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The experiment was managed for four mash bean [Vigna mungo (L.) Hepper] genotypes to evaluate the
spermidine efficacy index for determination of its dose response curves accompanied with emphasize on
genotypic variations by their response. Spermidine concentrations of 0.25, 0.50, 0.75, 1.00, 1.25 and
1.50 mM were tested for leaf water potential, osmotic potential, chlorophyll a, chlorophyll b and total
carotenoids contents of MASH 80, MASH 88, MASH 97 and MASH ES-1. Seeds were grown in pots
which were replicated four times for each concentration of spermidine in every genotype and were sit in
completely randomized fashion. Plants were sprayed thrice with the said concentrations of spermidine
starting from twenty days after germination with an interval of ten days each. Data were collected for
pigments concentration and water relations attribute on expiry of ten days after completion of spermidine
spray. The action of exogenous spermidine was significantly effective in stimulating photosynthetic
pigments and water relation attributes. The lowest significant effective dose for each studied
characteristic varied. MASH ES-1 and MASH 97 for chlorophyll a concentration while MASH 88 and
MASH ES-1 for water potential exhibited linear expression model. All other measurements revealed a
sigmoidal dose response curves. Genotype MASH ES-1 responded at the most in term of pigments
concentration and water potential while MASH 80 responded to the least extent regarding most of the
characteristics.
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INTRODUCTION

Plant growth regulators has been widely
applied on plants under in-vitro to in-vivo
practices. The correct growth activators directly
interfere with plant's hormonal system. Such bio-
agents are symbolized as plant growth activators,
which may be inhibited or blocked by specific
inhibitors of its own biosynthesis and its receptor.
Typically, the growth regulator displays their
phytotoxic affects in the local to transient ways

when applied externally (Wilhelm 2015).

A controversy remained among the views
about plant growth regulator nature of polyamines.
The concentration of polyamines in cell versus to
its effective dose does not include these
compounds among the plant growth regulator’s
list (Evans and Malmberg 1989;Galston and Kaur-
Sawhney 1995). Many researchers reported the
polyamines (polyamines) including the spermidine
(SPD), spermine (SPM), and their obligate
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precursor putrescine (PUT) them among the
growth regulators of plants (Galston and Kaur-
Sawhney 1990; Tiburcio et al.1993; Scoccianti et
al. 2000 and Tassoni et al. 2000). Very little
information is available about the polyamine’s
mode of action (Walden et al. 1997), while a
variety of physiological processes are modulated
ranging from cell multiplication and or its
differentiation under plant stressed conditions
positively. During the last few years, interest to
use polyamine has been increasing tremendously
due to its magical effects in plants growth and
now they are especially used to improve the plant
developmental processes in many important food
crops (Chi et al.1994; Bajaj and Rajam 1996;
Rajam 1997; Urszula 2014). They are synthesized
in plants during stress conditions and help in
various plant developmental processes
(Benavides 1997; Dayadevi et al. 1994; Nag et al.
2001).

Polyamines can regulate water potential of
plant by regulating stomatal opening (Galston and
Sawhney 1990). The spermidine have role in
regulation of stomatal movements, in general this
function could also be represented common by
other polyamines. For stomatal regulation,
changes in turgor pressure in guard cell are
regulated by many ionic channels and pumps
(Ward et al. 1995). Interaction of polyamines with
Ca?* channels (Wiliams 1997) leads to ionic
balance maintenance in control of water balance
for regulation of growth and developmental
processes (Aziz et al. 1999). Also the polyamines
have been reported to promote osmotic
adjustment, which helps plant to maintain turgor
under stress conditions (Islam et al. 2003).

Chlorophyll concentration determines the
extent of important biological phenomenon of
photosynthesis which ultimately has a direct
relation with plant growth and development.
Chlorophylls are important plant pigments for
plant primary productivity regulated through
photosynthesis. Polyamines are possibly involved
in the increased rate of photosynthesis through
higher growth rates and high leaf chlorophyll
content (Borrell et al. 1997). Besides chlorophylls,
carotenoids including other coloring pigments
responsible for the bright colors of various fruits
and vegetables are synthesized. Polyamines
application has an increasing effect on the level of
carotenoids (Nassar et al. 2003).

There are many reported facts which account
for variation in dose response of polyamines.
Sensitivity of plant to polyamine varies depending
upon many aspects. Like as various cell

especially located at apexes are differentially
sensitive from the applied concentrations of
polyamines. Such raising or lowering the
polyamine’s concentrations may diversly affect the
relative cell division as well as cell differentiation
rates in different groups of cells or even may alter
morphogenetic expression patterns (Bernier et al.
1993). Dual action of polyamine as regulator of
cell death (apoptosis) and cell growth leaves an
ambiguity for dose specificity (Schipper et al.
2000). Under extreme conditions, application in
high concentrations of exogenous polyamine can
causes cell death (Brunton et al. 1991). Whenever
to conduct an experiment, it is very essential to
pin out the optimal dose of polyamines. For that
dose response curve is required to construct with
hormonal concentration and degree of response
of group of cells. Evaluation of water relations of
plants for its screening against a particular
external factor, are considered to be a satisfactory
criteria (Schonfeld et al. 1988) to find out the
threshold level of factor reducing 10% growth of
plant (Edwards and Asher 1982). However, the
results of most of such type of studies do not
agree with each other. The reasons behind this
are the experimental differences, climatic
conditions, soil type, variation in nature and life
cycle of crops, genotypic differences etc.

Black gram [Vignamungo (L.)Hepper], a self-
pollinated grain legume crop is cultivated as one
among the most important pulse crops widely
(Nag et al., 2006). It's very cheap protein source
one human for the distant areas with economic
value. Based on bio-chemical analysis, seeds of
mash bean contain 1-2% fats, 2.1% oil, 20-24%
protein, carbohydrates and traces of vitamin A
and B (James 1981). By considering the
importance of mash bean [Vighamungo
(L.)Hepper] and the variation in spermidine dose
responses; the present study was designed to find
out dose response curves for various exogenously
applied spermidine concentrations.

MATERIALS AND METHODS

Plant growth regulator mediated regulation of
plant development is dependent upon variation in
cell sensitivities and its response times. Whenever
an experiment is conducted on hormonal
applications there a dose response curve must be
constructed by keeping differential hormonal
concentration against degree of plant growth
responses. Hence, an experiment was devised to
find out spermidine efficacy for chlorophyll a,
chlorophyll b, carotenoids contents, leaf water
potential and leaf osmotic potential of four
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[Vignamungo(L.)Hepper] genotypes to evaluate
the expression of various dose response curves
for exogenous spermidine

2.1 Materials

Seeds of four mash genotypes i-e MASH 80,
MASH 88, MASH 97 and MASH ES-1 were used
in the experiment. The seed of these genotypes
were obtained from Ayub Agricultural Research
Institute (AARI), Faisalabad (Pakistan). The origin
of these genotypes are Ayub Agricultural
Research Institute (AARI), Faisalabad (Pakistan)
and National Agricultural Research Centre
(NARC),Islamabad (Pakistan). Spermidine, N-[3-
Aminopropyl]-1,4-butanediamine,(C7H19Nz) of
Sigma Aldrich, Japan was used as plant growth
regulators.

2.2 Methods and layout plan

Experiment was designed with complete
randomization of treatments and genotypes to
avoid unequal exposure of environmental factors.
Each dose was repeated 4-times in pots
experiment. For the conduction of experiment,
pots of 30 cm diameter were used. Each earthern-
pot filled with 10 kg soil (sandy loam) which were
lined with polyethylene bags ensuring seepage
prevention. Pots were arranged in completely
randomized design. Sterilized seeds, with similar
morphology (size &weight) of selected genotype
cultivated and germinated. Weeds were uprooted
from time to time by hand weeding and hoeing in
order to avoid weed crop competition. Thinning
was performed to maintain one seedling in each
pot in order to avoid the imbalanced uptake of
nutrients by plants. Insects and pests were control
by foliar spray of Thiodon insecticides of Hoechst
(Pvt) Ltd, Pakistan. After reviewing the published
data, 0.25, 0.50, 0.75, 1.00, 1.25 and 1.50 mM
concentration of spermidine were selected in
addition to control conditions of distilled water
spray. Solutions of spermidine in respective
concentrations were prepared in estimated (pre
determined by trial method) amount of water by
taking the great care of their half life. Plants were
exposed to first spray of PGRs after twenty days
of germination repeated twice after each fifteen
days with a great care of avoiding falling of drops
of solution from leaf surface. The tween-20 used
as surfactant with 0.1 concentration for foliar
spray.

2.3 Data recordings

Chlorophyll (a,b),and Total Carotenoids
Contents (mg g-1 leaf F. wt)

Pigments contents, after ten days of last
spray, were measured by applying procedure and
formula reported by Arnon (1949). Fresh leaves

were extracted with acetone (80%). The OD was
taken at 645nm and 663nm for chlorophyll a,b and
at 480nm for carotenoids on spectrophotometer
(Hitachi  Model-U  2001,Japan). Chlorophyll
contents were calculated according to the
Lichtenthaler (1987) formulae and carotenoids
contents were calculated after Davis, (1976).

Chl a(mg g*')=[12.7(OD663)-2.69(0D645)]x
V/1000xW.

Chl b(mg g71)=[22.9(0OD645)-4.68(0OD663)]x
V/1000xW.

Carotenoids(mg g1)=[Acar/EM] x 1000.

Where

Acar=0D480+0.114(0OD663)-0.638(0D645);
EM(100%)=2500; OD=0Optical density; V=Volume
of sample; W=Weight of sample.

Leaf water potential [¥w; -MPa]

Fully expanded youngest leaf was utilized for
predawn leaf water potential (WYw) measurements
using a pressure chamber (ARIMAD 2-Japan)
after ten days of spermidine spray. Water
potential WYw was measured at noon from
11:00am to 01:00pm (Fischer et al. 1977) as Yw
remains stable at this time period.

Osmotic potential of Leaf [¥s; -MPa]

Fresh leaf was folded in aluminum foil and
frozen @ -20°C. After 7-days, it was thawed. The
cell sap was extracted by using disposable
syringe. This extracted cell sap was subjected for
the measurement of leaf osmotic potential with
osmometer (Wescor, 5500).

2.4 Statistical analysis

The data collected were analyzed for ANOVA
(analysis of variance) for data of all selected
parameters with COSTAT computer based
package (CoHort Software,Berkeley,CA). To
compare means, Duncan's New Multiple Range
(DNMR) test @ 5% level of probability was used
(Duncan 1955). Significant F values were tested
by LSD tests at 0.05% significance level, by using
MSTAT-C Computer Statistical Programme
(MSTAT Development Team, 1989)

RESULTS

Chlorophyll a contents (mg g leaf F. wt)
Statistical analysis of Duncan’s Multiple
Range test (Table: 1) depicts that increasing
concentration of spermidine appeared to be
responsible for gradual increase in chlorophyll a
contents the significant being by the effects of
1.00 to 1.50mM concentrations. Although not
statistically justified, but to a considerable extent,
the variations in chlorophyll contents were dose
dependent in various genotypes. Of the four
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genotypes, three revealed sigmoidal pattern and
others one revealed linear pattern for spermidine
effects. Maximum effect in MASH 80 and MASH
88 was by 1.25mM but in MASH 97 and MASH
ES-1 same was by 1.50mM concentration.
However, the observations were excluded
irregularly from the on going trends by the
application of some lower concentrations thereby
decreasing chlorophyll a contents than control
plants (Figure 1). Among the genotypes, MASH
88 revealed maximum (1.0103) and MASH ES-1
revealed minimum (1.002) and all the genotypes
differed to statistically non significant extent.

Chlorophyll b contents (mg g leaf F. wt)
Statistical approach by Duncan’s Multiple

Range test (Table: 2) shows that an exponential

relationship occurred between chlorophyll b

contents and applied spermidine. Spermidine
established a statistically marked degree of
induction for chlorophyll b increase at all levels of
its concentrations except 0.50mM. As implies the
mean performance data, maximum increase in
chlorophyll b contents (50.000%) was by 1.00 mM
and 1.25 while the highest level of spermidine
concentration was less effective than this level
revealing a sigmoidal curve for spermidine action
(Figure 2). Maximum effect on MASH 80 and
MASH 97 was by 1.00 mM while on MASH 88 and
MASH ES-1 was by 1.25mM. All the genotypes
differed statistically to a non-significant extent.
The genotype, MASH 88 revealed maximum
(0.078) and MASH 80 revealed minimum (0.070)
values.

Table 1: Chlorophyll a Contents (mg g leaf F. wt) of 50 days old mash [Vignamungo(L.) Hepper]
exposed to three shoot system sprays of spermidine concentrations (0, 0.25, 0.50, 0.75, 1.00, 1.25

and 1.50 mM) at 20 to 40 days of age

Spermidine MASH80 | MASH88 | MASH97 [ MASHES-1 | TREATMENTS MEANS
(mM) (n=4) (LSD=0.037 ;n=16)
Distilled water | 0.972+0.051 | 0.997+0.040 | 0.976+0.031 | 0.949+0.054 0.973b+0.044
0.25 0.985+0.077 | 0.962+0.087 | 0.969+0.080 | 0.970+0.080 0.971b+0.073
' (1.319) (-3.510) (-0.717) (2.212) (-0.205)
0.50 1.004+0.050 | 1.011+0.062 | 0.993+0.049 | 0.991%0.046 1.000ab+0.047
' (3.292) (1.404) (2.236) (4.425) (2.774)
0.75 0.995+0.063 | 1.014+0.017 | 1.023+0.031 | 1.005+0.025 1.009ab+0.036
' (2.366) (1.705) (4.815) (5.900) (3.699)
0.100 1.012+0.027 | 1.015+0.032 | 1.013+0.025 | 1.020+0.020 1.015a+0.024
: (4.115) (1.805) (3.790) (7.480) (4.316)
1.25 1.048+0.066 | 1.057+0.067 | 1.002+0.065 | 1.039+0.069 1.039a+0.062
' (7.818) (6.018) (2.663) (9.483) (6.783)
1.50 1.040+0.040 | 1.033+0.038 | 1.033+0.038 | 1.040%0.041 1.036a+0.035
(6.995) (3.610) (5.840) (9.589) (6.478)
1.013+0.055 | 1.003+0.049 | 1.002+0.056
GENOTYPES | 100820050 | (0.490) (0.496) (0.545) 1.006:0.053
- (LSD=0.028 ; n=28)

[Values represent means + SE].Values in parentheses represent % age increase (+)/decrease (-) over
untreated of row#1 or over MASH 80 for genotypes means. Values followed by dissimilar letters, are
different at P = 0.05 among means of treatments.
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Figure 1: chlorophyll a contents (mg g leaf f. Wt) of 50 days old mash [Vignamungo(L.) Hepper]
exposed to three shoot system sprays of spermidine at 20 to 40 days of age
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Figure 2: chlorophyll b contents (mg g™ leaf f. Wt) of 50 days old mash [Vignamungo(L.) Hepper]
exposed to three shoot system sprays of spermidine at 20 to 40 days of age
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Table 2: Chlorophyll b Contents (mg g leaf F. wt) of 50 days old mash [Vignamungo(L.) Hepper]
exposed to three shoot system sprays of spermidine concentrations (0, 0.25, 0.50, 0.75, 1.00, 1.25
and 1.50 mM) at 20 to 40 days of age

Spermidine MASH 80 ‘ MASH 88 ‘ MASH 97 ‘ MASH ES-1 TREATMENTS MEANS
(mM) = (LSD=0.009 :n=16)
Distilled water 0.063+0.015 0.056+0.016 0.061+0.003 0.062+0.010 0.060c+0.011
0.25 0.070+0.018 0.073+0.024 0.072+0.013 0.068+0.021 0.071b+0.017
: (11.111) (30.357) (18.032) (9.677) (18.335)
0.50 0.073+0.021 0.067+0.010 0.074+0.004 0.064+0.007 0.069bc+0.011
: (15.873) (19.642) (21.311) (3.225) (15.000)
0.75 0.071+0.015 0.083+0.026 0.075+0.008 0.067+0.015 0.074b+0.016
: (12.698) (48.218) (22.950) (6.200) (23.333)
0.100 0.087+0.006 0.089+0.001 0.099+0.011 0.087+0.005 0.090a+0.008
: (38.095) (58.928) (62.295) (40.322) (50.000)
1.95 0.082+0.006 0.100+0.014 0.085+0.004 0.094+0.008 0.090a+0.011
: (30.158) (78.571) (39.344) (51.612) (50.000)
1.50 0.074+0.008 0.078+0.007 0.076+0.003 0.079+0.003 0.077b+0.005
(17.460) (39.285) (24.590) (27.419) (28.333)
0.078+0.019 0.077+0.013 0.075+0.015
GENOTVPES 0.0748£0.014 | (11 428) (-10.000) (-7.142) 0.076£0.015
(LSD=0.006 ; n=28)

[Values represent means + SE].Values in parentheses represent %age increase (+)/decrease (-) over
untreated of row#1 or over MASH 80 for genotypes means. Values followed by dissimilar letters, are

different at P = 0.05 among means of treatments.

Table 3: Total Carotenoids Contents (mg g leaf F. wt) of 50 days old mash [Vignamungo(L.)
Hepper] exposed to three shoot system sprays of spermidine concentrations (0, 0.25, 0.50, 0.75,

1.00, 1.25 and 1.50 mM) at 20 to 40 days of age

Spermidine MASH80 | MASHS88 | MASHO97 | MASHES-1 | TREATMENTS MEANS
(mM) (n=4) (LSD=0.008 ;n=16)
Distilled water | 0.050+0.010 | 0.050:0.012 | 0.049+0.001 | 0.050+0.011 0.0500b+0.010
0.25 0.056:0.013 | 0.046%0.009 | 0.055:0.017 | 0.055x0.018 0.053 b*0.014
(12.000) (-8.000) (12.244) (10.000) (6.000)
0.50 0.065:0.002 | 0.057%0.005 | 0.047+0.006 | 0.050+0.005 0.054b+0.008
(30.000) (14.000) (-4.081) (0.000) (8.000)
0.75 0.054:0.008 | 0.0660.006 | 0.053:0.010 | 0.055:0.013 0.057abx0.010
(8.000) (32.000) (8.163) (10.000) (14.000)
0.100 0.060:0.004 | 0.0530.013 | 0.070+0.009 | 0.079+0.013 0.058ab+0.012
(20.000) (6.000) (42.857) (58.000) (16.000)
1.25 0.052:0.013 | 0.073%0.018 | 0.068+0.012 | 0.067+0.018 0.065a+0.016
(38.540) (46.000) (38.776) (34.000) (30.000)
1.50 0.061:0.008 | 0.062+0.003 | 0.070+0.011 | 0.066+0.011 0.065a+0.009
(22.000) (24.000) (42.857) (32.000) (30.000)
GENOTYPES | 0.0570.010 | 0.058+0.013 | 0.0590.014 | 0.056:0.014 0.057+0.012
MEANS — (-1.750) (-3.508) (1.754)
(LSD=0.006 ; n=28)

[Values represent means + SE].Values in parentheses represent %age increase (+)/decrease (-) over
untreated of row#1 or over MASH 80 for genotypes means. Values followed by dissimilar letters, are
different at P = 0.05 among means of treatments.
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Table 4: Leaf water potential [¥w; -MPa] of 50 days old mash [Vignamungo(L.)Hepper] exposed to
three shoot system sprays of spermidine concentrations (0, 0.25, 0.50, 0.75, 1.00, 1.25 and 1.50
mM) at 20 to 40 days of age

Spermidine | _MASHB80 | MASH88 | MASH97 | MASHES-1| TREATMENTS MEANS
(mM) (n=4) (LSD=0.060 ;n=16)
Distilled water| 0.666+0.041 | 0.621+0.067 | 0.531+0.082 | 0.663+0.162 0.620 d +0.105
028 0.681%0.045 | 0.607%0.055 | 0.582%0.032 | 0.725%0.082 0.649 cd 0.078
: (2.252) (-2.254) (9.604) (9.351) (4.677)
050 0.671%0.057 | 0.784%0.041 | 0.650%0.125 | 0.666+0.041 0.693 bc +0.086
: (0.750) (26.247) (22.410) (0.452) (11.774)
o7s 0.73210.082 | 0.736%0.143 | 0.644%0.100 | 0.749+0.011 0.715 b £0.96
: (9.909) (18.518) (21.280) (12.971) (15.322)
0100 1.094%0.140 | 0.844%0.084 | 0.77120.054 | 0.797+0.123 0.839 2 +0.116
: (64.260) (35.900) (45.197) (20.211) (35.322)
L2 0.037%0.054 | 0.828%0.062 | 0.773%0.016 | 0.840%0.083 0.844 2 £0.093
: (40.690) (33.333) (45.574) (26.696) (36.129)
1.50 0.898+0.075 | 0.070%0.057 | 0.772+0.102 | 0.866+0.045 0.876 a +0.098
(34.834) (56.199) (45.386) (30.618) (41.290)
0.790 & £0.140 0.6754a0.123 0.758 b £0.111
GENOTYPES|  (2597) | 277080139 "7 15 537y (1.558) 0.748+0.134
MEANS — 748%0.
(LSD=0.045 ; n=28)

[Values represent means + SE].Values in parentheses represent %age increase (+)/decrease (-) over
untreated of row#1 or over MASH 80 for genotypes means. Values followed by dissimilar letters, are
different at P = 0.05 among means of treatments.

Table 5: Leaf osmotic potential [¥s; -MPa] of 50 days old mash [Vignamungo(L.)Hepper] exposed
to three shoot system sprays of spermidine concentrations (0, 0.25, 0.50, 0.75, 1.00, 1.25 and 1.50

mM) at 20 to 40 days of age

Spermidine MASH80 | MASH 88 [ MASH97 | MASHES-1 TREATMENTS MEANS
(mM) (n=4) (LSD=0.054 ;n=16)
Distilled water 0.992+0.067 1.004+0.041 1.030.162 0.899+0.082 0.981 ¢ +0.102
0.25 0.978+0.055 1.019+0.045 1.077+0.78 0.920+0.049 0.999 bc £0.79
' (-1.411) (1.494) (4.563) (2.335) (1.834)
0.50 0.98+0.015 1.009+0.047 1.040£0.071 1.039:0.034 1.017 bc +0.049
: (-1.209) (0.498) (0.970) (15.572) (3.669)
0.75 0.997+0.013 1.007+0.090 1.052+0.043 0.945+0.046 1.000 bc +0.063
' (0.504) (0.298) (2.135) (5.116) (1.936)
0.100 0.956+0.097 1.076+0.072 1.095+0.42 1.097+0.030 1.056 ab +0.084
' (-3.629) (7.171) (6.310) (22.024) (7.645)
125 1.059+0.170 1.077+0.076 1.112+0.057 1.066+0.098 1.079 a +0.099
: (6.754) (7.270) (7.961) (18.576) (9.989)
1.50 1.082+0.043 1.11%0.091 1.128+0.139 0.98+0.022 1.077 a +0.098
(9.072) (10.557) (9.514) (9.010) (9.785)
GENOTYPES 1.006 bc 1.044 ab +0.074 | 1.076 a+0.091 | 0.992 c +0.088 1.03040.090
MEANS — +0.085 (-0.037) (-6.958) (1.392) R

[Values represent means + SE].Values in parentheses represent %age increase (+)/decrease (-) over
untreated of row#1 or over MASH 80 for genotypes means. Values followed by dissimilar letters, are
different at P = 0.05 among means of treatments.
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Figure 3: Total carotenoids contents (mg g leaf f. Wt) of 50 days old mash [Vignamungo(L.)
Hepper] exposed to three shoot system sprays of spermidine at 20 to 40 days of age
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Figure 4. Leaf water potential of 50 days old mash [Vignamungo(L.) Hepper] exposed to three
shoot system sprays of spermidine at 20 to 40 days of age
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According to statistical data presented in
Table: 3, foliar spray of spermidine accelerated
the contents of total carotenoids. Application of
1.25mM and 1.50mM spermidine exerted
statistically important function in induction of
carotenoids increase. Generally, maximum
(30.000%) increase was documented by the
application of 1.25mM and 1.50mM spermidine
and minimum (6.000%) by 0.25mM level.
Saturation effect in MASH 80 and MASH 88 was
by 1.25mM while in MASH 97 and MASH ES-1 by
1.00 mM 1.50mM also in MASH 97.this reflects
that in term of carotenoids contents spermidine
have both linear and sigmoidal curves for its
actions (Figure 3). Some exclusions also were
randomly noted from the ongoing trend of
carotenoids increase with escalating level of
spermidine. All the genotypes differed to
statistically non-significant extent. The genotypes,
MASH 97 revealed maximum (0.059) and MASH
ES-1 revealed minimum (0.056)

Leaf water potential [Yw; -MPa]
Exogenous spray of spermidine, exponentially
and significantly amplified water potential (Table:

5). An exception to this was observed when the
plants of 0.25mM treatment failed to maintain the
vagueness and revealed no significant induction
of spermidine. Maximum effect was in diversified
manner. In MASH 88 and MASH ES-1, it was by
1.50mM. In MASH 80 by 1.00 mM and in MASH
97 by 1.25mM concentrations revealing both
sigmoidal as well as linear expression curves
(Figure 4). Spermidine role deviated from the
logical expectation of water potential rise when
applied in concentration of 0.25mM in plants of
MASH 88 reflecting a 2.254% reduction from
control plants. Among the genotypes, MASH 80
revealed maximum (0.790) and MASH 97
revealed minimum (0.675) value. Only MASH ES-
1 differed statistically from rest of the genotypes.

Leaf osmotic potential [¥s; -MPa]

Spermidine concentrations, according to
Duncan’s Multiple Range tests (Table: 5),
established a significant stimulation for osmotic
potential of plants when sprayed at concentrations
of 1.00 to 1.50mM and this induction was
maximum  (9.989%) by 1.25mM dose and
minimum (1.834%) by 0.25mM level. Maximum
effect in all the genotypes was by 1.50mM but in
MASH ES-1 was by 1.00 mM concentration. Of
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the four genotypes, MASH ES-1 exhibited a
sigmoidal curve of its response to spermidine in
term of osmotic potential increment (Figure 5).
The augmentation of increase in osmotic potential
by spermidine could not have a pace in plants of
MASH 88 when sprayed with lower
concentrations. Among the genotypes, MASH 97
revealed maximum (1.076) and MASH ES-1
revealed minimum (0.992) value while the rest of
the genotypes revealed intermediate response.

DISCUSSION
In this experiment, foliar application of
spermidine  increased chlorophyll  contents.

Induction of chlorophyll increase by spermidine
might be due to prevention of the losses
chlorophyll with thylakoid membrane stabilization.
A positive correlation between prevention of
chlorophyll loss and preservation of thylakoid
membrane structure has been reported with
polyamines and other plant growth regulators
(Anderson and Rowan 1966; Biswal and Mohanty
1976; Dennis et al. 1967). Chlorophyll loss and
membrane stability are related processes during
leaf senescence. At the time of leaf senescence,
the increases in proteinase activity have observed
(Martin and Thimann 1972; Peterson and Huffakar
1975). Proteinase destabilizes the thylakoid
membrane and process might be responsible for
chlorophyll loss. Since both structural and
functional integrity of chloroplast membranes are
affected with inorganic cations (Argyroudi et al
1977; Arntzen and Ditto 1976; Murakami et al.
1975; Smillie et al.1976), meanwhile, the anionic
binding sites on thylakoid membranes are already
reported by various groups (Nakatani et al. 1978;
Prochaska and Gross 1977). The cationic binding
with the negatively charged loci on the
membranes could be preserving the morphology
of thylakoids and chlorophyll. As the polyamines
are cationic in nature which may also synthesized
within plant cells occasionally (Cohen and Zalik
1978). The mechanistic regulations and
intracellular distribution of polyamines are vyet
have unassumed role over structural and
functional properties of chloroplasts.

In the experiment, foliar application of
spermidine increased carotenoids contents. An
increase in pigments, like carotenoids, has also
been reported earlier by exogenous application of
plant growth regulator (Gowdu and Nayudu 1989).
Similarly, green forage of barley and pea, when
treated with plant growth regulators, had been
reported to have greater contents of carotenoids
than control (Averyna et al. 1989). Little is known

about the mechanisms of the enzymes involved in
carotenoids biosynthesis (Bartley and Scolnik
1995) in plants. However, it is known that the
biosynthetic precursor proteins, after translational
process, are transferred to plastids which is a site
of carotenoids biosynthesis. The mRNA level for
earlier steps in carotenoids biosynthesis is
dependent on the plant developmental stage and
signals from environmental conditions (Bartley
and Scolnik 1995). Plant growth regulator has
been reported to stabilize the transcription which
might be a reason for carotenoids contents
stability (Thomas et al. 1992). Carotenoids
degradation might be controlled by thylakoid
membrane stability. Gadallah (1995) found that
application of plant growth regulator increased the
stability of membranes. Spermidine and spermine
are reported to stabilize the DNA through bridging
the major and minor DNA grooves (Matthews
1993). On the basis of structural studies, it is
indicated that polyamines have individual interacts
rather than multiple DNA sites (Tabor and Tabor,
1985). Polyamines also lead to trigger
expressions of growth regulatory loci i.e. c-myc
(Hampel et al. 199; Celano et al. 1992).

The results of this experimental revealed that
spermidine enhanced water potential of leaf. An
improvement in leaf water potentials by PGRs has
been published by many groups (Lefevre and
Lutts 2000; Islam et al. 2003). Polyamine
mediated enhanced water potential water might
be due to increased water uptake by root owing to
an increased surface area of root for greater water
absorption. The exogenous polyamines
applications on many plant species shows the
positive plant growth promotion (Krizek et al.
1997). They can act like to hormonal activity on
cell division as its rate was reported to increase at
Gez-cell phase and even prior to M-phase (Bettuzzi
et al. 1999). Polyamines enhance growth by
increasing chlorophylls (a, b) and carotenoids
contents and ultimately photosynthesis (Zheleva
et al. 1994).

Another possible mechanism for root growth
promotion which accounts for increased water
uptake is membrane stability. Polyamines acts as
a bridge element among the membrane as well as
cytoskeletal-network (Wyse and Butterfield 1988),
and impart on membranal rigidity (Munro and
Sauerbier 1973 and Tabor 1960). Polyamine
regulate stomatal aperture for maintenance of
water potential. Polyamine levels induce stomatal
closure by modeling stomatal aperture (Galston
and Kaur- Sawhney 1990). The regulation of
stomatal movements by spermidine is considered
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as the general function of almost all polyamines in
plants. Even the changes turgor of guard cell
turgor is controlled by various ionic channels and
or pumps to instigate the stomatal movements
(Raschke et al. 1988; Hedrich and Schroeder
1989; Ward et al. 1995). Interactions of
polyamines with Ca?* channels (Wiliams 1997;
Nichols and Lopatin 1997 and Johnson 1996)
leading to maintain the cellular ionic balance in
plant growth and development has also been
reported (Aziz et al. 1999).

Deviants for sigmoidal curves

The deviation from logical augmentations of
linear correlation in spermidine role is ascribed to
various aspects (Figure 1-5). Polyamines
concentration and specificity is thought to be
critical on many plant developmental processes
i.e. cell division rate, root growth, floral initiation,
somatic embryogenesis and development of fruit
in various plant species (Evans and Malmberg
1989; Galston and Kaur-Sawhney 1990). Another
reason might be that metabolism of polyamines in
plants changes and the intensity and direction of
these changes depend on the genotype of the
plant as well as on the type, concentration and
duration of the effect of the stress factor if present
(Bouchereau et al. 1999; Kubis 2006).
Attachments of spermidine to a specific protein
(Cohen et al. 1982) leading to post-translationally
modification of protein might change the effective
concentration of polyamine with generation of a
protein with a different morphogenetic role.
Variation in efficiency of spermidine might be
dependent on presence and stability of
transglutaminase as spermidine binding to protein
is mediated by transglutaminase (Williams et al.
1980).

In addition to transglutaminase, other
enzymes with polyamine-binding activity have
been reported in plant tissue (Icekson and
Apelbaum, 1987; Serafini et al, 1988). The data of
current study don’t have direct evidences about
the spermidine binding to cell proteins which is
mediated via transglutaminase, but possibility is
consistent.

Polyamines treatment prevents chlorophyll
loss and preserves thylakoid membrane structure
this might be through their interaction with
membranous negatively charged loci (Nakatani et
al, 1978; Prochaska and Gross, 1977), while
sometimes this structural integrity could be
maintained or accompanied by inactivation of
thylakoid. For explanatory evidences are
explainable with analysis of differential proteolysis
of thylakoids which are required for stability and

functioning of chlorophyll. There increases in
proteinase activity occurs at the time of leaf
senescence (Martin and Thimann, 1972; Peterson
and Huffakar, 1975). Another possible reason for
that application of high dose polyamines may not
have positive effects on plant as accumulation of
free cellular spermidine could be a symbol of plant
growth and development. The polyamines in the
conjugated forms are the valuable source under
plant stressed conditions for their active forms
(Tonon et al. 2007).

CONCLUSION
The optimum dose of spermidine for studied
characters was proven at the rate of 1.25 mM.

CONFLICT OF INTEREST
The authors declared that present study was
performed in absence of any conflict of interest.

ACKNOWLEGEMENT

We acknowledge the cooperation of lab staff who
cooperated in a number of ways for conduction of
experiment. Dose response curve was sigmoidal
for spermidine action.

AUTHOR CONTRIBUTIONS

GY and IH designed experiment; AN and KH
worked for manuscript writing; SM and GN
performed statistical analysis and proof reading of
manuscript.

Copyrights: © 2020@ author (s).

This is an open access article distributed under the
terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use,
distribution, and reproduction in any medium,
provided the original author(s) and source are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not comply
with these terms.

REFERENCES

Anderson JW, Rowan KS 1966.The effect of 6-
furfurylaminopurine on  senescence in
tobacco-leaf tissue after harvest.Biochem J

98: 401-404

Argyriudi-Akoyunoglou JH, Tsaxjris S 1977.
Development of cation-induced
stackingcapacity during the biogenesis of

higher plant thylakoids. Arch
BiochemBiophys 184: 307- 315

Bioscience Research, 2020 volume 17(2): 1027-1040

1037



Yasin et al.,

Effect of spermidine on Mash bean [Vigna mungo L. Hepper]

Arnon DI 1949. Copper enzymes in isolated
chloroplast.Polyphenoloxidase in Beta
vulgaris. Plant Physiol 24:1-15

Arntzen CJ, Ditto CL 1976. Effects of cations upon
chloroplast membrane subunit interactions
and excitation energy distribution. Biochim
Biophys Acta 449: 259-274

Averyna NG, Melnikau SS, Manankina AA,
Budakova AA, Kolasava Al, Palikarpava NN
1989. Effect of natural physiologically active
compounds of phytohormonal nature on

preservation of  biologically  valuable
components in plant forages. Vestsi
Akademii Navuk BSSR, Seriya Sel

'skagaspadarchykhNavuk, 4:109-113

Aziz A, Martin-Tanguy J, Larher F 1999. Salt
stress-induced proline accumulation and
changes in tyramine and polyamines levels
are linked to ionic adjustment in tomato leaf
discs. Plant Sci 145:83-91

Bajaj S, Rajam MV 1996. Polyamine accumulation
and near loss of morphogenesis in long-term
callus cultures of rice. Restoration of plant
regeneration by manipulation of cellular
polyamine levels. Plant Physiol 112: 1343-
1348

Bartley GE, Scolnik PA 1995. Plant carotenoids:
pigments for photo protection, visual
attracuon, and human health. Plant Cell 7:
1027-1038

Benavides MP, Aizencang G, Tomaro ML 1997.
Polyamines in Helianthus annuus L. during
Germination under Salt Stress J Plant
Growth Regul 16: 205-211

Bernier G, Havelange A, Houssa C, Petitjean A,
Lejeune PC 1993. Physiological signals that
induce flowering. Plant Cell 5: 1147—- 1155

Bettuzzi S, Davalli P, Astancolle S, Pinna C,
Roncaglia R, Boraldi F, Tiozzo R, Sharrard
M, Corti A 1999. Coordinate changes of
polyamine metabolism regulatory proteins
during the cell cycle of normal human dermal
fibroblasts. FEBS Lett 446: 18 —22

Biswal UC, Mohanty P 1976. Ageing induced
changes in photosynthetic electron transport
of detached barley leaves. Plant Cell Physiol
17: 323-331

Bouchereau A, Aziz A, Larher F 1999. Polyamines
and environmental challenges: recent
development. Plant Sci 140, 103-125

Brunton VG, Grant MH Wallace HM 1991.
Mechanisms of spermine toxicity in baby-
hamster kidney (BHK) cells. The role of
amine oxidases and oxidative
stress.Biochem J 280, 193-198

Celano P, Berchold CM, Kizer DL, Weeraratna A,
Nelkin BD, Baylin SB, Casero JRA 1992.
Characterisation of an endogenous RNA
transcript with homology to the antisense
strand of the human c- myc gene. J
BiolChem 267: 15092-15096

Chi GL, Lin WS, Jee L, Pua EC 1994. Roleof
polyamines on de novo shoot
morphogenesis from cotyledons ofBrassica
campestris spp. pekinensis (Lour.) Olsson in
vitro. PlantCell Rep 13: 323-329

Cohen AS, Zalk S (1978) Magnesium
replacement by polyamines in higher plant
cell-free polyphenylalanine synthesis.
Phytochem 17: 113-118

Cohen E, Malis-Arad S, Heimer Y, Mizrahi Y
1982.Participation of ornithine decarboxylase
in early stage of tomato fruit development.
Plant Physiol 70: 540-543

Dayadevi B, Jirage GAR, Suvarnalatha G,
Venkataraman LV 1994, Profile  of
polyamines during sprouting and growth of
saffron (Crocus sativus L.)Corms. J Plant
Growth Regul 13: 69-72

Dennis DT, Stubbs N, Coulate TP 1967. The
inhibition of brussels sprout leaf senescence
by kinins. Can J Bot 45: 1019-1024

Duncan DB 1955. Multiple Range and Multiple F-
Test. Biometrics 11: 1-42

Edwards DG, Asher CJ 1982. Tolerance of crop
and pasture species to manganese toxicity.
In: Plant Nutrition. Proceedings of the Ninth
Inter. Plant Nutrition. Colloquium, Warwick
University, England (ed. Scaife, A,): 145-151.
Commonwealth Agricultural Bureau.

Evans PT, Malmberg RL 1989. Do polyamines
have roles in plant development? Annu. Rev.
Plant. Physiol. Plant MolBiol 40: 235-269

Fischer RA, Sanchez M, Syme JR 1977. Pressure
chamber and air flow porometer for rapid
indication of water status and stomatal
conductance condition in wheat. Exp.
Agricl3: 341-351

Gadallah MAA 1995. Effect of waterlogging and
kinetin on the stability of leaf membranes,
leaf osmotic potential, soluble carbon and
nitrogen compounds and chlorophyll content
of Ricinusplants.Phyton (Horn) 35:199-208

Galston AW, Kaur-Sawhney R 1990.Polyamines
in plant physiology. Plant Physiol 94: 406—
410

Galston AW, Kaur-Sawhney R 1995.Polyamines
as endogenous growth regulators.In Plant
Hormones: Physiology, Biochemistry and
Molecular Biology. 2nd Ed (P.J.Davies, eds).

Bioscience Research, 2020 volume 17(2): 1027-1040

1038



Yasin et al.,

Effect of spermidine on Mash bean [Vigna mungo L. Hepper]

pp: 158-178. Kluver Academic Publishers
Dordrecht. ISBN 0-7923-298-8

Gowdu BJ, Nayudu S 1989. Cytokinins and
kinetin in relation to groundnut chlorotic spot
virus (GCSV) infection in groundnut
(Arachishypogaea L. var. TMV-2) plants. Ind.
J Plant Pathol 7: 145-150

Hampel KJ, Crosson P, Lee JS 1991. Polyamines
favour triplex DNA formation at neutral
pH.Biochem 30: 44554459

Hedrich R, Schroeder JI 1989. The physiology of
ion channels and electrogenic pumps in
higher plants. Ann Rev Plant Physiol Plant
MolBiol 40: 539-569

Icekson |, Apelbaum A 1987.Evidence for
transglutaminase activity in plant tissue.
Plant Physiol 84: 972-974

Islam MA, Blake TJ, Kocacinar F, Lada RA 2003.
spermine  and  aminoethoxyvinylglycine
prevent water stress and protect membranes
in Pinusstrobus L wunder drought.Trees:
Structure and Function 17: 278-284

James AD 1981.Legumes in United States.
Department  of  Agriculture, Beltsville,
Maryland Plenum press New York.

Johnson TD 1996. Modulation of channel function
by polyamines. Trends BiochemSci 17: 22—
27

Krizek T, Krame GF, Mirecki RM 1997. Influence
of UV-B radiations and putrescine on shoot
and root growth of cucumber seedlings
grown in nutrient solution. J Plant Nutr20:
613-623

Kubis J 2006. Poliaminy iichudziat w
reakcjirodlinnawarunkistresowesrodowiska.
Kosmos 55: 209-215

Lefevre |, Lutts S 2000.Effects of salt and osmotic
stress on free polyamine accumulation in

moderately  salt-resistant  rice  cultivar
Aiwu.International Rice Research Notes.
25: 36-37

Lichtenthaler HK 1987. Chlorophyll and
carotenoides; Pigments of photosynthetic
biomembranes. Methods in Enzymol 148:
350 - 385

Martin C, Thimann KV 1972. The role of protein
synthesis in the senescence of leaves. 1.
The formation of protease. Plant Physiol 49:
64-71

Matthews HR 1993. Polyamines, chromatin
structure and transcription.BioEssays. 15:
561-567

Murakami S, Torres-Periera J, Packer L
1975.Structure of the chloroplast membrane
relation to energy coupling and ion transport.

In  Govindjee, ed. Bioenergetics of
Photosynthesis. Academic Press, New York,
pp 555-618

Nag N, Shrma SK, Kant A 2006. Agronomic
evaluation of some induced mutunts of urd
bean (VignamungoL. Hepper). Society for
the Advancement of Breeding Research in
Asia and Oceania.Gernal of Breeding and
Genetics38: 29-38

Nag S, Saha K, Choudhuri MA 2001. Role of
auxin and polyamines in adventitious root
formation in relation to changes in
compounds involved in rooting. J Plant
Growth Regul 20:182-194

Nakatani HY, Baeber J, Forrester JA 1978.
Surface charges on chloroplast membranes

as studied by particle
electrophoresis.BiochimBiophysActa 504:
215-225

Nassar AH, El-Tarabily K, Krishnapillai A 2003.
Growth promotion of bean (Phaseolus
vulgaris L.) by a polyamine-producing isolate
of Streptomyces griseoluteus. Plant Growth
Reg 40: 97-106

Nichols CG, Lopatin AN. 1997. Inward rectifier
potassium channels. Ann Rev Physiol 59:
171-191

Peterson LW, Huffaker RC 1975. Loss of ribulose
1,5-diphosphate carboxylase and increase in
proteolytic activity during senescence of
detached primary barley leaves. Plant
Physiol 55: 1009-1015

Prochaska LJ, Gross EL 1977. Evidence for the
location of divalent cation binding sites on
the chloroplast membrane. J MembrBiol 36:
13-32

Prochaska LJ, Gross EL 1977. Evidence for the
location of divalent cation binding sites on
the chloroplast membrane. J MembrBiol 36:
13-32

Rajam, MV 1997. Polyamines.In MNV Prasad,
eds, Plant Ecophysiology. John Wiley
& Sons, New York. pp: 343-374

Raschke K, Hedrich R, Reckmann U, Schroeder
Jl 1988.Exploring biophysical and
biochemical components of the osmotic
motor that drives stomatal movements. Bot
Acta 101: 283-294

Schipper RG, Penning LC, Verhofstad AA
2000.Involvement  of polyamines in
apoptosis. Facts and controversies: effectors
or protectors? Semin Cancer Biol 10:55-68

Schuber F 1989. Influence of polyamines on
membrane functions. Biochem. J 260: 1-10

Scoccianti V, Sgarbi E, Fraternale D, Biondi S

Bioscience Research, 2020 volume 17(2): 1027-1040

1039



Yasin et al.,

Effect of spermidine on Mash bean [Vigna mungo L. Hepper]

2000. Organogenesis from
Solanummelongena L (eggplant) cotyledon
explants is associated with hormone-
modulated enhancement of polyamine
biosynthesis and conjugation. Protoplasma
211: 51-63

Smillie RM, Henningsen KW, Nielsen NC, Von
WD 1976.The influence of cations and
methylamine on structure and function of
thylakoid membranes from barley
chloroplasts. Carlsberg Res Commun 41: 27-
56

Tabor CW 1960.The stabilising effect of spermine
and related amines on mitochondria and
protoplasts.Biochem.Biophys Res Comm 2:
117-120

Tabor CW, Tabor H 1985.Polyamines in
microorganisms.Microbiol Rev 49: 81-99

Tassoni A, Buuren VM, Franceschetti M, Fornalé
S, Bagni N 2000. Polyamine content and
metabolism in Arabidopsis thaliana and
effect of spermidine on plant development.
Plant PhysiolBiochem 38: 383—-393

Thomas JC, McElwain EF, Bohnert HJ 1992.
Convergent induction of osmotic stress
response.Abscisic acid, cytokinin and the
effects of NaCl. Plant Physiol 100: 416-423

Tiburcio AF, Campos JL, Figueras X, Resford RT
1993.Recent advances in the understanding
of polyamine functions during plant
development. Plant Growth Reg 12: 331-40

Tonon G, Kevers C, Faivre-Rampant O, Grazianil
M, Gaspar T 2004.Effect of NaCl and
mannitoliso-osmotic stresses on proline and
free polyamine levels in
embryogenicFraxinusangustifolia callus. J
Plant Physiol 161: 701-708

Urszula K, Katarzyna C, Renata B , Agnieszka G
2014. Polyamines and nitric oxide link in
regulation of dormancy removal and
germination of Apple
(MalusdomesticaBorkh.) embryos. J Plant
Growth Regul 33:590-601

Walden R, Cordeiro A, Tiburcio AF 1997.
Polyamines: small molecules triggering
pathways in plant growth and development.
Plant Physiol 113: 1009-13

Ward JM, Pei ZM, Schroeder JI 1995. Roles of ion
channels in initiation of signal transduction in
higher plants. Plant Cell 7: 833-844

Wilhelm R 2015. Plant Growth Regulators:
Backgrounds and uses in plant production. J
Plant Growth Regul 34: 845-872

Williams K 1997. Interactions of polyamines with
ion channels.Biochem J 325: 289-297

Williams-Ashman HG, Canellakis ZN 1980.

Transglutaminase-mediated covalent
attachment of polyamines to proteins:
mechanisms and potential physiological

significance. PhysiolChem Physics 12: 457-
472

Zheleva D, Tsonev T, Sergiev |, Karanov E 1994.
Protective effect of exogenous polyamines
against attaining pea plants. J Plant Growth
Reg 13: 203-211

ZhiJun L, Nada K, Tachibana S 2003. High
temperature-induced alteration of ABA and
polyamine contents in leaves and its
implication in thermal acclimation of
photosynthesis in cucumber (Cucumissativus
L.).J Jap SociHortSci72: 393-401

Bioscience Research, 2020 volume 17(2): 1027-1040

1040



