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The experiment was managed to seek the effects of spermidine and kinetin on macronutrients 
accumulation in organs of four mash bean [Vignamungo (L.) Hepper] genotypes grown under Chromium 
(Cr) stress. Four genotypes i.e., MASH 80, MASH 88, MASH 97 and MASH ES-1 were grown in pots 
which four replicates. After fifteen days of germination, Chromium was CrCl3 to raise 30.0 and 60.0mg 
Cr kg-1 soil. Macronutrints (NPK) were determined in root, stem and seeds. Spermidine and Kinetin were 
foliarly sprayed separately with frequency of twice at age of 15 and 30 days of plants. At physiological 
maturity of crop macronutrients were determined. Exogenous spermidine enhanced the accumulation of 
nitrogen to non- significant level in root stem and seeds. Significant increase in phosphorus was 
observed in stem of Mash 80 and Mash 88 genotypes as 32.32% and 21.45% respectively. Significant 
increase in potassium concentration was noted in stem of Mash 88 (25.02%) and in mash ES-1 
(29.66%). Foliar spray of Kinetin significantly increased nitrogen in root of Mash 80 (39.30%), stem 
(53.57%) and in seed (105.38%). Similarly kinetin significantly increased phosphorus concentration in 
Mash 80. This increase was 25.725 in root, 74.32% in stem and 170.52% in seeds. Significant increase 
in potassium was noted in root and stem of Mash 80 and Mash Es-1. In Mash 80 the increased extent 
was 33.31 and 33.71 for root and stem respectively. In root of Mash ES-1 the increase was 78.06% 
while in stem was 78.89%. 
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INTRODUCTION 

Mash bean (Vigna mungo (L.) Hepper), is one 
of the the most important pulses of the world. In 
Pakistan, it is amongst the least researched crops 
inspite of its high nutritive and economic value. 
Nutritive analysis of mash bean seed revealed 
that it contains vitamins, oil, fats, protein and 
carbohydrates (James, 1981). It has the capability 
of fixing free atmospheric N2 for its own 
consumption and enriches the soil with N for next 
crop (Sen, 1996).  

Plant mineral nutrients are essential for 
regulation of osmotic, membrane permeability and 
are structural components of some essential 
metabolites. Of these macronutrients, nitrogen 
(N), phosphorus (P) and potassium (K) are the 
important which are as fertilizers in modern 
agricultural practices (Kulcheski et al. 2015). The 
vital activities of plants are affected by heavy 
metals present in atmosphere inducing abiotic 
stresses (Tajti et al., 2018).  Plant growth 
regulators are used in the mitigation of adverse 
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effects of these stresses (Ahanger et al. 2018; 
Khan  et al. 2015).  

Polyamines are important in this regard. 
Chromium treatment of plant to reduced contents 
of polyamines. Spermidine when exogenous 
applied, can mitigate the adverse effects of 
chromium (Wang et al., 2003a; Wang and Shi, 
2004). Polyamines increase uptake and transport 
of ions and water by roots. (Aldesuquy, 2014).  
Polyamines are nitrogenous compounds that have 
low molecular weight and are used to mediate 
several vital processes under stressful conditions 
(Agurla et al. 2017). These are involved in many 
plant vital activities such as membrane stability, 
synthesis of protein, scavenging of ROS, mineral 
uptake, activation of enzyme and hormonal 
regulation (Hu et al. 2012; Ahmad et al. 2012; 
Puyang et al. 2016; Li et al. 2015). Among the 
common polyamines are putrescine, spermidine, 
and spermine. These are involved in many plant 
developmental processes and are present 
ubiquitously (Ahmed et al. 2012). Polycationic 
nature of polyamines enables them to interact with 
proteins, nucleic acids and phospholipids to 
stabilize these molecules (Ahmad et al. 2012). 
The metabolism of polyamines is affected by 
external factors of stresses (Hu et al. 2012; 
Puyang et al. 2016).  

Similarly cytokinins are compounds that have 
low molecular weight and crucial roles in plant 
developmental processes (Zalabaket al.2013). 
Cytokinins are involved in cell division regulation, 
germination, nutrient uptake, morphogenesis, 
assimilate, and signal transduction in plants 
(Brugiere  et al. 2008; Brzobohaty  et al. 1993; 
Vyroubalova  et al. 2009). Kinetin is a synthetic 
cytokinin utilized in plant growth improvement 
under stress conditions such as metal stress 
(Singh and Prasad, 2014), water logging (Younis  
et al. 2003) and salinity (Ahanger  et al. 2018). 
The exogenously applied kinetin up-regulates the 
antioxidant system (Wu et al. 2012) and enhances 
the metabolite accumulation (Merewitz et al. 
2012). Considering the importance of mash bean 
and considering the ever increasing toxicity of 
chromium in environment, the present experiment 
was devised to find out the effects of spermidine 
and kinetin on nutrients uptake potential of crop 
grown in chromium contaminated soil. 
 
MATERIALS AND METHODS 

A pot experiment was devised in quest of 
whether kinetin and spermidine (plant growth 
regulators) are effectual in mitigating the adverse 

effects of rhizospheric metal toxicity on mash 
(Vignamungo L. Hepper).  

MATERIALS 
After an initial survey, soil free from effluents 

hazards, was selected for the experiment. Soil 
was air dried, ground, mixed and passed through 
fine sieve. Seeds of four mash genotypes 
varieties i-e MASH 80, MASH 88, MASH 97 and 
MASH ES-1 were obtained from pulse section of 
Ayub Agricultural Research Institute (AARI), 
Faisalabad (Pakistan).Chromium chlorides Sigma 
Aldrich, Japan were used. Kinetin, 6-Furfuryl-
aminopurine (C10H9N5O) and spermidine, N-[3-
Aminopropyl]-1, 4-butanediamine, (C7H19N3) of 
Sigma Aldrich, Japan were used as plant growth 
regulators. 

METHODS AND LAYOUT PLAN  
For the conduction of experiment, pots of 30 

cm diameter were used. Sandy loam soil (10 kg) 
was filled in pots which were lined with 
polyethylene bags ensuring seepage prevention. 
Placement of pots was with completele 
randomization by design. To develop the 
rhizospheric metal toxicity, calculated amounts of 
chlorides of chromium was added in soil at the 
age of fifteen days of plants. Metals salts were 
applied in soil as a water solution of CrCl3 
(method similar to that used by Stoeva and 
Bineva, 2003). Seeds of similar size were 
selected and sterilized. Five seeds were sown in 
each pot. Above ground emergence of 80% 
seedlings was considered as germination and 
thinning was performed to obtain three seedlings 
in each pot for balanced nutrients and other 
resources uptake by plants. Weeds were uprooted 
from time to time by hand weeding and hoeing in 
order to avoid weed crop competition. Insects and 
pests were control by foliar spray of Thiodon 
insecticides of Hoechst (Pvt) Ltd, Pakistan. Plants 
were irrigated with irrigation water according to 
the saturation percentage of soil. Solutions of 
spermidine (1.0mM) and kinetin (100.0mM) were 
prepared in estimated (pre determined by trial 
method) amount of water by taking the great care 
of their half-life, temperature and other 
environmental hazards which cause the 
denaturation of PGRs solution. Tween-20 (0.1%) 
was added as a surfactant in solution. Plants were 
exposed to foliar spray of PGRs at the age of 
fifteen and thirty days of age with great care of 
avoiding falling of drops from leaf surface.  

For data collection, three plants were selected 
from each pot. Four pots per treatment from each 
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variety were used. Nitrogen, Phosphorus and 
Potassium in root, stem and seeds were recorded 
at maturity of crop (90 days age plants). After 
digestion of material, Potassium (K+) contents 
were analyzed by flame photometer (Jackson, 
1962). Estimation of Nitrogen %age was by 
kjeldahal method (Bremner, 1965).  Phosphorus 
contents determination was done by Jackson, 
1962 method. The data collected were analyzed 
for analysis of variance for all the parameters 
using COSTAT computer package (CoHort 
Software, Berkeley, CA). Duncan's New Multiple 
Range test at 5% level of probability (Duncan, 
1955) was used to compare means. Where 
significant F values were obtained in analysis, 
differences between individual means were tested 
by LSD tests at 0.05% significance level, by using 
MSTAT-C Computer Statistical Programme. 
 
RESULTSAND DISCUSSION 

Effects of Spermidine 
Exogenous spermidine did not substantially 

alter Nitrogen accumulation in root of plants grown 
in 30mg supplemented soil (Table 1). Even in 
Mash 88, low amount of Nitrogen was observed 
than control by spermidine application. The action 
of spermidine for enhancing Nitrogen was not 
statistically justified under 60 mg chromium 
imposition as well.  The same trend of non 
significant effect of spermidine was observed for 
stem and seed. The stem of Mash 97 and seeds 
of Mash ES-1 responded to spermidine in a way 
that Nitrogen accumulation was decreased in 
them. 

The effectiveness of spermidine in influencing 
the uptake of Posphorus in root was only 
significant in Mash 80 which when grown in 30 mg 
chromium, accumulated 15.16% more Posphorus 
than that of control (Table 2). Remaining all 
genotypes under low as well as high 
conconteration of chromium responded to an 
extent of non significant degree to spermidine. 
Even in Mash 88 spermidine negatively influenced 
Posphorus accumulation. In stem of Mash 80, 
Mash 88 and Mash ES-1 significant increase of 
32.32%, 21.45% and 43.52% respectively was 
recorded. In root and seed the effects of 
spermidine were non significant. 

Spermidine action was statistically promising 
in influence accumulation of Potassium in stem of 
Mash 80,Mash 88 and Mash ES-1(Table 3). 
Spermidine application showed its effect to a non 
significant extent for accumulation of Potassium in 
root and seeds. Even in Mash 80, Mash 88 and 

mash 97 spermidine application lowered 
Potassium concentration in root and stem under 
both levels of chromium. Significant increase of 
Potassium in stem of Mash 80 and Mash ES-1 
was 25.09% and 29.66% respectively. 

Effects of kinetin 
Statistical approach revealed that foliar spray 

of kinetin increased accumulation of Nitrogen in 
root stem and seed of Mash 80 while decreased 
in Mash 97(Table 4). A significant enhancement of 
39.80%, 53.57% and 105.38% of Nitrogen 
accumulation was noted in root, stem and seeds 
respectively of Mash 80. Non-significant increase 
in Nitrogen was observed in other genotypes. 
Under high level of chromium Mash 88 stored 
more (33.30%) Nitrogen in root while in Mash 97 
kinetin effect was reverse of this trend. 

Kinetin increased the accumulation of 
Posphorus in root stem and seed of Mash 80 to a 
significant level (Table 5). The values were 
25.72%, &4.32% and 170.52% for root, stem and 
seed respectively. Posphorus uptake was reduced 
in root and stem of Mash 97. Under higher level of 
Chromium the effect of kinetin was not significant 
in P accumulation even in Masdh ES-1 the 
concentration of Posphorus was reduced in root 
and seeds by kinetin application. 

As regard Potassium accumulation, Mash 80 
and Mash ES-1 accumulated more Potassium in 
their root and stem while there was reduction of 
Potassium uptake by kinetin in Mash 88 and Mash 
97 both under low and high chromium stress 
(Table 6). Pottassium concentration was more 
influenced positively in root and stem than in 
seed. Overall, Phosphorus and Nitrogen 
accumulation was increased in seeds of plants by 
kinetin foliar spary.  Our results (Table 1-3) 
regarding enhanced accumulation of potassium 
by polyamine application are in line with the 
findings of Sarjala and Kaunisto, 1993. Our 
findings (Table 4-6) are in accordance with those 
of Wierzbowska and Nowak, 1999; Chakrabarti 
and Mukherji, 2003 and Beheraet al. 1990 who 
reported enhanced uptake of Nitrogen and 
Phosphorus by kinetin. The increased 
accumulation of Potassium by kinetin application 
is reported also by Abutalybov and Akhundova, 
1982; Hong, 1975; Oliveira et al. 1998 and 
Neumann et al. 1978. Similarly, Polyamine 
mediated nitrogen increase was also reported by 
Roittoet al. 2003; Balestrasseet al. 2003 and 
Neveset al. 2002. Hormones not only regulate 
plant growth and developmental process but also 
nutrient intake, assimilation, distribution and 
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accumulation (Panwar et al. 1990; Nowak and 
Ciecko, 1991; Nowak et al., 1997; Czapla et 

al.2003).  
 

 
Table 1: Nitrogen contents (%) of 90 days old mash [Vigna mungo (L.) Hepper] grown in 

Chromium supplemented soil (30,60mg/kg soil) and exposed to foliar spray of spermidine 
(1.00mM) at 15 and 30 days of age 

 

Part Genotype 

Chromium (30 mg/kg soil) Chromium (60 mg/kg soil) 

no spermidine 
(control) 

 

Foliar 
Spermidine 

(1.00mM) 

Difference 
(%) 

No Spermidine 
(Control) 

 

Foliar 
Spermidine 

(1.00mM) 

Difference 
(%) 

R
o

o
t 

 

Mash-80 0.127±0.016a 0.190±0.041a 49.60 0.076±0.014a 0.081±0.01a 6.57 

Mash-88 0.130±0.020a 0.100±0.005a -23.07 0.069±0.005a 0.072±0.01a 4.34 

Mash-97 0.139±0.044a 0.156±0.017a 12.23 0.061±0.009a 0.065±0.00a 6.55 

Mash ES-1 0.124±0.013a 0.136±0.015a 9.67 0.054±4.904a 0.046±0.00a -14.81 

S
te

m
 

 

Mash-80 0.144±0.015a 0.160±0.015a 11.11 0.098±0.010a 0.109±0.01a 11.22 

Mash-88 0.160±0.027a 0.168±0.019a 5.00 0.095±0.009a 0.115±0.01a 21.05 

Mash-97 0.350±0.050a 0.298±0.019a -14.85 0.135.014a 0.086±0.00a -36.29 

Mash ES-1 0.170±0.022a 0.216±0.033a 27.05 0.096±0.008a 0.090±0.01a -8.16 

S
e
e
d

 

 

Mash-80 6.712±1.167cde 7.605±1.02ce 13.30 1.962±0.317h 3.473±0.72h 77.01 

Mash-88 8.710±2.353abcd 8.908±0.366abc 2.27 2.576±0.318h 3.145±0.57h 22.08 

Mash-97 10.323±3.639a 8.817±3.677abc -14.58 3.574±0.557gh 9.974±2.28ab 179.07 

Mash ES-1 6.031±1.919efg 4.172±0.424fgh -30.82 6.351±1.599def 3.211±0.80h -49.44 

.  [Values represent means ± SE]. Values of  %age difference represent increase (+)/decrease (-) over 
control Values followed by dissimilar letters, are different significantly from control. 

 
Table 2: Phosphorus contents (%) of 90 days old mash [Vigna mungo (L.) Hepper] grown in 
Chromium supplemented soil  (30,60mg/kg soil) and exposed to foliar spray of spermidine 

(1.00mM) at 15 and 30 days of age. 
 

Part Genotype 

Chromium (30 mg/kg soil) Chromium (60 mg/kg soil) 

No Spermidine 
(Control) 

 

Foliar  
Spermidine 
(1.00mM) 

Difference 
(%) 

No Spermidine 
(Control) 

 

Foliar  
Spermidine 
(1.00mM) 

Difference 
(%) 

R
o

o
t 

 

Mash-80 1.071±0.084b 1.242±0.211a 15.96 0.509±0.035de 0.555±0.056d 9.03 

Mash-88 1.079±0.090ab 0.800±0.022c -25.85 0.476±0.068def 0.432±0.033def -9.24 

Mash-97 0.964±0.375bc 1.054±0.064b 9.33 0.393±0.041ef 0.408±0.040def 3.81 

Mash ES-1 0.876±0.066c 0.924±0.081bc 5.47 0.388±0.034ef 0.326±0.042f -15.97 

S
te

m
 

 

Mash-80 0.993±0.009fg 1.314±0.043cd 32.32 0.619±0.092i 0.839±0.017h 35.54 

Mash-88 1.100±0.111ef 1.336±0.040c 21.45 0.588±0.012i 0.851±0.013h 44.72 

Mash-97 2.412±0.220a 2.508±0.112a 3.98 0.876±0.015gh 0.685±0.012i -21.80 

Mash ES-1 1.197±0.052de 1.718±0.069b 43.52 0.626±0.036i 0.683±0.019i 9.10 

S
e
e
d

 

 

Mash-80 9.388±1.307bcd 12.895±1.643ab 37.35 2.739±0.257g 6.836±1.640def 149.58 

Mash-88 12.160±3.566abc 15.512±2.374a 27.56 3.692±1.153fg 6.500±1.346def 76.05 

Mash-97 14.725±5.225a 15.411±4.642a 4.65 5.013±0.683efg 07.284±1.955def 45.30 

Mash ES-1 8.987±0.745cd 9.020±1.818cd 0.36 8.674±1.173cde 7.386±1.853def -14.84 

[Values represent means ± SE]. Values of  %age difference represent increase (+)/decrease (-) over 
control Values followed by dissimilar letters, are different significantly from control. 
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Table 3: Potassium contents (%) of 90 days old mash [Vigna mungo (L.) Hepper] grown in 
Chromium supplemented soil (30,60mg/kg soil) and exposed to foliar spray of spermidine 

(1.00mM) at 15 and 30 days of age. 
 

Part Genotype 

Chromium (30 mg/kg soil) Chromium (60 mg/kg soil) 

No 
Spermidine 

(Control) 
 

Foliar 
Spermidine 

(1.00mM) 

Difference 
(%) 

No 
Spermidine 

(Control) 

Foliar 
Spermidine 
(1.00mM) 

Difference 
(%) 

R
o

o
t 

 

Mash-80 1.475±0.317bc 2.216±0.524a 50.23 0.479±0.025e 0.550±0.081e 14.82 

Mash-88 1.300±0.127bcd 1.083±0.093d -16.69 0.619±0.115e 0.534±0.104e -13.73 

Mash-97 1.388±0.506bcd 1.553±0.163bc 11.88 0.466±0.072e 0.349±0.072e -25.10 

MashES1 1.274±0.080cd 1.586±0.168b 24.48 0.486±0.024e 0.513±0.098e 5.55 

S
te

m
 

 

Mash-80 1.526±0.143fg 1.909±0.143de 25.09 0.796±0.078i 1.033±0.088hi 29.77 

Mash-88 2.047±0.329cd 1.970±0.065de -3.76 1.171±0.128h 1.739±0.168efg 48.50 

Mash-97 3.697±0.356a 2.971±0.424b -19.63 1.472±0.098g 0.809±0.114i -45.04 

MashES1 1.790±0.254def 2.321±0.223c 29.66 1.045±0.097hi 0.832±0.083i -20.38 

S
e
e
d

 

 

Mash-80 14.893±3.833cde 14.621±2.098de -1.82 3.833±0.851i 7.870±2.579ghi 105.32 

Mash-88 23.651±8.304a 18.777±0.944bcd -20.18 4.078±0.749i 4.506±1.373hi 10.49 

Mash-97 20.303±6.513ab 19.527±4.132abc -3.82 3.162±0.774i 6.731±1.991ghi 112.87 

Mash E1 11.216±1.602efg 14.003±2.366def 24.84 9.270±3.567fgh 4.543±1.153hi -50.99 

[Values represent means ± SE]. Values of %age difference represent increase (+)/decrease (-) over 
control Values followed by dissimilar letters, are different significantly from control. 

 
Table 4: Nitrogen contents (%) of 90 days old mash [Vigna mungo (L.) Hepper] grown in 

Chromium supplemented soil (30,60mg/kg soil) and exposed to foliar spray ofKinetin (100.00mM) 
at 15 and 30 days of age 

 

Part Genotype 

Chromium (30 mg/kg soil) Chromium (60 mg/kg soil) 

No Kinetin 
(Control 

Foliar Kinetin 
(100mM) 

Difference 
(%) 

No Kinetin 
(Control) 

Foliar Kinetin 
(100mM) 

Difference 
(%) 

R
o

o
t 

 

Mash-80 0.127±0.017a 0.177±0.029a 39.37 0.074±0.014a 0.063±0.006A -14.86 

Mash-88 0.129±0.020a 0.131±0.020a 1.55 0.066±0.005a 0.088±0.029A 33.33 

Mash-97 0.137±0.046a 0.102±0.006a -25.54 0.059±0.008a 0.060±0.002A 1.69 

Mash ES-1 0.125±0.012a 0.130±0.011a 4.00 0.053±0.001a 0.061±0.004A 15.09 

S
te

m
 

 

Mash-80 0.140±0.013a 0.215±0.013a 53.57 0.092±0.004a 0.121±0.018A 31.52 

Mash-88 0.159±0.026a 0.148±0.013a -6.91 0.094±0.009a 0.079±0.006A -15.95 

Mash-97 0.349±0.050a 0.231±0.020a -33.81 0.135±0.014a 0.095±0.009A -29.62 

Mash ES-1 0.165±0.019a 0.574±0.045a 247.87 0.094±0.006a 0.097±0.009A 3.19 

S
e
e
d

 

 

Mash-80 6.263±1.453cd 12.863±3.807a 105.38 1.875±0.333f 1.586±0.220F -15.41 

Mash-88 8.710±2.353bc 8.447±2.339bc -3.019 2.576±0.318ef 2.844±0.105eF 10.40 

Mash-97 10.971±4.899ab 12.156±0.233a 10.80 3.574±0.557def 2.846±0.101Def -20.36 

Mash ES-1 5.900±2.097cde 8.062±1.225bc 36.64 8.918±5.969bc 7.116±0.133Bc -20.20 

[Values represent means ± SE]. Values of %age difference represent increase (+)/decrease (-) over 
control Values followed by dissimilar letters, are different significantly from control. 

Table 5: Phosphorus contents (%) of 90 days old mash [Vigna mungo (L.) Hepper] grown in 
Chromium supplemented soil (30,60mg/kg soil) and exposed to foliar spray ofKinetin (100.00mM) 

at 15 and 30 days of age.   

Part Genotype 

Chromium (30 mg/kg soil) Chromium (60 mg/kg soil) 

No Kinetin 
(Control) 

Foliar Kinetin 
(100mM) 

Difference 
(%) 

No Kinetin 
(Control) 

Foliar Kinetin 
(100mM) 

Difference 
(%) 

R
o

o
t 

 

Mash-80 1.069±0.091b 1.344±0.204a 25.72 0.496±0.034ef 0.463±0.064Ef -6.65 

Mash-88 1.077±0.090b 0.947±0.108bcd -12.07 0.459±0.074ef 0.562±0.155e 22.44 

Mash-97 0.952±0.386bcd 0.835±0.073d -12.28 0.380±0.034ef 0.378±0.016ef -0.52 

Mash ES1 0.875±0.065cd 1.063±0.115bc 21.48571 0.384±0.039ef 0.326±0.041f -15.10 

S
te

m
 

 

Mash-80 0.970±0.030fg 1.691±0.039c 74.32 0.580±0.057ij 0.884±0.014e 52.41 

Mash-88 1.099±0.111ef 1.079±0.034de -1.81 0.584±0.016ij 0.557±0.017h -4.62 

Mash-97 2.411±0.221b 1.754±0.050c -27.25 0.876±0.015hij 0.686±0.017hi -21.68 

Mash ES1 1.161±0.016d 4.191±0.106a 260.98 0.614±0.026g 0.672±0.018g 9.44 

S
e
e
d

 

 

Mash-80 8.797±1.981ef 23.798±7.087a 170.52 2.609±0.193g 3.247±0.416g 24.45 

Mash-88 12.161±3.566cde 17.391±7.203bc 43.00 3.692±1.153fg 2.198±0.139g -40.46 

Mash-97 15.633±6.905bcd 13.987±3.203cd -10.52 5.013±0.683fg 5.275±1.011fg 5.22 

Mash ES1 8.685±0.603ef 17.632±2.555b 103.01 11.751±6.341de 2.715±0.299g -76.89 

 
[Values represent means ± SE]. Values of %age difference represent increase (+)/decrease (-) over 

control Values followed by dissimilar letters, are different significantly from control. 
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Table 6: Potassium contents (%) of 90 days old mash [Vigna mungo (L.) Hepper] grown in 
Chromium supplemented soil (30,60mg/kg soil) and exposed to foliar spray ofKinetin (100.00mM) 

at 15 and 30 days of age 
 

Part Genotype 

Chromium (30 mg/kg soil) Chromium (60 mg/kg soil) 

No Kinetin 
(Control) 

 

Foliar Kinetin 
(100mM) 

Difference 
(%) 

No Kinetin 
(Control) 

 

Foliar Kinetin 
(100mM) 

Difference 
(%) 

R
o

o
t 

 

Mash-80 1.474±0.329cd 1.965±0.199b 33.31 0.468±0.030ef 0.572±0.057ef 22.22 

Mash-88 1.298±0.124d 1.497±0.244cd 15.33 0.596±0.104ef 0.741±0.195e 24.32 

Mash-97 1.371±0.523d 1.678±0.242bc 22.39 0.451±0.070ef 0.434±0.054f -3.76 

Mash ES-1 1.274±0.080d 2.280±0.200a 78.96 0.480±0.035ef 0.628±0.146ef 30.83 

S
te

m
 

 

Mash-80 1.489±0.134ef 1.991±0.120d 33.71 0.752±0.108hi 0.615±0.101i -18.21 

Mash-88 2.046±0.329d 1.556±0.119e -23.94 1.165±0.137fg 0.983±0.093ghi -15.62 

Mash-97 3.697±0.356b 2.759±0.194c -25.37 1.472±0.098ef 0.946±0.066ghi -35.73 

Mash ES-1 1.734±0.201de 3.101±0.824a 78.83 1.024±0.084gh 1.044±0.082gh 1.95 

S
e
e
d

 

 

Mash-80 13.956±4.294bcd 19.397±4.694ab 38.98 3.676±0.946ef 2.952±0.444f -27.85 

Mash-88 23.651±8.304a 21.402±8.253a -9.50 4.078±0.749ef 2.293±0.266f -43.77 

Mash-97 21.526±8.828a 11.688±3.376cd -45.70 3.162±0.774f 1.686±0.062f -46.67 

Mash ES-1 10.838±1.496de 18.824±2.573abc 73.68 13.120±9.474bcd 10.521±0.342de 237.21 

.  [Values represent means ± SE]. Values of %age difference represent increase (+)/decrease (-) over 
control Values followed by dissimilar letters, are different significantly from control. 

 
According to Nowak and Ciecko (1991) 

increased  concentration of minerals elements in 
the above ground parts of plants by applying 
synthetic hormones are caused by extensive 
growth of the root and enlargement of hair on root 
(Svenson, 1991; Meuwly and Pilet, 1991; Ali et al. 
2008). This enalrgent of hair increases intake of 
ground water and nutrients. Foliar application of 
kinetin mitigates the Potassium uptake reduction 
by regulating the stomatal functioning [Ahmed et 
al. 2016].Stomatal opening is regulated by guard 
cell turgidity (Assmann and Shimazaki 1999 and 
Lemtiri-Chlieh et al. 2000) or increased stomatal 
pore area. This may be attributed to the combined 
effects of kinetin: (Barceloet al.1986). Kinetin 
induced enhanced K+ accumulation may be due to 
root growth (Sharp and Davies, 1979 and Saab et 
al.1990). Hence, transported ions from the root 
are accumulated in above ground parts. 
Polyamines not only regulate ions concentration, 
but also their transportation as well. Polyamines 
modulate a number of ion channels (Johnson, 
1996). The channel activities are regulated both at 
whole cell level or single channel (Bruggemann et 
al. 1998). Polyamines regulate ion channels such 
as KIR (inwardly rectifying K+), NMDA (N-methyl-
D-aspartate) and Ca2+ channels (Williams, 1997, 
Nichols and Lopatin, 1997 and Johnson, 1996). In 
higher plants polyamines control vacuolar cation 
channel also. Polyamines control ion channels by 
binding to membrane component or channel 
protein (Johnson, 1996). 

CONCLUSION 
Exogenous application of spermidine and kinetin  
 

enhanced the accumulation of macronutrients. 
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