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ABSTRACT

Salt stress is a biotic stress and effect plant growth, development and productivity throughout the world. A research was conducted to evaluate the effect of salt stress on Tagetes erecta, a common ornamental and medicinal herbaceous plant.During experimentplants were treated with different concentration of NaCl solution (50 mM, 100 mM, 150 mM and 200mM). Different growth parameter (plant height, root length, no of leaves, and fresh and dry biomass) and some biochemical aspects (Chlorophylla, b and carotenoids) were observed under different concentration of salt stress. Results indicated that Tageteserectaismoderately tolerant to salt stress. After two weeks treatment fresh biomass of plant increased significantly (P<0.001) in 50 and 100 mMNaCl. Plant height, root length, no of leaves, fresh and dry biomass, Chlorophylla, b and carotenoids exhibited reduction under higher concentration of NaCl.
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INTRODUCTION

During growth plants are exposed to different environmental stress [11].Abiotic stresses, such as high temperature, and salt stress are major factors which reduce crop productivity[8].Salt stress is a major environmental stress affecting plants growth and development throughout the world[19].Almost 10% of arable land and 24% of irrigated areas are affected by NaCl [29].
Salt stress affects various Physiological and yield contributing characters of the plants [21].It affects seed germination [39]by creatinganosmotic potential topreventwater uptake orby providingconditions for the entry of the ions that may be toxic to embryo or develop in seedlings [5]. Morphophysiological characters such as plant height, number of leaf, leafarea, yield contributing characters such as number of pods/ plant, number of seeds/ pod, 1000 seeds weight [21] fresh and dry weight, leaves number and area reduce with increasing salinity [43].Chlorophyll is the main color agent responsible for photosynthesis. Under adverse circumstances, the chlorophyll level is a good indicatorof the photosynthesis function. It has been found that the chlorophyll level of trees decreases with aggravated saltstress[31]due to enzymatic chlorophyll degradation[12] [41]. 

Tagetuserecta is a common ornamental and medicinal herbaceous plant commonly known as Marigold belongs to family Asteraceae.Tagetuserecta is a small shrub, which grows up to 1-2 m in height [30] moderately tolerant to salinity because growth is affected when EC of irrigation water exceed to 8 dSm–1[2].Tagatuserectais important medicinal plant with diverse pharmacological spectrum.  The plant  shows  the  presence of  many  chemical  constituents  which  are  responsible  for  varied  pharmacological  and  medicinal  property [18] like  anti-bacterial and mosquitocidal and  Anti-oxidant [33] [10] [28]. Decoction of the leaves used for dysmenorrhea and upper respiratory tract infection [9] and leaf juice is used to treat intestinal worms[3]. The objective of the present study was to evaluate the effect of high salinityon different morphological and physiological character of this plant. 

MATERIAL AND METHOD

The research was conducted at Botanical Garden, Department of Botany, Abdul Wali khan University Mardan in 2013. Tageteserectawas selected for this experiment. 60 plastic pots were used in this experiment having loamy soil and basal outlet for drainage. 60 pots are divided in to 5 sets having 12 pots/set. These set were treated as control, 50 mM, 100 mM, 150 mM and 200 mMNaClsolution.I month old uniform size seedlings were transplanted in pots. Plants were irrigated twice a week with tap water/ solution. Concentration of NaCl was gradually increased in irrigation water till it reached to desired salinity of each treatment. Plants harvest has been started after 15 days of establishment of seedlings under stress condition. Plants were harvested weekly and no of leaves, dry and fresh weight of leaves, root and stem length, fresh & dry biomass were recorded at each harvest. Chlorophyll a, b and Carotenoids were estimated in plants of both control and treated plants.

Extraction and estimation of Chlorophyll:

Fresh weight of the leaves were taken and then leaves were macerated together with a little of acid washed sand with 3 ml of 80% acetone and centrifuged at 1000 rpm for 5 min. The debris was then washed 3 times using 1 ml of 80% acetone each time. The supernitentwas then pooled and volume made upto 7 ml with acetone.Optical densities of these solutions were then recorded at 663nm, 645nm, 480nm and 510nm.Chlorophyll a, b and carotenoids were calculated according to following formulas:
Chlorophyll a (mg/g fresh Wt.)   =     
12.3 D663   -   0.86 D645x  V
d   x  1000   x   w

Chlorophyll b (mg/g fresh Wt.)=     
12.3 D645   -   0.86 D663x  V
d   x   1000   x   w

Total Chlorophyll = 



Chl. A + Chl. B

Carotenoids  (mg/g fresh Wt.)     = 
7.6 D480  –  1.49 D510    x  V

    d x 1000 x w
RESULT AND DISCUSSION
Reduction in shoot growth due to salinity is commonly expressed by a reduced leaf area and stunted shoots [25].Plant height severely affected by salt stress (Fig. 1). After one week of treatments in 1st harvest plant height exhibited significant (P<0.001) increase in 50 mMNaCl treatment while exhibited significant (P<0.001) decrease in plants treated with 100, and 150 mMNaCl as compare to their respective control. After 2 and 3 weeks of treatment with NaCl plants showed significant reduction (P<0.001) in all salinity treatments as compare to control.[14] [35]also reported that after 15 stress days, young umbu plants and Abelmoschusesculentus L. plant height decreaseat 75 and 100 mMNaCl.
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Fig. 1.Effect of different concentration of NaCl on plant height (cm) of Tagetuserecta.

In soil the root system is the direct injured part caused by salt and alkaline. Under the adverse conditions root system morphology and physiology show the adaptive characteristics and behaviors of the plant in effectively absorbing and using nutrients of the soil [16]. Plants of Tageteserectawhen treated with different concentrations of NaCl, it showed significant (P<0.001) reduction in root length in three harvests (Fig.2). [40] also reported that the root growth of Arabidopsis was progressively reduced due to increasing concentration of NaCl. [27]indicated that salinity can rapidly inhibit root growth and hence capacity of water uptake and essential mineral nutrition from soil.
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Fig. 2.Effect of different concentration of NaCl on root length (cm) of Tagetuserecta.
After treatment with different concentrations of NaCl no of leaves showed significant (P<0.001) reduction in three harvests (Fig.3). [32] [15] reported that saline environment results in decreases in leaf area and number of leaves.[4] also observed decrease in number ofleaves due to salinity.
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Fig. 3.Effect of different concentration of NaCl on number of leaves of Tagetuserecta.
One  of  the  initial  effects  of  salt  stress  on  plant  is  the  reduction  of  growth  rate. Fresh and dry biomass of plant exhibited reduction in high salinity (Fig. 4 & 5). After two weeks of treatments fresh biomass increased significantly (P<0.001) in 50 and 100 mMNaCl treatments while decreased significantly (P<0.001) in plants treated with 150, and 200 mMNaCl as compare to their respective control. After 3 weeks of treatment with NaCl, plant showed significant reduction (P<0.001) in both fresh and dry biomass in all salinity treatments as compare to control. [26]stated that reduction in fresh and dry biomass caused by suppression of plant growth under saline conditions may either be due to decreasedavailability of water or to the toxicity of sodium chloride.Also the reduction in dry weight under salinity stress may be attributed to inhibition of hydrolysis of reserved foods and their translocation to the growing shoots. Salinity stress imposes additional energyrequirements on plant cells and less carbon is available for growth and flower primordial initiation[13]. These findings are in agreement with other reports suggesting that salt stress reducesthe biomass of plants of tomato and rice[22].[23]reported that the fresh biomass of CapsicumfrutescensL. decreased with increasing salinity.  Decrease in dry weight of shoot and leaves was observed with increase in salt stress by [23] [2] [42].[image: image4.png]Fresh biomass (zm)
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Fig. 4.Effect of different concentration of NaCl on fresh biomass (mg) of Tagetuserecta.
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Fig. 5.Effect of different concentration of NaCl on dry biomass (mg) of Tagetuserecta.
Chlorophyll content is considered as one of the parameters of salt tolerance in crop plants [36]. In this observation chlorophyll contents of Tagetuserrectashow non-significant effect under saline condition (Table 1).The contents of chlorophyll a increased in 50 mMNaCl while decreased in 100 mM and 150mMNaCl as compare to their respective control. Plants treated with 50 mM and 100 mMNaClshowed a slight increase in Chlorophyll b and total chlorophyll while reduction was noted in 150 mMNaCl. Chlorophyll a/b ratio was reduced in all treatments. Salinity induced  chlorophyll  degradation  in  NaClsensitive  pea  cultivar  as  compared  with tolerant one [20]have also been  reported  earlier.  

Table 1. Effect of different concentrations of NaCl on Chlorophyll a, b and Carotenoids contents 

ofTagetuserecta.

	Treatment
	Chlorophyll-a
	Chlorophyll-b
	Total Chlorophyll
	a/b Ratio
	Carotenoids

	 
	(mg/gm fr.wt)
	(mg/gm fr.wt)
	(mg/gm fr.wt)
	 
	(mg/gm fr.wt)

	Control
	 
	 
	 
	 
	 

	Mean 
	0.555 a
	0.260 a
	0.815 a
	2.152 a
	0.206 a

	SE
	+0.045
	+0.028
	+0.073
	+0.062
	+0.031

	 
	 
	
	
	
	 

	T1 (50 mMNaCl)
	 
	
	
	
	 

	Mean 
	0.744 a
	0.365 a
	1.109 a
	2.039 a
	0.288 a

	SE
	+0.042
	+0.015
	+0.055
	+0.067
	+0.031

	 
	 
	
	
	
	 

	T2(100 mMNaCl)
	 
	
	
	
	 

	Mean 
	0.534 a
	0.295 a
	0.829 a
	1.841 a
	0.238 a

	SE
	+0.148
	+0.088
	+0.236
	+0.124
	+0.079

	 
	 
	
	
	
	 

	T3(150 mMNaCl)
	 
	
	
	
	 

	Mean 
	0.418 a
	0.213 a
	0.631 a
	1.310 a
	0.153 a

	SE
	+0.209
	+0.107
	+0.316
	+0.655
	+0.077

	LSD 0.05
	0.510
	0.27
	0.788
	1.146
	0.238


Means followed by different Letters in the same column differ significantly at 95% probability level according to New Duncan’s Multiple Range Test. 
Decrease in chlorophyll is considered to be symptom of oxidative stress condition [34].The contents of carotenoids were increased in 50 mM and 100 mMNaClwhile decrease in 150 mMNaCl as compared to their respective control.Our results agree with several reports  of  decrease  content  of  chlorophyll  and carotenoids by salinity as reported in a number of glycophytes[17] [1].
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