustainable agroforestry system by using perennial 

vegetation including grasses, shrubs, crops and trees on highly salt-affected lands is an easy 

and cheaper strategy with more socio-economic benefits (Qureshi et al., 2008).  

Keeping in view the growing demand for food, fodder, timber and fuel food agroforestry is the 

best option for salt affected soils. Additional degradation of salt affected lands can be stopped 

by establishing permanent vegetative cover. In order to neutralize continuously widening mis-

match amongst wood resources supply and demand, it is imperative to establish tree plantation 

on degraded lands (Swaminathan, 1980).  

For successful establish most of trees in degraded lands, selection and screening of species are 

required which have to be salt tolerant (Ramezani et al., 2010). Trees release organic acids and 

proteins to soils which may help in nutrients cycling and decomposition process and also help 

to improve nitrogen balance if these are nitrogen fixers, through litter fall provide nutrients, 

can sequester carbon and also help in improving the microclimate. All these factors 

collectively reduce erosion, help to improve soil aeration and also improve infiltration of water 

(Qureshi et al., 2008).  

Shrubs and trees plantation increase surface water interception and increase ground water 

recharge which then help in the reduction of salinity (Thorburn and George, 1999). Trees 

planted on irrigated lands for the purpose of windbreaks lower the temperature of soil and thus 

high soil humidity is maintained which reduce evaporation and in addition reduce salinity 

(Dechasa, 2010). Crop production and soil health can be improved by planting tree species 

which are salt tolerant (Qureshi et al., 1993). Though, researches have proved that respond of 

each tree species is different towards salinity. A. nilotica and A. tortilis are best examples, 

which helped in improving fertility of diverse soil types as compared to bare land areas which 

were adjacent to it (Abebe et al., 2006). However, on extremely affected salt lands 
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conventional agriculture is not economically suitable due to low crop production. Moreover, 

for most farmers it is not possible to physically remediate salts as this process is costly (Qadir 

et al., 2002; Ghaly, 2002; Qadir and Oster, 2004).  

Many scientists believed that on soils which are affected by salts agroforestry and forestry 

systems can be an alternative option. The reason behind this is that some trees are less 

vulnerable toward salinity and by cultivation they can help in order to recover them (Singh et 

al., 1994; Thorburn and George, 1999; Bell, 1999; Barrett-Lennard, 2002; Lambert and 

Turner, 2000; Ghaly, 2002). Some species which are tolerant to sodicity, salinity or both are 

(P. juliflora, E. tereticornis, E. camaldulensis and A. nilotica) (US National Research Council, 

1990; Marcar and Crawford, 2004). Few trees, by developing adventitious roots and root air 

channels have also adopted water-logging conditions such as E. camaldulensis, and Casuarina 

obesa (Barrett-Lennard, 2002, 2003).  

Though numerous researches have been done on agroforestry systems globally and in South 

Asia as well (Bell, 1999; Kaur et al., 2002; Marcar and Crawford, 2004; Zhang et al., 2004; 

Marcar and Crawford, 2004; Abebe et al., 2006; Masters et al., 2007). But yet a few have 

considered to evaluate the economic performance of them (James et al., 2002; Qureshi et al., 

1993; Singh et al., 1994, 1997; Dechasa, 2010; Stille et al., 2011). Focus of these studies was 

salt affected soils and researchers found agroforestry as a viable alternative land use system.  

2.12 Phytoremediation of saline soils  

Besides chemical approach saline and saline sodic soils can also be reclaimed by another 

process known as phytoremediation as it involves plants (Robbins, 1986; Qadir et al., 2002; 

Zehra and Khan, 2007). During the process of phytoremediation, salinization level in solution 

of soil plays a role to retain soil in appropriate aggregation and structure. This enhances 

reclamation process and helps water movement within soil profile (Oster et al., 1999). For 

phytoremediation, different plants have showed different response. Species which can tolerate 

high sodicity and salinity levels and produce high biomass are preferred for this approach 

(Qureshi et al., 1993; Qadir et al., 2002; Kaur et al., 2002; Helalia et al., 1990; Wang et al., 

2011). Boyko (1966) was the first to recommend that halophytic plants could be used to finish 

the saline condition in soil and water.   

In this method farmer has no need to buy costly chemicals instead he can get benefits form 

phytoremediation approach from perennial vegetation’s. If soil affected at moderate levels and 
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good quality water is available, phytoremediation can be as effective as gypsum application. 

Furthermore, as compared to phytoremediation, chemical approach is beneficial only to the 

zones where chemicals were applied (Robbins, 1986; Ilyas et al., 1993; Qadir et al., 1996; 

Ghaly et al., 2002). After reclamation, salts leached down more deeply within soil (Oster and 

Frenkel, 1980; Helalia et al., 1990; Suarez, 2001). While depending upon root depth, root 

structure and type of plant phytoremediation is operative through root zones (Ilyas et al., 1993; 

Akhter, 2004; Muscolo et al., 2003).  Roots of plant halophytic having characterizes given 

better results than other plants (Robbins, 1986a; Ilyas et al., 1993; Teakle et al., 2013).  

In sodic soils nutritional problems are present this is because of high concentration of salts and 

many nutrients are in deficiency (Naidu and Rengasamy, 1993; Junbo et al., 2017). It was 

noticed that with phytoremediation copper, zinc and phosphorus levels were increased. It may 

be because of calcite dissolution and roots exudation. On the other hand the lands with gypsum 

application and have no plants, a decrease in such nutrients was noted (Qadir et al., 1997).  

In rhizosphere, phytoremediation helps in enhancing the solubility rate of calcites through 

numerous processes and thus increase calcium level in that particular soil solution. Below 

process are considered to be accountable for phytoremediation. Roots are a major part of plant 

which has many significantly roles to play. These are important for macro pore formations and 

maintenance of soil structure (Oades, 1993; Pillai and Newton, 2003). By creating bio pores 

and structural cracks, soil porosity is increased (Czarnes et al., 2000).  High amounts of sodium 

and other different salts can be accumulated by hyper accumulators in different plant parts 

such as shoots. By harvesting plants, salts can be removed from affected soils which were 

consumed by plants. Salts accumulated in atriplex species ranged from 130 to 270g Kg-1 of 

net weight (Hyder, 1981). Concentration of salt was found ranged 390g Kg-1 when this plant 

was grown (Malcolm et al., 1988). It is a high amount but not enough and species alone cannot 

play its part to reclaim affected soils by itself alone. Furthermore, during leaf shedding, salt 

consumed by species again moved into soils. Considering the fact that water is salty too, such 

type of removal is not very helpful. It was noted that only 2-20% of net Na+ was taken by 

plants in the growing areas (Curtis, and Lauchli, 1986; Gritsenko and Gritsenko, 1999; Yue, 

2012). It was observed in alfalfa crop that only 1-2% Na+ was eradicated by shoot harvesting 

(Qadir et al., 2003). Therefore, instead of cutting the plant parts, leaching of salts from 

rhizosphere is main contribution of phytoremediation. Tree plantation has been suggested as 
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most suitable choice for handling dry land salinity problem (Farrington and Salama, 1996; 

Fagg,. and Mugedo. 2005). For treatment of salt affected soils numerous plant species 

including trees, crops, shrubs and grasses have been used for the purpose of phytoremediation. 

A few successful stories include sordan grass (Robbins, 1986b), alfalfa (Ilyas et al., 1993), 

bermuda grass (Malik et al., 1986; Oster et al., 1999) and sesbania (Qadir et al., 2002). Certain 

shrub species belonging to genera P. oleracea L. (Grieve and Suarez, 1997), K. scoparia L. 

(Garduno, 1993), and G. glabra L. (Qadir et al., 2002) are also good examples of 

phytoremediation. Various tree plantations have also been grown including L. leucocephala 

and S. sesban (L.) (Qureshi et al., 1993; Jain and Singh, 1998), P. juliflora (Qureshi et al., 

1993; Bhojvaid and Timmer, 1998), T. arjuna. (Jain and Singh, 1998), Druce, P. cineraria  

(L.) and P. aculeate L. (Qureshi and Barrett-Lennard, 1998), Maireana and Atriplex 

(BarrettLennard, 2002), Acaica. nilotica (L.), D. sissoo (Qureshi and Barrett-Lennard, 1998; 

Kaur et al., 2002) and Acacica. ampliceps (Qureshi et al., 1993).  

2.13 Salt Tolerance of Plants  

Salt tolerance is ability of a plant to grow under high saline environment and throughout its 

lifecycle. Regarding saline tolerance, high genetic diversity can be seen amongst plants 

(Greenway and Munns, 1980; Devilliers et al., 1994; Flowers et al., 2007; Kaveh et al., 2011; 

Orwa et al., 2009; Bhaskar and Bingru, 2014). A large number of plants found these days are 

glycophytes or salt sensitive. While there are plants which only grow in saline lands and are 

known as halophytes or salt tolerant plants. Such plants can tolerate salinity because of some 

avoidance, morphological or anatomical mechanisms (Bilski et al., 1988; Flowers et al., 2007). 

To survive in saline lands, plants possess certain biochemical and physiological mechanisms. 

In nature, various types of biochemical mechanisms are synergistic (Renault et al., 2001).  

Uptake of different ions is of significant importance under saline and non-saline conditions for 

better reproduction and growth (Adams et al., 1992). Due to stress of salt, ionic homeostasis 

interfered. Both halophytes and glycophytes cannot tolerate high salt concentration in 

cytoplasm. To continue metabolism either salts are compartmentalized in numerous organs 

and tissues or they are compelled to vacuoles (Binet, 1961; Zhu, 2003). According to tolerance, 

three species of Acacia nilotica were ranked by Marcar et al. (1991) in descending order  
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i.e. A. mangium, A. auriculiformis, A. ampliceps. Concentration of Na+ and Cl- in shoot was 

comparatively low and this was considered the reason of A. ampliceps tolerance. A salt 

induced enzyme, Na+/H+ anti porter, is responsible for removal of Na+ from cytoplasm and its 

loading in vacuole (Marcar et al.,1991; Apse et al., 1999). Compared to sodium, higher 

potassium level is kept by the plants in cytoplasm under salinity stress. By K+ and Na+ 

transporters’ regulation for which H+ pumps necessary driving power, this is being done (Zhu 

et al., 1993; Zhu, 2003). It is imagined that in specialized cells, At NHX1 might play its part 

in K+ homeostasis and pH regulation. By managing high K+/Na+ selectivity, salinity toxicity 

is reduced by Ca+ application (Liu and Zhu, 1997). Two additional tolerance methods are 

exclusion and salt secretion. Salt glands, specialized structures, made possible salts secretion. 

These glands assist in keeping low salt concentrations (particularly NaCl) inside cell. To 

normalize leaves’ concentration, at root level, exclusion of salts happens (Levitt, 1980).  

Compounds which are manufactured inside cytoplasm in order to keep balance in cell vacuoles 

for concentrations of high ions are compatible solutes. These possess low molecular weight 

(Hasegawa et al., 2000). These compounds don’t play any part in metabolic process and that 

is why they are called as compatible (Zhifang and Loescher, 2003). Functions of these 

compounds include ROS scavenging, osmotic balance and protecting cellular structure 

(Hasegawa et al., 2000). Diversion of metabolism into some exceptional reaction of 

biochemical, under conditions of stress is the reason of these osmolytes production. Such 

compatible solutes are polyols noted by (Bohnert et al., 1995), sugars noticed by (Kerepesi 

and Galiba, 2000), glycine betaine (Wang and Nil, 2000; Hasegawa et al., 2000; 

Hasanuzzaman et al., 2014) and proline (Singh et al., 2000). ROS like single oxygen and 

hydrogen peroxide is abundantly produced as a result of salinity. ROS production happens 

mostly in apoplastic space, mitochondria, chloroplasts and cytosol (Bowler and Fluhr, 2000; 

Mittler, 2002). ROS over production is considered to be linked with membranes’ deformation 

because of salinity (Shalata et al., 2001). ROS over production also causes photo toxic 

reactions such as unexpected changes in DNA, proteins’ denaturation and lipid per oxidation 

(Pitzschke et al., 2006; Patel and Saraf, 2013.) . These are considered harmful yet some 

positive effects such as transduction is associated with ROS (Torres and Dangl, 2005). PS II’s 

D1 protein is affected by high levels of ROS and thus it causes photo inhabitation. 

Accumulation of hydrogen peroxide is Conversion of CO2 into polyols is done which plays 
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numerous roles such as hunting the species of reactive oxygen, molecular chaperones, and 

compatible solutes (Bohnert et al., 1995). In response to stresses various sugar types such as 

starch, sucrose, fructose and glucose are accumulated (Parida et al., 2002; Biswas,   2014). 

Significant functions performed by them are ROS detoxification, carbon storage, osmotic 

adjustment and osmo-protection (Singh et al., 2000). In various species, hyper production of 

sugar has been seen which was induced by salinity (Khatkar and Kuhad, 2000). In response to 

salinity stresses, in plants many nitrogenous compounds are collected which were involved in 

tolerating the stress (Mansour, 2000). Such as under salinity stress in various species, glycine 

betaine levels were increased (Morris, and  Jenken. 1990; Khan et al., 1998; Parida et al., 2002; 

Sairam, and Srivastava, 2002). Similarly, as protective and nontoxic osmolyte, proline 

accumulation was seen (Jain et al., 2001; Sairam et al., 2002). also raised because of NADPH 

activity and enhanced Photorespiration during salt stress.  

Under any stress type, many toxic radicals are produced, and the compounds which detoxify 

them are known ad antioxidants. Under stress conditions their activities enhanced vigorously.  

Amongst plants’ salt tolerance and these compounds, there is very solid relationship (Mittova 

et al., 2003). Compounds can be enzymes or not. Vitamin C (ascorbic acid), vitamin A 

(carotene) and vitamin E (tocopherol) are examples of non-enzymes while per oxidases 

(POD), catalase (CAT) and superoxide dismutase (SOD) are the examples for enzyme. 

Diversity of peroxidase and catalase catalyze H2O2 break down whereas Superoxide dismutase 

changes super oxide to H2O2 (Chang et al., 1984). During photosynthesis, inside chloroplasts 

these sensitive species are shaped due to high levels of oxygen (Asada and Takahashi, 1987). 

Under stressed situations, enhanced actions of SOD were noted including its part for tolerating 

the salinity (Chang et al., 1984; Misra, and Dwivedi. 2004 Khan and Panda, 2008; Hu et al., 

2011; Mittal et al., 2012; Morais et al., 2012). Compared to salt sensitive wheat variety, 

tolerant cultivar showed high activities of SOD (Chen et al., 2011). Owing to its antioxidants 

actions, (predominantly of catalase CAT), Ulex europaeus was less adoptive to saline 

situations (Morais et al., 2012). In answer to salinity, enzyme’s activities were found to be 

enhanced in other research studies such as J. curcas L. by Patel and Saraf (2013), in G. 

oblanceolata by Sekmen et al. (2012) and in B. juncea by Mittal et al. (2012). In B. papyrifera 

stems, POD activity was observed by Zhang et al. (2013) which under salinity stress enhanced 

prominently while it decreased in roots and leaves. Plant hormones such as jasmonates, 
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cytokinins and abscisic acid also increased as a result of salinity stress (Aldesuquy, 1998; 

Thomas et al., 1992). In rice crop, for tolerance of salinity, abscisic acid (ABA) induced genes 

were involved (Gupta et al., 1998; Siddique et al., 1999; Yang et al., 2005).  

Under salinity stress, abscisic acid’s positive effects upon assimilates’ translocation, growth 

and photosynthesis are acknowledged (Popova et al., 1995). Uptake of Ca2
+ increases under 

salt stress as a result of ABA’s high level and thus membranes’ integrity was increased and 

ion flux regulation was enabled by plants (Chen et al., 2001). By reduction Cl- uptake which 

occurs in leaves, leave shedding and ethylene production reduction occurred under salinity 

stress because of ABA (Chijoke, E. 1980; Gomez Cadenas et al., 2002; Poustini and 

Siosemardeh, 2004) In salinity tolerance, jasmonates are also significant. As compared to salt 

sensitive varieties of tomato, salt tolerant possess more jasmonate levels (Hilda et al., 2003; 

Chaudhary, and Mukhopadhyay. 2012).  

2.14 Economic impact of salinity   

Economic costs are executing by salinity through reduction in yield of field crops and it also 

makes difficult to produce crops on abandoned lands. Indirectly it costs when less economic 

crops are sown instead of economically proficient crops. The globally US$ 27.3 billion related 

to lost crop production (World Atlas of Desertification, 2018). Same problem is being faced 

by Pakistani farmers where salinity is amongst major environmental problems, it is due to 

long-term mishandling of irrigations practices and soil erosion which is a result of human 

activities. Near about one fourth of total land effected by various levels of salinity and around 

1.4 M ha agriculture land is now abandoned because of this problem (World Bank, 2006).  

In Pakistan, per year crop loss cost caused by salinity is being estimated between 340 million 

to 1.2 billion American dollar (i.e. 15 and 55 billion Pakistani rupee). Besides this amount 340 

million American dollars (Rs15 billion) is assessed to be lost annually from those lands which 

are unproductive and left barren because of salinity. Average annual cost of reduced yield was 

790 million dollars (Rs35 billion) in 2004, was equal to 0.6% GDP of the country (World 

Bank, 2006).  

A problem of salinity can cause an increase discrepancy amongst urban and rural poor, keeping 

in view the falling of rural poverty level. Reduction of salinity will help in reducing the poverty 

from rural areas and similarly vice versa in other scenario if salinity problem continuous to 



  23  

spread (ADB, 2002). This can be magnified by high rural poverty rats. For example, region of 

southern Punjab (which is centered around Bahawalpur, Dera Ghazi Khan and Multan 

divisions) which have highest per capita cultivated area of Pakistan and 100% irrigation also, 

is yet amongst poorest regions in the country and in 1999 it was having 40% rural poverty rate 

(ADB, 2002).  
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CHAPTER 3    

MATERIALS AND METHODS  

3.1. Study 1: Socio-economic survey from saline areas in selected Tehsils.  

3.1.1. Surveying and interviewing the respondents  

A survey was conducted in which farmers were interviewed by personal search at their homes 

or farms. The interview was constructed in English but the questions were asked administered 

in Urdu and Punjabi languages, for convenience of interviews to get required information with 

maximum accuracy. Survey was carried out in three Tehsils of different Districts i.e. 

Faisalabad, (Satiana), Nankana Sahib, Tehsil (Sangla Hill), and Toba Tek Singh, Tehsil 

(Gojra) to collect the basic information by using a questionnaire with the help of Agriculture 

Extension Officers. From every selected village 5 to 10 farmers having agroforestry farms 

were met and interviewed. About 138 farmers were interviewed randomly from each Tehsil 

and the collected data was analyzed by using statistical software SPSS.  

3.1.2. Description of Study Sites  

3.1.3. Tehsil Satiana    

Satiana is a small town in District Faisalabad. It is 27 km from Faisalabad city and 25 km from 

Jaranwala. Major crops and fruits of Satiana are sugarcane, rice, wheat maize, citrus, guava, 

fodder and vegetables are also grown to fulfill the demands of local people. It has an area of 

5856 km2 and lies at 31°25'7.37"N latitude and at 73° 4'44.79"E longitude. The area located 

at a height of 184 m above sea level. The weather from May to July is the hottest one. The 

winters starts from November and lasts till February with lowest temperature in January. 

Overall, the normal temperature in Faisalabad is 24.2 °C and the normal precipitation is 346 

mm (Fig. 1). About 3-4 decades ago salinity and waterlogging problems were reported in major 

agricultural regions of Faisalabad division. Due to this severe problem farmer are facing 

socioeconomic problems. For conducting the interview from salt affected areas we visited 

villages of Tehsil Satiana.  
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 Fig.3.1. Climate of Tehsil Faisalabad (https://en.climate-data.org/location/2195/)  

3.1.4. Tehsil Sangla Hill   

Sangla Hill is a Tehsil of District Nankana Sahib in the Punjab province of Pakistan. District  

is named after the first Guru of the Sikhs, Guru Nanak who was born in this city. This city has 

great religious and historic importance and a common visit site for Sikhs from all over the 

world. Nankana Sahib has three tehsils: Shah Kot, Nankana Sahib and Sangla Hill. It has an 

area of 2,960 km². It is located about 91 kilometers west of Lahore (capital of Punjab) and 

about 75 kilometers east of Faisalabad. The area located at a height of 187 m (614 ft) above 

sea level. The majority of people are living in the villages and depending on the agriculture 

sector, sugarcane, wheat and rice are the main crops grown in the Tehsil. Nankana Shaib have 

12,635 Acres area under forests, which is about 0.2% of the whole area of the Tehsil. Sangla 

Hill have total area 70140 acres in which total cultivated area is 57201 acres and uncultivated 

area is 1239 acres. There is also linear plantation of 330 Km along with the roads and canals 

in the Tehsil. People normaly plant safaida, kikar and shisham for the production of timber 

and firewood. A diversity of main industrial units is also working in Tehsil Nankana Sahib 

including agriculture, chemicals, poultry feed, soap & detergents, sugar, cotton/woolen textile, 

etc. Pulp and paper industry is also focused in Nankana Sahib.   

https://en.climate-/
https://en.climate-/
https://en.climate-/
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                                                  Fig. 3.2 Climate of Tehsil Nankana Shaib  

 (https://en.climatedata.org/location/2195/)  

3.1.5. Gojra   

Gojra is a small Tehsil of District Toba Tek Singh. T.T. Singh is named after a Sikh spiritual 

figure Tek Singh. Toba Tek Singh was urbanized by the British near the end of the 19th 

Century. Canal system of Toba Take Singh was established by the British.  All over the Punjab 

people moved towards T.T. Singh as their farmlands were allotted by the British govererment 

and also have good irrigation system. In 1982 Toba tek Singh was separated from District 

Faisalabad and declared a separate District. The total area of T.T Singh is 3252 km2 and Gojra 

tehsil is located in central Punjab. Fertile agriculture land of the rural areas of Gojra were 

affected by salinity and waterlogging in patches during 1980’s. Majority of people are living 

in the villages and depending on the agriculture sector. Toba Tek Singh is producing export 

quality oranges with local name as kinnow. It also contribution in Pakistan GDP as producing 

agriculture crops like sugarcane, wheat, cotton, maize,  pulses, tobacco, onion, peaches, guava, 

tomato and mangoes. The area affected by salinity and waterlogging are still facing the 

problem of very low crop productivity. Gojra was also part of SCARP programme for the 

reclamation of problem lands.  

https://en.climate-data.org/location/2195/
https://en.climate-data.org/location/2195/
https://en.climate-data.org/location/2195/
https://en.climate-data.org/location/2195/
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Fig.3.3. Climate of Tehsil Toba Tek Singh (https://en.climate-data.org/location/2195/)  

  

  

 
Fig.3.4. Study area map showing the distribution of three selected Tehsils of the Punjab.  

    

  

 

https://en.climate-data.org/location/2195/
https://en.climate-data.org/location/2195/
https://en.climate-data.org/location/2195/
https://en.climate-data.org/location/2195/
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 Interview was conducted for the following parameters: 

i. Age of respondents  

ii. Education  

iii. Income source  

iv. Income from trees  

v. Size of land holding  

vi. Nature of problematic soil (Saline, waterlogged)   

vii. Government soil reclamation projects  

viii. Tree services and improvement of soil  

ix. Trend of tree planting on farmland  during last five years (2013-2018) 

3.2.2: Analysis  

 The collected data were analyzed by using statistical software SPSS. Frequency, percentage, 

average and standard deviation were used to explain the data.  

  

  

Fig.3.5. Interviewing the respondents in person. 
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3.3.1. Study 2: Role of Agro- forestry practices in the reclamation of saline soil.  

3.3.2. Collection of Soil Samples  

Soil samples were collected from selected sites Faisalabad (Satiana), Nankana sahib (Sangla 

Hill), and Toba Tek Singh (Gojra). Soil sampling was done with the help of auger from the 

site where farmers were already practicing agroforestry for the reclamation of saline soil. 

Samples were collected from under and away the canopies of the selected tree species in the 

saline fields. Samples were taken from 2 depths i.e. 0-15, 15-30 cm. Soil samples were 

collected under tree canopy and away to the tree canopies (Eucalyptus camaldulensis, 

Vachellia nilotica, Syzygium cumini) from four directions i.e. east, west, north and south 

around the tree and were mixed to attain a composite sample for each depth during the study. 

Soil samples were collected twice from each Tehsil i.e. spring 2017 and spring 2019 for 

analyzing the effect of tree litter on soil physico-chemical prosperities. A total of 180 samples, 

90 from each depth were collected from the said sites. Samples were put in polythene bags and 

analyzed at Saline Agriculture Laboratory, University of Agriculture, Faisalabad and Institute 

of Soil Chemistry and Environmental Sciences Faisalabad, Ayyub Agriculture Research 

Institution Faisalabad.  

Fallowing soil physicochemical properties has been studied;  

i Soil pH.             

ii Soil EC  

iii Soil texture  

iv Organic matter percentage  

v Saturation percentage  

vi Bulk density  

vii Water holding capacity  
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Fig. 3.6. Soil sampling (Sangla Hill) 

  

Fig. 3.7. Soil sampling (Satiana) 

Soil analysis methods adopted  

3.3.3. pH of saturated soil paste (pH)  

Around 250 g soil was saturated with distilled water and left saturated paste for overnight.  

Then soil pH was measured with pH meter (Jenco Model 671P pH meter).     

3.3.4. Electrical conductivity of soil saturated paste extracts (EC)  

For obtaining the extract from saturated soil paste suction pump was used. Electrical 

conductivity was determined by Conductivity meter (Jenway Model-4070). Sodium 

hexametaphosphate (0.1% solution) was added @ 1 drop per 25 ml of the extract to avoid any 

salts particles precipitation during storage of extract into jar. The EC meter was standardized 

with 0.01 N KCl solution (Richards, 1954). 
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3.3.5. Soil organic matter percentage %  

Walky-Black method was used for this purpose; 1-gram soil sample was taken and swirled in 

10 ml of 1.0 N K2Cr2O7 solution. Then 20 ml of conc. H2SO4 was mixed in the soil sample 

and left for half an hour for thorough mixing. Then 200 ml distilled water was added in the 

solution for dilution of sample and it was titrated against FeSO4.7H2O till the end point was 

achieved having dull green color in the presence of 0.5 g Na fusing 30 drops diphenylamine 

as mark.   

3.3.6. Bulk density  

It was calculating by core method. In this method a core sampler with double ring set of known 

volume was allowed to penetrate into soil. The sampler filled with the soil. Sampler was 

carefully removed, preserved it and retained in that way that its natural structure was not 

disturbed.  

The end of sampler was trimmed with a strong edge knife, so the extra soil on sampler end 

was removed and shifted to weighing balance. Then oven dried at 105 0C until reached to 

constant weight. Then bulk density was determined with the formula:  

ρb (Mg m-3) = [Oven dry mass of soil (g)]/ [Bulk volume of the soil sample (cm3)]  

3.3.7. Saturation percentage (%)  

After taking saturated soil paste it was oven dried at 105 0C until reached constant weight.  

The saturated percentage % was calculated by the given formula:     

Calculations    

                              Loss in mass on drying  

SP (%) =        ________________________________ × 100  

            Mass of oven dry soil  

3.3.8. Soil Texture  

Determination of soil texture by hydrometer method:  

Take 40g soil in 600 ml beaker added 60 ml dispersing solution (Sodium hexametaphosphate 

and 10 g sodium carbonate Na2CO3 in distilled water Cover the beaker with watch glass for 

overnight. Next day transferred the contents of soil into soil stirring cap and added water about 

three quarter to fill it. Stir it for 3 minutes with high speed. After stirring transferred the 

solution into 1-L calibrated cylinder (hydrometer jar) and bring to volume with water.  

The formulas which are involved in soil texture determination by hydrometer:  

Silt + clay (%w/w) = (Rsc – Rb) *(100 / oven – dry soil g)  
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Clay (%w/w) = (Rc- Rb) *(100 / oven -  dry soil g)    

Silt (%w/w) = [ silt + clay (%w/w)]- [clay(%w/w)]  

Sand (%w/w) = [sand weight (g)] * [100/ oven – dry soil]  

  

3.3.9. Water holding capacity (%)  

For water holding capacity we used air dried compost samples. Attached and clamp tubing to 

bottom of funnel at the ring stand. Placed filter paper in funnel. Fill funnel with 100 ml sample 

and added water into it until and then recorded the amount of added water. Gently stirred it 

and let sit until sample was fully saturated. Released clamp and collected the drained water in 

cylinder and also recorded that amount. Then calculated how much water retained in sample 

and determined the water holding capacity. Following formula was used Water retained = 

water added-water drained.  

Water holding capacity (WHC)=water retained / 100 ml of sample*10  

3.4.1. Study: 3 Effect of different salinity levels on seed germination and survival of 

selected   agroforestry tree species.  

3.4.2. Growth conditions:  

This experiment was conducted in wire house of the Department of Forestry and Range 

Management, University of Agriculture, Faisalabad. The planting material (seeds of 

Eucalyptus camaldulensis, Vachellia nilotica, Syzygium cumini) was collected from the 

nursery of Department Forestry and Range Management, University of Agriculture, 

Faisalabad. Ten seeds were used for per species per pots (Pot size was 6-inch diameter and 12-

inch height) under one treatment there were five treatments including control with five 

replications. Due to hard seed coat Vachellia nilotica seed were treated with hot water before 

sowing for breaking the dormancy. The required saline levels were developed in respective 

treatment pots by adding calculated amount of NaCl. In control there was no addition of NaCl. 

The design of experiment was CRD factorial with five replicates, different salinity levels 

control non saline soil 5 dS/m, 10 dS/m, 15 dS/m and 20 dS/m were developed step wise with 

NaCl. The Ec of the experiment was monitored daily and maintained throughout the 

experiment duration by the addition of NaCl.   
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3.5.1. Study 4: Effect of salt affected soil on seedling growth of selected agroforestry tree 

species.  

3.5.2. Plant source  

The plants raised in polythene bags of selected tree species (E. camaldulensis, V. nilotica, S. 

cumini) of almost same age and size were collected from nursery of the Department Forestry 

and Range Management, University of Agriculture, Faisalabad.  

3.5.3. Growth conditions:  

A pot culture study was conducted to investigate the effect of different level of salinity on the 

seedling growth of selected agroforestry tree species (E. camaldulensis, V. nilotica, S. cumini). 

Soil was collected from experimental area and analyzed for physiochemical properties. Soil 

was passed through 2 mm sieve and filled in pots. The required salinity levels control, 10 dS/m, 

20 dS/m, 30 dS/m and 40 dS/m were developed in the respective treatment pots by adding 

calculated amount of NaCl. In control there was no addition of NaCl. The design of experiment 

was two factor factorial in Completely Randomized design (CRD).   

3.6.1. Data Collection:   

Following parameter were studied during the course of experiments.  

3.6.2. Morphological Parameters   

There are many factors of which limit crop production but among there abiotic stresses are 

more significant. Salinity is one those abiotic stresses which have adverse effects on plant 

growth. The salinity of water and soil decreases the growth and yield of agricultural products.  

Salinity affects many physiological and morphological processes of plant.  

3.6.3. Germination percentage (%)  

Germination of three species (Eucalyptus camaldulensis, Vachellia nilotica, Syzygium cumini) 

was recorded on daily basis right from beginning to the time when no further seed germination 

was possible.   

3.6.4. Survival percentage (%)  

Survival percentage of three species (E. camaldulensis, V. nilotica, S. cumini) was recorded at 

the end of experiment.     

3.6.5. Plant length (cm)                               

Five plants were selected randomly from each treatment at the time of harvesting of plants to 

measure the total length (shoot and root) of the plants with the help of measuring tape and 
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average was calculated for different replications of each treatment and then for all treatments 

to express the mean length of plant.  

3.6.6 Root length (cm)                                          

Root length of each plant was calculated with the help of measuring tape from the base to end 

of root of the plant at the time of harvesting and average was determined to express the mean 

root length per replication.   

3.6.7. Shoot dry weight (g)                     

For recording the dry weight material was put into the paper bags oven dried at 750C till 

constant weight and then weighed with the help of digital weighing balance.  

 3.6.8. Dry weight of roots (g)    

For recording the dry weight; material was put into the paper bags oven dried at 850C till 

constant weight and then weighted with the help of digital weighting balance  

  3.6.9. Shoot fresh weight (g)                                      

 On the compilation of experiment plants were taken out of pots and fresh weight of shoots 

was taken immediately with the help of electrical balance.  

3.6.10. Root/Shoot ratio                                                    

 Five plants were randomly selected from each treatment at the time of harvesting to measure 

the root/shoot ratio by dividing the root with shoot of the plants and average was calculated to 

express the mean length of plants.   

3.6.11. Root fresh weight (g)  

 Plants were taken out of pots and separated from media and fresh weight of roots was taken 

immediately with the help of digital balance.  

3.6.12. Leaf area (mm2)  

Any increase and decrease in leaves area is due to any plant stress can affect the overall leaf 

size. Leaf area was measured by using leaf area meter (YAXIN-1241/CI-20-CID).  

 3.6.13 Number of branches  

Number of branches assessed just before harvesting the plants. Data was recorded, analysis 

and interpreted accordingly.  
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3.6.14. Stem diameter (cm)  

  As stem was so thick at termination of experiment so it was not possible to measured stem 

diameter with measuring tape so plant diameter was measured with the help of digital caliper.  

3.7.1. Physiological parameters  

 Physiology is very important, this defines how well tree can handle stresses like drought, 

salinity, heat, etc. Before harvesting, parameters regarding gas exchange i.e. transpiration rate, 

photosynthetic water use efficiency, intrinsic CO2 concentration, stomatal conductance and 

photosynthetic rate and was measured with different tools.  

3.7.2. Photosynthetic rate  

Photosynthetic rate is total rate of photosynthetic carbon dioxide fixation excluding the rate 

loss of carbon dioxide during respiration. As carbon dioxide is found in the atmosphere at very 

low concentration about 0.4 % any increase in its concentration causes a rapid rise in 

photosynthetic rate. This was measured by using IRGA, LCA-4, Analytical Development 

Company, hoddesdon, England (Bashir et al., 2018).  

3.7.3. Transpiration rate  

Transpiration rate was measured by using IRGA, LCA-4, Analytical Development Company, 

hoddesdon, England. (Bashir et al., 2018; Zahra et al., 2018.).  

3.7.4. Stomatal conductance  

Stomatal conductance, estimates the rate of gas exchange (i.e carbon dioxide uptake) and 

transpiration through the leaf stomata as determined by degree of stomatal aperture. This was 

measured by using IRGA, LCA-4, Analytical Development Company, hoddesdon, England.  

(Bashir et al., 2018).  

3.7.5. Intrinsic CO2 Concentration  

 Increase in Co2 concentration is directly linked with increasing plant photosynthesis, but this 

increase depends on species and other physiological conditions of the plant. Such change not 

only effect photosynthesis rate but other mechanisms as well. This was measured by using 

IRGA, LCA-4, Analytical Development Company, hoddesdon, England.   
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3.7.6. Photosynthetic water use efficiency  

Photosynthetic water use efficiency (also called instantaneous water use efficiency), is defined 

as the ratio of the rate of carbon fixation photosynthesis to the rate of transpiration.   

3.8.1. Ion concentration of Na+and K+.   

The dried and grounded shoot, leaf and root samples were absorbed with H2SO4 and H2O2 

following the method of Wolf (1982). After digestion volume was made 50 ml with distilled 

water and used for ionic analysis of Na+ and K+ which were determined by using the flame 

photometer. The data was statistically analyzed and interpreted.  
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CHAPTER 4                            

RESULTS AND DISCUSSION  

4.1: Agroforestry status in selected tehsils of Punjab  

Approaching to advance and new technologies is basic tool for uplifting the farmer’s 

socioeconomic conditions which ultimately play a key role in the growth and development of 

nations (Tarar, 1983; Abuzar, 2003; Ashraf et al., 2015). Due to demographic changes in rural 

areas (Cole and Donovan, 2008; Burton, 2014) it is important to understand the positive and 

negative effects of advance technologies. (Ali, 2009; Safdar, 2012; Fadare et al., 2014; Cook 

et al., 2005). This section encompasses the information about the current status of agroforestry 

along various characteristics of respondents like age, education, income source, land holding, 

tree services and soil improvement, type of problematic soil (saline or waterlogged), income 

from trees, tree products used at domestic level, tree products sold annually, trend of planting 

trees etc. at three selected sites.  

4.1.1: Age  

Age is one of the significant feature which effects acceptance of advance technologies and 

concepts (Amir, 2003; Talebi and Tajeddin, 2011). Age plays a vital role in defining the 

response of adaptor’s behavior (Khan et al., 2009). In this study, about 138 farmers from three 

selected sites were asked about their ages and distributed into three groups accordingly (Fig 

4.1.1). Data showed that respondents from age group from 19-30 years were very less as 

compared to age categories of 31-40 and above 41. The maximum respondents in (Sangla 

Hill), (Gojra) and (Satiana) were above to 41 years with a percentage of 40.75 %, 40.25 %, 

21.5 % respectively. Sangla Hill showed slightly different results as the respondents (42.8 %) 

were present in the category of 31-40 years followed by Gojra (41.2 %) and Satiana (25.5 %). 

The data showed that very small proportion of respondents were in the range of 19-30 years at 

all sites: the maximum respondents were present in Gojra (39.9 %) followed by Sangla Hill 

(38.4 %), whereas the minimum respondents were in Satiana (20.2 %). It is worth mentioning 

that the age of about 70% to 80% respondents were between 25 to 60 years.   

In 1998 census, the Punjab Government clarified that 11.86% people were reported as old age 

but this percentage was on higher side during 2015 i.e. 21 % (GOP, 2015) which depict 

changes in demography. Old farmers faced many difficulties in adoption and understanding 
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the new techniques, trend and farming technologies. Mostly older farmers avoid to use new 

farming techniques and trends and prefer old farming methods (Ali, 2009). In the same way, 

farmers of young age: 9.5 to 11.2% were very less in percentage and involved in farming field. 

Safdar, (2012) stated that agriculture field is not suitable for young farmers due to lack of 

facilities and motivation in village level so, young farmers preferring to move toward city for 

job searching.   

Waqas (2012) stated that 47.35% farmers were below 50 years and above 30 years, 

which is very near to our findings. which designate by Demiryurek et al, (2008) and indicated 

that in middle age farmer was involved in agriculture sector. However, the results are different 

to those reported by Fawole, (2006); Gockowski et al, (2006); Okwu et al. (2007); Ashraf, 

(2008); Ofuoku et al, (2008); Omobolanle, (2008); Mahmood et al. (2013) Attaullah (2014); 

who described that 55.5%, 65% and 58% respondents of their studies were middle aged.  

 

  

  

Figure 4.1.1: Distribution of respondents according to their age (years) at three selected 

sites of central Punjab  

4.1.2: Education  

Ahmad and Jan, (2002) stated that education is basic step to gain knowledge and information 

which enhances the human beings abilities and skills. Education play a key role in society by 

bringing a positive change in human behavior and it promotes positivity in society (Hassan et 
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al., 2003; Malik, 2005). It is also essential for balance life (Shani, 2000) and it happens through 

learning and accepting new technologies and techniques. Like other professions education is 

equally important for farming communities which will be helpful in decision making (FAO, 

2000; Ogunlade, 2007).   

Lynne et al. (2006) stated that in agriculture field, education and experience are very important 

socio-economic variables for adopting new techniques and technologies. Rutatora and 

Rutachokozibwa, (1995) highlighted that the role of agricultural education is very critical for 

new generations who are interested in agriculture and allied disciplines and willing to adopt to 

new agriculture farming techniques in a proper and skillful way. For Adoption and promotion 

of agroforestry especially in problematic areas technical education and training play a 

significant role. Educated farmers responded positively for trees planting along with 

agriculture crops as compared to uneducated (Abdullah, A. 2004; Irshad et al., 2011).  

Focusing on this reality, respondents were asked questions about their education at all three 

selected sites and divided into four classes according to number of years they attended 

educational institutes: illiterate, 1-5, 5-10, 10-12 and > 12 years as indicated in Fig 4.1.2. The 

data depicted that most of the farmers attended school for basic education. Satiana has the less 

respondents with illiterate (30.1 %) as compared to other two sites, Gojra (32.2 %) and Sangla 

Hill (34.8 %). Satiana has the maximum respondents with primary level (1-5) of education (30 

%) as compared to other two sites, respectively Gojra (28.4 %) and Sangla Hill (26.2 %). 

Mostly, respondents from all three sites were from middle (5-10 years of education) as 

compared to all other education levels. Gojra has a maximum percentage of (5-10) respondents 

with percentage of (20.2 %) and, followed by Satiana (20.1%) and Sangla Hill (19.9 %). The 

minimum number of respondents were found having educational level up to intermediate 

(above matric) and graduation among all sites. In (10-12) category, the maximum percentage 

of respondents were in Satiana (15.2 %) followed by Gojra (13.5 %) and Sangla Hill (10.2 %). 

In (> 12) category, the percentage of respondents were higher in Gojra (7.3 %) and Sangla Hill 

has slightly lower percentage of respondents with the (6.1 %) and Satiana (5.4 %) respectively.  

Chaudhry et al. (2008) found that about 18% respondents were above matric and on the other 

hand 20% never went to school. These results differed to Nouman et al. (2008) who described 

that in Faisalabad only 10.4% respondent’s education was above to intermediate and 48.8% 

were found illiterate.  
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Figure 4.1.2: Distribution of respondents according to their education at three selected 

sites of central Punjab  

 

4.1.3: Income source     

Earn money by choosing different occupations for getting income or money is known as ways 

or source of income. Agriculture is most common occupation for the farmers and rural 

communities (Onemolease, 2002; Lovenbalk et al., 2003). Farming and other source of income 

are helping to maintain and improve the living standards by adopting different new ideas 

(Adenitis and Ega, 2008).   

Based on the source of income the data was divided into three categories: agriculture, 

agriculture + job and Job. The results indicated that among all three sites most of the 

respondents were engaged in farming.  Satiana site had minimum respondents (20.2 %) doing 

Agriculture + job followed by Gojra (25.1 %) and Sangla Hill (35.3 %). Satiana site had higher 

number of respondents involved in agriculture in earning their livelihood whereas, Gojra and 

Sangla Hill has minimum number of respondents doing farming as compared to Satiana (Fig 

4.1.3). Regarding fist category, Satiana had maximum respondents (74 %), followed by Gojra 

has (70 %) and Sangla Hill (60 %) who were engaged in doing Agriculture.  

 According to Khan et al. (2009) major earning source in rural areas is farming and same 

results were reported by Abdullah (2004) in which allmost 66.7% respondents were involved 

in farming field for livelihood. It was reported that in rural areas of Pakistan agriculture act as 
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backbone and has central role in earning (Tariq et al., 2008); Khan et al., 2010); Perveen., 

1993) and Adil, 2008). 

  

Figure 4.1.3: Distribution of respondents according to their source of income at three 

selected sites of central Punjab  

4.1.4: Size of landholding  

Farm size or landholding means a piece of land used by the farmers for cultivation of crops. It 

is considered as one of the most important factor in terms of explaining the fiscal situation of 

a farmer (Javed, 2015).  As per finding of Ahmad (2003) landholding is a piece of land 

cultivated by an individual farmer and/or his family. As the greater part of agriculturists do not 

feel good to share their yearly salary, farm size which can be utilized as a kind of perspective 

to get to the financial state of the ranchers (Ali, 2009). Landholding size has a vital impact on 

the social prestige of a farmer and increases the chances to adopt and gain information about 

modern farming techniques (Wesseling et al., 1997; Chaudhry, 2006). Therefore, the 

information regarding landholding size among three sites was collected and has been presented 

in (Fig 4.1.4).  

Farmers were much familiar about their land’s importance in terms of growing crops or 

planting trees and were directly linked to farming. Farmers were asked about landholding and 

were divided into four groups. The data revealed that the maximum number of respondents 

had small landholding i.e. less than 5 acres, followed by the respondents who owned 5 to 10 

acres. Among the study sites, Sangla Hill had the maximum percentage of respondents (65%) 
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with less than 5 acres of land followed by Gojra (60 %) and Satiana (55 %). In the group 5-10 

acres land Gojra had a maximum percentage of respondents (24.2%) while Sangla Hill had the 

respondents (13.4 %). The percentage of respondents was higher in Satiana (18.9 %) who had 

10-20 hectares of land as compared to Gojra and Sangla Hill. Only a small percentage of 

farmers had more than 20 acres of land. In this category, the maximum number of respondents 

were observed in Satiana (14.9 %) followed by Sangla Hill (12.8 %) while site Gojra having 

only (6.1%) above 20 acres.  

 According to USAID (2009) the most of the respondents in Pakistan have small land holdings 

as compared to economical landholding of 5 ha (12.5 acres). These findings are almost similar 

to those of Butt (2002) and Abdullah (2004) who described in their studies that most of the 

farmers (56 %) had a small farm size having land up to 12.5 acres. The results of the present 

study are in the line to those of Muhammad et al. (2008) however, in this study, the percentage 

of respondents who had small landholding was higher as compared to Muhammad et al. 

(2008). Similar results were presented by the Government of Punjab (2015) that the majority 

of farmers in Punjab (56%) have small farms and only 5.1% have large agricultural farms. 

  

  

Figure 4.1.4: Distribution of respondents according to their total land holding at three 

selected sites of central Punjab  

4.1.5: Total annual income from trees.  

Community of rural areas collect the earning through serval ways or sources in a fiscal year 

and total amount of income is known as the annual salary. On the other hand, if farmer adopts 

the new technologies and modern techniques then it results in a better income and output 
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(Nguezet et al., 2011).  Motivating the farmers for adopting new technologies results in better 

economic growth (Muhammad et al., 2008). The ways of earning and saving of income by a 

family represents its living standard. The farmers were questioned about their income and the 

answers are depicted in (Fig.4.1.5).   

In terms of annual income, the data were categorized into five categories i.e. Rs <10000, 10000 

-20000, 20000-30000, 30000-40000 and > 400000. In fist category Satiana had a maximum 

percentage of respondents (55 %) followed by Gojra (50.1 %) and Sangla Hill (45 %) 

respectively. In the second category, Satiana had the maximum percentage of respondents 

(34.2 %) whereas Gojra and Sangla Hill had a minimum percentage (25.2 %) and (15.5%) 

respectively. The percentages of respondents earning between 20000 to 30000 were (11.1 %), 

(10.3 %) and (13.1 %) at all sites. Whereas, the minimum number of respondents at all three 

sites were in the category of > 40000 (fig 4.1.5).  The percentages of respondents earning > 

40000 were (5.1 %), (5.3 %) and (9.5 %) in Satiana, Gojra, Sangla Hill on per annual basis. 

The findings described that further improvement in farming techniques and technology will 

bring short and long run benefits in terms of economy for rural society throughout the globe. 

Adoption of new technologies results in more income (Essa, 2004).  

Similar results were reported by Yousaf, (2015) and Farooq, (2014) where most of the 

respondents were having annual incomes in between 100000 to 400000 and the share of trees 

was only 5-10 %. The findings of this experiment are contrary to the results presented by 

Chaudhry (2008) who stated that more than 27.22% of the farmers were earning between 

150000 to 500000. The outcomes of Shahid et al. (2013) and Khan et al. (2010) are more or 

less contradictory with the results of this study because the major objective of growers at 

selected sites was to grow trees for reclamation of soil.  
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Figure 4.1.5: Distribution of respondents according to their total annual income at three 

selected sites of central Punjab  

4.1.6: Tree services and soil improvement.  

 Apart from the provision of fuelwood, fodder and fruit, trees also provide several other direct 

and indirect benefits to local dwellers. They act as wind breaks against the strong desiccating 

winds to avoid soil erosion and protect the crops. Degraded lands such as saline soils and water 

logged not only lowers the crop yields but also disturb the fertility level. Trees planted on 

degraded lands improve condition and make it fit for cultivation. They improve soil fertility 

which ultimately increases crop yields. Trees also provide shade to humans and animals during 

hot summers, habitat to wildlife, absorb carbon dioxide from the atmosphere and provide 

oxygen to breathe. Trees planted along farm crops successfully contribute in improving farmer 

economy by restoring soil fertility, protecting crops against winds, controlling erosion and 

improving soil physicochemical properties. It was asked from farmers about their thinking 

about trees’ role in the improvement of soil fertility, windbreak and responses are shown in 

(Fig 4.1.6).  

 The data revealed that maximum number of respondents were aware about various services 

of trees such as soil reclamation, shelter etc. Satiana site had the maximum respondents 

(70.1%) who thought that trees reclaimed the soil, followed by Gojra (66.1%) and Sangla Hill 

(65.2%). The percentage of respondents was (20.2 %), (25.1 %) and (30.3 %) in Satiana, 

Sangla Hill and Gojra who agreed that trees acted as windbreaker. Around (9.2 to 10.2 %) of 
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the respondents at all sites thought that trees provide multiple benefits such as shade, shelter, 

habitat for wildlife etc.   

The similar finding reported by Shah (2016) who described that trees provide various services 

to soil 49 % and 26 % were of the view thought that soil fertility improved by trees. According 

to Arif (2016) about 54 % respondent acknowledged about the use of tree as fuelwood, shade, 

shelter, fodder etc. whereas about 66 % to 75 % respondents understood their role in fertility 

of soil and as a source of oxygen. Results are according to the findings of Saeed (2014) who 

said that trees play vital role in enhancement soil fertility. 

  

 

  

Figure 4.1.6: Distribution of respondents according to their tree services at three selected 

sites of central Punjab  

4.1.7: Tree planting trend during last five years  

To observe the trend of planting farmers were asked about the tree species planted during last 

five years. The results indicated that tree planting trend at three selected sites was increasing 

gradually because of the presence of degraded lands (Fig 4.1.7). Sangla Hill had the maximum 

respondents (60.1 %) who thought that trees planting trend is increasing, followed by Satiana 

(59.9 %) and Gojra (54.9 %). The percentage of respondents was (35 %), (33 %) and (35 %) 

in Satiana, Sangla Hill and Gojra who responded that trees planting trend is decreasing.  

       According to Farooq (2014) trees plantation trend has declined due to the difficulties in 

marketing and poor interest of the government institutions. Rahim and Hasnain (2014) exposed 
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that in during 1995 to 2000  about 65% agroforesters were recognized at different locations. 

During last decade increasing trend was observed for the promotion of agroforestry and major 

tree species planted were P. deltoides D. sissoo, and E. camaldulensis (Ahmad, 2013; Farooq, 

2014; Yousaf, 2015).  

  

Figure 4.1.7: Distribution of respondents according to their trend of tree planting during 

last five years at three selected sites of central Punjab.  

4.1.8: Problematic soils   

To observe the trend of problematic soils it was asked from farmers that which type of soil 

problems and challenges they are facing. The results indicated that problem of soil at three 

sites was increasing with the passage of time due to mismanagement and usage of more 

underground water. Satiana had the maximum respondents (65 %) who thought that they have 

land facing the salinity problem, followed by Sangla Hill (62 %) and Gojra (60 %) (Fig 4.1.8). 

The percentage of respondents was (30 %), (20 %) and (22 %) in Satiana, Gojra and Sangla 

Hill who respondents that they have land with water logged problem and (22 %), (20 %) 10 

%), were saline + water logged soil in Sangla Hill, Gojra and Satiana respectively. Pakistan 

has 22.94 million hectare cultivated land of which irrigated land is 18.78 million hectares while 

6.67 million hectares is affected by salts (Khan, 1994). Water is another factor which is playing 

its role in this situation as 75-80 % irrigation water has high RSC, SAR, EC and is brackish 

(Ghafoor et al., 2001).   
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Globally salinity is rising by 10% annually and it is a major threat to agriculture sector of 

Pakistan (Saboora et al., 2006).  

  

  

Figure 4.1.8: Distribution of respondents according to their problematic soil at three 

selected sites of central Punjab  

4.1.9: Soil reclamations projects  

 Since last two to three decades vast area of arable agriculture land has been degraded due to 

the presence of soluble salts in excess than the normal range. Salinity control and reclamation 

projects were started to minimize the problem of soil salinity. The data revealed that maximum 

number of respondents agreed that soil reclamation projects were helpful for saline and water 

logged soil. Whereas, the maximum respondents were convinced that Salinity Control and 

Reclamation Project (SCARP) helped the farmers in revegetating their problem lands. Satiana 

had the maximum respondents (60 %) who thought that SCARP helped out in reclamation of 

the saline and waterlogged soils, followed by Gojra (55 %) and Sangla Hill (54 %) (Fig 4.1.9). 

The percentage of respondents was (32 %), (31 %) and (25 %) in Satiana, Sangla Hill  and 

Gojra and who replied that biological and engineering approaches helped in reclamation of 

saline and waterlogged soil.  

Under the project of salinity control and reclamation, installation of tube wells and digging of 

drains in the central and southern Punjab showed good results ( Burt,  2004;Nawaz et al., 2010). 

Reclamation of saline soils by using agro-forestry tee species, shrubs and grasses will not only 
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lower the pressure on productive land by accomplishing food requirement of exploding human 

population but will also help in the stabilization of fragile environment (Venkatesh et al., 

2006).  

  

Figure 4.1.9: Distribution of respondents according to their soil reclamation projects at 

three selected sites of central Punjab  

4.2: Effect of three selected tree species (Eucalyptus camaldulensis, Vachellia nilotica and 

Syzygium cumini) on Physico-chemical properties of soil in field conditions   

4.2.1: Soil pH  

No swift change was observed in soil pH at different depths during the study period. However, 

slight reduction in pH was evident in soil under selected trees species (E. camaldulensis, V. 

nilotica and S. cumini) as compared to control site (no plantation or open field). The data 

indicated that there was significant difference of soil pH at three sites i.e. Satiana, Sangla Hill 

and Gojra. All three selected trees species have higher pH at 0-15 cm depth as compared to 

15-30 cm. Among three sites, maximum pH was recorded under tree canopies, 1st and 3rd year 

data indicated that slight reduction in pH value was recorded after three years at all sites. The 

pH value in Sangla Hill during 1st and 3rd year at 0-15 cm depth under tree canopy for E. 

camaldulensis, V. nilotica and S. cumini was (12.3, 12.5 and 13.6) and (10.1, 12.1, 12.5) 

respectively (Fig 4.2.1b). After three years this decrease in pH can be attributed to leaf fall. 

The pH value in Satiana during 1st and 3rd year at 0-15 cm depth under tree canopy for E. 

camaldulensis, V. nilotica and S. cumini was (8.9, 8.3 and 8.4) and (7.7, 7.6, 8.3) respectively 
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(Fig 4.2.1a). The pH value in Gojra during 1st and 3rd year at 0-15 cm depth under tree canopy 

for E. camaldulensis, V. nilotica and S. cumini was (10.45, 10.1 and 9.9) and (10.2, 10, 10.2) 

respectively (Fig 4.2.1c). The pH value in Satiana during 1st and 3rd year at 0-15 cm depth 

away tree canopy for E. camaldulensis, V. nilotica and S. cumini was (7.4, 7.3 and 8.3) and 

(7.5, 7.4, 8.4) respectively (Fig 4.2.1a). The pH value in Sangla Hill during 1st and 3rd year at 

0-15 cm depth away tree canopy for E. camaldulensis, V. nilotica and S. cumini was (12.4, 

12.6 and 12.4) and (12.2, 12.3, 12.5) respectively (Fig 4.2.1b). The pH value in Gojra during 

1st and 3rd year at 0-15 cm depth away tree canopy for E. camaldulensis, V. nilotica and S. 

cumini was (8.8, 8.3 and 8.1) and (8.9, 8.7, 8.7) respectively (Fig 4.2.1c). Soil pH was slightly 

reduced under the tree canopy as compared to a way to tree canopy area. This decrease in pH 

may be due to litter fall and applied manures, which on decomposition is known to produce 

weak acids (Vijay Shankarbabu et al., 2007). The effect of Ziziphus mauritiana, Moringa 

olerifera, Carissa congesta and Prosopis cineraria was little decrease in the pH of soil under 

different depths (0–15, 15–30, 30–45 and 45–60 cm). Above reported results are also in line 

to Singh et al. (2011). Ahmad et al. (2012) observed significant changes having higher pH at 

depth of 0-10 cm as compared to lower pH at depth of 10-20 cm in agroforestry system. In 

this study the similar result has been reported. The reported results are also similar to the 

findings of Olujobi, (2016); Notaro et al. (2016) who reported higher pH value at top soil as 

compared to the subsoil.  

 

Figure 4.2.1a: Effect of time duration on soil pH at two depths for selected tree species at 

saline area of Faisalabad (Satiana).  
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Figure 4.2.1b: Effect of time duration on soil pH at two depths for selected tree species 

at saline area of Nankana Sahib (Sangla Hill).  

  

 

Figure 4.2.1c: Effect of time duration on soil pH at two depths for selected tree species at 

saline area of Toba Tek Singh (Gojra).  

4.2.2: Soil Electric Conductivity (EC dSm-1)  

Soil EC at all sites for three tree species (E. camaldulensis, V. nilotica and S. cumini) at 0-15 

cm and 15-30 cm soil depths ranged from 7.2 dSm-1 to 15.4 dSm-1. The results revealed that 

after three years’ slight reduction in EC under the tree canopies was recorded as compared to 

control site i.e. away to canopy (Fig. 4.2.2 abc). The EC values were high at 0-15 cm as 

compared to 15-30 cm soil depths. In Satiana EC was observed during 1st year of soil sampling 
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at 0-15 cm soil depth (10.1, 12.2, and 12.1 dSm-1) as compared to 3rd year (9.5, 11.5, and 11.9 

dSm-1) Fig. 4.2.2a. In Sangla Hill, soil EC during 1st and 3rd year at 0-15 cm soil depths was 

(15.1, 15.4 and 14.7 dSm-1) and (14.2, 15.1, and 14.3 dSm-1) respectively as revealed Fig. 

4.2.2b). In Gojra, soil EC observed during 1st soil sampling at 0-15 cm soil depth was (11.6, 

12.4 and 13.5 dSm-1) as compared to 3rd year (10.3, 12.1 and 12.9 dSm-1). The results indicated 

that the soil EC was lower at both depth (0-15 cm and 15-30 cm) under tree canopy as 

compared to open field (Fig. 4.2.2c). 

 

Soil EC was slightly decreased by tree species at all experimental sites. Contrary to this finding 

(Hailemariam et al., 2010) stated the EC values were more under the tree canopy than the open 

field of B. aegyptica at Limat site in northern Ethiopia. EC values were higher at the lower 

depth of soil in agroforestry systems (Sirohi and Bangarwa, 2017); Jafari et al.,2003). The 

result of this study are in line to those of Noureen et al. (2008) who revealed that EC levels was 

more at the depth of 0-15 cm as compared to 15-30 cm soil depth.  The leaf litter of A. 

jacquemontii Cholistan desert slightly reduced the Ec of soil after long time.   

 

Figure 4.2.2a: Effect of time duration on soil EC at two depths for selected tree species at 

saline area of Faisalabad (Satiana).  
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Figure 4.2.2.b: Effect of time duration on soil Ec at two depths for selected tree species 

at saline area of Nankana Sahib (Sangla Hill).  

 

 

Figure 4.2.2c: Effect of time duration on soil Ec at two depths for selected tree species at 

saline area of Toba Tek Singh (Gojra).  

4.2.3: Organic matter (%)  

The results (Fig. 4.2.3abc) depict the amount of soil organic matter at two soil depths of three 

selected tree species under and away to tree canopies in saline soils at three sites of Punjab. 

Overall, the organic matter % was increasing under trees canopies at 0-15 cm depth for all 

three sites. It was observed that organic matter % was more at 0-15 cm depth as compared to 

15-30 cm depth of soil. This may be due to favorable moisture conditions, temperature and 

tree pruning by the farmers as compared to open field. The organic matter % was higher under 
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the trees canopies of the E. camaldulensis, V. nilotica and S. cumini tree species and all 

indicated the organic matter percentage was reducing with increasing the distance from tree 

canopies. The organic matter % values for all three tree species ranged from 0.23 % to 0.99 % 

at both soil depths. The organic matter in Satiana during 1st and 3rd year at 0-15 cm depth under 

tree canopy for E. camaldulensis, V. nilotica and S. cumini was (0.67, 0.46 and 0.79) and (0.99, 

0.85, 0.8) respectively (Fig 4.2.1a). The organic matter in Gojra during 1st and 3rd year at 0-15 

cm depth under tree canopy for E. camaldulensis, V. nilotica and S. cumini was (0.66, 0.59 

and 0.79) and (0.98, 0.9.2, 0.88) respectively (Fig 4.2.1b). 

The organic matter in Sangla Hill during 1st and 3rd year at 0-15 cm depth under tree canopy 

for E. camaldulensis, V. nilotica and S. cumini was (0.68, 0.53 and 0.46) and (0.99, 0.75, 0.59) 

respectively (Fig 4.2.1c). 

The organic matter in Satiana during 1st and 3rd year at 0-15 cm depth away to tree canopy for 

E. camaldulensis, V. nilotica and S. cumini was (0.59, 0.56 and 0.42) and (0.42, 0.41, 0.41) 

respectively (Fig 4.2.1a). The organic matter in Gojra during 1st and 3rd year at 0-15 cm depth 

away to tree canopy for E. camaldulensis, V. nilotica and S. cumini was (0.59, 0.58 and 0.42) 

and (0.62, 0.61, 0.59) respectively (Fig 4.2.1b). 

The organic matter in Sangla Hill during 1st and 3rd year at 0-15 cm depth away to tree canopy 

for E. camaldulensis, V. nilotica and S. cumini was (0.61, 0.59 and 0.42) and (0.97, 0.71, 0.59) 

respectively (Fig 4.2.1c). Organic matter percentage was reducing with increasing the 

distances between tree canopies. This result confirms the finding of Manjur et al. (2014), who 

observed that significant difference was observed in organic matter under tree canopy and 

away to tree canopy at different depths for F. albida and A. tortilis in southern Ethiopia.  

According to our findings rich organic matter is surface soil similar to the results of Tsui et al. 

(2004); Khan and Kamalakar, (2012). These result reported by Salehi and Maleki, (2012) 

stated that organic matter % in top soil was higher at 0-15 cm depth as compared to lower 

depths on cultivated areas in northern Iran. Noureen et al. (2008) reported that organic matter 

was on higher side under the canopy of some xerophytic trees and shrubs such as A. javanica, 

D. glaucum, C. polygonoides, H. salicornicum and C. decidua. Top soil has higher number of 

organic matter as compared to the subsoil among agroforestry systems in different regions of 

the world.  . (Zagal et al., 2003; Munoza et al., 2007; Leite et al., 2014; Arif, 2016). 
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Figure 4.2.3a: Effect of time duration on soil organic matter % at two depths for selected 

tree species at saline area of Faisalabad (Satiana).  

 

 

Figure 4.2.3b: Effect of time duration on soil organic matter % at two depths for selected 

tree species at saline area of Toba Tek Singh (Gojra).  
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Figure 4.2.3c: Effect of time duration on soil organic matter % at two depths for selected 

tree species at saline area of Nankana Sahib (Sangla Hill).  

4.2.4: Saturation Percentage  

The data reveals that 0-15 cm soil depth has more saturation % as compared to 15-30 cm soil 

depth at selected sites (Fig 4.2.4abc). The saturation percentage in saline soil of Sangla Hill 

according to the 1st year at 0-15 cm and 15-30 cm soil depth for E. camaldulensis, V. nilotica 

and S. cumini under trees canopies (40 %, 35.3%, 35.8) and (38, 33.1 %, 30.2 %) respectively. 

The saturation percentage in Sangla Hill during 1st year at 0-15 cm soil depth away to tree 

canopies was (34%, 28%, 24.1%) at 15-30 cm (31 %,21 %,23.9 %) respectively. The saturation 

percentage at Gojra during 1st year data was (39 %,38 % and 37.1 %) at 0-15 cm soil depth 

under tree canopies and at 15-30 cm (40 %, 38.3 % and 37 %) respectively (Fig 4.2.4c). The 

saturation percentage in Satiana during 1st years at 0-15 cm and 15-30 cm soil depths for three 

selected tree species away to trees canopies was (35 %, 30 % and 25 %) at 15-30 cm (31.2%, 

21.1% and 24 %) respectively. While 3rd year data indicated that saturation percentage of soil 

was increasing at 0-15 cm soil depths under trees canopies for selected tree species (44.2%, 

46.1% and 36.1%).    

The saturation percentage in Satiana during 1st year at 0-15 cm and 15-30 cm soil depth under 

tree canopies was (35 %, 33 % and 32 %), low saturation % were recorded at 15-30 cm (33 %, 

29 % and 22.1 %) respectively. The saturation percentage at site Satiana during 1st year at 0-

15 cm and 15-30 cm soil depths away to tree canopies was (34%, 28% and 24%) and (30 %, 

20 % and 22 %) respectively, while 3rd year data indicated that saturation percentage was 

increasing at 0-15cm soil depth (Fig 4.2.4a) under tree canopies (44%, 40.2% and 36%). 
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Saturation % was higher in 0-15 cm soil depth as compared to subsoil 15-30 cm soil depth it 

may be because of higher number of organic matter percentage at top soil which helps in 

enhancing the WHC of soil (Manjur et al., 2014).  Furthermore, plantation cover area sustains 

the saturation percentage at suitable level by decreasing the soil erosion and surface runoff 

(Lal, 1989). Similar findings were reported by Yousaf, (2015); Yasin et al. (2016); Arif (2016) 

and Shah (2016) who reported that the topsoil has higher saturation percentage as compared 

to subsoil under tree canopies of different tree species as compared to open areas.  

  

 

Figure 4.2.4a: Effect of time duration on soil Saturation % at two depths for selected tree 

species at saline area of Faisalabad (Satiana).  

 

Figure 4.2.4b: Effect of time duration on soil saturation % at two depths for selected tree 

species at saline area of Nankana Sahib (Sangla Hill).  
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Figure 4.2.4c: Effect of time duration on soil saturation % at two depths for selected tree 

species at saline area of Toba Tek Singh (Gojra).  

4.2.5: Water holding capacity (%)  

Increasing trend in water holding capacity of soil under the three tree species was noticed as 

compared to open field (no plantation) Fig (4.2.5abc). The water holding percentage in Satiana 

during 1st years data was observed at both soil depth for E. camaldulensis, V. nilotica and S. 

cumini under trees canopies (30 %, 20 % and 20 %) and at 15-30 cm (40%, 35% and 30 %) 

respectively. The water holding percentage in Satiana during 1st years at 0-15 cm and 15-30 

cm soil depths away to tree canopies were (20 %, 15% and 16%) and (30 %, 30% and 18 %) 

respectively. While 3rd year data indicated that water holding percentage of subsoil was 

increasing at both soil depths. The water holding percentage at 0-15cm depths under trees 

canopies was (40%, 25% and 25%) respectively (Fig 4.2.5a).    

The water holding % in Gojra during 1st year was observed at 0-15 cm and 15-30 cm soil depth 

under trees canopies (32.2 %, 22.2 % and 22.1 %) and at 15-30 cm (42.2 %, 35 % and 32.1 %) 

respectively. The water holding % in Gojra during 1st year at 0-15 cm and 15-30 cm soil depth 

away to trees canopies was (23.2 %, 15.1% and 17%), (34 %,32% and 20 %) respectively. 

While during 3rd year data indicated that water holding % of sub soil was increasing at both 

soil depths, the water holding % at 0-15 cm depth under trees and away to tree canopy for E. 

camaldulensis, V.  nilotica and S. cumini was (42%, 26% and 25%) and (25 %, 22 %, 25 %) 

respectively (Fig 4.2.5b).    
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The water holding capacity % in Sangla Hill during 1st year at 0-15 cm and 15-30 cm soil 

depths for E.  camaldulensis, V.  nilotica and S.  cumini under tree canopies was (35 %, 25 % 

and 27 %), (42.2 %, 35.9 % and 32.6 %) respectively. In case of away to tree canopies during 

1st year observed at 0-15 cm and 15-30 cm soil depth it was (23.5 %, 15.5% and 17.7 %), (34.4 

%,32.4% and 20.8 %) respectively. While during 3rd year data indicated that it was increasing 

at both soil depths, at 0-15 cm depths under trees and away to tree canopies was (42.3%, 26.6% 

and 25.6%) and (25.3 %, 22.4 %, 25.5%) respectively (Fig 4.2.5c). Our results are in line with 

the findings of Sharma et al. (2011) who recorded higher water holding capacity % under the 

trees canopies P. cineraria as compared to open field. These findings are also similar to 

Lundgren, (1978); Bargali, (1990); Bargali et al. (1993) who reported that water holding 

percentage was higher under tree canopies as compared to the open fields.  

 
Figure 4.2.5a: Effect of time duration on water holding capacity % at two depths for 

selected tree species at saline area of Faisalabad (Satiana).  

 
Figure 4.2.5b: Effect of time duration on water holding capacity % at two depths for 

selected tree species at saline area of Toba Tek Singh(Gojra).  
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Figure 4.2.5c: Effect of time duration on water holding capacity % at two depths for 

selected tree species at saline area of Nankana Shaib (Sangla Hill).  

4.2.6: Bulk density (gcm-3)             

Reduction in bulk density of soil was noticed under tree species as compared to open field (no 

plantation). Bulk density was reducing with increasing the soil depth.    

The bulk density of soil in Satiana during 1st year at both depths under tree canopies was (1.68 

gcm-3, 1.66 and 1.68) and (1.34 gcm-3, 1.44 and 1.55) respectively (Figure 4.2.6a) and away 

to trees canopies it was (1.7 gcm-3, 1.68 and 1.7) and (1.44 gcm-1, 1.56 and 1.6) respectively. 

While during 3rd year data indicated that bulk density of soil was decreasing at both soil depths.   

The bulk density of soil in site Gojra during 1st years data was observed at 0-15 cm and 15-30 

cm soil depth under trees canopies (1.6 gcm-3, 1.56 and 1.5) and at 15-30 cm (1.35 gcm-3, 1.48 

and 1.45) respectively Figure (4.2.6b). The soil bulk density of selected tree species in Satiana 

1st years data was observed at 0-15 cm and 15-30 cm soil depth away to trees canopies were 

(1.59 gcm-3, 1.68 and 1.51) and at 15-30 cm were (1.44 gcm-1, 1.5 and 1.47) respectively.  

The bulk density in Gojra during 1st and 3rd year at 0-15 cm depth away tree canopy for E. 

camaldulensis, V. nilotica and S. cumini was (1.59, 1.62 and 1.44) and (1.55, 1.58, 1.43) 

respectively (Fig 4.2.1b).  
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In Sangla Hill 1st years data revealed that at 0-15 cm and 15-30 cm soil depth under tree 

canopies bulk density (1.5 gcm-3, 1.49 gcm-3 and 1.6 gcm-3) and (1.34 gcm-3, 1.48 and 1.52) 

respectively (Fig 4.2.6c) and away to tree canopies was (1.59 gcm-3, 1.57 and 1.65) and (1.44 

gcm-1, 1.5 and 1.61) respectively. Decrease in soil bulk density under different tree species 

was recorded as compared to open area (no plantation). According to Singh et al. (1997) bulk 

density was reducing with increasing soil depth i.e. (0–15, 15–30, 30–45 and 45– 60 cm). Bulk 

density was remarkably different under canopy of A. tortilis at 0-15 and 15-30 cm depths. Bulk 

density of soil was significantly decreasing with increasing the soil depth (Komicha et al., 

2018).  

 
Figure 4.2.6a: Effect of time duration on soil bulk density at two depths for selected tree 

species at saline area of Faisalabad(Satiana).   

 

Figure 4.2.6b: Effect of time duration on soil bulk density at two depths for selected tree 

species at saline area of Toba Tek Singh (Gojra).   
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Figure 4.2.6c: Effect of time duration on soil bulk density at two depths for selected tree 

species at saline area of Nankana Sahib (Sangla Hill).  

4.2.7 Soil Texture   

After 1st year data indicated that soil texture of soil was slightly changed at both soil depths.   

The sand % at both soil depth for E. camaldulensis, V. nilotica and S. cumini was (40 %,40 

%,45 %), (50 %, 45 % 45%) respectively. While 3rd year data indicated that soil texture of soil 

was slightly changed at both soil depths.  The sand % at both soil depth for E. camaldulensis, 

V. nilotica and S. cumini under tree canopies was (42 %,40.1 %,45.6 %), (50 %, 45.8 % 45.6 

%) respectively, silt % at both soil depth was (35 %, 35.1 %, 35.3 %), (20 %, 33 % 33 %) 

respectively. Clay soils hold more water, and are better at supplying nutrients. Our finding is 

similar to Dexter, (2004) who reported that the soil physical properties can affect the roots and 

plants growths.   
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Table 4.2.1 Effect of time duration on soil texture at two depths for selected trees species.  

 

 1st Year Data UC (under canopy) AC (away to canopy) 

Species Sand% Silt% Clay% Sand% Silt% Clay% Sand% Silt% Clay% Sand% Silt% Clay% 

 0-15 cm  

U.C 

0-15 

cm 

U.C 

0.15 

cm U.C 

15-30 

cm U.C 

15-30 

cm 

U.C 

15-30  

cm U.C 

0-15 cm  

A.C 

0-15 

cm 

A.C 

0.15 

cm A.C 

15-30 

cm  

A.C 

15-30 

cm 

A.C 

15-30  

cm A.C 

E.camaldulensis 40 35 30.1 50 20 33.2 39.3 34.2 31.1 48 19.2 34.3 

V. nilotica 40 35.1 32.4 45 33 30.2 38 34.2 33.2 44 28.2 31.1 

S. cumini 45 35.3 33.2 45 33 32.1 40 33.1 34.2 44.3 29.8 33.2 

 3rd Year Data UC (under canopy) AC (away to canopy) 

Species Sand% Silt% Clay% Sand% Silt% Clay% Sand% Silt% Clay% Sand% Silt% Clay% 

 0-15 cm  

U.C 

0-15 

cm 

U.C 

0.15 

cm U.C 

15-30 

cm  

U.C 

15-30 

cm 

U.C 

15-30  

cm U.C 

0-15 cm  

A.C 

0-15 

cm 

A.C 

0.15 

cm A.C 

15-30 

cm  

A.C 

15-30 

cm 

A.C 

15-30  

cm A.C 

E.camaldulensis 42 35.1 30.3 50 20.2 33.3 39.5 35.3 32.5 49.3 20.2 35.3 

V. nilotica 40.1 35.4 34.3 45.8 33.2 31.1 38.3 35.2 33.9 44.3 28.7 32.5 

S. cumini 45.6 35.3 34.8 45.6 33.1 32.3 41 34.2 29.2 45.3 30.2 33.2 
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Study 4.3: Effect of different salinity levels on seed germination and survival of selected   

agroforestry tree species.  

4.3.1. Morphological parameters  

Seed germination is a critical phase in the life cycle of plants including trees. High germination 

% of seed is a desirable character to produce the healthy seedlings which can tolerate the 

environment stresses at initial stages of tree growth.  

4.3.2. Seed germination (%)  

Fig. 4.3.2. showed that significant variation was observed in all treatments. Seeds of selected 

tree species showed significant changes against all salinity levels. Among all species the 

response of E. camaldulensis was much better as compared to V. nilotica and S. cumini against 

all treatments. Seed germination percentage (SGP) of E. camaldulensis was (95 %) V.  nilotica 

(90 %) and S. cumini (50 %) in T1 control conditions (Fig 4.3.2). The germination rate of all 

selected tree species decreased with increasing salinity stress levels. The lowest germination 

was recorded at salinity level 20 dS/m, where the germination rate of E. camaldulensis was 30 

% higher as compared to V. nilotica (20 %) and absolutely no germination was recorded in 

case of S. cumini.  

4.3.3. Survival rate (%)  

Significant difference can be observed from Fig. 4.3.3. about survival rate of E. camaldulensis, 

V. nilotica, and S. cumini against all treatments. Decreasing trend was observed with the 

increase in salt stress, E. camaldulensis survival rate was 80 %, V. nilotica 75 % and S. cumini 

had survival rate was only 50 % in control conditions.  As salinity levels was increasing 

survival rate was significantly deceasing in all tree species.  E. camaldulensis and V. nilotica 

had only 20 % and 10 % survival rates at 20 dS/m, while zero % was noted in case of S. cumini 

at the same salinity level.  

4.3.4 Plant height (cm)  

Fig. 4.3.4. revealed that maximum plant height was recorded in control treatment T1 (44.133 

cm), followed by T2 (36.9 cm), T3 (33.4 cm) and T4 (31.5 cm). Minimum plant height was 

recorded in T5 (26.697 cm) having maximum salinity level 20 dS/m. From the analysis of 

variance (Appendix 3) it can be observed that the response of plant height of Eucalyptus 

camaldulensis was significant (p < 0.000). Form comparison of means it can be revealed that 

that plant height of E. camaldulensis was significantly different in all treatments.  
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From the analysis of variance (Appendix 3) it can be observed that the response of plant height 

of V.  nilotica was significant (p < 0.000). As shown in Fig.4.3.4 maximum plant height was 

recorded in control treatment T1 (30.867 cm), followed by T2 (28.90 cm), T3 (25.63 cm) and 

T4 (24.53 cm). Whereas minimum plant height was recorded in T5 (23.67 cm) having 

maximum salinity level 20 dS/m.  

From the analysis of the variance (Appendix 3) it can be observed that the response of plant 

height of S. cumini was significant (p < 0.000). Form comparison of means it can be observed 

that plant height of S. cumini was significantly different in all treatments, as shown in Fig. 

4.3.4 maximum plant height was recorded in control treatment T1 (23.5 cm), followed by T2 

(21.8 cm), T3 (19.7 cm) and T4 (16.5 cm). S. cumini did not survive at T5 having maximum 

salinity levels 20 dS/m. Over all plant growth of S. cumini was very poor at different salinity 

levels as compared to other two species.    

4.3.5. Shoot fresh weight (g)  

Comparison of means revealed that shoot fresh weight of E. camaldulensis was significantly 

different in all treatments, as shown in (Fig. 4.3.5) maximum shoot fresh weight was recorded 

in control treatment T1(20.1g), followed by T2 (14.7 g), T3 (10.53 g) and T4 (9.8 g). Minimum 

shoot fresh weight was recorded in T5 (8.8 g) having maximum salinity level 20 dS/m. From 

the analysis of variance (Appendix 4) it can be observed that the response of shoot fresh weight 

of E. camaldulensis was significant (p < 0.000).   

Fig. 4.3.5. indicated that maximum shoot fresh weight was recorded in control treatment T1 

(17.2 g), followed by T2 (8.9 g), T3 (5.7 g) and T4 (4.8 g). Whereas minimum shoot fresh 

weight was recorded in T5 (4.1 g) having maximum salinity level 20 dS/m. From the analysis 

of the variance (Appendix 4) it can be observed that the response of shoot fresh weight of V. 

nilotica was significant (p < 0.000). From comparison of means revealed that shoot fresh 

weight significantly different in all treatments.  

From the analysis of variance (Appendix 4) it can be observed that the response of shoot fresh 

weight of S. cumini was significant (p < 0.000). Comparison of means it can be observed that 

shoot fresh weight significantly different in all treatments, as shown in Fig. 4.3. 5 maximum 

Shoot fresh weight was recorded in control treatment T1 (15.5 g), followed by T2 (7.1 g), T3 

(4.6 g), T4 (4.4 g). S. cumini, did not survive at T5 having maximum salinity level 20 dS/m.  
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4.3.6. Shoot dry weight (g)  

Fig. 4.3.6. revealed that maximum shoot dry weight was recorded in control treatment T1 

(10.100 g), followed by T2 (8.06 g), T3 (4.5 g) and T5 (3.1 g). Whereas maximum shoot dry 

weight was recorded in T4 (2.9 g) having maximum salinity level 20 dS/m. From the analysis 

of variance (Appendix 5) it can be observed that the response of shoot dry weight of E. 

camaldulensis was significant (p < 0.000).   

From the analysis of variance (Appendix 5) it can be observed that the response of shoot dry 

weight of V. nilotica was significant (p < 0.000). Comparison of means indicated that shoot 

dry weight was significantly different in all treatments. As shown in Fig. 4.3.6, maximum 

shoot dry weight was recorded in control treatment T1(9.8 g), followed by T2 (5.5g), T3 (2.7g) 

and T4 (2.1 g). Whereas minimum shoot dry weight was recorded in T5 (2.0 g) having 

maximum salinity level 20 dS/m.  

From the analysis of the variance (Appendix 5) it can be observed that the response of shoot 

dry weight of S. cumini was significant (p < 0.000). As shown in Fig. 4.3.6 maximum shoot 

dry weight was recorded in control treatment T1 (8.8 g), followed by T2 (4.4 g), T3(2.3 g) and 

T4 (2.0 g). S. cumini, did not survive at T5 having maximum salinity level 20 dS/m.  

4.3.7. Root fresh weight (g)  

From the analysis of variance (Appendix 6) it can be observed that the response of root fresh 

weight of E. camaldulensis was significant (p < 0.000). Form comparison of means it can be 

observed that root fresh weight significantly different in all treatments, as shown in Fig.4.3.7, 

maximum root fresh weight was recorded in control treatment T1 (8.7 g), followed by T2 (6.5 

g), T3 (5.5 g) and T4 (4.4 g). Whereas minimum root fresh weight was recorded in T5 (3.3 g) 

having maximum salinity level 20 dS/m.   

From the analysis of variance (Appendix 6) it can be observed that the response of root fresh 

weight of V. nilotica was significant (p < 0.000). As shown in Fig.4.3.7, maximum root fresh 

weight was recorded in control treatment T1 (6.5 g), followed by T2 (5.3 g), T3(4.8 g) and T4 

(3.3 g), Whereas minimum root fresh weight was recorded in T5 (2.1 g) having maximum 

salinity level 20 dS/m.  

From the analysis of variance (Appendix 6) it can be observed that the response of root fresh 

weight of S. cumini, was significant (p < 0.000). As shown in Fig.4.3.7, maximum root fresh 
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weight was recorded in control treatment T1 (5.433 g), followed by T2 (4.36 g), T3 (3.9 g) and 

T4 (2.8 g). S. cumini did not survive at T5 having maximum salinity level 20 dS/m.  

4.3.8. Root dry weight (g)  

From the analysis of variance (Appendix 7) it can be observed that the response of root dry 

weight of E. camaldulensis was significant (p < 0.000). Comparison of means revealed that 

root dry weight was significantly different in all treatments. As shown in Fig.4.3.8, maximum 

dry weight was recorded in control treatment T1 (4.5 g), followed by T2 (4.3 g), T3 (3.4 g) and 

T4 (2.1 g). Whereas minimum root dry weight was recorded in T5 (2.03 g) having maximum 

salinity level 20 dS/m.   

From the analysis of variance (Appendix 7) it can be observed that the response of root dry 

weight of Vachellia nilotica was significant (p < 0.000). As shown in Fig.4.3.8, maximum dry 

weight was recorded in control treatment T1 (3.22 g), followed by T2 (3.0 g), T3 (2.9 g) and T4 

(2.2 g). Whereas minimum root dry weight was recorded in T5 (1.5 g) having maximum 

salinity level 20 dS/m.  

From the analysis of variance (Appendix 7) it can be observed that the response of root dry 

weight of S. cumini was significant (p < 0.000). Comparison of means it can be observed that 

root dry weight different in all treatments. As shown in Fig.4.3.8, maximum root dry weight 

was recorded in control treatment T1 (3.1 g), followed by T2(2.5 g), T3 (2.00 g) and T4 (1.5 g). 

S. cumini did not survive at treatment T5 having maximum salinity level 20 dS/m.  

4.3.9. Root shoot ratio  

Comparison of means revealed that root shoot ratio of E. camaldulensis was significantly 

different in all treatments (Fig.4.3.9). Maximum root shoot ratio was recorded in control 

treatment T1 (0.3520), followed by T2 (0.3123), T3 (0.2867) and T4 (0.2407). Whereas 

minimum value was recorded in T5 (0.119) having maximum salinity level 20 dS/m. From the 

analysis of variance (Appendix 8) it can be observed that the response of root shoot ratio of E. 

camaldulensis was significant (p < 0.000).   

From the analysis of the variance (Appendix 8) it can be observed that the response of root 

shoot ratio of V. nilotica was significant (p < 0.000). Comparison of means of V. nilotica 

revealed that it is significantly different in all treatments (Fig.4.3.9), maximum root shoot ratio 

was recorded in control treatment T1(0.3113), followed by T2(0.2247), T3(0.1920) and 
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T4(0.1257). Whereas minimum root shoot ratio was recorded in T5 (0.1217) having maximum 

salinity level 20 dS/m.  

From the analysis of variance (Appendix 8) it can be observed that the response of root dry 

weight of S. cumini was significant (p < 0.000). As shown in Fig.4.3.9 maximum value was 

recorded in control treatment T1(0.2163), followed by T2 (0.2153), T3(0.1700) and T4(0.1060).  

S. cumini did not survive at T5 having maximum salinity level 20 dS/m.  

4.3.10. Leaf area (mm2)   

From the analysis of variance (Appendix 9) it can be observed that the response of leaf area of 

E. camaldulensis was significant (p < 0.000). Comparison of means indicated that leaf area of 

E. camaldulensis was significantly different in all treatments (Fig.4.3.10), maximum leaf area 

was recorded in control treatment T1(554.73 mm2), followed by T2(430.47 mm2), T3( 400.83 

mm2) and T4(344.73 mm2).Whereas minimum leaf area was recorded in T5(300.03 mm2) 

having maximum salinity level 20 dS/m.  

From the analysis of variance (Appendix 9) it can be observed that the response of leaf area of 

V. nilotica was significant (p < 0.000). As shown in Fig.4.3.10 maximum leaf area was 

recorded in control treatment T1 (5.500 mm2), followed by T2 (4.833mm2), T3 (4.1mm2) and T4 

(3.5 mm2).Whereas minimum  leaf area was recorded in T5 ( 3.341 mm2) having maximum 

salinity level 20 dS/m.  

Comparison of means revealed that leaf area of S. cumini was significantly different in all 

treatments, as shown in Fig.4.3.10 maximum leaf area was recorded in control treatment 

T1(633.93 mm2), followed by T2(560.63 mm2), T3(444.37 mm2) and T4(201.5 mm2).   S. cumini 

did not survive at treatment T5 having maximum salinity levels 20 dS/m. From the analysis of 

variance (Appendix 9) it can be observed that the response of leaf area of S. cumini, was 

significant (p < 0.000).   

4.3.11. Stem diameter (cm)  

From the analysis of variance (Appendix 10) it can be observed that the response of stem 

diameter of E. camaldulensis was significant (p < 0.000). Comparison of means of E. 

camaldulensis revealed that it is significantly different in all treatments, as shown in Fig.4.3.11 

maximum stem diameter was recorded in control treatment T1(0.40 cm), followed by T2(0.383 

cm), T3(0.333 cm) and T4(0.276 cm). Whereas minimum diameter was recorded in T5(0.200 

cm) having maximum salinity level 20 dS/m.  
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From the analysis of variance (Appendix 10) it can be observed that the response of stem 

diameter of V. nilotica was significant (p < 0.000). As shown in Fig.4.3.11 maximum stem 

diameter was recorded in control treatment T1(.330 cm), followed by T2 (0.290 cm), T3(0.230 

cm) and T4 (0.2133 cm). Whereas minimum diameter was recorded in T5 (0.1833 cm) having 

maximum salinity levels 20 dS/m.  

From the analysis of variance (Appendix 10) it can be observed that the response of stem 

diameter of S. cumini was significant (p < 0.000). Comparison of means S. cumini revealed 

that it is significantly different in all treatments, as shown in Fig.4.3.11 maximum stem 

diameter was recorded in control treatment T1(0.320 cm), followed by T2(0.247 cm) , 

T3(0.1900 cm) and T4(0.1700 cm). S. cumin did not survive at treatment T5 having maximum 

salinity level 20 dS/m.  

4.3.12. Number of branches  

Comparison of means revealed that number of branches of E. camaldulensis was significantly 

different in all treatments, as shown in Fig.4.3.12 maximum number of branches was recorded 

in control treatment T1 (7), followed by T2 (5), T3 (4) and T4 (3). Whereas minimum branches 

were recorded in T5 (2) having maximum salinity level 20 dS/m. From the analysis of variance 

(Appendix 11) it can be observed that the response of number of branches of E. camaldulensis 

was significant (p < 0.000).   

From the analysis of variance (Appendix 11) it can be observed that the response of number 

of branches of V. nilotica was significant (p < 0.000). From comparison of means of V. nilotica 

revealed that it is significantly different in all treatments, as shown in Fig.4.3.12 maximum 

number of branches was recorded in control treatment T1(6), followed by T2(5), T3(4) and 

T4(3). Whereas minimum branches were recorded in T5(2) having maximum salinity level 20 

dS/m.  

From the analysis of the variance (Appendix 11) it can be observed that the response of number 

of branches of S. cumini, was significant (p < 0.000). Comparison of means it can be observed 

that number of branches of S. cumini, was significantly different in all treatments, as shown in 

Fig.4.3.12. Maximum number of branches was recorded in control treatment T1(4), followed 

by T2(3), T3(2) and T4(3). S. cumin did not survive at treatment T5 having maximum salinity 

level 20 dS/m.  
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4.3.13. Root length (cm)  

From the analysis of variance (Appendix 12) it can be observed that the response of root length 

of E. camaldulensis was significant (p < 0.000). Comparison of means of E. camaldulensis 

revealed that root length was significantly different in all treatments, as recorded in Fig.4.3.13 

maximum root length was recorded in control treatment T1 (14.233 cm), followed by T2 (12.8 

cm), T3 (10.8cm) and T4 (9.5 cm). Whereas minimum   root length was recorded in T5 (8.8 cm) 

having maximum salinity level 20 dS/m.   

From the analysis of the variance (Appendix 12) it can be observed that the response of root 

length of V. nilotica was significant (p < 0.000). From comparison means of V. nilotica 

indicated that root length was significantly different in all treatments ( Fig.4.3. 13) maximum 

root length was recorded in control treatment T1 (10.83 cm), followed by T2 (9.5 cm), T3 (8.8 

cm) and T4 (7.7 cm). Whereas minimum root length was recorded in T5 (6.6 cm) having 

maximum salinity level 20 dS/m.  

From the analysis of the variance (Appendix 12) it can be observed that the response of root 

length of S. cumini was significant (p < 0.000). Comparison of means of S. cumini, indicated 

that root length was significantly different in all treatments, as evident in Fig.4. 3. 13 maximum 

root length was recorded in control treatment T1 (9.39 cm), followed by T2 (8.8 cm) , T3 ( 7.7 

cm) and T4 (5.5 cm).  S. cumini, did not survive at T5 (having maximum salinity levels 20 

dS/m). Over all plant growth of Syzygium cumini, was very poor at different salinity levels as 

compared to other two species.   

4.3. 14. Shoot length (cm)  

From the analysis of variance (Appendix 13) it can be observed that the response of shoot 

length of E. camaldulensis was significant (p < 0.000). Comparison of means of E. 

camaldulensis revealed that it is significantly different in all treatments, as shown in 

Fig.4.3.14. maximum shoot length was recorded in control treatment T1 (29.9 cm), followed 

by T2 (24.1 cm), T3 (22.55 cm) and T4 (22.033 cm). Whereas minimum shoot length was 

recorded in T5 (18.700 cm) having maximum salinity level 20 dS/m.   

From the analysis of variance (Appendix 13) it can be observed that shoot length of V. nilotica 

was significant (p < 0.000). Comparison of means V. nilotica, indicated that shoot length was 

significantly different in all treatments, as recorded in Fig. 4.3.14 maximum shoot length was 

recorded in control treatment T1 (19.7 cm), followed by T2 (18.233 cm), T3 (16.88 cm) and T4 
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(15.9 cm). Whereas minimum shoot length was recorded in T5 (16.6 cm) having maximum 

salinity level 20 dS/m.    

Comparison of means of S. cumini, indicated that shoot length was significantly different in 

all treatments. As shown  in Fig. 4.3.14, maximum shoot length was recorded in control 

treatment T1 (14.00 cm), followed by T2 (13.00 cm), T3 (12.10 cm) and T4 (11.1 cm). S. cumini 

did not survive at T5 having maximum salinity level 20 dS/m. From the analysis of the variance 

(Appendix 13) it can be observed that the response of shoot length of S. cumini was significant 

(p < 0.000).   

4.3.2.1. Physiological attributes  

4.3.2.2 Photosynthetic rate (µmol CO₂  m⁻ ² S⁻ ¹)  

Fig.4.3.2.2. showed that maximum photosynthetic rate was recorded in control treatment T1 

(12.017 µmol CO₂  m⁻ ² S⁻ ¹), followed by T2 (10.767), T3 (9.233), T4 (7.70 ). Whereas 

minimum photosynthetic rate was recorded in  

T5 (4.833) having maximum salinity level 20 dS/m. From the analysis of variance (Appendix 

14) it can be observed that the response of photosynthetic rate of E. camaldulensis was 

significant (p < 0.000). Comparison of means of E. camaldulensis revealed that it is 

significantly different in all treatments. From comparison of means of V. nilotica indicated that 

photosynthetic rate was significantly different in all treatments, as recorded in as shown in 

Fig.4.3.2.2 maximum photosynthetic rate was recorded in control treatment T1 (8.6), followed 

by T2 (4.40), T3 (3.73 ) and T4 (3.43 ). Whereas minimum photosynthetic rate was recorded in 

T5 (2.43 µmol CO₂  m⁻ ² S⁻ ¹) having maximum salinity level 20 dS/m. From the analysis of 

variance (Appendix 14) it can be observed that the response of photosynthetic rate of V. 

nilotica was significant (p < 0.000).   

From the analysis of variance (Appendix 14) it can be observed that the response of 

photosynthetic rate of S. cumini was significant (p < 0.000). Comparison of means of S. cumini 

indicated that it is significantly different in all treatments, as shown in as shown in Fig.4. 3.2.2 

maximum photosynthetic rate was recorded in control treatment T1 (7.7), followed by T2 

(3.30), T3 (2.1) and T4 (1.98 ). S. cumini did not survive at treatment T5 having maximum 

salinity level 20 dS/m.  
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4. 3.2.3 Transpiration rate (mmol H2O m⁻ ² S⁻ ¹)  

From the analysis of variance (Appendix 15) it can be observed that the response of 

transpiration rate of E. camaldulensis was significant (p < 0.000). Comparison of means 

revealed that E. camaldulensis was significantly different in all treatments, as shown in Fig.4. 

3.2.3 maximum value was recorded in control treatment T1(7.90 mmol H2O m⁻ ² S⁻ ¹), 

followed by T2 (5.50 mmol H2O m⁻ ² S⁻ ¹), T3 (4.10 mmol H2O m⁻ ² S⁻ ¹) and T4 (3.2 H2O 

m⁻ ² S⁻ ¹). Whereas minimum value was recorded in T5 (2.1 mmol H2O m⁻ ²  S⁻ ¹) having 

maximum salinity level 20 dS/m.  

From the analysis of variance (Appendix 15) it can be observed that the response of 

transpiration rate of V. nilotica was significant (p < 0.000). Comparison of means of V. nilotica 

indicated that it was significantly different in all treatments, as shown in Fig.4. 3.2.3 maximum 

transpiration rate was recorded in control treatment T1 (5.50 mmol H2O m⁻ ² S⁻ ¹), followed 

by T2 (3.10), T3 (2.10) and T4(1.87). Whereas minimum value was recorded in T5 (0.80) having 

maximum salinity level 20 dS/m.  

From the analysis of the variance (Appendix 15) it can be observed that the response of   

transpiration rate of S. cumini was significant (p < 0.000). From comparison of means of S. 

cumini indicated that photosynthetic rate was significantly different in all treatments, as shown 

in Fig.4. 3.2.3 maximum transpiration rate was recorded in control treatment T1(5.40), 

followed by T2(2.50 ), T3(1.70 ) and T4(0.30). S. cumini did not survive at treatment T5 having 

maximum salinity level 20 dS/m.  

4. 3.2.4 Stomatal conductance (mol m⁻ ² S⁻ ¹)  

From the analysis of variance (Appendix 16) it can be observed that stomatal conductance of 

E. camaldulensis was significant (p < 0.000). Comparison of mean of E. camaldulensis was 

significantly different in all treatments. As shown in (Fig.4. 3.2.4), maximum stomatal 

conductance was recorded in control treatment T1(1.28 mol m⁻ ² S⁻ ¹), followed by T2 (1.13), 

T3 (0.98) and T4 (0.75 ). Whereas stomatal conductance was recorded minimum in T5 (0.55).  

having maximum salinity level 20 dS/m. From the analysis of variance (Appendix 16) it can 

be observed that the response of stomatal conductance of V. nilotica was significant (p < 

0.000). Comparison of means of V. nilotica indicated that stomatal conductance was 

significant different in all treatments. As shown in (Fig.4. 3.2.4), maximum stomatal 

conductance was recorded in control treatment T1 (1.03), followed by T2 (0.75 ), T3 (0.66), 
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T4(0.75 ).Whereas minimum stomatal conductance was recorded in T5 (0.61). having 

maximum salinity level 20 dS/m.  

From the analysis of variance (Appendix 16) it can be observed that the response of stomatal 

conductance of S. cumini was significant (p < 0.000). Comparison of means of S. cumini 

indicated that stomatal conductance was significantly different in all treatments, as shown in 

Fig.4. 3.2.4 maximum stomatal conductance was recorded in control treatment T1 (0.99), 

followed by T2 (0.80), T3 (0.60), T4 (0.50). S. cumini did not survive at treatment T5 having 

maximum salinity levels 20 dS/m.  

4. 3.2.5 Intrinsic CO2 concentration (µmolm-2s-1)  

 Comparison of means revealed that E. camaldulensis was significantly different in all 

treatments. As shown in Fig.4. 3.2.5, maximum intrinsic CO2 concentration   was recorded in 

control treatment T1 (129.6 µmolm-2s-1), followed by T2 (120), T3 (115) and T4 (110.0). 

Whereas intrinsic CO₂  concentration was recorded minimum in T5 (105) having maximum 

salinity level 20 dS/m. From the analysis of variance (Appendix 17) it can be observed that the 

response intrinsic CO₂  concentration of E. camaldulensis was significant (p < 0.000).  

Comparison of means of V. nilotica indicated that intrinsic CO2 concentration was 

significantly different in all treatments, As shown in Fig. 4. 3.2.5, maximum intrinsic CO2 con. 

was recorded in control treatment T1 (100.0 µmolm-2s-1), followed by T2 (99.00), T3 (87.00 ) 

and T4 (70.00 ). Whereas minimum Intrinsic CO2 concentration was recorded in T5 (65.00) 

having maximum salinity level 20 dS/m.  

From the analysis of variance (Appendix 17) it can be observed that the response of Intrinsic 

CO2 concentration of S. cumini   was significant (p < 0.000). Comparison of means of S. cumini 

indicated that intrinsic CO2 concentration was significantly different in all treatments. As 

shown in (Fig. 4. 3.2.5), maximum Intrinsic was recorded in control treatment T1 (99 µmolm-

2s-1), followed by T2 (70), T3 (60) and T4 (40.0). S. cumini did not survive at treatment T5 having 

maximum salinity level 20 dS/m.  

4. 3.2.6 Photosynthetic water use efficiency (PWUE)  

Comparison of means of E. camaldulensis was significantly different in all treatments, as 

shown in fig4.3.2.6. Minimum PWUE was recorded in control treatment T1(4.100), followed 

by T2 (4.4), T3 (4.80), T4 (5.1). Whereas photosynthetic water use efficiency (PWUE) was 
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recorded maximum in T5 (6.8) having maximum salinity level 20 dS/m. From the analysis of 

variance (Appendix 18) it can be observed that the response of photosynthetic water use 

efficiency of Eucalyptus camaldulensis was significant (p < 0.000).   

From the analysis of variance (Appendix 18) it can be observed that the response 

photosynthetic water use efficiency of V. nilotica was significant (p < 0.000). Comparison of 

means of V. nilotica indicated that photosynthetic water use efficiency was significant different 

in all treatments. As recorded in (Fig.4. 3.2.6), minimum Photosynthetic Water Use Efficiency 

was recorded in control treatment T1 (3.5), followed by T2 (4.1), T3 (4.4) and T4(5.3). Whereas 

maximum photosynthetic water use efficiency was recorded in T5 (6.5) having maximum 

salinity level 20 dS/m  

From the analysis of the variance (Appendix 18) it can be observed that the response of 

(PWUE) of S. cumini was significant (p < 0.000). Comparison of means of S. cumini indicated 

that (PWUE) was significantly different in all treatments, as shown in (Fig 4.3.2.6). Minimum 

Photosynthetic Water Use Efficiency was recorded in control treatment T1 (3.4 (PWUE), 

followed by T2 (4.3), T3 (5.1), where maximum PWUE T4 (5.5). S. cumini did not survive at 

treatment T5 having maximum salinity level 20 dS/m.  

4. 3.3.1 Ionic composition  

4. 3.3.2 Shoot Na⁺  Con. (mg g⁻ ¹ dw)  

From the analysis of variance (Appendix 19) it can be observed that the Na+ concentration in 

shoot of E. camaldulensis was significant (p < 0.000). Comparison of means of E. 

camaldulensis indicated that Na+ ion was significantly different in all treatments, as evident in 

Fig. 4. 3.3.2 maximum Na+ ion concentration was recorded in shoot of E. camaldulensis at 

treatment T5 (5.27 mg g⁻ ¹ dw) having maximum salinity levels 20 dS/m, followed by T4 

(5.30), T3 (2.13) and T2 (1.47). Whereas minimum Na+ ion concentration was recorded in 

control treatment T1 (0.05).    

From the analysis of variance (Appendix 19) it can be observed that the response of Na+ 

concentration in shoot of V. nilotica was significant (p < 0.000). Comparison of means of V. 

nilotica indicated that Na+ was significantly different in all treatments, as recorded in (Fig. 4. 

3.3.2). Maximum Na+ ion concentration was recorded in shoot of V. nilotica at treatment 

T5(5.90) having maximum salinity level 20 dS/m, followed by T4 (4.87), T3 (2.73), T2 (1.90). 

Whereas minimum Na+ ion concentration was recorded at control treatment T1 (0.57).  From 
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the analysis of the variance (Appendix 19) it can be observed that the response of Na+ 

concentration in shoot of S. cumini   was significant (p < 0.000). Comparison of means of S. 

cumini indicated that Na+ was significantly different in all treatments, as shown in (Fig. 4. 

3.3.2). Maximum Na+ ion concentration was recorded in shoot of S. cumini in T4(5.30) having 

maximum salinity level 15ds/m, followed by T3 (4.90), T2 (3.37), and T1 (1.10). S. cumini did 

not survive at treatment T5 having maximum salinity level 20dS/m.  

4. 3.3.3 Root Na⁺  Con. (mg g⁻ ¹ dw)  

From the analysis of variance (Appendix 20) it can be observed that the Na+ concentration in 

root of E. camaldulensis was significant (p < 0.000). Comparison of means of E. camaldulensis 

indicated that Na+ was significantly different in all treatments, as recorded in (Fig.4.3.3. 3). 

Minimum Na+ ion concentration was recorded in root of Eucalyptus camaldulensis at control 

treatment T1 (1.30 mg g⁻ ¹ dw), followed by T2 (3.37), T3 (4.90) and T4 (5.30). Whereas 

maximum Na+ ion concentration was recorded in T5 (6.10).  having maximum salinity level 

20 dS/m.  

From the analysis of the variance (Appendix 20) it can be observed that the response Na+ 

concentration in of V. nilotica was significant (p < 0.000). Comparison of means of V. nilotica 

indicated that the Na+ was significantly different in all treatments, as recorded in (Fig.4.3.3.3) 

Minimum Na+ ion concentration was recorded in root of V. nilotica in T1 (1.67), followed by 

T2 (3.37), T3 (5.37) and T4 (6.27). Whereas maximum Na+ ion concentration was recorded in 

treatment T5 (6.83). having maximum salinity level 20 dS/m.  

From the analysis of variance (Appendix 20) it can be observed that the response of Na+ 

concentration in of S. cumini was significant (p < 0.000). Comparison of means of S. cumini 

indicated that Na+ was significantly different in all treatments, as shown in Fig.4.3.3.3. 

Maximum Na+ ion concentration was recorded in root of S. cumini at treatment T4(6.87) having 

maximum salinity levels 15 dS/m, followed by T3 (5.47 mg g⁻ ¹ dw), T2 (4.01) and T1 (1.67). 

S. cumini did not survive at treatment T5 having maximum salinity level 20 dS/m.   

4.3.3.4 Shoot K⁺  Con. (mg g⁻ ¹ dw)  

From the analysis of variance (Appendix 21) it can be observed that the K+ concentration in of 

E. camaldulensis was significant (p < 0.000). Comparison of means of E. camaldulensis 

indicated that K+ was significantly different in all treatments, as recorded in (Fig.4.3.3. 4). 

Maximum shoot K+ ion concentration was recorded in control treatment T1(6.57), followed by 
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T2 (5.20) , T3 (4.87) and T4 (4.10). Whereas minimum value was recorded in T5 (3.17) having 

maximum salinity level 20 dS/m.  

From the analysis of variance (Appendix 21) it can be observed that the response K+ 

concentration of V. nilotica was significant (p < 0.000). Comparison of means of V. nilotica 

indicated that K+ was significantly different in all treatments, as recorded in (Fig.4.3.3.4). 

maximum shoot K+ ion concentration was recorded in control treatment T1(5.97), followed by 

T2 (4.33), T3 (3.37) and T4 (2.87). Whereas minimum value was recorded in T5 (1.9). having 

maximum salinity level 20 dS/m.  

From the analysis of variance (Appendix 21) it can be observed that the response of K+ 

concentration of   S. cumini   was significant (p < 0.000). Comparison of means of   S. cumini 

indicated that K+ was significantly different in all treatments, as shown in (Fig.4.3.3.4). 

Maximum shoot K+ ion concentration was recorded in control treatment T1(5.07), followed by 

T2 (4.07), T3 (3.31) and T4 (2.07). S. cumin did not survive at treatment T5 having maximum 

salinity level 20 dS/m.     

4.3.3.5 Root K⁺  Con. (mg g⁻ ¹ dw)  

From the analysis of variance (Appendix 22) it can be observed that the K+ concentration of 

E. camaldulensis was significant (p < 0.000). Comparison of means of E. camaldulensis 

indicated that K+ was significantly different in all treatments, as recorded in (Fig.4.3.3.5). 

Maximum root K+ ion concentration was recorded in control treatment T1(3.40), followed by 

T2 (2.87), T3 (2.20) and T4 (1.90) minimum was recorded in T5 (0.87) having maximum salinity 

level 20 dS/m.  

From the analysis of variance (Appendix 22) it can be observed that the response K+ 

concentration in of V. nilotica was significant (p < 0.000). Comparison of means of V. nilotica 

indicated that K+ was significantly different in all treatments, as recorded in (Fig.4.4.3.5). 

Maximum root K+ ion concentration was recorded in control treatment T1(3.07), followed by 

T2 (2.37), T3 (2.00), T4 (1.47). Whereas minimum value was recorded in T5 (0.7) having 

maximum salinity level 20 dS/m.  

From the analysis of variance (Appendix 22) it can be observed that the response of K+ 

concentration in of S. cumini was significant (p < 0.000). Comparison of means of S. cumini 

indicated that K+ was significantly different in all treatments, as shown in Fig.4.3.3.5 

maximum root K+ ion concentration was recorded in control treatment T1(3.00 mg g⁻ ¹ dw), 
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followed by T2 (2.20), T3 (1.90) andT4 (1.47). S. cumini did not survive at treatment T5 having 

maximum salinity levels 20 dS/m.  

  

Fig. 4.3.2. Effect of NaCl salinity on seed germinations % of selected tree species 

(Eucalyptus camaldulensis, Vachellia. nilotica, Syzygium cumini)  

  

  

Fig. 4.3.3. Effect of NaCl salinity on survival of selected tree species (Eucalyptus 

camaldulensis, Vachellia. nilotica, Syzygium cumini)   
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Fig. 4.3.4. Effect of NaCl salinity on plant height of selected tree species (Eucalyptus 

camaldulensis, Vachellia nilotica, Syzygium cumini)  

  

Fig. 4.3.5. Effect of NaCl salinity on shoot fresh weight of selected tree species   

                 (Eucalyptus camaldulensis, Vachellia nilotica, Syzygium cumini)  
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       Fig. 4.3.6. Effect of NaCl salinity on shoot dry weight of selected tree species  

                        (Eucalyptus camaldulensis, Vachellia nilotica, Syzygium cumini)     

  

   Fig. 4.3.7. Effect of NaCl salinity on root fresh weight of selected tree species   

                   (Eucalyptus camaldulensis, Vachellia nilotica, Syzygium cumini)  
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Fig. 4.3.8. Effect of NaCl salinity on root dry weight of selected tree species (Eucalyptus 

camaldulensis, Vachellia nilotica, Syzygium cumini)    

  

  

  

    Fig. 4.3.9. Effect of NaCl salinity on root shoot ratio of selected tree species  

(Eucalyptus camaldulensis, Vachellia nilotica, Syzygium cumini)  
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Fig. 4.3.10. Effect of NaCl salinity on leaf area of selected tree species (Eucalyptus   

camaldulensis, Vachellia nilotica, Syzygium cumini)  

  

Fig. 4.3.11. Effect of NaCl salinity on stem diameter of selected tree species (Eucalyptus 

camaldulensis, Vachellia nilotica, Syzygium cumini)  
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Fig. 4.3.12. Effect of NaCl salinity on number of branches of selected tree species      

  (Eucalyptus camaldulensis, Vachellia    nilotica, Syzygium cumini)   

  

Fig. 4.3.13. Effect of NaCl salinity on root length of selected tree species (Eucalyptus 

camaldulensis, Vachellia    nilotica, Syzygium cumini)  
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Fig. 4.3.14. Effect of NaCl salinity on shoot length of selected tree species (Eucalyptus 

camaldulensis, Vachellia nilotica, Syzygium cumini)  

 

 
     

 Fig. 4.3.2.2 Effect of NaCl salinity on photosynthetic rate of selected tree species  

(Eucalyptus camaldulensis, Vachellia    nilotica, Syzygium cumini)   
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 Fig. 4.3.2.3 Effect of NaCl salinity on transpiration rate of selected tree species 

(Eucalyptus camaldulensis, Vachellia    nilotica, Syzygium cumini)  

  

Fig. 4.3.2.4 Effect of NaCl salinity on stomatal conductance of selected tree species  

                   (Eucalyptus camaldulensis, Vachellia    nilotica, Syzygium cumini) 
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Fig. 4.3.2.5 Effect of NaCl salinity on intrinsic CO2 concentration of selected tree species 

(Eucalyptus camaldulensis, Vachellia nilotica, Syzygium cumini)  

 

   

Fig. 4.3.2.6 Effect of NaCl salinity on photosynthetic water use efficiency of selected tree 

species (Eucalyptus camaldulensis, Vachellia nilotica, Syzygium cumini)  
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Fig. 4.3.3.2 Effect of NaCl salinity on shoot Na+ ion concentration of selected tree species            

(Eucalyptus camaldulensis, Vachellia    nilotica, Syzygium cumini)  

  

  

Fig. 4.3.3.3 Effect of NaCl salinity on root Na+ ion concentration of selected tree species 

(Eucalyptus camaldulensis, Vachellia    nilotica, Syzygium cumini)  
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Fig. 4.3.3.4 Effect of NaCl salinity on shoot K+ ion concentration of selected tree species 

(Eucalyptus camaldulensis, Vachellia nilotica, Syzygium cumini)  

  

  

Fig. 4.3.3.5 Effect of NaCl salinity on root K+ ion concentration of selected tree species 

(Eucalyptus camaldulensis, Vachellia    nilotica, Syzygium cumini) 
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Discussion   

Salinity caused significant reduction in germination rate, survival rate, plant height, root 

length, shoot length, root shoot fresh and dry weight, number of branches, stem diameter, root 

shoot ratio of the selected tree species (Fig.4.2.1 & 4.2.3). The germination rate was more for 

E. camaldulensis (95%) in control conditions than V. nilotica (90%) and S. cumini (81.67%). 

Minimum germination rate was recorded for E. camaldulensis (30%) at 20 ds/m than V. 

nilotica (20%), S. cumini did not survive at 20 dS/m salinity level. The adverse effects of NaCl 

on seed germination are due to osmotic stress and ion toxicity (Ayers, and Hayward, 1948; 

Huang and Redmann,1995; Rehman et al., 1997; Gulzar and Khan, 2001, Murillo-Amador et 

al., 2002, Khajeh- Hosseini, et al., 2003; Kaya et al., 2006; Neamatollahi et al., 2009). 

The survival rate was more for E. camaldulensis (85 %) under control conditions than V. 

nilotica (80 %) and S. cumini (50%). Minimum survival rate was recorded for E. camaldulensis 

(20 %) at 20 dS/m than V. nilotica (10%), S. cumini did not survive at 20 dS/m salinity level. 

Seed germination under saline conditions of NaCl have adverse effects on the seedling 

emergence and survival, the effect of salt on seedling dry weight was less pronounced for A. 

salicina than for the Eucalypts. Our results are in conformity with Naidoo & Naicker, (1992); 

Madsen and Mulligan. (2006). Similar type of growth and survival pattern was also observed 

in saline conditions by Ashraf et al, (2008); Jonsson et al, (1988).   

Plant height was significantly reduced in seedlings by increasing the salinity stress levels. The 

plant height was more for E. camaldulensis under control condition than V nilotica and S. 

cumini and minimum plant height was recorded for E. camaldulensis (22.87 cm) at 20 dS/m 

than V. nilotica (18.69 cm), S. cumini did not survive at 20 dS/m salinity level. Our results are 

confirming the findings of Hameed et al, (2010) who was of view that the metabolic pathway 

is changed by increasing slat concentration, which decreased the elasticity of cell wall and 

finally height of plant. Stem diameter was also reduced with increasing the salinity levels. 

Results are confirming the findings of former experiments i.e. stem diameter was reduced due 

to the decrease in turgor potential and extra metabolic energy by increasing salinity (Ashraf et 

al., 1994; Qadir et al.,1997). In present study salt stress caused a significant decrease of leaf 

area of the seedlings with the increase of stress treatments. Same results were obtained by 

Alberico and Cramer, (1993). The number of branches was reduced because of low turgor 
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potential and also deficiency in nutrients (Shreif, 2000). Root and shoot length of seedlings 

was significantly reduced with the increasing salinity level. Plants root length was restorative 

in saline situations, our results are confirmed by Teakle et al, (2013). Seedlings with more 

shoot and root fresh weight was considered as good to cultivate under salt affected soils. Shoot 

fresh and dry weight was significantly more in E. camaldulensis than in V. nilotica and S. 

cumini. Salinity significantly reduced the growth of seedlings. Saqib et al, (2013) found that 

the crop production of wheat was decreased under salinity stress. Decline in root fresh and dry 

weights under salinity stress was also observed in previous experiments (El-atta et al., 2012); 

(Abbas et al., 2013). Photosynthetic rate and transpiration rate was decreased in E. 

camaldulensis, V. nilotica and S. cumini with increasing the salinity levels. S. cumini did not 

survive at 20 dS/m.  Our findings are in conformity with Wang et al, (2011) who observed that 

photosynthetic rate was decreased in plants when the salinity stress level was increasing. The 

maximum decrease in stomatal conductance was observed at salinity level of 40 dSm-1. Our 

results are in line with Pagter et al, (2009) who reported that stomatal conductance of the plants 

was less in salt stress conditions. Due to the salt stress the photosynthetic water use efficiency 

was increasing when salinity levels were enhancing. Intracellular CO2 concentration was 

decreasing as salinity levels were raised, Photosynthetic water use efficiency increased in 

higher salinity levels because of the lower transpiration rate rather than CO2 absorption. Our 

findings concur with Pagter et al, (2009) who suggested that the negative effect of salinity on 

intracellular CO2 concentration and photosynthetic water use efficiency.   

In shoot, root and leaves of seedling sodium ion concentration enhanced significantly, when 

salinity levels were increasing and higher accumulation of Na+ was recorded in V. nilotica and 

S. cumini and E. camaldulensis. This heavy accumulation of Na+ in the parts of plants was 

observed due to osmotic effects, nutrient imbalance and specific ion toxicity (Arzani et al., 

2008). These results are also supported by the findings of Marcar et al, (1991); Willadino and 

Camara, (2005). K+ ion concentration has a key role in salt tolerance where uptake of K+ is 

decreased by Na+ (Shirazi et al., 2005; Saqib et al., 2013). In our study, the reduction of K+ 

ion concentration was noted in shoots, roots, leaves, which showed that Na+ inhibited the 

uptake of K+. Decreased K+ uptake in reaction to salinity was also observed by Khalil et al, 

(2012).  
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4.4 Study 4: Effect of salt affected soil on seedling growth of selected agroforestry tree 

species.  

 4.4.1 Morphological parameters  

4.4.2 Plant height (cm)  

Fig.4. 4.2. indicated that maximum plant height was recorded in control treatment T1 (120.60 

cm) followed by T2 (107.43 cm), T3 (92.06 cm) and T4 (77.83 cm). Whereas minimum plant 

height was recorded in T5 (59.3 cm) having maximum salinity level 40 dS/m. From the analysis 

of variance (Appendix 23) it can be observed that the response of plant height of E. 

camaldulensis was significant (p < 0.000).   

From the analysis of variance (Appendix 23) it can be observed that the response of plant 

height of V. nilotica, was significant (p < 0.000). Comparison of means revealed that height of 

V. nilotica was significantly different in all treatments, as evident in Fig. 4.4.2, maximum plant 

height was recorded in control treatment T1 (108.00 cm), followed by T2 (89.200 cm),  

T3 (80.90 cm) and T4 (61.367 cm). Whereas minimum plant height was recorded in T5 (36.133 

cm) having maximum salinity level 40 dS/m.  

From the analysis of variance (Appendix 23) it can be observed that the response of plant 

height of S. cumini, was significant (p < 0.000). As shown in Fig. 4. 4.2, maximum plant height 

was recorded in control treatment T1 (98.5 cm) followed by T2 (81.96 cm), T3 (63.80 cm) and 

T4 (39.133 cm). S. cumini did not survive at T5 (having maximum salinity levels 40dS/m). 

Over all plant growth of S. cumini was very poor at different salinity levels as compared to 

other two species.     

4.4.3. Shoot fresh weight (g)    

From the analysis of variance (Appendix 24) it can be observed that the response of shoot fresh 

weight of E. camaldulensis was significant (p < 0.000). Comparison of means revealed that 

shoot fresh wright of E. camaldulensis was significantly different in all treatments, as shown 

in Fig.4.4.3, maximum shoot fresh weight was recorded in control treatment T1 (232.23 g), 

followed by T2 (186.07 g), T3 (145.67 g), T4 (89.4 g). Whereas minimum shoot fresh weight 

was recorded in T5 (40.43 g) having maximum salinity level 40 dS/m.    

Comparison of means of V. nilotica indicated that shoot fresh weight was significantly 

different in all treatments, as evident in (Fig 4.4.3), maximum shoot fresh weight was recorded 

in control treatment T1 (187.5g), followed by T2 (155.4 g), T3 (89.067g) and T4 (60.933g).  
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Whereas minimum shoot fresh weight was recorded in T5 (30.067 g) having maximum salinity 

level 40 dS/m. From the analysis of variance (Appendix 24) it can be observed that the 

response of shoot fresh weight of V. nilotica was significant (p < 0.000).  

Fig 4.4.3 indicated that maximum shoot fresh weight of S. cumini was recorded in control 

treatment T1 (70.100 g), followed by T2 (66.300 g), T3 (37.133 g) and T4 (19.833 g). S. cumini 

did not survive at T5 having maximum salinity level 40 dS/m. From the analysis of the variance 

(Appendix 24) it can be observed that the response of shoot fresh weight of S. cumini was 

significant (p < 0.000).   

4.4.4. Shoot dry weight (g)  

It is evident from Fig.4.4 4 that maximum shoot dry weight was recorded in control treatment 

T1 (110.40 g), followed by T2 (87.700 g), T3 (68.533 g) and T4 (51.200 g). Whereas minimum 

shoot dry weight was recorded in T5 (19.767 g) having maximum salinity level 40 dS/m. From 

the analysis of variance (Appendix 25) it can be observed that the response of shoot dry weight 

of E. camaldulensis was significant (p < 0.000). From comparison of means it can be observed 

that shoot dry wright of E. camaldulensis was significantly different in all treatments.  

From the analysis of variance (Appendix 25) it can be observed that the response of shoot dry 

weight of V. nilotica was significant (p < 0.000). Comparison of means of V. nilotica indicated 

that shoot dry weight was significantly different in all treatments, as recorded in Fig.4.4.4, 

maximum shoot dry weight was recorded in control treatment T1 (88.300 g), followed by 

T2(67.133 g), T3(52.433 g) and T4(26.000 g). Whereas minimum shoot dry weight was 

recorded in T5 (15.433g) having maximum salinity levels 40 dS/m.  

Fig.4.4. 4. Indicated that maximum shoot dry weight was recorded in control treatment 

T1(43.433 g), followed by T2 (27.133 g), T3 (17.933 g) and T4 (11.400 g). S. cumini did not 

survive at T5 having maximum salinity levels 40 dS/m. From the analysis of variance 

(Appendix 25) it can be observed that the response of shoot dry weight of S. cumini was 

significant (p < 0.000).   

 4.4.5. Root fresh weight (g)  

From the analysis of variance (Appendix 26) it can be observed that the response of root fresh 

weight of E. camaldulensis was significant (p < 0.000). As shown in Fig.4.4 5, maximum root 

fresh weight was recorded in control treatment T1 (77.100 g), followed by T2 (55.600 g), T3 
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(48.067 g) and T4 (32.133 g). Whereas minimum root fresh weight was recorded in T5 (10.533 

g) having maximum salinity level 40 dS/m.   

Fig.4.4.5. indicated that maximum root dry weight was recorded in control treatment T1 

(45.233 g) followed by T2 (34.533 g), T3 (25.233 g) and T4 (14.600 g). Whereas minimum root 

dry weight was recorded in T5 (8.4667 g) having maximum salinity level 40 dS/m. From the 

analysis of variance (Appendix 26) it can be observed that the response of root fresh weight of 

V.  nilotica was significant (p < 0.000).   

Comparison of means of S. cumini indicated that response of root fresh weight was 

significantly different in all treatments, as was shown in Fig.4.4. 5 maximum root fresh weight 

was recorded in control treatment T1 (27.700 g), followed by T2 (22.133g), T3 ( 14.067 g) and 

T  (9.266 g) . S. cumini did not survive at T5 having maximum salinity level 40 dS/m. From 

the analysis of variance (Appendix 26) it can be observed that the response of root fresh weight 

of   S. cumini was significant (p < 0.000).   

4.4. 6. Root Dry weight (g)   

Fig.4.4 6. indicated that maximum root dry weight was recorded in control treatment T1 

(41.600 g) followed by T2 (24.400 g), T3 (22.267 g) and T4 (17.133 g). Whereas minimum root 

dry weight was recorded in T5 (5.600 g) having maximum salinity level 40 dS/m. From the 

analysis of the variance (Appendix 27) it can be observed that the response of root dry weight 

of E. camaldulensis was significant (p < 0.000). Comparison of means of E. camaldulensis 

revealed that it is significantly different in all treatments.  

From the analysis of the variance (Appendix 27) it can be observed that the response of root 

dry weight of V. nilotica was significant (p < 0.000). Comparison of means of V. nilotica 

indicated that root dry weight was significantly different in all treatments, as evident in fig.4.4. 

6 maximum root dry weight was recorded in control treatment T1 (23.3 g) followed by T2 

(15.167 g), T3 (12.237 g) and T4 (9.966 g). Whereas minimum root dry weight was recorded 

in T5 (4.400 g) having maximum salinity level 40 dS/m.  

From the analysis of variance (Appendix 27) it can be observed that the response of root dry 

weight of S. cumini was significant (p < 0.000). As shown in Fig.4.4. 6 maximum root dry 

weight was recorded in control treatment T1 (17.467g) followed by T2 (12.800 g), T3 (7.9667 

g) and T4 (4.4 g). S. cumini, did not survive at T5 having maximum salinity level 40 dS/m.  
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4. 4.7. Number of branches  

Comparison of means revealed that response of E. camaldulensis was significantly different 

in all treatments, as shown in Fig.4. 4 .7, maximum number of branches was recorded in 

control treatment T1(18.3) followed by T2 (12.4), T3 (7.5), T4 (4). Whereas minimum branches 

were recorded in T5 (2) (having maximum salinity level 40 dS/m). From the analysis of 

variance (Appendix 28) it can be observed that the response of number of branches of E. 

camaldulensis was significant (p < 0.000).   

From the analysis of variance (Appendix 28) it can be observed that the response of number 

of branches of V. nilotica was significant (p < 0.000). Comparison of means of V. nilotica 

indicated that number of branches was significantly different in all treatments, as evident in 

fig.4. 4.7, maximum number of branches was recorded in control treatment T1 (22.6), followed 

by T2 (18.6), T3 (11) and T4 (7.6). Whereas minimum branches were recorded in T5 (6) having 

maximum salinity level 40 dS/m.  

From the analysis of variance (Appendix 28) it can be observed that the response of number 

of branches of   S. cumini was significant (p < 0.000). As shown in Fig. 4. 4.7 maximum 

number of branches was recorded in control treatment T1 (7.3), followed by T2 (5.3), T3 (4.3), 

T4 (3). S. cumini did not survive at treatment T5 having maximum salinity level 40 dS/m.  

4.4 8. Root length (cm)  

From the analysis of the variance (Appendix 29) it can be observed that the response of root 

length of E. camaldulensis was significant (p < 0.000). Comparison of means revealed that 

root length of E. camaldulensis was significantly different in all treatments, as recorded in 

Fig.4.4 8, maximum root length was recorded in control treatment T1 (20.467 cm) followed by 

T2 (18.733 cm), T3 (15.467cm) and T4 (11.40 cm). Whereas minimum root length was recorded 

in T5 (8.80 cm) having maximum salinity level 40 dS/m.   

Fig.4.4. 8. indicated that maximum root length was recorded in control treatment T1 (18.876 

cm), followed by T2 (15.90 cm), T3 (14.40 cm) and T4 (10.86 cm). Whereas minimum root 

length was recorded in T5 (6.60 cm) having maximum salinity level 40 dS/m. From the analysis 

of variance (Appendix 29) it can be observed that the response of root length of V. nilotica 

was significant (p < 0.000). Comparison of means of V. nilotica indicated that root length was 

significantly different in all treatments.  
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From the analysis of variance (Appendix 29) it can be observed that the response of root length 

of S. cumini was significant (p < 0.000). As evident in Fig.4. 4. 8 maximum root length was 

recorded in control treatment T1 (17.700 cm), followed by T2 (15.46 cm) , T3 ( 13.3 cm) and 

T4 (8.8 cm).  S. cumini did not survive at T5 having maximum salinity levels 40 dS/m. Over all 

plant growth of S. cumini, was very poor at different salinity levels as compared to other two 

species.   

4.4 9. Shoot length (cm)  

From the analysis of the variance (Appendix 30) it can be observed that the response of shoot 

length of E. camaldulensis was significant (p < 0.000). Comparison of means revealed that E. 

camaldulensis was significantly different in all treatments, as shown in Fig.4. 4 9, maximum 

shoot length was recorded in control treatment T1 (100.13 cm), followed by T2 (88.70 cm), T3 

(76.600 cm) and T4 (66.43 cm). Whereas minimum   shoot length was recorded in T5 (50.500 

cm) having maximum salinity level 40 dS/m.   

Fig. 4.4.9. indicated that maximum shoot length was recorded in control treatment T1 (85.133 

cm), followed by T2 (73.300 cm), T3 (66.50 cm), T4 (50.500 cm). Whereas minimum shoot 

length was recorded in T5 (30.33 cm) having maximum salinity level 40 dS/m. From the 

analysis of the variance (Appendix 30) it can be observed that shoot length of V. nilotica was 

significant (p < 0.000). Comparison of means of V. nilotica, indicated that shoot length was 

significantly different in all treatments.  

From the analysis of the variance (Appendix 30) it can be observed that the response of shoot 

length of S. cumini, was significant (p < 0.000). As shown in Fig. 4.4.9 maximum shoot length 

was recorded in control treatment T1 (80.80 cm), followed by T2 (66.50 cm), T3 (50.50 cm) 

and T4 (30.33 cm). S. cumini did not survive at T5 having maximum salinity level 40 dS/m.  

4. 4.10. Root shoot ratio.  

Maximum root shoot ratio was recorded in control treatment T1 (0.3885), followed by T2 

(0.3411), T3 (0.3279) and T4 (0.2522) (Fig.4. 4.10). Whereas minimum root shoot ratio was 

recorded in T5 (0.1923) having maximum salinity level 40 dS/m. From the analysis of variance 

(Appendix 31) it can be observed that the response of root shoot ratio of E. camaldulensis was 

significant (p < 0.000).   

From the analysis of variance (Appendix 31) it can be observed that the response of root shoot 

ratio of V. nilotica was significant (p < 0.000). Comparison of means of V. nilotica, indicated 
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that root shoot ratio was significantly different in all treatments, as shown in fig. 4.4.10 

maximum root shoot ratio was recorded in control treatment T1(0.3113), followed by T2 

(0.3105), T3 (0.2429) and T4 (0.1987). Whereas minimum root shoot ratio was recorded in T5 

(0.1089) having maximum salinity level 40 dS/m.  

From the analysis of variance (Appendix 31) it can be observed that the response of root shoot 

ratio of S. cumini was significant (p < 0.000). As shown in Fig. 4.4.10 maximum root shoot 

ratio was recorded in control treatment T1 (0.3030), followed by T2 (0.3007), T3 (0.2680) and 

T4 (0.2090). S. cumini did not survive at T5 having maximum salinity level 40 dS/m.  

4. 4.11. Leaf area (mm2 )   

From the analysis of the variance (Appendix 32) it can be observed that the response of leaf 

area   of E. camaldulensis was significant (p < 0.000). As show in Fig.4. 4.11(a), maximum 

leaf area was recorded in control treatment T1 (714.67 mm2) followed by T2 (700.33 mm2) , 

T3 ( 680.0 mm2) and T4 (650.90 mm2 ).Whereas minimum   leaf area was recorded in T5(555.03 

mm2) having maximum salinity level 40 dS/m.  

 From the analysis of the variance (Appendix 32) it can be observed that the response of leaf 

area V. nilotica was significant (p < 0.000). Comparison of means of V. nilotica means 

indicated that leaf area was significantly different in all treatments, as shown in Fig. 4.4.11 (b) 

maximum leaf area was recorded in control treatment T1 (10.500 mm2 ) followed  by T2 (8.600 

mm2) , T3 (7.13 mm2) and T4 (6.86 mm2).Whereas minimum  leaf area was recorded in T5 ( 

4.90 mm2) having maximum salinity level 40 dS/m.  

Fig. 4.4.11. (c), indicated that maximum leaf area was recorded in control treatment T1 (700.0 

mm2) followed by T2 (680.01 mm2), T3 (650.90 mm2) and T4 (555.03 mm2). S. cumini did not 

survive at treatment T5 having maximum salinity levels 40 dS/m. From the analysis of the 

variance (Appendix 32) it can be observed that the response of leaf area of S. cumini was 

significant (p < 0.000). Comparison of means of S. cumini means indicated that leaf area was 

significantly different in all treatments.  

4. 4.12.  Stem diameter (cm)  

Fig.4. 4.12 depicts that  maximum stem diameter was recorded in control treatment T1 (0.7667 

cm) followed by T2 (0.7233 cm) , T3 (0.6733 cm) and T4 (0.5867 cm).Whereas minimum 

diameter was recorded in T5 (0.50 cm) having maximum salinity level 40 dS/m. From the 

analysis of variance (Appendix 33) it can be observed that the response of stem diameter of E. 
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camaldulensis was significant (p < 0.000). Comparison of means of E. camaldulensis revealed 

that it is significantly different in all treatments.  

From the analysis of variance (Appendix 33) it can be observed that the response of stem 

diameter of V. nilotica was significant (p < 0.000). As shown in Fig.4.4.12, maximum stem 

diameter was recorded in control treatment T1 (0.6567 cm) followed by T2 (0.6300 cm), T3 

(0.5900 cm) and T4 (0.5167 cm). Whereas minimum diameter was recorded in T5 (0.44 cm) 

having maximum salinity level 40 dS/m.  

From the analysis of variance (Appendix 33) it can be observed that the response of stem 

diameter of S. cumini was significant (p < 0.000). Comparison of means of S. cumini indicated 

that stem diameter was significantly different in all treatments, as evident in Fig. 4.4.12. 

Maximum stem diameter was recorded in control treatment T1 (0.59 cm), followed by T2 (0.44 

cm), T3 (0.33 cm) and T4 (0. 29 cm). S. cumini   did not survive at treatment T5 having 

maximum salinity level 40 dS/m.  

4.4.2.1 Physiological attributes  

4.4.2.2. Photosynthetic rate (µmol CO₂  m⁻ ² S⁻ ¹)  

Fig.4. 4.2.2. indicated that maximum photosynthetic rate was recorded in control treatment  

T1 (25.46 photosynthetic rate µmol CO₂  m⁻ ² S⁻ ¹), followed by T2 (10.100), T3 (8.10) and T4 

(7.533). Whereas minimum photosynthetic rate was recorded in T5 (6.866 ) having maximum 

salinity level 40 dS/m. From the analysis of variance (Appendix 34) it can be observed that the 

response of photosynthetic rate of E. camaldulensis was significant (p < 0.000).  Comparison 

of means of E. camaldulensis revealed that it is significantly different in all treatments.  

From the analysis of variance (Appendix 34) it can be observed that the response of 

photosynthetic rate of V. nilotica was significant (p < 0.000). Comparison of means of V. 

nilotica indicated that it is significantly different in all treatments, as indicated in Fig.4.4.2.2. 

Maximum photosynthetic rate was recorded in control treatment T1 (11.133), followed by T2  

(7.866), T3 (6.466), T4 (5.46).Whereas  minimum photosynthetic rate was recorded in T5 (3.20) 

having maximum salinity level 40 dS/m.  

From the analysis of variance (Appendix 34) it can be observed that the response of 

photosynthetic rate of S. cumini  was significant (p < 0.000). As shown in fig.4.4.2.2. 

maximum photosynthetic rate was recorded in control treatment T1 (10.133 µmol CO₂  m⁻ ²  
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S⁻ ¹), followed by T2(5.46), T3 (4.400), T4 (3.2). S. cumini did not survive at treatment T5 

having maximum salinity level 40 dS/m.  

4.4.2.3. Transpiration rate (mmol H2O m⁻ ²  S⁻ ¹)  

From the analysis of variance (Appendix 35) it can be observed that the response of 

transpiration rate of E. camaldulensis was significant (p < 0.000). Comparison of means of E. 

camaldulensis indicated that transpiration rate was significantly different in all treatments, as  

shown in Fig.4.4.2.3, maximum transpiration rate was recorded in control treatment T1  

(10.767 ) followed  by T2 (7.6667) , T3 ( 5.5000 ) and T4 (4.3).Whereas minimum transpiration 

rate was recorded in T5 (3.200 ) having maximum salinity level 40 dS/m.  

Fig.4.4.2.3. indicated that maximum transpiration rate recorded in control treatment T1 (8.1000   

) followed by T2 (6.13), T3 (4.30) and T4 (3.2). Whereas minimum transpiration rate was 

recorded in T5 (2.866). having maximum salinity level 40 dS/m. From the analysis of variance 

(Appendix 35) it can be observed that the response of transpiration rate of V. nilotica was 

significant (p < 0.000).   

From the analysis of variance (Appendix 35) it can be observed that the response of 

transpiration rate of S. cumini was significant (p < 0.000). As shown in Fig.4.4.2.3, maximum 

transpiration rate was recorded in control treatment T1 (7.70 mmol H2O m⁻ ² S⁻ ¹), followed 

by T2 (5.40 mmol H2O m⁻ ² S⁻ ¹) , T3 (3.10 mmol H2O m⁻ ²  S⁻ ¹ ) and T4 (1.9 mmol H2O 

m⁻ ²  S⁻ ¹ ). S. cumin did not survive at treatment T5 having maximum salinity level 40 dS/m.   

4.4.2.4. Intrinsic CO2con. (µmolm-2s-1)   

 Fig.4.4.2.4. indicated that maximum intrinsic CO2 con. was recorded in control treatment T1 

(361.33 µmolm-2s-1) followed by T2 (270.67), T3 (215) and T4 (190.4 ). Whereas intrinsic 

CO₂  con. was recorded minimum in T5 (170) having maximum salinity level 40 dS/m. From 

the analysis of the variance (Appendix 36) it can be observed that the response of   intrinsic 

CO₂  con.  of E. camaldulensis was significant (p < 0.000). Comparison of means of E. 

camaldulensis indicated that intrinsic  

CO2 con. was significantly different in all treatments. 

From the analysis of the variance (Appendix 36) it can be observed that the response of  

intrinsic CO₂  con.  of  V. nilotica was significant (p < 0.000). Comparison of means of V. 

nilotica indicated that intrinsic CO2 con. was significantly different in all treatments, as show 



  97  

in Fig.4.4.2.4, maximum intrinsic CO2 con.  was recorded in control treatment T1 (199.00 ), 

followed  by T2 (161.00) , T3 (150.03) and T4 (127.67 ). Whereas minimum intrinsic CO2 con. 

was recorded in T5 (122.0 µmolm-2s-1) having maximum salinity level 40 dS/m.  

From the analysis of the variance (Appendix 36) it can be observed that the response of 

intrinsic CO2 Con.  of S. cumini was significant (p < 0.000). Comparison of  means of S. cumini  

indicated that intrinsic CO2 con. was significantly different in all treatments, as  shown in 

Fig.4.4.2.4. Maximum Intrinsic CO2 Con. was recorded in control treatment T1(190.00), 

followed  by T2 (150.67), T3 (120.73) and T4 (99.66).  S. cumini did not survive at treatment 

T5 having maximum salinity level 40 dS/m.  

4.4.2.5. Stomatal conductance (mol m⁻ ² S⁻ ¹)  

From the analysis of the variance (Appendix 37) it can be observed that the response of 

stomatal conductance of E. camaldulensis was significant (p < 0.000). Comparison of means 

of E. camaldulensis revealed that it is significantly different in all treatments, as shown in 

fig.4.4.2.5. Maximum stomatal conductance was recorded in control treatment T1 (249.33) 

followed by T2 (200) , T3 (170.01) , T4 (159.7). Whereas stomatal conductance   was recorded 

minimum in T5 (139.6) having maximum salinity level 40 ds/m.  

Fig.4.4.2.5. indicated that maximum value was recorded in control treatment T1 (180.33) 

followed by T2 (159.67), T3 (140.3) and T4 ( 129.33). Whereas minimum stomatal conductance 

was recorded in T5 (120.3mol m⁻ ² S⁻ ¹) having maximum salinity level 40 dS/m. From the 

analysis of the variance (Appendix 37) it can be observed that the response of stomatal 

conductance of V. nilotica was significant (p < 0.000). Comparison of means of V. nilotica 

indicated that stomatal conductance was significantly different in all treatments.  From the 

analysis of variance (Appendix 37) it can be observed that the response of stomatal 

conductance of S. cumini was significant (p < 0.000). As shown in Fig.4. 4.2.5, maximum 

stomatal conductance was recorded in control treatment T1 (179.00), followed by T2 (155), T3 

(129.6) and T4 (113.3). S. cumini did not survive at treatment T5 having maximum salinity 

level 40 dS/m.   

4. 4.2.6. Photosynthetic water use efficiency (PWUE)  

Fig.4. 4.2.6.  indicated that minimum   photosynthetic water use efficiency was recorded in 

control treatment T1(8.400 PWUE) followed by T2 (9.1 )  , T3 (10.1 ) and T4 (11.23). Whereas 

photosynthetic water use efficiency was recorded maximum in T5 (12.2) having maximum 
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salinity level 40 dS/m. From the analysis of variance (Appendix 38) it can be observed that the 

response of PWUE of E. camaldulensis was significant (p < 0.000). Comparison of means of 

E. camaldulensis indicated that photosynthetic water use efficiency was significantly different 

in all treatments.  

From the analysis of the variance (Appendix 38) it can be observed that the response of PWUE 

of V. nilotica was significant (p < 0.000). Comparison of means of V. nilotica means indicated 

that photosynthetic water use efficiency was significantly different in all treatments, as shown 

in fig. 4. 4.2.6 minimum PWUE was recorded in control treatment T1 (7.2), followed by T2 

(8.1), T3 (8.9), T4 (9.9). Whereas maximum PWUE was recorded in T5 (10.90) having 

maximum salinity level 40 dS/m. From the analysis of the variance (Appendix 38) it can be 

observed that the response of photosynthetic water use efficiency of S. cumini was significant 

(p < 0.000). As shown in fig.4. 4.2.6 minimum, PWUE was recorded in control treatment T1 

(6.1), followed by T2 (6.4), T3 (7.9), T4 (9.0). S. cumini did not survive at treatment T5 having 

maximum salinity level 40 dS/m.  

4.4.3 Ionic composition  

4.4.3.1. Shoot, leaf and root Na⁺  Con. (mg g⁻ ¹ dw)  

From the analysis of the variance (Appendix 39) it can be observed that the response of shoot  

Na⁺  Con.  of E. camaldulensis, V. nilotica and S. cumini   was significant (p < 0.000). As 

shown in Fig.4.4.3.1 maximum Na+ ion concentration was recorded in shoot of V. nilotica and 

E. camaldulensis at treatment T5 (7.9000 mg g⁻ ¹ dw ) and ( 6.133 ) respectively,  having 

maximum salinity level  40 dS/m. S. cumini did not survive  at this salinity level. Whereas 

minimum Na+ ion concentration was recorded in shoot of  E. camaldulensis, V. nilotica and S. 

cumini  at control treatment T1 ( 1.40 ), ( 2.3667 ) and  ( 2.6 ) respectively.  

Maximum Na+ ion concentration was recorded in leaves  of S. cumini at treatment T4 (7.3000 

mg g⁻ ¹ dw ) having maximum salinity level 30 dS/m and Na+ ion concentration was recorded 

in leaves of V. nilotica and E. camaldulensis  at treatment T5 (7.1333    mg g⁻ ¹ dw ) and ( 

5.5333) having maximum salinity level 40 dS/m. Whereas minimum Na+ ion concentration 

was recorded in leaves  of E. camaldulensis, V. nilotica and S. cumini at control treatment T1 

(1.10), ( 1.4) and  ( 2.2) respectively as  shown in Fig.4.4.3.2. From the analysis of variance 

(Appendix 40) it can be observed that the response of leaves Na⁺  Con. of E. camaldulensis, 

V. nilotica and S. cumini   was significant (p < 0.000). Comparison of means of E. 
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camaldulensis, V. nilotica and S. cumini indicated that Na+ ion concentration was significantly 

different in all treatments.  

From the analysis of variance (Appendix 41) it can be observed that the response of roots Na⁺  

ion concretions of E. camaldulensis, V. nilotica and S. cumini was significant (p < 0.000). 

Maximum Na+ ion concentration was recorded in root of V. nilotica and E. camaldulensis at 

treatment T5 (7.1667 mg g⁻ ¹ dw) and (6) respectively, having maximum salinity level 40 

dS/m. S. cumini did not survive at this salinity level. Whereas minimum Na+ ion concentration 

was recorded in root of E. camaldulensis, V. nilotica and S. cumini at control treatment T1 

(1.83), (2.16) and ( 3.16) respectively.  

4.4.3.2. Shoot, leaf and root K⁺  Con. (mg g⁻ ¹ dw)  

From the analysis of variance (Appendix 41) it can be observed that the response of shoot K⁺  

ion concentration of E. camaldulensis, V. nilotica and S. cumini   was significantly (p <  

0.000). Comparison of means of E. camaldulensis, V. nilotica and S. cumini indicated that 

shoot K+ ion concentration was significantly different in all treatments, as shown in Fig. 

4.4.3.2.1, maximum shoot K+ ion concentration was recorded in E. camaldulensis, V. nilotica 

and S. cumini at control treatment T1(7.4667 mg g⁻ ¹ dw),(4.4 ) and (6.4 ) respectively, Where 

was recorded minimum in E. camaldulensis and V. nilotica at T5 (3.8)and  (2.00) respectively, 

having maximum salinity level 40 dS/m. S. cumini did not survey at this treatment.  

From the analysis of variance (Appendix 42) it can be observed that the response of leaf K⁺  

Con.  of E. camaldulensis, V. nilotica and S. cumini was significant (p < 0.000). Comparison 

of means of E. camaldulensis, V. nilotica and S. cumini indicated that leaf K+ ion concentration 

was significantly different in all treatments, as shown in Fig.4.4.3.2.2, maximum leaf K+ ion 

concentration was recorded in E. camaldulensis, V. nilotica and S. cumini at control treatment 

T1 (8.2 mg g⁻ ¹ dw), (6.1333) and (5.5) respectively, whereas was recorded minimum in V. 

nilotica and E. camaldulensis at T5 (1.8667) and (3.1000) having maximum salinity level 40 

dS/m. S. cumini did not survive at this treatment.  

From the analysis of variance (Appendix 43) it can be observed that the response of roots K⁺  

Con.  of E. camaldulensis, V. nilotica and S. cumini   was significant (p < 0.000). Comparison 

of means of indicated that root K+ ion concentration was significantly different in all 

treatments, as shown in (Fig.4.4.3.2.3). Maximum root K+ ion concentration was recorded in 

E. camaldulensis, V. nilotica and S. cumini at control treatment T1 (7.1), T1 (5.3) and T1 (4.3) 



  100  

respectively, where was recorded minimum in V. nilotica and E. camaldulensis at T5 (2.1) T5 

(3.1 having maximum salinity level 40 dS/m. S. cumini did not survive at this treatment.  

        

Fig. 4.4.2 Effect of NaCl salinity on plant height of selected tree species (Eucalyptus 

camaldulensis, Vachellia nilotica, Syzygium cumini)   

 

  

  

Fig. 4.4.3 Effect of NaCl salinity on shoot fresh weight of selected tree species (Eucalyptus 

camaldulensis, Vachellia nilotica, Syzygium cumini)   
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  Fig. 4.4.4 Effect of NaCl salinity on shoot dry weight of selected tree species (Eucalyptus   

camaldulensis, Vachellia nilotica, Syzygium cumini)   

  

  

Fig. 4.4.5 Effect of NaCl salinity on root fresh weight of selected tree species         

(Eucalyptus  camaldulensis, Vachellia nilotica, Syzygium cumini)       
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Fig. 4.4.6 Effect of NaCl salinity on root dry weight of selected tree species (Eucalyptus 

camaldulensis, Vachellia nilotica, Syzygium cumini)  

  

  

Fig. 4.4.7 Effect of NaCl salinity on Number of branches of selected tree species   

(Eucalyptus camaldulensis, Vachellia nilotica, Syzygium cumini)  
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Fig. 4.4.8 Effect of NaCl salinity on root length of selected tree species (Eucalyptus 

camaldulensis, Vachellia nilotica, Syzygium cumini)  

  

  

Fig. 4.4.9 Effect of NaCl salinity on shoot length of selected tree species                  

(Eucalyptus camaldulensis, Vachellia nilotica, Syzygium cumini)  
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Fig. 4.4.10 Effect of NaCl salinity on root shoot ratio of selected tree species (Eucalyptus 

camaldulensis, Vachellia nilotica, Syzygium cumini)  

  

  

 

Fig. 4.4.11 Effect of NaCl salinity on leaf area of selected tree species (Eucalyptus 

camaldulensis, Vachellia nilotica, Syzygium cumini)    
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Fig. 4.4.12 Effect of NaCl salinity on stem diameter of selected tree species 

(Eucalyptuscamaldulensis, Vachellia nilotica, Syzygium cumini)    

  

 

 

   

Fig. 4.4.2.2 Effect of NaCl salinity on photosynthetic rate of selected tree species 

(Eucalyptus camaldulensis, Vachellia nilotica, Syzygium cumini)  
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Fig. 4.4.2.3 Effect of NaCl salinity on transpiration rate of selected tree species   

(Eucalyptus camaldulensis, Vachellia nilotica, Syzygium cumini)  

  

  

  

  

Fig. 4.4.2.4 Effect of NaCl salinity on intrinsic CO2 concentration of selected tree   

 species (Eucalyptus camaldulensis, Vachellia nilotica, Syzygium cumini)  

  



  107  

  

Fig. 4.4.2.5 Effect of NaCl salinity on stomatal conductance of selected tree species 

(Eucalyptus camaldulensis, Vachellia nilotica, Syzygium cumini)  

  

 

                    

  Fig. 4.4.2.6 Effect of NaCl salinity on photosynthetic water use efficiency of selected   

tree species (Eucalyptus camaldulensis, Vachellia nilotica, Syzygium cumini)  
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Fig. 4.4.3.1 Effect of NaCl salinity on shoot Na+ con. of selected   tree species (Eucalyptus 

camaldulensis, Vachellia nilotica, Syzygium cumini)  

  

  

 

Fig. 4.4.3.2 Effect of NaCl salinity on leaf Na+ con. of selected tree species (Eucalyptus 

camaldulensis, Vachellia nilotica, Syzygium cumin  
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Fig. 4.4.3.3 Effect of NaCl salinity on root Na+ con. of selected tree species (Eucalyptus 

camaldulensis, Vachellia nilotica, Syzygium cumini)   

  

  

Fig. 4.4.3.2.1 Effect of NaCl salinity on shoot K+ con. of selected tree species (Eucalyptus 

camaldulensis, Vachellia nilotica, Syzygium cumini)  
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Fig. 4.4.3.2.2 Effect of NaCl  salinity on leaf K+ con. of selected tree species (Eucalyptus 

camaldulensis, Vachellia nilotica, Syzygium cumini)   

  

 

  

  

Fig. 4.4.3.2.3 Effect of NaCl salinity on root K+ con. of selected tree species (Eucalyptus 

camaldulensis, Vachellia nilotica, Syzygium cumini)  
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Table 4.2.2 Effect of selected tree species on soil pH after 6 months.  

Treatments       Initial values       E. camaldulensis       Vachellia nilotica                Syzygium 

cumini     

Control               7.62±0.06               7.60±0.06           7.61±1.89                     7.61.7±1.89    

10 dS/ m             7.80±0.06               7.75±1.60           7.73±0.08                     7.74±0.08  

20 dS/ m             7.73±1.01               7.75±1.45          7.68±0.03                      7.69±0.05  

30 dS/ m             8.55±1.03               8.51±1.82          8.49±2.89                      8.61±2.89  

40 dS/ m             8.44±1.02               8.34±1.72           8.31±1.32                      8.51±1.89  

Table 4.2.3   Effect of selected tree species on soil electrical conductivity 

(EC) after 6 months.  

Treatments         Initial values        E. camaldulensis              Vachellia nilotica            Syzygium 

cumini   

Control             4.30±1.42            4.04±0.68                  4.13±0.52                           4.21±1.41 

10 dS/ m+        10±1.38              7.2 4±2.73 8.2              8.21±2.13                                8.61±2.12  

20 dS/ m          20±3.68              14.  45±5.88                 16.61±3.75                         18.1±3.1  

30 dS/ m   30±6.39               23.32±8.60                  25.2±6.28                            26.1±1.89  

40 dS/ m          40±4.30             31.15±1.83                     33.20±1.19                         36.3±1.89   
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4.4.3.3 Discussion  

 In terms of biomass growth response of E. camaldulensis and V. nilotica to salinity was much 

better as compared to S. cumini. This suggests that the E. camaldulensis and V. nilotica are 

equally suitable for growth on saline soils which indicates the salinity tolerance potential of 

tree species. Shoot and root fresh and dry weights decreased with the enhancing the levels of 

sanity stress and the highest reduction was recorded at 40 dS/m. Increasing the levels of salts 

in the growing medium caused significant decrease in plant height, stem diameter, shoot 

length, root length, root shoot ratio, number of branches, leaf area and dry weights of shoot 

and root. The comparison of these species also depicts more biomass production of E. 

camaldulensis under salinity stress than V. nilotica and S. cumini. Results are confirming the 

findings of Ramoliya and Pandey, (2002); Debez et al. (2003); EI-Juhany and Aref, (2005); 

Hariadi et al. (2011) and El Atta et al, (2012). Reduced plants growth under salinity stress was 

observed before for C. quinoa and numerous slat tolerance tree species (Debez et al., 2003; 

EI-Juhany and Aref, 2005; Redondo- Gόmez et al., 2006; Koyro., et al., 2006; Bacchetta et 

al., 2010; Hariadi et al., 2011). Reduced biomass in response to high salinity levels is very 

common in slat tolerance plants (Barbour, M.G. 1968; ; Brugnoli,  and  Lauteri. 1991Koyro et 

al., 2006; Wang et al., 2011). Difference in growth and biomass production of halophytic tree 

species in saline soil was also observed due to the salinity (Trorch and Thompson, 1993; 

Qureshi et al. 1993; Debez et al., 2003; Khan et al., 2009; Ahmad et al., 2012). Shoot fresh 

and dry weights of selected tree species in control conditions were significantly higher than 

those grown under salinity stress. E. camaldulensis seedlings produced more shoot fresh and 

dry weights than V. nilotica at 40 dS/m. Shoot fresh and dry weight is considered as a main 

criterion for observing the growth of halophytic plants (Yokota 2003; Saqib et al., 2005; 

Farooq et al. 2014). Shoot fresh weight and relative growth rate in salt sensitive genotypes of 

E. camaldulensis seedlings suddenly reduced when soil Ec was 28 dSm−1 (Marcar et al.,1993; 

Garg and Gupta, 1997;Gul, 1998; Grieve et al., 1999; Marcar et al., 1999; Garg, and Singla 

2004) and these results are confirming the findings of this study. Decline in root fresh and dry 

weights under salinity stress was also reported in various experiments (Badger and Ungar, 

1989; Ramoliya et al., 2002; EI-Juhany at al., 2005; El-atta et al., 2012; Abbas et al., 2013). 

Species with more shoot and root fresh weight were considered excellent to grow in salt 

affected soils. Our findings are in accordance with Saqib et al, (2013) who found that the crop 
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production of wheat was decreased under salinity stress. The plant height was significantly 

reduced in all selected tree species by increasing the salinity levels. In many earlier trials the 

reduction in height of plants was recorded. The results of the present study are similar with the 

findings that the plant height was decreased with salinity stress which ultimately reduced plant 

biomass due to deficiency of nutrients and osmotic potential (Greenway et al., 1980). Changes 

in metabolic pathway was observed by increasing slat concentration which decreased the 

elasticity of cell wall and lastly height of plant (Hameed et al., 2010). Salinity was very 

harmful for A. nilotica plants which had been observed under saline and waterlogged 

conditions (Al-Karaki et al., 2001).  

The number of branches also decreased with increasing the salinity level. The number of 

branches was reduced because of decrease in turgor potential and deficiency in nutrients 

(Ibrahim et al., 1991; Shreif, 2000; Shittu, 2010). Salt stress and sodicity influenced growth of 

root and ultimately disturbed nutrient uptake due to shallow root system (Lal et al., 2001). 

Root and shoot length of selected tree species was significantly reduced due to rising salinity 

levels, Plants root length was restorative in saline situations which is also stated for salt tolerant 

grasses like Sporobolous airoides and Puccinellia ciliata (Marcum, 1999; Teakle et al., 2013). 

Deep growth of plant root may comfort for absorption of potassium and storage of sodium in 

the roots by inhibiting sodium stacking into the xylem cell up to a certain threshold of salt 

(Munns and Tester. 2008; Teakle et al., 2013). Our results are conforming Demir and Arif, 

(2003) who observed that root penetration was reduced by saline conditions as compared to 

shoot growth.   

Stem diameter was also reduced with increasing the salinity levels. Results are in conformity 

with the findings of former experiments. The stem diameter was reduced many times due to 

the decrease in turgor potential by increasing salinity (Qadir et al., 1997). In present study, salt 

stress caused a prominent decrease in leaf area of the plants with the increasing stress levels. 

Growth of leaf area was inhibited by salinity as reported by Alberico and Cramer (1993); Asish 

et al, (2016). In terms of plant biomass growth, we found both E. camaldulensis and V. nilotica 

responded much better as compared to S.cumini.  

The findings of ionic composition revealed that more accumulation of sodium ion 

concentration in shoot, root and leaves with increasing salinity levels was observed in V. 

nilotica and S. cumini than E. camaldulensis. This heavy accumulation of Na+ in the various 
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parts of plants is due to osmotic effects, nutrient imbalance, and specific ion toxicity (Arzani 

et al., 2008; Muscolo et al., 2003). More accumulation of sodium ion in the plant tissues 

resulted in reduced plant growth rate and dry weights. These results are also supported by the 

findings of Marcar et al, (1991); Willadino and Camara (2005).  

Shoot ionic composition showed significantly higher Na+ ion concentration in the shoot, root 

and leaves of V. nilotica and on the other hand in these parts lowest amount of potassium was 

recorded. Moreover, K + has a key role in salt tolerance and uptake of K+ was decreased by 

Na+ (Aziz et al., 2001; Beritognolo et al., 2007 Shirazi et al., 2005; Saqib et al., 2013). In our 

findings, the reduction of K+ ion concentration was found in shoot, root, leaves which showed 

that Na+ inhibited the uptake of K+. Decreased K+
 uptake in reaction to salinity was also 

observed by Marcar et al, (1991); Khalil et al, (2012).  

Salinity is a abiotic stress that reduces the plant growth and limits various physiological 

processes (Parida and Das, 2005). Photosynthetic and transpiration rates were decreased in E. 

camaldulensis, V. nilotica and S. cumini with increasing the salinity levels. Photosynthetic rate 

was decreased in plants when the salinity stress level was increasing (Halim et al., 

1990;Munns, 1993; Parida et al., 2003; Koyro, 2006; Wang et al., 2011; Eisa et al., 2012). The 

maximum decrease in stomatal conductance was observed at salinity level of 40 dSm-1. Our 

results confirming (Choi et al., 2005) who found that stomatal conductance of the plants is 

reduced in salinity stress conditions. Due to the salt stress the photosynthetic water use 

efficiency was increasing and intracellular CO2 concentration was decreasing. Photosynthetic 

water use efficiency increased with higher salinity levels. Our findings are in line with (Xu et 

al., 1994; Ashraf and Shahbaz, 2003; Pagter et al., 2009) who reported the negative effects of 

salinity on intracellular CO2 concentration and photosynthetic water use efficiency.  
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  CHAPTER 5  

SUMMARY  

There are various ways to reclaim saline soils like engineering, chemical and biological 

approaches. Engineering and chemical approaches are costly and require recurring budgets but 

biological approach is cheaper and environment friendly which also provides socio-economic 

benefits to the farmers and adjoining communities. In biological approach, salt tolerant tree 

species are used to reclaim the problematic soils. A detailed survey was carried out in 

Faisalabad (Satiana), Nankana sahib (Sangla Hill) and Toba Tek Singh (Gojra) to collect the 

basic information by using a questionnaire. Soil samples were taken from 2 depths i.e. 0-15, 

15-30 cm. Soil samples were collected under tree canopy and away to the tree canopy from 

four directions i.e. east, west, north and south around the tree and were mixed to attain a 

composite sample for each depth.  

Two studies were conducted for determining the morphological, physiological parameters, and 

ionic concentration of three multipurpose tree species i.e. Eucalyptus camaldulensis, Vachellia 

nilotica and Syzygium cumini against different salinity levels at early growth stages. During 

survey basic information was collected about socioeconomic conditions of farmers and role of 

tree in the reclamation of their saline lands. It was revealed that the maximum respondents in 

Tehsil Sangla Hill, Gojra and Satiana were in the category of above 41 years.  Satiana has the 

less illiterate respondents with (30%) as compared to other two Tehsils, respectively: Gojra 

32% and Sangla Hill 35%.  Satiana had minimum respondents (20%) doing Agriculture + job 

followed by Gojra (25 %) and Sangla Hill (35 %). Gojra had a higher number of respondents 

involved in agriculture business, whereas Sangla Hill had a minimum number of respondents 

doing job along with farming. The data presents that the maximum number of respondents 

were found having landholding less than 5 acres, among the study sites, Satiana had the 

maximum percentage of respondents (20.1%) with less than 5 acres. For total annual income 

from trees the percentages of respondents earning from trees between 20000 to 30000 were 

11%, 10% and 14% at all sites. Whereas, the minimum number of respondents at all three sites 

were in the category of > 40000.  The percentages of respondents earning > 40000 were 5 %, 

5.2 % and 10 % respectively. The data indicated that maximum number of respondents were 

of the view that trees provide various services such as soil reclamation, windbreak etc. Satiana 
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had the maximum respondents (75%) who thought that trees reclaimed problematic soil, 

followed by Tehsil Sangla Hill (65%) and Gojra (66%). To observe the trend of problematic 

soil it was asked from farmers that which type of soil facing problem on their farms. Sangla 

Hill had the maximum respondents who thought that they have land facing salinity problem, 

the percentage of respondents was 35%, 20% and 20.1% in Satiana, Sangla Hill and Gojra 

respectively who replied that have land with water logging problem. More than 3% of the total 

land of the world is affected by the soil salinity. Maximum number of respondents were agreed 

that soil reclamation projects are helpful for revegetating saline and water logged soil. Satiana 

had the maximum respondents (80%) who thought that SCARP helped out in reclamation of 

the saline and waterlogged soil, followed by Gojra (70%) and Sangla Hill (65%). 

In 2nd study physico chemical properties of soil like Soil pH, soil Ec, organic matter %, and 

soil bulk density was found higher at 0-15 cm depth as compared to 15-30 cm soil depth under 

the trees canopies of all selected trees i.e. E. camaldulensis, V. nilotica, S. cumini. Water 

holding capacity and saturation percentage was higher at subsoil. After three years soil slightly 

reduced pH, Ec and also bulk density of at both depths (0-15 and 15-30 cm) while increase in 

water holding capacity and soil saturation percentage was observed. The results of the soil-

physical analysis depicts that soil pH, Ec and bulk density  slightly decreased after three years 

at both soil depths (0-15 cm and 15-30 cm) in  E. camaldulensis plantations as compared to 

the V. nilotica and S. cumini. Soil saturation percentage was low at upper soil (0-15 cm) as 

compared to the sub soil (15-30 cm). Increase in water holding capacity of soil under tree 

species was noted as compared to open field (no plantation). After three years reduction in 

bulk density of soil under all the three tree species was noticed as compared to open field. Bulk 

density was reducing with increasing the soil depth. The pH value in Sangla Hill according to 

1st year at 0-15 cm depth under tree canopy for E. camaldulensis, V. nilotica and S. cumini was 

(12.3, 12.5 and 13.6) and after three years it was (10.1, 12.1, 12.5) which depicts a very low 

decrease in pH. The pH value in Satiana during 1st year samplings at 0-15 cm depth under tree 

canopy for E. camaldulensis, V. nilotica and S. cumini was (8.8,8.5 and 8.5) after three years 

it was (7.3, 7.3, and 7.9) at 0-15 cm depth respectively after three years. The EC values were 

high at 0-15 cm as compared to 15-30 cm soil depth for selected trees species at three sites. 

After three years the Ec of soil reduced and was in the range of 0.2 – 0.4 plantation at both 

soil depths of the selected sites. After three years the organic matter % was increased at both 
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depths. The organic matter % was observed more for the E. camaldulensis and V. nilotica at 

0-15 depth under tree canopy (0.99% and 0.89%) whereas minimum amount was found for S. 

cumini under 0-15 depth under tree canopy (0.8 %). According to the literature observed 

changes may be due favorable moisture conditions, temperature and tree pruning by the 

farmers as compared to open field.   

Third study was the effect of different salinity levels on seed germination and survival of 

selected   agroforestry tree species. Ten seeds were used each species, per polyten bag under 

one treatment there were total five treatments including control with five replications. Before 

germination V. nilotica seeds were treated with hot water. Different salinity levels Control, 5 

ds/m, 10 dS/m, 15 dS/m and 20 dS/m were developed step wise with calculated amount of 

NaCl. Fourth study was effect of salt affected soil on seedling growth of selected agroforestry 

tree species. For this study we selected seedlings having same age for three trees species and 

transplanted in earthen pots having five different treatments i.e. Control, 10 dS/m, 20 dS/m, 30 

dS/m and 40 dS/m were developed by adding calculated amount of NaCl. At the end of 

experiment three plants from each treatment were selected randomly for harvesting from both 

trials to measure the morphological, physiological parameters and ionic concentrations.  

Germination and survival % which were recorded in the seed stage trial while data for all other 

parameters including morphological i.e. root fresh and dry weights, shoot fresh and dry 

weights, root and shoot lengths, Number of branches, plant height, root shoot ratio, leaf area, 

stem diameter physiological i.e. photosynthetic rate, transpiration rate, intrinsic CO2 

concentration, stomatal conductance and photosynthetic water use efficiency and ionic 

concentration i.e. Shoot, leaf and root Na+, shoot, root and leaf K+ were noted. The results 

indicated that minimum seed germination was recorded at salinity level 20 dsm-1. where the 

germination rate of E. camaldulensis was (30%) high as compared to V. nilotica (20%) and S. 

cumini did not germinated even single seed at highest salinity level 20 dsm-1. Survival rate 

significantly deceased in all tree species at high salinity levels.  E. camaldulensis and V. 

nilotica had only 20% and 10% survival rates at 20 dsm-1. The results indicate better 

performance E. camaldulensis in both trials as compared to V. nilotica and S. cumini. 

Postharvest soil analysis showed significant variations in the soil physico chemical properties. 

The ionic composition showed that shoot, root and leaf, Na+ ion concentration in all selected 

tree species enhanced significantly at high salinity levels and more accumulation was observed 
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in V. nilotica and S. cumini than in E. camaldulensis. Shoot ionic composition showed a 

significant higher Na+ ion concentration in the shoot, root and leaves of V. nilotica and low k+ 

ion concentration was noted in these parts.  Before harvesting, parameters regarding gas 

exchange i.e. photosynthetic water use efficiency, intrinsic CO2 concentration, transpiration 

rate, photosynthetic rate and stomatal conductance were measured by using IRGA, LCA-4, 

analytical Development Company, Hoddesdon, England. Maximum transpiration rate was 

recorded in seedlings of E. camaldulensis at treatment T5 (3.200 mmol H2O m⁻ ² S⁻ ¹) having 

maximum salinity level 40 dS/m and minimum value was recorded in V. nilotica (2.866 mmol 

H2O m⁻ ² S⁻ ¹). S. cumini did not survive at higher salinity level 40 dS/m. When step wise 

salinity levels was increased the stomatal conductance, transpiration rate, intrinsic CO2 

concentration, photosynthetic rate was decreasing but photosynthetic water use efficiency was 

increasing at higher salinity levels in both experiments (seeds and seedling). On the basis of 

observation of the current experiments, it can be concluded that salinization caused a 

significant decrease in biomass of all selected trees species however E. camaldulensis and V. 

nilotica showed more tolerance, than S. cumini due to its better physiological mechanisms 

against salt.  

Conclusion  

 This study explored the potential of E. camaldulensis, V. nilotica and S. cumini species for 

important abiotic stress i.e. salinity. Researcher observed that E. camaldulensis and V. nilotica 

have more tolerance against salinity stress than S. cumini. Based on the findings it can be 

recommended that under extreme conditions of salinity E. camaldulensis can be grown for the 

restoration of such lands, for moderate salinity levels V. nilotica and for soils with minimum 

salinity S. cumini will be a best option. 
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Appendix 
 

Appendix. 3      

Source              DF        SS        MS         F        P  

Treatment            4   1312.34    328.08   1120.17   0.0000  

Species              2   2522.34   1261.17   4305.96   0.0000  

Treatment*Species    8    381.07     47.63    162.63   0.0000  

Error               30      8.79      0.29  

Total               44   4224.53  

  

  

Appendix .4   

Source              DF        SS        MS         F        P  

Treatment            4   1173.69   293.424   1794.03   0.0000  

Species              2    465.12   232.558   1421.89   0.0000  

Treatment*Species    8    430.90    53.862    329.32   0.0000  

Error               30      4.91     0.164  

Total               44   2074.62  

     

Appendix .5   

Source              DF        SS        MS        F        P  

Treatment            4   345.499   86.3747   836.96   0.0000  

Species              2    94.425   47.2127   457.49   0.0000  

Treatment*Species    8   110.491   13.8114   133.83   0.0000  

Error               30     3.096    0.1032  

Total               44   553.511  

Appendix .6   

  

Source              DF        SS        MS        F        P  

Treatment            4   40.5518   10.1380   356.39   0.0000  

Species              2    8.3027    4.1514   145.94   0.0000  

Treatment*Species    8   12.3418    1.5427    54.23   0.0000  

Error               30    0.8534    0.0284  

Total               44   62.0497  

  

  Appendix .7  

 Source              DF        SS        MS        F        P  

Treatment            4    6.2769   1.56921   265.57   0.0000  

Species              2    4.6467   2.32334   393.19   0.0000  

Treatment*Species    8    2.8897   0.36121    61.13   0.0000  

Error               30    0.1773   0.00591  

Total               44   13.9905   
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Appendix .8   

 Source              DF        SS        MS        F        P  

Treatment            4   0.25191   0.06298   260.47   0.0000  

Species              2   0.10132   0.05066   209.52   0.0000  

Treatment*Species    8   0.02318   0.00290    11.98   0.0000  

Error               30   0.00725   0.00024  

Total               44   0.38365  

   

Appendix .9   

Source              DF        SS        MS         F        P  

Treatment            4    501669    125417    415901   0.0000  

Species              2   1502968    751484   2492026   0.0000  

Treatment*Species    8    441939   55242.3    183191   0.0000  

Error               30         9   0.30156  

Total               44   2446586  

Appendix .10   

Source              DF        SS        MS         F        P  

Treatment            4   1.80686   0.45171   5978.57   0.0000  

Species              2   0.21534   0.10767   1425.03   0.0000  

Treatment*Species    8   0.26746   0.03343    442.49   0.0000  

Error               30   0.00227   0.00008  

Total               44   2.29192  

Appendix .11    

 Source              DF        SS        MS        F        P  

Treatment            4    94.000   23.5000   352.50   0.0000  

Species              2    38.533   19.2667   289.00   0.0000  

Treatment*Species    8     3.467    0.4333     6.50   0.0001  

Error               30     2.000    0.0667  

Total               44   138.000  

Appendix .12     

Source              DF        SS        MS         F        P  

Treatment            4   224.184   56.0459   42034.4   0.0000  

Species              2   182.597   91.2987   68474.0   0.0000  

Treatment*Species    8    45.607    5.7009   4275.67   0.0000  

Error               30     0.040    0.0013  

Total               44   452.428  

Appendix. 14   

Source              DF        SS        MS         F        P  

Treatment            4    440.34   110.086    915.69   0.0000  

Species              2   1346.88   673.438   5601.61   0.0000  

Treatment*Species    8    188.22    23.528    195.71   0.0000  

Error               30      3.61     0.120  

Total               44   1979.05  
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Appendix. 15   

Source              DF        SS        MS         F        P  

Treatment            4   151.844   37.9609    170824   0.0000  

Species              2    53.483   26.7416    120337   0.0000  

Treatment*Species    8     2.959    0.3699   1664.50   0.0000  

Error               30     0.007    0.0002  

Total               44   208.292   

Appendix. 16  

Source              DF        SS        MS         F        P  

Treatment            4   2.60868   0.65217   1150.89   0.0000  

Species              2   0.97947   0.48974    864.24   0.0000  

Treatment*Species    8   0.44811   0.05601     98.85   0.0000  

Error               30   0.01700   0.00057  

Total               44   4.05326   

  

Appendix. 17   

  

Source              DF        SS        MS         F        P  

Treatment            4   15081.6    3770.4   21208.4   0.0000  

Species              2   28957.7   14478.9   81443.6   0.0000  

Treatment*Species    8    5433.4     679.2   3820.34   0.0000  

Error               30       5.3       0.2  

Total               44   49478.0  

  

Appendix. 18  

Source              DF        SS        MS         F        P  

Treatment            4    13.123   3.28078   2460.58   0.0000  

Species              2    16.352   8.17622   6132.17   0.0000  

Treatment*Species    8    75.034   9.37928   7034.46   0.0000  

Error               30     0.040   0.00133  

Total               44   104.550  

Appendix. 19  

 Source              DF        SS        MS         F        P  

Treatment            4    87.652   21.9130   5800.50   0.0000  

Species              2     1.510    0.7549    199.82   0.0000  

Treatment*Species    8    82.055   10.2568   2715.04   0.0000  

Error               30     0.113    0.0038  

Appendix. 20  

Source              DF        SS        MS         F        P  

Treatment            4   115.788   28.9470   14473.5   0.0000  

Species              2    11.543    5.7716   2885.78   0.0000  

Treatment*Species    8    78.301    9.7877   4893.83   0.0000  

Error               30     0.060    0.0020  

Total               44   205.692  



  160  

Appendix. 21  

Source              DF        SS        MS         F        P  

Treatment            4    83.110   20.7774   3596.10   0.0000  

Species              2    27.723   13.8616   2399.12   0.0000  

Treatment*Species    8     4.190    0.5238     90.65   0.0000  

Error               30     0.173    0.0058  

Total               44   115.196  

Appendix. 22  

Source              DF        SS        MS         F        P  

Treatment            4   36.0831   9.02078   4510.39   0.0000  

Species              2    2.8858   1.44289    721.44   0.0000  

Treatment*Species    8    0.6476   0.08094     40.47   0.0000  

Error               30    0.0600   0.00200  

Total               44   39.6764  

Appendix. 23   

Source              DF        SS        MS         F        P  

Treatment            4   32181.8   8045.44    176607   0.0000  

Species              2    9080.2   4540.11   99660.9   0.0000  

Treatment*Species    8    1550.6    193.83   4254.79   0.0000  

Error               30       1.4      0.05  

Total               44   42814.0  

Appendix. 24   

Source              DF       SS        MS         F        P  

Treatment            4   116381   29095.3   36208.2   0.0000  

Species              2    77655   38827.5   48319.6   0.0000  

Treatment*Species    8    15315    1914.3   2382.32   0.0000  

Error               30       24       0.8  

Total               44   209375  

 

Appendix. 25  

Source              DF        SS        MS         F        P  

Treatment            4   25783.8   6445.95   2595.22   0.0000  

Species              2   17323.7   8661.85   3487.37   0.0000  

Treatment*Species    8    2443.3    305.41    122.96   0.0000  

Error               30      74.5      2.48  

Total               44   45625.3  

  

Appendix. 26   

Source              DF        SS        MS         F        P  

Treatment            4   10175.4   2543.85   4314.85   0.0000  

Species              2    6937.8   3468.89   5883.90   0.0000  

Treatment*Species    8    1390.8    173.85    294.88   0.0000  

Error               30      17.7      0.59  

Total               44   18521.6  
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Appendix. 27  

Source              DF        SS        MS         F        P  

Treatment            4   2854.50   713.625   1697.66   0.0000  

Species              2   1458.02   729.011   1734.26   0.0000  

Treatment*Species    8    339.64    42.455    101.00   0.0000  

Error               30     12.61     0.420  

Total               44   4664.77  

Appendix. 28   

Source              DF        SS        MS         F        P  

Treatment            4   1053.69   263.422    987.83   0.0000  

Species              2    635.91   317.956   1192.33   0.0000  

Treatment*Species    8    167.64    20.956     78.58   0.0000  

Error               30      8.00     0.267  

Total               44   1865.24  

Appendix. 29  

Source              DF        SS        MS         F        P  

Treatment            4   1085.05   271.261   18495.1   0.0000  

Species              2    116.23    58.115   3962.38   0.0000  

Treatment*Species    8     58.43     7.304    497.98   0.0000  

Error               30      0.44     0.015  

Total               44   1260.15  

Appendix. 30  

Source              DF        SS        MS         F        P  

Treatment            4   21472.6   5368.14    188724   0.0000  

Species              2    7144.5   3572.27    125588   0.0000  

Treatment*Species    8    1076.0    134.50   4728.41   0.0000  

Error               30       0.9      0.03  

Total               44   29693.9  

Appendix. 31  

  

Source              DF        SS        MS        F        P  

Treatment            4   0.32224   0.08056   501.74   0.0000  

Species              2   0.05896   0.02948   183.62   0.0000  

Treatment*Species    8   0.02916   0.00364    22.70   0.0000  

Error               30   0.00482   0.00016  

Total               44   0.41518  

  

Appendix. 32   

Source              DF        SS        MS         F        P  

Treatment            4   1571002    392751    588341   0.0000  

Species              2   6433732   3216866   4818873   0.0000  

Treatment*Species    8   1601809    200226    299939   0.0000  

Error               30        20         1  

Total               44   9606563  
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Appendix. 33   

Source              DF        SS        MS         F        P  

Treatment            4   0.67236   0.16809   8404.44   0.0000  

Species              2   0.82678   0.41339   20669.4   0.0000  

Treatment*Species    8   0.12998   0.01625    812.36   0.0000  

Error               30   0.00060   0.00002  

Total               44   1.62971  

Appendix. 34  

Source              DF        SS        MS         F        P  

Treatment            4    792.29   198.073   31833.2   0.0000  

Species              2    380.39   190.193   30566.7   0.0000  

Treatment*Species    8    212.17    26.521   4262.25   0.0000  

Error               30      0.19     0.006  

Total               44   1385.03  

Appendix. 35  

Source              DF        SS        MS         F        P  

Treatment            4   266.783   66.6958   33347.9   0.0000  

Species              2    53.349   26.6747   13337.3   0.0000  

Treatment*Species    8     7.260    0.9074    453.72   0.0000  

Error               30     0.060    0.0020  

Total               44   327.452  

Appendix. 36  

Source              DF       SS        MS         F        P  

Treatment            4   119533   29883.2   21440.5   0.0000  

Species              2   131498   65749.1   47173.3   0.0000  

Treatment*Species    8    23808    2976.1   2135.24   0.0000  

Error               30       42       1.4  

Total               44   274882  

Appendix. 37   

Source              DF       SS        MS         F        P  

Treatment            4    67682   16920.5   76142.4   0.0000  

Species              2    35082   17541.1   78934.8   0.0000  

Treatment*Species    8    18564    2320.5   10442.2   0.0000  

Error               30        7       0.2  

Total               44   121335  

Appendix. 38  

Source              DF        SS        MS         F        P  

Treatment            4    46.316   11.5789   3721.79   0.0000  

Species              2   148.194   74.0969   23816.9   0.0000  

Treatment*Species    8   154.375   19.2969   6202.57   0.0000  

Error               30     0.093    0.0031  

Total               44   348.978  



  163  

Appendix. 39 (Na+ shoot)  

  

Source              DF        SS        MS         F        P  

Treatment            4   121.024   30.2559   10473.2   0.0000  

Species              2    20.286   10.1429   3511.00   0.0000  

Treatment*Species    8   102.390   12.7987   4430.33   0.0000  

Error               30     0.087    0.0029  

Total               44   243.786  

  

Appendix. 40 (Na+ leaf) 

Source              DF        SS        MS         F        P  

Treatment            4    98.791   24.6978   12348.9   0.0000  

Species              2    17.942    8.9709   4485.44   0.0000  

Treatment*Species    8    95.485   11.9356   5967.81   0.0000  

Error               30     0.060    0.0020  

Total               44   212.278  

  

  

Appendix. 41 (Na+ root)  

Source              DF        SS        MS         F        P  

Treatment            4    71.512   17.8780   10056.4   0.0000  

Species              2     9.179    4.5896   2581.62   0.0000  

Treatment*Species    8    95.979   11.9973   6748.50   0.0000  

Error               30     0.053    0.0018  

Total               44   176.723  

  

Appendix. 42 (k+ shoot)  

Source              DF        SS        MS         F        P  

Treatment            4    78.754   19.6886   12656.9   0.0000  

Species              2    79.086   39.5429   25420.4   0.0000  

Treatment*Species    8     5.990    0.7487    481.32   0.0000  

Error               30     0.047    0.0016  

Total               44   163.876  

Appendix. 43 (k+ leaf)    

Source              DF        SS        MS         F        P  

Treatment            4   138.006   34.5014   22179.5   0.0000  

Species              2    43.755   21.8776   14064.1   0.0000  

Treatment*Species    8     8.738    1.0923    702.18   0.0000  

Error               30     0.047    0.0016  

Total               44   190.546  
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Appendix. 43 (k+ root)  

  

Source              DF        SS        MS         F        P  

Treatment            4    77.149   19.2872   14465.4   0.0000  

Species              2    50.499   25.2496   18937.2   0.0000  

Treatment*Species    8     2.883    0.3604    270.29   0.0000  

Error               30     0.040    0.0013  

Total               44   130.571  

  

  

  


