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INTRODUCTION

Heavy metals are contaminating agriculture soils and 
are emitted from various sources (Parveen et al., 2020; 
Rehman et al., 2020; Javed et al., 2020; Khalid et al., 2021). 
Microplastics are one of  the sources of  heavy metal for 
water pollution and affect the life of  aquatic organisms 
(Khalid et al., 2020; Shah et al., 2021). When present in 
soils, heavy metals not only affect adversely the health of  
plant but also influence the soil microbes (Khalid et al., 
2019; Shahid et al., 2019) in addition to human health 
through food chain (Zaheer et al., 2020). Heavy metals 
accumulations in soils or plants disturb the uptake and 
function of  other mineral nutrients. Heavy metals toxicity 
generates Reactive oxygen species (ROS) which can intrupt 

many metabolic processes and growth of  plants (Aqeel 
et al., 2021). Many remedial measures like metal removal, 
chelation or phytoextraction have been practiced to 
improve contaminated soils (Zaheer et al., 2020a). After it 
has been absorbed by the plant, adverse effects of  heavy 
metal can be minimized through input of  organic and 
inorganic compounds (Zaheer et al., 2020). Plant-microbe 
interaction is also an efficient method of  Chromium 
detoxification due to its low cost (Sharma, et al., 2021). 
Chromium is a heavy metal which acts as trace element 
when present at its lower level of  concentration but at 
high level, it acts as contaminant of  the soil. Chromium is 
released by anthropogenic as well as natural resources into 
soil, air, and water leading to global environmental pollution 
(WHO, 2020).Chromium occurs as Cr (III) and Cr (IV) in 
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The experimental studies were performed for finding antagonistic role of PGRs viz., Kinetin a Polyamine (Spermidine) for soil supplied 
Chromium toxicity on mash genotypes with age. Four varieties i.e., 80, 88, 97 and ES-1 were sown. Earthen pots were used and placed 
in complete randomization arrangement. Chromium (Cr) doses were applied @ 30mg/kg and 60mg per kg soil. This was done by adding 
CrCl3 salt in solutions form after 30 days of sowing. Spermidine and Kinetin were sprayed as 1.0 mM and 100.0 mM solutions respectively 
after 30 and 40 days of sowing. Growth analysis studies were carried when plants were of 30 and 46 days age. Chromium (Cr) at low 
level of concentrations in soil lowered the relative increase in plant height more effectively during growth interval 2 while, at higher 
toxicity levels, metal affected the shoot growth in the growth interval 1. Kinetin spray decreased the relative increase in plant height 
during growth interval 1while, Spermidine affected so during growth interval 1, increased the parameter. Chromium, at both levels of its 
concentration in soil, decreased the root growth rate more effectively during growth interval 2. Kinetin reduced relative increase in root 
length during growth interval 1 and increased it in the next growth interval. However, Spermidine effects started in the growth interval 
1 and reached its maximum during growth interval 2. Chromium at lower concentration (30mg/kg soil) decreased the relative increase 
in leaf area during both intervals of growth. Exogenous Kinetin positively affected relative increase in leaf area and its effect being more 
pronounced in Ist interval of growth. Spermidine affected this attribute in the same manner but to lesser extent. Metal toxicity became 
effective during growth interval 2. Kinetin and Spermidine application to plants increased the net assimilation rate during both intervals 
comparatively more in growth interval 1.
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environment. Both forms are absorbed by plants (Shahid, 
et al., 2017). Cr (VI) is absorbed actively through sulfate 
carriers (Xu, et al., 2021) while Cr (III) enters passively into 
plant cell (Singh, et al., 2013).

Kinetins regulate growth and developmental processes 
in plants (Sosnowski, 2019). Cell division, development, 
growth, nutrients uptake, assimilate and delaying of  
senescence are the phenomenon in which Kinetins are 
involved. Kinetins bind to membrane receptors starting 
a signal for transduction (Vyroubalova, et al., 2009). 
Kinetins enhance pigments concentrations and promote 
photosynthetic rate leading to more growth (Ahanger et al., 
2019). Kinetins help in minerals nutrients uptake (khan 
et al., 2016). Polyamines perform wide array of  roles in 
plant growth, development and stress tolerance (Chen et al., 
2019). Exogenous polyamines application protects plant 
against environmental stresses (Chen et al., 2019) like salt 
(Jiang et al., 2020), metal (Yu et al., 2018) and water stress 
(Ebeed et al., 2017). Exposure of  plant to stress increases its 
internal polyamines contents (Yu et al., 2019). Exogenous 
polyamine also protect photosynthetic machinery when 
enters into chloroplast (He et al., 2002).Among naturally 
occurring common polyamines, Spermidine is considered 
to be the most effective for stress tolerance (Shen et al., 
2000). Reduces production of  ROS and activates enzymatic 
and non-enzymatic antioxidant production are due to 
Spermidine (Nahar et al., 2017).

Growth analysis study of  plant is an approach for 
measuring and evaluating the growth and productivity of  
plant (Wilson, 1981). Growth analysis studies help us to 
understand how plant can accumulate dry matter and what 
kinds of  events make plant more productive (Ahad, 1986). 
Growth and leaf  area of  plants during development vary 
depending on plant species (Das Gupta & Nath, 2015; 
Kierzkowski et al., 2019). It also depends sometime on 
types of  tissue layer (Fox et al., 2018). Environmental 
factors like water and nutrients supply, CO2, temperature 
in addition to species, are the factors which regulate growth 
analysis parameters (Poorter et al., 2012; Tardieu et al., 
1999; Shah et al., 2021). Growth rate of  a plant is related to 
photosynthetic carbon assimilation (Fatichi et al., 2019) and 
sink strength (Wang et al., 2020). High SLA having species 
grows faster (Wright et al., 2004). For a plant, growth 
parameters like LAI (Leaf  Area Index) and RGR (Relative 
Growth Rate) are important in determination of  plant yield 
(Sun et al., 1999). Srivastava and Singh (1980) reported that 
growth process such as NAR (Net Assimilation Rate) and 
RGR (Relative Growth Rate) influence the yield of  plant. 
Similarly, Thakur and Patel (1998) reported that dry matter 
production, LAI, NAR and RGR are responsible for high 
yield. Tesfaye et al., (2006) reported that when LAI is 
high, lowers evaporation decreases and maximum light is 

converted into dry matter. The growth and yield of  a plant 
are regulated by plant metabolic activities and are affected 
by genetic and environmental factors.

Mash (Vigna mungo L.) is one of  the most important 
pulse crops. Its seeds are used as whole or ground into 
poweder which is used to make cake. Green seed and 
pods are cooked as vegetables. Fresh whole plant is used 
as manure. Dry plant is used for animal feed. Seeds contain 
considerable amount of  protein, fats and carbohydrates 
as nutritive agents. Keeping in view the emerging sources 
of  Chromium, its adverse impacts on plants, importance 
of  Kinetin and polyamines in plant metabolism, this 
experimental study was managed for exploring the role of  
Kinetin and Spermidine to antagonize Chromium effects 
on mashbean genotypes. The objective was to explore the 
mitigating role of  Kinetin and Spermidine for Chromium 
effects with the age of  plant.

MATERIAL AND METHODS

This experiment was as pot culture to find out antagonistic 
effects both of  exogenously sprayed Kinetin and a 
Ployamine (Spermidine) for toxicity of  soil supplied 
Chromium (Cr) in pots. Four mash genotypes were grown 
in effluents free loamy soil. Mash genotypes 80, 88, 97 and 
ES-1 were obtained from a research institute (AARI) of  
Faisalabad (Pakistan). Salt of  Chromium and PGRs used 
were of  Sigma Company of  Japan obtained from a dealer.

Chromium Chloride was supplied in pots when plants 
were of  fifteen days. Pots without supplements of  metal 
were considered control plants. PGRs (Spermidine @ 
1.0mM and Kinetin @100.0mM) were sprayed twice using 
Tween-20 (0.1%) as surfactant after fifteen days repeates.

Four replicates from each genotype and treatments were 
evaluated three times with interval of  15 days starting from 
the day of  PGRs spray completion.

Dry mass (DM) was determined after drying the plant 
parts in an oven at 65oC to get constant weight. Following 
growth analysis parameters were evaluated according to 
method described by given against each.

Relative increase in plant height =lnh2 - lnh1/T2 - T1 
(Radford, 1967)

Relative increase in root length =lnr2 - lnr1/T2 - T1 
(Radford, 1967)

Relative increase in leaf  area = ln L2 – ln L1/T2 - T1 
(Radford, 1967)
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Leaf  area ratio; LAR= L2 + L1/w1 + w2 (West et al, 1920)

Relative leaf  growth rate; RLGR = lnL2 - lnL1 (West 
et al, 1920)

Relative growth rate; RGR = 1/w1 × w2/T2-T1 
(Radford, 1967)

Net ass imi lat ion rate NAR = M2-M1/L2-L1 × 
lnL2-lnL1/T2-T1 (Gregary, 1917)

Where

M1 is the initial total (shoot + root) dry mass, M2 is the 
final total dry mass, L1 is the initial leaf  area, L2 is the final 
leaf  area, and (T2 - T1) is number of  days between the two 
samplings.

Leaf  area was calculated by measuring length and width 
of  leaf  with measuring scale. Dry biomass was determined 
by digital balance after drying plants in oven at 600C till 
getting constant weight.

RESULTS

Relative increase in plant height (cm cm-1 day-1)
Chromium at concentrations of  30mg/kg in soil lowered 
the relative increase in plant height more effectively during 
growth interval 2 (46-60 days age) [Table 1; column 4] while 
at higher toxicity levels (60mg/kg soil), metal affected the 
shoot growth in the growth interval 1 (30-45 days age) 
followed by decrease in their effects in subsequent growth 
interval [Table 1; column 7].

Kinetin [Table 1; column 2] spray decreased the relative 
increase in plant height during growth interval 1 (30-45 days 
age). While, Spermidine [Table 1; column 3] spray during 
growth interval 1 (30-45 days age) increased the parameter 
followed by decrease in next growth interval (46-60 days 

age). Exogenous application of  Kinetin and Spermidine 
added their effects to Chromium toxicity in decreasing 
plant growth rate [Table 1; column 5, 6]

Relative increase in root length (cm cm-1 day-1)
Chromium, at both levels of  its pollution in soil, decreased 
the root growth rate more effectively during growth interval 
2 (46-60 days age) except V3 (MASH 97) and V4 (MASH 
ES-1) where it affected the root growth during the growth 
interval 1 (30-45 days age) followed by an increase in the 
subsequent growth interval [Table 2; column 4 and 7]. 
Kinetin and Spermidine, in general, increased the rate of  
root growth. Kinetin slightly inhibited relative increase 
in root length during growth interval 1 (30-45 days age) 
followed by its increase in the next growth interval [Table 2; 
column 2]. However, Spermidine effects started in the 
growth interval 1 and reached its maximum during growth 
interval 2 (46-60 days age). Spermidine was found to be 
more effective than Kinetin in playing its positive role for 
relative increase in root length.

Exogenous application of  Kinetin and Spermidine 
alleviated the toxic effects of  metals on plants by 
influencing plant root growth at the same growth intervals 
as were effective for plants of  non polluted soils [Table 2; 
column 5, 6].

Relative increase in leaf area (cm2 cm-2 day-1)
Chromium at lower concentration (30mg/kg soil) 
decreased the relative increase in leaf  area during two 
intervals of  growth (30-60 days age) except in V4 (MASH 
ES-1) in which this effect was limited only to growth 
interval 1 (30-45 days age) [Table 3; column 4]. Plants 
grown in higher Chromium concentration (60mg/kg soil) 
exhibited decrease in this attribute through entire growth 
period [Table 3; column 7].

This was comparatively to a greater extent than lower 
level of  Chromium. Exogenous Kinetin positively 

Table 1: Relative increase in plant height [lnh2 ‑ lnh1/t2 ‑ t1; (cm cm‑1 day‑1)] of mash exposed to metal toxicity, kinetin and 
Spermidine

Diff. 
between 
harvests

No metal input Cr (30ppm)  Cr (60ppm)
Dist. H2O 
sprays

Kin. 
sprays

Spd. 
sprays

Dist.H2O 
sprays

Kin. 
sprays

Spd. 
sprays

Dist.H2O 
sprays

Kin. 
sprays

Spd. 
Sprays

V1 H2 - H1 0.029 0.026 0.034 0.023 0.021 0.027 0.015 0.012 0.020
H3 - H2 0.021 0.021 0.024 0.021 0.019 0.023 0.020 0.015 0.020

V2 H2 - H1 0.032 0.029 0.040 0.027 0.022 0.030 0.020 0.019 0.021
H3 - H2 0.025 0.027 0.026 0.018 0.017 0.021 0.022 0.015 0.025

V3 H2 - H1 0.034 0.030 0.041 0.027 0.022 0.031 0.022 0.020 0.022
H3 - H2 0.023 0.025 0.024 0.018 0.018 0.019 0.019 0.012 0.020

V4 H2 - H1 0.032 0.027 0.039 0.024 0.018 0.027 0.018 0.017 0.018
H3 - H2 0.025 0.028 0.027 0.018 0.018 0.019 0.012 0.009 0.007

H1=Ist harvest [on the day of PGRs application (30 days age)]; H2=2nd harvest [15 days after H1 (46 days age)]. H3=3rd harvest [15 days after H2 (60 days age)]
H2 - H1=Growth interval 1; H3 - H2=Growth interval 2. h2-h1=plant height difference of harvests; t2-t1=time interval between harvests. V1 (80); V2 88); V3 (97); 
V4 (ES-1); ppm=mg per kg ; Kin=Kinetin; Spd=Spermidine. Calculations are based on log-transformed means to achieve homogenous distribution of residuals.
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affected relative increase in leaf  area except negative 
effects in V2 (MASH 88) and V3 (MASH 97) during 
growth interval 2 (46-60 days age). Kinetin was more 
effective in Ist interval of  growth (30-45 days age) 
[Table 3; column 2 and 7]. Spermidine affected this 
attribute in the same manner but to lesser extent 
[Table 3; column 3]. Kinetin lowered the toxic effects 
of  Chromium [Table 3; column 5 and 8]. This was more 
obvious during later interval of  growth. Such influence 
of  Kinetin was dependent on Chromium concentration. 
Spermidine showed similar effect but to lower degree 
and restricted mainly to 2nd growth interval (46-60 days 
age) [Table 3; column 6and 9].

Leaf area ratio (LAR) (cm2 g-1)
Chromium toxicity decreased the leaf  area ratio in 
concentration dependent manners except V4 (MASH ES-1) 
where higher level of  Chromium toxicity slightly increased 
the leaf  area ratio [Table 4; column 4 and 7].

Kinetin and Spermidine also decreased the leaf  area ratio 
in polluted [Table 4; column 4] and non polluted [Table 4; 
column 2 and 3] soil grown plants. Spermidine has more 
decreasing effects than Kinetin on plants of  non polluted 
soil and vice versa.

Relative leaf growth rate (RLGR) (cm2)
Both Chromium levels stress decreased the relative leaf  
growth rate, effect being more pronounced during growth 
interval 2 (46-60 days age). Exogenous application of  
Kinetin alleviated the toxic effects of  low Chromium level 
(30mg/kg soil) during growth interval 2 except V1 (MASH 
80) [Table 5; column 4].

Spermidine was effective in mitigating the toxicity of  low 
Chromium level (30mg/kg soil) during the Ist growth 
intervals in MASH 80 and MASH 88 [Table 5; column 6].

Relative growth rate (RGR) (g g-1 day-1)
Low Chromium concentration (30mg/kg soil) exerted 
negative effects on relative growth rate in the 2nd interval 
of  growth (46-60 days age), except V4 (MASH ES-1). 
Unlike low level of  Chromium, higher level (60mg/kg soil) 
Chromium started its induction to destructiveness, with 
comparatively more severity, during growth interval 1(30-
45 days age) except V3 (MASH 97) [Table 6; column 7].

Plants grown in polluted soil reflected limitation in relative 
growth rate. Chromium at higher concentration was proved 
to be more toxic. Effects being more pronounced during 
Ist growth interval, exogenous application of  Kinetin 

Table 2: Relative increase in root length [lnr2 ‑ lnr1/t2 ‑ t1; (cm cm‑1 day‑1)] of mash exposed to metal toxicity, kinetin and Spermidine

Diff. between 
harvests

 No metal input  Cr (30ppm)  Cr (60ppm)
Dist. H2O 
sprays

Kin. 
Sprays

Spd. 
Sprays

Dist.H2O 
sprays

Kin. 
sprays

Spd. 
sprays

Dist.H2O 
sprays

Kin. 
sprays

Spd. 
Sprays

V1 H2 - H1 0.051 0.050 0.055 0.042 0.037 0.047 0.029 0.028 0.035
H3 - H2 0.013 0.010 0.019 0.005 0.006 0.008 0.002 0.003 0.005

V2 H2 - H1 0.047 0.041 0.048 0.035 0.029 0.039 0.022 0.021 0.026
H3 - H2 0.007 0.008 0.015 0.004 0.007 0.004 0.002 0.004 0.005

V3 H2 - H1 0.035 0.028 0.035 0.014 0.009 0.021 0.008 0.007 0.012
H3 - H2 0.016 0.018 0.027 0.027 0.025 0.029 0.047 0.033 0.041

V4 H2 - H1 0.038 0.029 0.037 0.021 0.015 0.024 0.015 0.009 0.014
H3 - H2 0.012 0.014 0.024 0.017 0.020 0.024 0.025 0.014 0.031

H1=Ist harvest [on the day of PGRs application (30 days age)]; H2=2nd harvest [15 days after H1 (46 days age)]. H3=3rd harvest [15 days after H2 (60 days age)]. 
H2 - H1=Growth interval 1; H3 - H2=Growth interval 2. r2-r1=root length difference of harvests; t2-t1=time interval between harvests. V1 (80); V2 88); V3 (97); V4 
(ES-1); ppm=mg per kg ; Kin=Kinetin; Spd=Spermidine. Calculations are based on log-transformed means to achieve homogenous distribution of residuals.

Table 3: Relative increase in leaf area [lnL2 ‑ lnL1/t2 ‑ t1; (cm2 cm‑2 day‑1)] of mash exposed to metal toxicity, kinetin and Spermidine

Diff. between 
harvests

No metal input Cr (30ppm) Cr (60ppm)
Dist. H2O 
sprays

Kin. 
sprays

Spd. 
sprays

Dist.H2O 
sprays

Kin. 
sprays

Spd. 
sprays

Dist.H2O 
sprays

Kin. 
sprays

Spd. 
sprays

V1 H2 - H1 0.0070 0.0224 0.0130 -0.0074 0.0043 -0.0074 -0.0280 -0.0218 -0.0313
H3 - H2 0.0028 0.0068 0.0049 -0.0016 0.0080 0.0060 -0.0050 0.0038 0.0083

V2 H2 - H1 0.0077 0.0104 0.0121 -0.0023 0.0079 0.0097 -0.0167 0.0005 -0.0187
H3 - H2 0.0039 0.0078 0.0070 -0.0003 0.0079 0.0064 -0.0046 0.0019 0.0074

V3 H2 - H1 0.0040 0.0203 0.0097 0.0004 0.0097 0.0002 -0.0244 -0.0012 -0.0171
H3 - H2 0.0090 0.0081 0.0053 0.0017 0.0052 0.0033 0.0020 0.0010 0.0038

V4 H2 - H1 0.0049 0.0106 0.0070 -0.0249 0.00104 -0.0125 -0.0103 -0.0039 -0.0367
H3 - H2 0.0014 0.0088 0.0024 0.0054 0.0065 -0.0014 0.0043 0.0083 0.0109

H1=Ist harvest [on the day of PGRs application (30 days age)]; H2=2nd harvest [15 days after H1 (46 days age)]. H3=3rd harvest [15 days after H2 (60 days age)]. 
H2 - H1=Growth interval 1; H3 - H2=Growth interval 2. L2-L1=leaf area difference of harvests; t2-t1=time interval between harvests. V1 (80); V2 88); V3 (97); 
V4 (ES-1); ppm=mg per kg ; Kin=Kinetin; Spd=Spermidine. Calculations are based on log-transformed means to achieve homogenous distribution of residuals.
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Table 4: Leaf area ratio [LAR=L1+L2/W1+W2); (cm2 g‑1)] of mash exposed to metal toxicity, kinetin and Spermidine

Diff. between 
harvests

 No metal input  Cr (30ppm)  Cr (60ppm)
Dist. H2O 
sprays

Kin. 
sprays

Spd. 
sprays

Dist.H2O 
sprays

Kin. 
sprays

Spd. 
sprays

Dist.H2O 
sprays

Kin. 
Sprays

Spd. 
sprays

V1 H2 - H1 45.88 49.76 38.63 36.25 22.96 22.35 34.00 19.99 22.83
H3 - H2 31.35 36.86 26.39 22.83 15.10 13.22 17.70 9.62 10.96

V2 H2 - H1 37.98 35.49 30.91 31.06 19.53 21.65 30.21 19.77 20.64
H3 - H2 26.08 23.70 21.08 20.76 13.17 15.06 17.75 11.88 11.23

V3 H2 - H1 36.64 35.02 33.60 31.63 27.60 23.72 25.83 29.50 28.72
H3 - H2 26.54 25.93 33.03 22.52 19.74 15.42 14.51 19.38 17.36

V4 H2 - H1 32.34 30.71 32.95 27.33 24.87 22.32 42.95 26.79 26.26
H3 - H2 23.33 22.83 23.62 18.00 17.96 13.38 49.12 19.94 15.77

H1=Ist harvest [on the day of PGRs application (30 days age)]; H2=2nd harvest [15 days after H1 (46 days age)]. H3=3rd harvest [15 days after H2 (60 days age)]. 
H2 - H1=Growth interval 1; H3 - H2=Growth interval 2. W1+W2=dry mass of harvests; L1+L2=leaf area of harvests. V1 (80); V2 88); V3 (97); V4 (ES-1); ppm=mg per 
kg ; Kin=Kinetin; Spd=Spermidine.

Table 5: Relative leaf growth rate [RLGR=lnL2 ‑ lnL1; (cm2)] of mash exposed to metal toxicity, kinetin and Spermidine

Diff. between 
harvests

 No metal input  Cr (30ppm)  Cr (60ppm)
Dist. H2O 
sprays

Kin. 
sprays

Spd. 
sprays

Dist.H2O 
sprays

Kin. 
sprays

Spd. 
sprays

Dist.H2O 
sprays

Kin. 
sprays

Spd. 
sprays

V1 H2 - H1 1.031 1.001 1.093 0.851 0.748 0.945 0.598 0.552 0.709
H3 - H2 0.261 0.201 0.375 0.106 0.124 0.169 0.044 0.064 0.010

V2 H2 - H1 0.954 0.823 0.965 0.707 0.575 0.773 0.451 0.415 0.519
H3 - H2 0.139 0.163 0.311 0.085 0.145 0.074 0.035 0.079 0.109

V3 H2 - H1 0.709 0.555 0.701 0.292 0.177 0.437 0.163 0.135 0.242
H3 - H2 0.323 0.368 0.551 0.551 0.500 0.577 0.935 0.664 0.818

V4 H2 - H1 0.761 0.586 0.739 0.416 0.295 0.485 0.295 0.198 0.284
H3 - H2 0.239 0.272 0.487 0.345 0.398 0.485 0.501 0.288 0.620

V1 (MASH 80); V2 (MASH 88); V3 (MASH 97); V4 (MASH ES-1); ppm=mg/kg or µg/g; Kin=Kinetin; Spd=Spermidine. H1=Ist harvest [on the day of PGRs 
application (30 days age)]; H2=2nd harvest [15 days after H1 (46 days age)]. H3=3rd harvest [15 days after H2 (60 days age)]. H2 - H1=Growth interval 1; 
H3 - H2=Growth interval 2. L2-L1=leaf area differences of harvests. V1 (80); V2 88); V3 (97); V4 (ES-1); ppm=mg per kg ; Kin=Kinetin; Spd=Spermidine. 
Calculations are based on log-transformed means to achieve homogenous distribution of residuals.

Table 6: Relative growth rate [RGR=1/w1×w2/t2‑t1; (g g‑1 day‑1)] of mash exposed to metal toxicity, kinetin and Spermidine

Diff. between 
harvests

No metal input Cr (30ppm) Cr (60ppm)
Dist. H2O 
sprays

Kin. 
sprays

Spd. 
sprays

Dist.H2O 
sprays

Kin. 
sprays

Spd. 
sprays

Dist.H2O 
sprays

Kin. 
sprays

Spd. 
sprays

V1 H2 - H1 0.0206 0.0283 0.0391 0.0279 0.0677 0.0621 0.0194 0.0613 0.0477
H3 - H2 0.0258 0.0286 0.0214 0.0120 0.0078 0.0069 0.0103 0.0088 0.0087

V2 H2 - H1 0.0232 0.0309 0.0425 0.0309 0.0699 0.0646 0.0228 0.0643 0.0498
H3 - H2 0.0253 0.0282 0.0210 0.0108 0.0078 0.0069 0.0098 0.0081 0.0096

V3 H2 - H1 0.0208 0.0386 0.0325 0.0297 0.0468 0.0504 0.0283 0.0337 0.0245
H3 - H2 0.0241 0.0229 0.0225 0.0102 0.0112 0.0081 0.0077 0.0128 0.0132

V4 H2 - H1 0.0142 0.0238 0.0146 0.0050 0.0324 0.0308 -0.0616 0.0226 0.00096
H3 - H2 0.0229 0.0248 0.0257 0.0133 0.0123` 0.0097 0.0312 0.0132 0.0168

V1 (MASH 80); V2 (MASH 88); V3 (MASH 97); V4 (MASH ES-1); ppm=mg/kg or µg/g; Kin=Kinetin; Spd=Spermidine. H1=Ist harvest [on the day of PGRs 
application (30 days age)]; H2=2nd harvest [15 days after H1 (46 days age)]. H3=3rd harvest [15 days after H2 (60 days age)]. H2 - H1=Growth interval 1; 
H3 - H2=Growth interval 2. W2-W1=dry mass difference of harvests; t2-t1=time interval between harvests. V1 (80); V2 88); V3 (97); V4 (ES-1); ppm=mg per kg ; 
Kin=Kinetin; Spd=Spermidine. Calculations are based on log-transformed means to achieve homogenous distribution of residuals.

improved the relative growth rate of  plants through all 
growth intervals, except V1 (MASH 80) [Table 6; column 2]. 
Spermidine application had a promotive effect on relative 
growth rate with a greater degree of  extent than that of  
Kinetin but limited only to the Ist interval of  growth. In 
the next growth intervals Spermidine could not had marked 
influence or response was either negligibly inverse to this 
[Table 6; column 3]. Kinetin and Spermidine added their 
effectiveness to Chromium effects for increasing relative 
growth rate but this was limited only to Ist growth interval 

(30-45 days age). In the subsequent growth phases, both 
PGRs showed enhancement effect to Chromium toxicity 
for decrease in this attribute. Such behavior of  PGRs was 
dominant at lower Chromium toxicity (30mg/kg soil) 
[Table 6; column 5, 6, 8 and 9].

Net assimilation rate (NAR) (mg cm-2)
Metal decreased the net assimilation rate at all applied 
concentration. However, metals did not affect the net 
assimilation rate during Ist growth interval (30-45 days 
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age). Metal toxicity became effective during growth interval 
2 (37-52 days age). Kinetin application to plants increased 
the net assimilation rate starting its effect in growth 
interval 1 and not vanishing but fading in the subsequent 
interval of  growth [Table 7; column 2]. A similar and much 
more effective influence was shown by Spermidine for 
this variable [Table 7; column 3].Plants showed increase 
in net assimilation rate when subjected to Kinetin and 
low Chromium concentration. Increase was much more 
than caused by mere application of  Chromium in early 
growth stage (30-45 days age). This revealed the role of  
Kinetin in adding the positive effects to Chromium for 
net assimilation rate. Slight or no increase in this attribute 
due to exogenous Kinetin supply was noted for the 
remaining interval of  plant growth [Table 7; column 5].At 
higher Chromium concentration (60mg/kg soil), Kinetin 
application improved the values for net assimilation rate 
[Table 7; column 8].

Effects of  Spermidine spray in increasing net assimilation 
rate were similar by interval to that manifested by Kinetin 
but to a lesser extent [Table 6; column 6].The effects of  
Kinetin and Spermidine in increasing net assimilation rates 
of  plants grown in toxic environment were in accordance 
with the severity of  metal stress.

DISCUSSION

Growth analysis studies have a long history of  evaluating 
plant growth and physiology. According to Hall and Long 
(1993), it is much better to study plant as a whole rather 
than study of  its isolated parts. Initially, the growth indices 
given by West et al. in 1920 were aimed to resolve the plant 
growth phenomenon in term of  dry mass production. 
Gregory (1917) was the first to design growth indices 
which were later on referred as unit leaf  growth rate. Leaf  
growth expresses growth as increase in foliar surface and 

is a key factor for evaluation of  plant performance (Hilty 
et al., 2021). Environmental factors like water and nutrients 
supply, CO2, temperature in addition to species are the 
factors which regulate growth analysis parameters (Poorter 
et al., 2012; Tardieu et al., 1999; Shah et al., 2021).

In our experiment, the results revealed that Chromium 
at low level lowered relative increase in plant height, root 
length and leaf  area more effectively during interval 2 
while higher level was effective in the growth interval 1. 
Kinetin spray decreased the relative increase in plant height 
during growth interval 1. Spermidine spray increased the 
parameters during growth interval 1. Chromium effects 
on shoot length and plant biomass have been reported 
by many researchers (Ding, et al., 2019; Shiyab, 2019). 
Kinetin mediates increase in plant height (Wu Zhen 
Ling et al., 1998). Foliar spray of  polyamine increased 
the height. Chromium effects on plant root as causing 
root growth retardation are reported (Kakkalameli, et al., 
2018). It has been reported that Kinetin treatment results 
in alleviation of  the negative effects of  heavy metals on 
the root growth and stem growth (Khafaga et al., 1997). 
A positive correlation between polyamine and plant root 
growth and induction of  adventitious root formation has 
been reported also (Neves et al., 2002). Chromium toxicity 
reduces leaf  area and leaf  number (Vernay et al., 2007). 
Application of  Kinetin resulted in alleviation of  negative 
effects of  cadmium on plant leaf  area (Haroun, et al., 2003).

In our experiment, Chromium decreased the net assimilation 
rate significantly during growth interval 2. Kinetin 
application to plants increased the net assimilation rate 
starting its effect in growth interval 1. In the present results, 
exceptions and variation in the responses of  varieties might 
be due to their genetic differences. Net assimilation rate is 
the capacity of  plant form dry weight as a leaf  area. This 
term explains photosynthetic potential and in combination 
with the leaf  area ratio (LAR) and relative growth rate (RGR) 

Table 7: Net assimilation rate [NAR=M2‑M1/L2‑L1×lnL2‑lnL1/t2‑t1; (mg cm‑2)] of mash exposed to metal toxicity, kinetin and 
Spermidine

Diff. 
between 
harvests

No metal input Cr (30ppm) Cr (60ppm)
Dist. H2O 
sprays

Kin. 
sprays

Spd. 
sprays

Dist.H2O 
sprays

Kin. 
sprays

Spd. 
sprays

Dist.H2O 
sprays

Kin. 
Sprays

Spd. 
Sprays

V1 H2 - H1 0.00044 0.00056 0.00097 0.00075 0.00256 0.00247 0.00057 0.00277 0.00201
H3 - H2 0.00080 0.00075 0.00080 0.00052 0.00052 0.00052 0.00058 0.00092 0.00080

V2 H2 - H1 0.00060 0.00084 0.00130 0.00096 0.0031 0.0026 0.00075 0.0028 0.0022
H3 - H2 0.00095 0.00116 0.00098 0.00051 0.00059 0.00045 0.00055 0.00068 0.00086

V3 H2 - H1 0.00056 0.00106 0.00093 0.00091 0.00158 0.00196 0.00109 0.00110 0.00084
H3 - H2 0.00089 0.00087 0.00096 0.00045 0.00057 0.00052 0.00053 0.00066 0.00075

V4 H2 - H1 0.00043 0.00076 0.00044 0.00018 0.00126 0.00134 0.00131 0.00083 0.00071
H3 - H2 0.00096 0.00107 0.00106 0.00074 0.00068 0.00072 0.00061 0.00066 0.00106

V1 (MASH 80); V2 (MASH 88); V3 (MASH 97); V4 (MASH ES-1); ppm=mg/kg or µg/g; Kin=Kinetin; Spd=Spermidine. H1=Ist harvest [on the day of PGRs 
application (30 days age)]; H2=2nd harvest [15 days after H1 (46 days age)]. H3=3rd harvest [15 days after H2 (60 days age)]. H2 - H1=Growth interval 1; 
H3 - H2=Growth interval 2. M2-M1=dry mass difference of harvests; L2-L1=leaf area differences of harvests; t2-t1=time interval between harvests. V1 (80); V2 88); 
V3 (97); V4 (ES-1); ppm=mg per kg ; Kin=Kinetin; Spd=Spermidine. Calculations are based on log-transformed means to achieve homogenous distribution of 
residuals.
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it is used for analysis of  plant response to environmental 
factors. Net assimilation rate depends upon growth of  leaf  
and dry mass production. These characters are affected by 
photosynthesis, respiration and water potential of  plant etc. 
Water potential affects stomatal opening and cell growth 
finally changing leaf  expansion rate. A reduction in leaf  
growth ultimately affects net assimilation rate (NAR), LAR 
and RGR. Relative growth rate is the product of  leaf  area 
ratio and net assimilation rate RGR = LAR× NAR. Relative 
growth rate and net assimilation rate of  plants are changed 
by various factors treatments.

The inhibitory effects of  heavy metals are more on roots 
because of  direct contact and higher metal accumulation in 
them (Breckle, 1991). Inhibition of  plant RGR treated with 
metal mainly might be due to decreased NAR. Previously, 
changes in LAR, LMR, and SLA were also observed by metal 
treatment (Abo-Kassem et al., 1995). The negative effect of  
metal on plant is also in the form of  an increase in dry to fresh 
weight ratio (DM/FM) in all plant organs (Moya et al., 1993).

Relative growth rate is dependent on NAR and leaf  area 
ratio (Lambers et al., 1989: Shiply, 2006) which are the 
physiological and morphological components of  RGR 
respectively. In turn, LAR depends on specific leaf  area 
(SLA) and leaf  mass ratio (LMR). NAR is not expression 
of  real photosynthesis because it tells us about the net 
gain of  photosynthesis after consumptions in respiration. 
As leaf  area is likely to increase with plant age but LAR 
decreases due to leaf  fall in older plant so that NAR can 
be irrespective photosynthesis change.

Temporal variations in growth pattern of  plant are 
conducive to change in its metabolic activity which in 
turn depends upon, mainly, the activity of  enzymes. 
A connection between physiological activities and dark 
reaction exists in plant. Dark respiration regulates cell 
metabolism. Half  of  the photosynthates synthesized 
every day are consumed in respiration in the same period. 
Hence, dark respiration has a key importance in biomass 
production (Lambers, 1985).

The effects of  heavy metals on dark respiration either 
may be early or relatively late. This difference is due to 
metal uptake of  plant until a critical metal concentration 
is reached. The early effect is to accelerate dark respiration. 
During this stage the control of  cell on metabolism remains 
stable (Van Assche et al., 1988) under stress. Lee et al., 
(1976) reported increase in dark respiration and activity 
of  enzymes like glutamate dehydrogenase, isocitrate 
dehydrogenase and malate dehydrogenase. According to 
Van Assche et al., (1988) the activity of  malate enzyme 
and enzymes of  oxidative pentose phosphate pathway, 
glucose-6-phosphate dehydrogenase, is increased under 

metal treatment to compensate NADPH deficiency. 
Ernst (1980) reported that enhanced dark respiration is a 
compensation mechanism for supply of  ATP by oxidative 
phosphorylation. Production of  ROS and antioxidant 
enzymes during stress also affects dark respiration (Okuda 
et al., 1991). The late effect of  metal is expressed on dark 
respiration inhibition and its enzymes (Oliveira et al., 
1994). According to Van Assche et al., (1988), physiological 
state of  cell is reversed when heavy metal concentrations 
exceed its toxic limit. Metals inhibit activity of  enzymes 
like ATPase and others through binding SH domain. It 
may change cation balance at the subcellular levels also 
(Lindberg and Wingstrand 1985; Fodor et al., 1996). By 
this action of  metals, changes in photosynthetic rate occur 
which contribute in growth changes.

Leaf  area ratio (LAR) reduction can be as consequence of  
low leaf  mass ratio (LMR) and specific leaf  area (SLA). 
Under metal stress no significant change in LMR occurs. 
Barcelo et al., (1988) reported that the key reason for LAR 
reduction could be low SLA by a disorder in water supply 
ratio. The reduction in water uptake can be due to root 
growth inhibition (Marchiol et al., 1996).

CONCLUSION

 The effect of  Chromium was more during early growth 
stage of  plant while Kinetin and Spermidine were found 
to be more influential during late growth stages.
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