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ABSTRACT 

 The present study conducted during 2009-10 prescribed the 
potential of varyingly devised osmotic constrains on germination and 
growth as well as mycorrhizal association of Parthenium hysterophorus, 
an alien and highly invasive weed species. The effects of differential 
salinity concentrations of three selected salts viz. NaCl, KCl, and MgSO4 
were evaluated on germination and growth of P. hysterophorus in lab as 
well as field trials at Institute of Agricultural Sciences, University of the 
Punjab, Lahore. The different concentrations of test salts for lab 
experiments were 10, 20, 30, 40 mM, and for field experiments were 
500, 750, 1000, 1250 mM. The control treatment with simple water 
irrigation was marked as 0 (zero). The parthenium plants were allowed 
to grow in silty loam textured soils in pots. Twenty five days old 
seedlings were allowed to establish in the pots. Saline sprays with test 
salts were carried out one week after transplantation. In the results, 
different salts had different mechanisms of affecting the plants. Average 
decline of 86% was observed in germination of parthenium against 
maximum concentrations. In both of the lab and field experiments, shoot 
and root fresh weights were severely affected in comparison to the dry 
weights. Mycorrhizal colonization was higher in the control treatments 
against all the saline conditions. Significant decline in chlorophyll content 
was evidenced in case of KCl. The salinity threshold of P. hysterophorus 
was estimated up to 0.75 M, growth was strongly decreased and growth 
was significantly reduced at higher salinity regimes. 

 
Key words: Alien; Invasive; Mycorrhizal; Transplantation. 
 
INTRODUCTION 
 Parthenium (Parthenium hysterophorus L.) is an aggressive 
invasive alien weed of 30-150 cm height (Adkins et al., 1996, Kohli et 
al., 2006) is native to the America but now widely spread in Asia, 
Africa and Australia (Javaid and Anjum, 2005; Evans, 1997). Being an 
aggressive colonizer of wasteland, road sides, railway sides, water 
courses, cultivated fields and overgrazed pastures (Wiesner et al., 
2007) it has been arrived in Pakistan through India (Adkins and Navie, 
2006). 
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 In nature all living organisms including weeds are frequently 
exposed to unfavorable environmental conditions that have negative 
effects on their survival. Thus these natural limitations limit 
proliferation of weeds up to a certain extent.  The recent research 
based on management strategies to check growth and development of 
Parthenium include application of synthetic chemical herbicides 
(Javaid, 2007), natural herbicides from plants (Javaid et al., 2010; 
2011) biological control agents like insects and pathogens (Adkins and 
Navie, 2006). (Javaid and Adrees, 2009; Javaid, 2010; Javaid and Ali, 
2011a). However among the abiotic factors limiting the plant 
germination and seedling growth, water stress due to drought and 
salinity plays vital role worldwide (Kaya et al., 2006). All plants 
tolerate salinity up to a certain threshold level with no decline in crop 
yield (Ozturk et al., 2004). 
 Plants can respond to salt stress at morphological, anatomical 
and cellular levels with modifications that allow the plant to avoid 
stress or to increase its tolerance (Al-Karaki, 2000). Generally salt 
stress induces both osmotic and ionic stress. Osmotic stress is created 
by an excess of salts in the soil, while the ionic stress is caused by the 
over accumulation of salts in the cells.  

These stresses individually affect the physiological status of the 
soil (Ueda et al., 2004). Germination percentage and rate of 
germination of seeds have been reported to be significantly reduced 
due to increasing intensity of salt stress (Noureen et al., 2007). 
Increased concentrations of salt ions (Na+, Ca2+, Cl-, and SO4-) in the 
soil cause water deficit.  

This is followed by growth reduction, nutrient deficiencies, 
injury of the foliage, eventual shrinkage of leaf size, wilting of the 
whole plant and finally death of the plant. (Marschner, 1986; Maas 
1989; Allen et al., 1994) Salinity may also cause reduced ATP and 
growth regulators in plants; however management practices must be 
selected to ensure that the levels of salinity in the soil are not harmful 
to crop growth. This is usually done by applying enough water to 
satisfy crop requirements and leach out salts from the root zone 
(Ozturk et al., 2004).  
 Herbicidal activity of certain fungi, weeds, allelopathic plants 
and insects against P. hysterophorus have been reported to manage 
its proliferation (Javiad and Anjum 2006; Javaid et al., 2011) however 
investigation regarding salt stress has still not being taken under 
consideration.  

The presently planned study aimed at inducting variously 
devised osmotic stress conditions on germination and growth of P. 
hysterophorus in view of evolving a potent strategy to curtail its fast 
infestation in Pakistan. 
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MATERIALS AND METHODS 
Collection of Seeds 
 The capitula of Parthenium flowers were collected, air and sun 
dried, then stored in polythene bags at 4OC. Seeds of Parthenium 
before sowing on double layer of filter paper were surface sterilized by 
dipping the seeds in 1% sodium hypochlorite solution for 5 minutes to 
avoid surface microorganisms. Viability test was done to ensure the 
number of viable seeds, and it was estimated up to 90%. 
Experimental Setup 
 Three salts viz., NaCl, KCl, and MgSO4 were selected for 
osmotic shock experiment during 2009-10. The selection of the salts 
was made on the pervious experimentation regarding physiological 
stress (Khan and Gulzar, 2003; Rehman et al., 2008). Chloride salts 
were chosen for high solubility (Ajmal and Khan, 1986) to prepare 
irrigation regimes of varying salinity levels. 1.5 molar solution of each 
test salt was made by dissolving the weighed amount (grams 
equivalent to molecular weight of the salt) in one liter of distilled 
water. Further dilutions of 10, 20, 30, 40 mM for lab trials and 0.5, 
0.75, 1.0, 1.25 for field experiment were made by diluting the stock 
solution. To evaluate the potential of each salt on plant metabolism, 
solutions of different strengths were made. Assessment of germination 
and early seedling growth was done by performing set of experiments. 
For lab experiment 10 seeds per plate were placed on the double layer 
of moist filter paper in a covered Petri plate. And different salinity 
regimes @ 10 ml per plate were applied. For greenhouse experiments 
10X5 inches polythene bags were used. Seedlings were raised on a 
sand bed in the greenhouse. Solar sterilized silty loam soil was 
selected for planting seedling. Four weeks old seedlings were 
transferred to the already filled bags. 
 Plants were allowed to establish for one week after 
transplantation and then subjected to five salt levels of three different 
salts i.e. NaCl, KCL and MgSO4 as salt spay. Different concentrations of 
all three salts as, 0 (control without salt stress), and 0.5M, 0.75M, 1M 
and 1.25 M @ 100 ml solution per pot were employed to evaluate the 
potential stress of salinity on growth of Parthenium. Plants were 
watered at field capacity daily with tap water until harvest. The plants 
were harvested after they had been grown under salt stress conditions 
for 1 week. Dig out the whole plant shoots and roots were separated. 
Shoot and root lengths of all the seedlings were carefully measured in 
centimeters just after the harvesting. Root and shoot fresh weights 
were taken just after harvest and oven-dried weights were taken after 
drying at 70°C for 48 h.  
Seedling Analysis  
 The total chlorophyll contents were determined according to 
method of Arnon (1949).  Absorbance of the supernatant was recorded 
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at 645 and 663 nm using a spectrophotometer (Hitachi-U2001, Tokyo, 
Japan). Arbuscular mycorrhiza was estimated following the method of 
Phillips and Hayman 1970. 

 
Chlorophyll a =12.7A663 - 2.69A645  Chlorophyll b = 22.9A645 – 4.68A663 

 
Total chlorophyll content = Chlorophyll a + Chlorophyll b (mg/g) 
 All the data were statistically analyzed by applying Duncan’s 
New Multiple Range (DMR) Test (Steel and Torrie, 1980) at 5% level of 
significance to separate the treatment means. 
 
RESULTS AND DISCUSSION 

Seed germination in early seedling experiment was significantly 
reduced as compared to control presented in Fig. 1. Reduction in 
germination from 90 to 6.6, 16.6 and 6.6% was observed at maximum 
concentration for NaCl, KCl and MgSO4, respectively. In general, 
MgSO4 among all the tested salts resulted in the highest depression in 
germination. Salinity can affect seed germination through osmotic 
effects (Welbaum et al., 1990). Salts also interfere with seed 
germination and crop establishment (Esechie, 1996) however the 
degree of salt stress can affect the different crops differently. Strong 
reduction was observed mainly at the higher level of salt 
concentrations against control. Germination delayed as the level of 
salinity increased (Jamil et al., 2006).  

Growth in shoot lengths of the plants was also severely affected 
by the salt spray and effect became more pronounced at higher 
concentrations. Maximum decline in shoot length was recorded due to 
NaCl salinity i.e. 21% and 53% in early seedling experiments (Fig. 1-
B) and pot experiments (Fig. 3-A), respectively. At maximum 
concentration of 40 mM KCl shows significant decline of about 57% in 
terms of root length (Fig. 1-C). However in pot experiments all the 
salts exhibited almost similar depression i.e. 18% in root length at 
0.75M concentration against control. Maximum reduction in root length 
was recorded under MgSO4 salinity at maximum concentration of 1.25 
M (Fig. 4-A). These findings are also in line with the previous results 
that salinity generally has been accepted to reduce shoot growth 
(Tattini et al., 1992; Klein et al., 1994), pollen viability and 
germination, number of flowers and fruits (Cresti et al., 1994). Salinity 
also affects the yield depending on the concentration (Klein et al., 
1992, Wiesman et al., 2004) 
 In our study, the root and shoot biomasses were also affected 
by the action of various salinity regimes. Adequate reduction in shoot 
fresh biomass was recorded in case of KCl and MgSO4 in comparison 
with NaCl (Fig.2-A, B, 4-B). These results are aligned with the pervious 
results that salt stress inhibited the whole seedling growth however 
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root growth in length was more affected than shoots. Inhibition of 
plant growth by salinity may be due to the inhibitory effect of ions. 
Indicated that salinity may rapidly inhibit root growth and hence 
capacity of water uptake and essential mineral nutrition from soil 
(Neumann, 1995). Data recorded in terms of dry biomass showed that 
the level of inhibition was concentration dependent (Fig. 2-A, 3-C, 4-
C). Similar kind of results were observed by Jeannette et al. (2002) 
that total fresh weight of root and shoot of cultivated accessions was 
significantly reduced with increased salt stress. These results are also 
in line with Shannon et al. (2000) who indicated salinity induced 
reduction in fresh weight (FW) of vegetables. Chlorophyll content 
presently found to be affected due to salinity stress caused by NaCl, 
KCl and MgSO4 as photosynthesis was reduced and respiration was 
increased. Lower concentration significantly reduced chlorophyll 
content however at maximum concentration of 1.25 M 10%; 36% and 
17% reduction was recorded for NaCl, KCl and MgSO4 respectively. 
(Fig. 5-A) According to Lewis, (2002) increasing salinity inhibits nitrate 
reductase activity, decreases chlorophyll content and photosynthetic 
rate, and increases the respiration rate. Auge et al. (2008) also 
concluded that mycorrhizal colonization may be inhibited due to 
allelopathic nature; releasing allelochemicals in the rooting zone; or it 
may not require mycorrhiza for its successful establishment.  Number 
of vesicles in mycorrhizal association were also reduces due to salinity 
stress. The maximum concentration of 1.25 M NaCl and MgSO4 
exhibited highest depression i.e. 82% in terms of no. of vesicles, 
where as 80% inhibition was recorded for KCl (Fig. 5-B, C). 
 
CONCLUSION 
 Salinity regimes of 30 and 40 mM NaCl in lab experiments were 
found effective in causing 66% and 88% depression in seed 
germination respectively. Likewise other growth parameters indicated 
suppression potential of the test salts. NaCl and MgSO4, both were 
found effective in field experiments, however mortality recorded at 
higher concentrations of 1.0 and 1.25M for all test salts. Higher salinity 
threshold of P. hysterophorus indicated that its likeliness to infest our 
salinity hit fallow lands where other plants cannot normally survive. As 
this is a preliminary study to check the salinity threshold of 
Parthenium hysterophorus, extension program must be planned in 
such a way that further proliferation of Parthenium be suppressed by 
spraying the saline solution of NaCl specifically even at lower 
concentration of 0.5-0.75M to weed infested barren lands along with 
cultivated lands as it is cost effective, less laborious and less toxic to 
environment. However, salinity threshold of crops must be estimated 
before commercial application. 
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Figure 1. Effect of NaCl, KCl and MgSO4 salinity on germination 

(a), shoots (b) and root growth (c) of Parthenium 
hysterophorus in pertiplates. 
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Figure 2. Effect of NaCl, KCl and MgSO4 salinity on fresh 

biomass (a) and dry biomass (b) of Parthenium 
hysterophorus in pertiplates. 

  
Vertical bars show standard errors of means of three replicates; Values 
with different letters show significant difference (P = 0.05) according 
to DMRT.
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Figure 3. Effect of NaCl, KCl and MgSO4 salinity on shoot length 
(a), shoot fresh weight (b) and shoot dry weight (c) 
of Parthenium hysterophorus in pot experiment.  
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Figure 4. Effect of NaCl, KCl and MgSO4 salinity on Root length 
(a), shoot fresh weight (b) and root dry weight (c) of 
Parthenium hysterophorus in pot experiment.  
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Figure 5. Effect of NaCl, KCl and MgSO4 salinity on chlorophyll 
content of leaves (a), No. of vesicle (b) and 
arbuscules in mycorrhizal association (c) of 
Parthenium hysterophorus in pot experiment.  
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Vertical bars show standard errors of means of three replicates. Values 
with different letters show significant differences (0.05) according to 
DMRT. 
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