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Abstract 
 

Maintenance of tissue mineral nutrient contents in requisite amounts is pivotal for normal plant growth. Shifting of a plant 

population from one locationto the other may lead to altered growth and tissue nutrient patterns, which may be of great 

adaptivevalue. The available data on the involvement of mineral nutrient in the plant adaptability and survival in changed 

climates in reciprocal swap arrangement may help explore the mechanism of adaptability across the locations.In this two year 

study, two lemongrass [Cymbopogan citratus (DC) Stapf] populations one each from Quetta and Faisalabad were used to 

measure the shoot and root biomass and tissue concentration of nitrate-N, phosphate-P, potassium (K
+
), sulfate-S and calcium 

(Ca
2+

)in reciprocal swap experiments. Faisalabad native (FN) and Quetta native (QN) populations were reciprocally swapped 

at Faisalabad (called Faisalabad adapted; FA) and Quetta (Quetta adapted; QA).The data for growth and some nutrient 

contents were recorded in each month from June to December fortwo successive years (2015 and 2016). Tissue analysis 

revealed that shoot exhibited greater contents of all the nutrients than root. FN and QA populations had higher contents of the 

measured nutrient during the summer months (Jun‒Jul), which declined during the winter months (Nov‒Dec), while FA and 

QN behaved in a reverse manner. Changes in nitrate-N and K
+ 

were sharper than the others in both the lemongrass parts. Root 

tissue had greater dry mass and nutrients (especially Ca
2+

) in relatively adverse conditions (summer months in Faisalabad and 

winter months in Quetta), which may be beneficial for better adaptation of these populations to prevailing conditions. 

Although no significant difference was found in the years, the adapted populations tended to display the pattern of nutrient 

slightly similar to the native population in 2016 than those observed in 2015. In conclusion, a steadier root biomass across the 

locations appeared to be a major reason of adaptability and survival of lemongrass populations in reciprocal swap 

arrangement. © 2018 Friends Science Publishers 
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Introduction 

 

Various macro- and micronutrients in optimal amounts are a 

prerequisite for normal plant growth and development. 

Tissue nutrients play a pivotal role in the processes like 

osmotic adjustment, stomatal oscillation, enzyme activation, 

synthesis of macromolecules etc. (Silvestre Fernandes and 

Pereyra Rossiello, 1995; Fageria and Moreira, 2011). 

Seasonal variations in different mineral contents take place 

in different plants (Villares and Carballeira, 2003; Strike 

and Vance, 2017). 

Nitrogen a vital micronutrient required by plants as it is 

the part of nucleic acids, various enzymes, energy carrying 

compounds (NAPH, ATP). It is mainly absorbed as nitrate 

from the soil. Its deficiency results in stunted growth and low 

yield in plants (Epstein and Bloom, 2005; Wahid et al., 

2007; Zhong et al., 2018). Seasonal decline in tissue-N was 

linked with the distribution of N to new sinks during spring 

and winter seasons (Maier et al., 1996). Various 

environmental stresses induced changes in Ca
2+

 

concentration since it acts as a second messenger and 

activates different physiological processes (Reddy and 

Reddy, 2004). Concentrations of phosphorus, nitrogen and 

Ca
2+

were stable from January to March, but K
+
 concentration 

remained steady even with a declined vegetative growth in 

macadamia (Stephenson et al., 1986; Maier and Chvyl, 

2002). Maier and Chvyl (2002) reported a decline in tissue 

K
+
 from January to August, but an increase from November 

to December. In winter season low soil temperature was 

linked with a decline in mineralization (Eghball et al., 2002). 

Ca
2+

 concentration increased during May to September, 

although its contents were related to leaf age (Stephenson et 
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al., 1986). Maier et al. (1996) observed the seasonal 

variations in S contents. Higher S contents were noted in 

Australian wax flowers from September to December but a 

lower one detected from December to April. 

Plant growth, among other geographical factors is 

influenced by altitude, longitude and latitude. Alpine plants 

growing at low altitude with short life span grew like 

colonial carpets and displayed lower nutrient contents in 

different body parts (Galland, 1986). Kiirner (1989) studied 

mineral contents of plant growing at different altitude in 

various climatic regions, and reported that N concentration 

fluctuated with latitudinal and altitudinal trends. At lower 

altitude, N content declined, but increased at higher altitude 

in herbaceous and evergreen plants. N content decreased 

from sub-arctic to equatorial regions representing latitudinal 

decline. Growth of plants at high altitude may be regulated 

by high nutrient concentration via high metabolic activity. 

Lemongrass [Cymbopogan citratus (DC) Stapf] 

responds better and grows well in response to N, P and K 

fertilizer application (Rao et al., 1998). It can grow in a 

wide range of salt (up to 16 dS m
-1

) and pH (up to 9.2) 

levels and is fairly tolerant of relatively adverse conditions 

without loss of leaf oil quality (Dagar et al., 2004). Long 

term cultivation of lemongrass improved the soil fertility 

and decreased the EC and pH in the top soil while decreased 

the organic carbon content with an increase in soil depth 

(Singh et al., 2014). Growing lemongrass in sewage sludge 

amended soil for six months resulted in enhanced amounts 

of zinc, copper, iron, cadmium and nickel but manganese 

remained within permissible limits. However, the contents 

of these metals were within permissible limits of WHO for 

the medicinal plants (Gautam and Agrawal, 2017). 

Lemongrass has gained a considerable importance due 

to being a great source of essential oil and due to having a lot 

of medicinal attributes (Barbosa et al., 2008; Akhila, 2010). 

Although it shows variable growth patterns in various 

climates butcan grow successfully by virtue of its inherent 

potential. One of the reasons in its survival in varied climates 

may be assigned to acquire and assimilate essential nutrients 

in requisite amounts to produce dry matter. The studies on 

the changes in the nutrient contents of the plant species in 

cross-locational adaptability are entirely scanty and needs to 

be thoroughly investigated. We hypothesize that ability to 

accumulate nutrient contents in any area may be closely 

linked to the ability to adapt and survive in any area. This 

study was conducted to explore the time course changes in 

the nutrient contents of lemongrass population and possible 

association of the nutrient contents in the dry matter yield 

across the locations in a reciprocal swap arrangement. 

 

Materials and Methods 
 

Source of Lemongrass Propagules and Description of 

Experimental Sites 

 

Field experiments were conducted to determine the cross-

locational adaptability of lemongrass populations native to 

Faisalabad and Quetta locations in terms of morphological 

and physiological mechanisms. One lemongrass population 

was obtained from Baluchistan Agricultural Research and 

Development Center, Arid Zone Research Institute (AZRI), 

Quetta (30.1798° N latitude; 66.9750° E longitude; 1679 m 

above sea level). The other population was obtained from 

University of Agriculture, Faisalabad (31.4504° N latitude; 

73.1350° E longitude; 184.4 m above sea level). Both these 

lemongrass populations were reciprocally swapped to study 

their cross-locational adaptability by growing under natural 

field conditions in Quetta and Faisalabad based on the 

growth and tissue nutrient patterns. The experiment was 

performed in Randomized Complete Block Design with 

three replications. Maximum and minimum temperature 

data for the experimental years 2015 and 2016 for 

Faisalabad was obtained from the Weather Observatory, 

Department of Agronomy, University of Agriculture 

Faisalabad; while that of Quetta region was obtained from 

Meteorological Department, Quetta (Table 1). 

Prior to planting the lemongrass population, the soils 

from both the locations were analyzed for physicochemical 

properties (Hussain et al., 2010). Faisalabad soil was more 

fertile due to having higher organic matter and P contents. 

The K was higher in Quetta soils while NO3
-
-N contents 

were similar in the soil from both the locations. Saturation 

percentage of Faisalabad soil was lower than that of Quetta 

soil. Soil at Quetta locations was more alkaline as compared 

to Faisalabad due to the presence of higher amount of lime. 

The electrical conductivity of soil extract (ECe) was lower in 

Faisalabad soil as compared to Quetta soil. Sodium 

availability in Quetta soil was higher than from Faisalabad 

soil. In Faisalabad soil, the Cl
-
 concentration was higher than 

the Quetta soil. Furthermore, a higher Ca+Mg contents was 

analyzed in Quetta soil samples. Besides, sodium adsorption 

ratio (SAR) was also higher in Quetta soil (Table 2). 

 

Dry Matter Yield and Nutrient Analysis 

 

Dry matter yield: Shoot and root dry weights were 

measured after harvesting in each month from Jun to Dec 

during the years 2015 and 2016 and drying these plant parts 

in an oven at 65
o
C. 

Nitrate-N: To measurenitrate-N with the methods of 

Kowalenko and Lowe (1973), 0.5 g of dried grinded 

material was extracted in 5 mL of distilled water by boiling 

for 1 h, filtered and made the volume up to 50 mL. A 3 mL 

of the extract was added to 7 mL of working chromotropic 

acid solution with the thrust of a pipette filler and briefly 

vortexed. After letting stand for 20 min, the intensity of 

yellow colored complex was read at 430 nm, using 

distilled water as blank. The nitrate-N content in plant 

samples was ascertained by preparing a standard curve 

(10‒100 mg/L NO3
-
). 

Phosphate-P: To measure phosphate-P with the 

methods of Yoshida et al. (1976), 1 mL of the extract 
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from the above was added to 2 mL of the 2N HNO3 and 

diluted to 8 mL. After adding 1 mL of molybdate-

vandate reagent, the final volume was made up to 10 

mL. After vortexing and letting stand for 20 min at room 

temperature, the color intensity was measured at 420 

nm, while distilled water was used as blank. The amount 

of phosphate-P was determined from the unknown 

samples by preparinga standard curve from 2.5 to 15.0 

mg/L PO4
3-

 standard series. 

K
+
 and Ca

2+
: Both these ions were determined using the 

method of Yoshida et al. (1976). Dried ground material (0.2 

g) was digested in 2 mL of acid mixture (HNO3 and HCLO4 

in 3:1 ratio). After the samples were cleared, the volume 

was made up to 10 mL with deionized water. The amounts 

of K
+
 and Ca

2+
 in the samples were determined using flame 

photometer (Sherwood 410, UK), while standard curves 

were constructed by preparing graded series (0‒40 mg/mL) 

separately for both the ions. 

Sulfur-S: Tendon et al. (1993) method was used for 

determination of sulfur-S contents.Ten mL of extract was 

taken in a 50 mL volumetric flask and added with 1 mL of 

6N HCl and 1 mL of 0.5% gum acacia solutions. Swirled 

and added 0.5 g barium chloride crystals and waited for 1 

min. Flasks were swirled again until the crystals were 

dissolved. Transmittance of the solution was taken on 

spectrophotometer at 440 nm. To prepare standards of sulfur 

0.543 g of K2SO4 was dissolved in distilled water, diluted to 

1 L to make 100 ppm stock solution. Prepared graded series 

of 0, 4, 8, 12, 16, and 20 mg/L solutions. Add 25 mL of salt 

buffer to each standard. 

 

Statistical Analysis 

 

The design of the experiment was randomized complete 

block with three replications. The data were subjected to 

statistical analysis using analysis of variance sources (Steel 

et al., 1996) and finding significance of variance sources at 

P<0.05. 

 

Results 

 

Growth Characteristics 

 

The data recorded during the years 2015 and 2016 indicated 

significant (P<0.01) difference in the shoot and root dry 

weight over different months in four populations of 

lemongrass. The FN population during the year 2016 

indicated the highest shoot dry weight followed by the same 

population in the year 2015. The FA population although 

indicated a lower shoot dry weight in both the years, it 

displayed a relatively greater shoot dry weight in the year 

2016. Likewise, QN and QA populations although indicated 

much reduced shoot dry weight during both the years, their 

performance was better during the year 2016 at the 

respective locations. As regards root dry weight, the value 

of this attributes was greater in FN and FA populations but 

higher during the year 2016. However, the QN and QA 

populations showed remarkably reduced root dry weights in 

both the years. It is however important to note that the 

populations at Faisalabad displayed steadier root dry weight 

as compare to those of Quetta native and adapted 

populations. 

 

Nutrient Relations 

 

Shoots accumulated higher amounts of the nutrients (nitrate-

N, phosphate-P, K
+
, sulphate-S and Ca

2+
than root in all 

lemongrass populations over the years 2015 and 2016, 

although no significant (P>0.05) difference was recorded in 

both the years (Fig. 2). FN and QA population (basically 

belonging to Faisalabad) indicated a greater contents of all 

the relatively sharper trend of accumulation of all the 

nutrients in the year 2015 as compared to 2016 while 

reverse of it was true for FA and QN populations (basically 

belonging to Quetta). A comparison of individual nutrient 

accumulation pattern revealed that during the year 2016, the 

behavior of both the adapted populations was relatively 

different from the years 2015 and tended to behave like the 

native population at Faisalabad or Quetta location especially 

under extreme conditions i.e., summer months in Faisalabad 

and winter months in Quetta (Fig. 2). These results indicated 

a slow shift in the adaptability in the adapted population in 

an area. 

 

Discussion 

 

Changes in the dry matter yield of any plant species under a 

defined set of conditions are a reliable indicator of its 

survival and adaptability (Gratani, 2014; Hanna et al., 

2018). In this study we found that high ambient temperature 

in Faisalabad in summer months and subzero temperature in 

Quetta in the winter months (Table 2) were the stressing 

factors for the growth of lemongrass populations, as both 

shoot and root dry mass declined substantially in the 

respective seasons (FN and FA in summer and QN and QA 

in winter months). However, FN and FA populations 

showing relatively lesser dry matter in the summer of 2015 

and QN and QA behaving so in the winter of 2015 

performed relatively better in the respective months in 2016. 

It is quite interesting to note that root dry mass was quite 

more improved than shoot in the year 2016 especially in 

the adapted population, thereby showing a pivotal role 

of root in the adaptability and survival in a new location. 

It is known that more plasticity and proliferationof root 

system is a successful adaptive strategy of plants to survive 

in a new environment (Lipiec et al., 2013; Khan et al., 

2016). Such a tendency in the second year of the 

experiment, although at a quite low pace, alludes to the role 

of root development in adaptation and survival of the 

population in the new location (Fig. 1). 

Changes in rate of tissue nutrient accumulation could 

be among numerous determinants of growth and survival of 
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plants in a new location (Sveinbjrnsson et al., 1992; He et 

al., 2016; Razaq et al., 2017). In these experiments analysis 

of five macronutrients were done in the shoot and root of 

lemongrass populations native to and adapted in Faisalabad 

and Quetta. The Faisalabad conditions were much hotter 

than the Quetta, with chilling to freezing temperatures in 

Quetta (Table 2). So, different patterns of nutrient 

accumulation were observed in the lemongrass population 

growing in Quetta than those in Faisalabad (Fig. 2). As a C4 

species lemongrass requires more water and nutrients to 

adjust to the prevailing suboptimal conditions (Calatayud et 

al., 2008). It was noted that trend of all nutrient was similar 

in both shoot and root but the relative concentration of all 

the nutrient was greater in root in the year 2016. 

Furthermore, all these nutrients showed greater tissue 

contents during both the experimental years during summer 

in Faisalabad native and Quetta adapted lemongrass 

population and during winter in Quetta native and 

Faisalabad adapted population in the body parts (Fig. 2). Fry 

and Huang (2004) opined that if nutrients are available in 

surplus amounts in the root zone during heat stress, plants 

use most of their stored energy to grow faster so under low 

temperature stress during winter these plants can scarcely 

use the available energy to overcome stress conditions. This 

showed that more the prevailing adverse temperature more 

likely is the acquisition of nutrients by the plant roots and 

their transport to the aerial parts. In this perspective, 

nutrients tend to increase the tolerance in plants under 

different temperature regimes (Waraich et al., 2012). 

From the changes in nutrient data it can be emphasized 

that the nutrients taken up under more adverse conditions 

were not fully metabolized and incorporated into the body 

parts. Instead due to the prevailing adverse conditions they 

play role in the maintenance of osmotic balance. Under such 

circumstances, the role of nutrients found in the soluble 

phase increased for binding water by acting as osmotica 

(Epstein and Bloom, 2005). However, when the temperature 

becomes favorable for growth these nutrients are partitioned 

into different body parts (Taiz et al., 2015). The functional 

roles of the nutrients like K
+
 and Ca

2+
 becomes more 

pivotal,which help the plant to adapt, adjust and survive 

under the subversive circumstances.These roles are the 

maintenance of cellular water balance sustained 

activities of enzymes of photosynthesis and respiration, 

or structural role in cell wall (Van Brunt and Sultenfuss, 

 
 

Fig. 1: Differences in some growth characteristics of 

native and adapted lemongrass populations from 

Faisalabad and Quetta studied during 2015 and 2016 

planted in a reciprocal swap manner 
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Table 1: Physicochemical characteristics of soil samples from Quetta and Faisalabad locations 
 

Characteristics Quetta soil Faisalabad soil 

P (mg/kg)* 1.56 2.24 

K (mg/kg)* 184.00 162.00 
NO3

--N (mg/kg)* 0.29 0.29 

Organic matter (%) 0.53 1.10 

Saturation percentage 39.82 38.56 
pH 8.15 8.05 

EC (dS/m) 1.35 0.44 

Na+ (mg/kg) 6.84 1.75 
HCO3

- (mg/kg) 2.95 2.63 

Cl- (mg/kg) 5.75 1.68 

Ca+Mg (mg/kg) 18.15 4.18 
Sodium adsorption ratio 2.54 1.17 

*AB-DTPA Extractable  

 

Table 2: Average monthly maximum and minimum ambient temperatures (
o
C) in Quetta and Faisalabad locations 

recoded during the experimental years 2015 and 2016  
 

Months Faisalabad 2015 Faisalabad 2016 Quetta 2015 Quetta 2016 

Max. Temp Min. Temp Max. Temp Min. Temp Max. Temp Min. Temp Max. Temp Min. Temp 

June  43.0 21.6 44.2 23.3 37.7 17.0 40.0 14.0 

July 40.2 23.4 42 21.7 38.0 19.0 40.0 17.5 
August 38.0 23.0 38.2 22.6 36.4 13.0 37.5 13.0 

September 38.0 21.0 38 22.3 32.0 8.5 36.0 11.0 

October 36.8 13.0 37.6 14.4 30.5 3.5 33.5 1.5 
November 35.5 7.0 30.3 10.0 25.4 -2.0 27.0 -3.0 

December 26.5 3.6 28 5.0 25.8 -7.0 25.5 -5.0 
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1998; Nayyar, 2003; Taiz et al., 2015). Nitrogen is an 

integral part of proteins, nucleic acids and quite a few N-

containing secondary metabolites. Therefore, with reduced 

tissue nitrogen content the plant cannot show normal growth 

(Ramalho et al., 1995). Phosphorus is part and parcel of 

nucleotides in DNA and RNA and also involved in the 

phosphorylation of various macromolecules. The energy 

changes in the biological systems are strongly dependent on 

phosphorylation and de-phosphorylation of ATP with the 

activity of kinases (Holford, 1997). Hence maintenance of 

sustained P contents is required. Sulfur is contained in sulfur 

containing amino acids and glutathione which are important 

in the stress tolerance by the plants (Schnug, 1988; Epstein 

and Bloom, 2005). 

Conclusion 

 

The optimal concentration of the essential nutrients in the 

favorable months of growth is pivotal for greater biomass 

production in these lemongrass populations, although the 

rate of accumulation of the measurednutrients was similar at 

two harvest times. Minimal tissue essential nutrients in 

certain adapted population may be their partial competence 

to grow and thrive in the new location.A slow shift in the 

dry matter and nutrient accumulation during the second year 

of the experiment highlights the adaptive potential and 

survival of lemongrass populations in the new location. 
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