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or food secu
urity and the fight agains
st poverty an
nd malnutritiion in the
Millet crop is an importtant cereal fo
m
of people
p
in We
est Africa an
nd India. It h
has the adva
antage of
arid Sahel. It is a staplle grain for millions
d
ne environments and low
w fertility so
oils. Recent climate cha
ange exacerb
bates the
tolerating drought-pron
phenomeno
on of drough
ht; hence, im
mproving pea
arl millet dro
ought toleran
nce became a present n
necessity.
The presen
nt study was
s conducted
d to determin
ne an in vitr
tro screening
g method fo
or drought tolerance,
based on the
t
use of polyethylene
p
e glycol (PE
EG) of molec
cular weightt 6000 Da. T
This experim
ment was
carried out with one millet genotyp
pe (HKP), pro
omoted by th
he agriculturral official se
ervices. The
e effect of
PEG6000, with
w
varying
g concentrattions from 0 to 40% (w
w/v), on germ
mination perrcentage, co
oleoptiles
emergence, shoot and root length, shoot and ro
oot weight a
and root/shoo
ot ratio were
e analyzed. D
Data were
used to de
etermine the
e lethal dose
e for 50% growth inhib ition (LD50), which was applied forr drought
tolerance screening.
s
Significant diffferences we
ere observed
e characters under different PEG
d for all the
concentratiions. LD50 wa
as 262 g/L fo
or the germin
nation percen
ntage and 24
42 g/L for colleoptiles emergence.
Key words: Pearl millet, water stress, polyethylene
e glycol, LD50 .

INT
TRODUCTION
N
cated cereals
s, pearl mille
et is the mo
ost
Of all domestic
dro
ought tolerant plant (Squire
e et al., 1987; CGIAR, 200
06),
with
h high quality
y grain. It is th
he main crop cultivated in the
t
difficult agronom
mic conditions
s of the sem
mi-arid tropics of
Afriica and Asia and contribu
ute to the die
et of millions of
peo
ople (Andrew
ws and Brame
el-Cox, 1994; Kumar, 198
89).

productivity in
n this arid zo
one is very lo
ow, due to the
e
The p
low a
and erratic rainfall. Give
en the rapid
d increase in
n
popu lation in thiss zone, there
e is a need for breeding
g
ght tolerant va
arieties.
droug
Unccertainty of rainfall is critical espe
ecially at the
e
begin
nning of the ccycle, after ccrop emergen
nce. The chall-
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Table 1. Pearl millet seed germination percentage as affected by
polyethylene glycol (PEG) 6000, three days after incubation.

Treatment
Germination % Coleoptiles emergence%
PEG 6000 (bars)
Control (0.0)
96a ±5.2
94a ±5.2
a
a
10.0% (-1.0)
95 ± 5.3
92 ± 9.2
a
a
20.0% (-3.9)
93 ± 8.2
89 ± 12.0
b
7b ± 0.8
30.0% (-8.4)
50 ± 18.3
c
32.5% (-9.8)
7 ± 1.0
0c ± 0
c
35.0% (-11.3)
8 ± 1.0
0c ± 0
c
37.5% (-12.9)
2 ± 0.4
0c ± 0
d
40.0% (-14.7)
0 ± 0.0
0c ± 0
In the same column. values with the same letter are not
significantly different (Newman and Keuls Test at 5% level).

lenge is to obtain seed that have a high production
capacity, in a short period of time after germination and
that develop adequate root biomass to colonize deeper
soil layers. Drought constitutes one of the most important
environmental stress factors limiting plant growth
(Sivakumar, 1992). Large areas of drylands are
threatened unproductive due to human activities and
recent unfavorable climate change. In order to cultivate
plants in such countries, attempts have been made
(Saidou, 2011) to develop water stress tolerant lines.
Millet is one of the best stress tolerant plants in the
world (ICRISAT, 1987). It is the staple crop of 30 million
populations in the dry region of the Sahel and in India.
Due to climate change, increasing drought is responsible
of significant fraction of yield loss. Breeding and
production of improved varieties well adapted to new
heavy water stress are urgent requirement. Polyethylene
glycol (PEG) of high molecular weight has long been
used to simulate water stress in plant growth as
described by previous works (Kaufmann and Eckard,
1978; Tazi et al., 2003; Zgallaï et al., 2007; Kouakou et
al., 2008; Fan et al., 2012). The aim of this work is to
measure the effect of PEG on germination and seedling
growth of pearl millet, to determine the LD50 to be used
for screening for drought tolerance.

respectively: 100; 200; 300; 325; 350; 375 and 400 g of PEG6000,
following the method of Lawlor (1970) and Michel (1983).
Seeds were surface sterilized by soaking them first in 70%
alcohol for 30 s, and then in 5% calcium hypochlorite for 10 min.
Seeds were finally rinsed five times with pure sterile water.
Sterilized seeds were germinated in Petri dishes (90 mm diameter)
on filter paper soaked with 2 ml of the different concentrations of
PEG6000, with 10 seeds per Petri dish. To reduce moist
evaporation, the Petri dishes were sealed with sterilized Parafilm.
Each Petri dish is a repetition and there are 10 replicates per dose
of PEG. The incubation took place for one week, continuously in
darkness, at approximately 37°C, to simulate the natural conditions
of pearl millet seeds germination, even though it was reported that
germination percentage is optimal at 25 to 30°C for P. glaucum
(Mortmock and Vanderlip, 1989). Polyethylene glycol of high
molecular weight is inert, non-ionic. They are small enough to
influence the osmotic potential, but large enough to not be
absorbed by plant. They could lower the osmotic potential of the
nutrient solution without been taken up or been phytotoxic (Lawlor,
1970).
Germination percentage was recorded at the third day of
incubation. Root and coleoptiles length as well as their respective
weights were evaluated after seven days of culture. A seed is
recorded as germinated when the root is visible and at least 1 mm
in length.
The experiment layout was a randomized complete design with one
factor; PEG6000 concentration, with 10 replications. Data were
analyzed with one factor analysis of variance (ANOVA), with Excel
(2007) and means were separated with Newman and Kheuls test at
5%.

MATERIALS AND METHODS

RESULTS

The experimental material used was pearl millet, genotype HKP, a
cultivar promoted by the National Agronomic Research Institute, for
its different interesting traits (Relatively early cycle, good
performance, medium tillering, medium cob and large seed). Seeds
(mature embryos) were obtained from the Biotechnology and Crop
Improvement Laboratory of the National Radio Isotopes Institute of
the University of Niamey. The experiment was conducted during
April to May 2011, in the Plant Biotechnology laboratory of ULB
University of Brussels. Water stress was applied using seven
concentrations of PEG6000, corresponding to -1.0; -3.7; -8.0; -9.8; 11.3; -13.0 and - 14.7 bars of water potential. These water potential
were obtained by adding in 1000 ml of deionized pure water,

PEG and germination percentage
Water stress induced by PEG had significant effects on
both the seed germination and the seedling emergence
(Table 1, Figures 1 and 2). The germination per-centage
varied between 0% for the highest dosage (40% PEG = 14.7 bars) to 96% for the control (0 bar). Low PEG
dosages (0; 10 and 20%) did not have any significant
effect on the germination percentage of the pearl millet
seeds, while high dosages of 30 to 40% negatively
affected seed germination percentage.
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Figure 1. Efffects of water stress induced
d by Polyethyle
ene Glycol (PE
EG) 6000 on g
germination
percentage in pearl millet. The control (free water)
w
is taken a
as 100% germin
nation.

Table 2. Pea
arl millet shoot and root length
h and weight and root/shoot rratio as affected
d by Polyethyle
ene Glycol (PEG
G) 6000.
Seven days after
a
incubation..

Treatment
PEG6000 (b
bars)
Control (0.0)
10% (-1.0)
20% (-3.9)
Probability/s
sign.

Shoot length (cm) Root
R
length (c
cm) Shoot We
eight (g) Roo
ot Weight (g) Root/Shoot ra
atio(w/w)
7.6
66a ±0.7
6.17b ± 0.4
3.2
24c ± 0.3
0.013
0

14.4b ±1.1
a
18.6 ± 1.2
c
7.9 ± 1.6
0.029

38.3a ±5.4
23.2b ± 1.0
11.1c ± 1.9
001
<0.00

1
12.9a ±5.8
13.9a ± 4.5
13.0a ± 4.5
ns

0.34c ±0
0.15
0.60b ± 0
0.20
1.16a ± 0
0.36
<0.000
01

In the same column,
c
values with the same le
etter are not sig
gnificantly differe
ent (Newman an
nd Keuls Test a
at 5% probabilityy level).

G and root le
ength
PEG

eight
PEG and root we

At 1
10% PEG the
e root length was significantly higher th
han
at 2
20% PEG. Th
he higher con
ncentrations caused
c
a slow
wer
devvelopment off root (Table 2). Low co
oncentrations of
PEG
G induced a rhizo-stimula
ation. The mean root leng
gth
varried from 7.9 cm for the hig
gh PEG conc
centration (20%)
to 1
18.6 cm for th
he low dosage
e of PEG.

Comp
parable grow
wth was observed between
n control, 100
0
and 2
200 g/l concentrations of P
PEG (Table 2). Root weigh
ht
was not significcantly influen
nced by the treatments
een 0 and 200 g/L. The de
ecline in root length with an
n
betwe
increa
ase in PEG cconcentration
n did not have
e an effect on
n
the ro
oot weight. Th
his means tha
at the roots m
might have los
st
volum
me or becam
me thinner w
with an increa
asing in PEG
G
conce
entration.

PEG
G and shoott length
ere was no shoot and roo
ot emission above 20% PE
EG
The
and
d analysis of seedling sho
oot growth was
w restricted to
the two doses 10
0 and 20% co
ompared to co
ontrol (Table 2).
oot length wa
as significanttly lower with an increase
e in
Sho
PEG
G concentration. Shoot len
ngth showed reduced valu
ues
from
m 7.66 cm fo
or the control to 3.24 cm for the highe
est
con
ncentration (2
20%).

weight
PEG and shoot w
Mean
n shoot fresh weight varie
ed significantly from 38.3 g
for co
ontrol (0.0 bar) to 11.1 g fo
or 20% PEG concentration
n
(-3.9 bar). Shoot ffresh weight w
was significan
ntly lower with
h
an in
ncreasing in PEG conccentration (Ta
able 2). The
e
decre
ease in watter potential by increasing the PEG
G
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Figu
ure 2. Effects of
o water stress induced by pollyethylene glyco
ol (PEG) 6000 to
eme
ergence percenttage in pearl millet. The contro
ol (free water) iis taken as 100
0%
eme
ergence.

Fig
gure 3. Pearl millet
m
germination percentage as affected byy Polyethylene
Gly
ycol (PEG) of molecular weig
ght 6000, three
e days after in
ncubation. LD50
dettermination.

con
ncentration ha
ad similar effe
ects on the shoot length and
a
sho
oot fresh weig
ght. Results showed
s
that the
t shoots we
ere
more sensitive to PEG concentration than
t
the roo
ots;
how
wever in field
d conditions the roots were
w
the first to
dettect the waterr stress and to
o initiate the first signal.

PEG
G and root/s
shoot ratio
The
e root/shoot ratio ranged
d from 0.34 (w/w) for the
t
con
ntrol to 1.16 (w/w) for the
e highest PEG
G concentration
(20
0%) and show
wed an increa
ase with an in
ncrease in PE
EG
con
ncentration. This
T
result sho
ows that the shoot
s
was mo
ore
sen
nsitive to wate
er deficit induc
ced by PEG.

Letha
al Dose of 5
50% growth inhibition d
determination
n
(LD500)
The data conce
erning germ
mination perccentage and
d
coleo
optiles emerge
ence were ussed to calcula
ate the Letha
al
Dose
e for 50% gro
owth inhibition
n. This value was used as
s
scree
ening criteria for droughtt tolerance in
n pearl mille
et
crop. The germination perccentage as well as the
e
coleo
optiles emergence showed
d negative co
orrelation with
h
increa
asing concen
ntration of PE
EG6000 (Figu
ures 3 and 4)).
Regre
ession analyyses revealed
d that for evvery one unit
increa
ase in dose, germination p
percentage decreased with
h
0.393
3 units while coleoptiles e
emergence de
ecreased with
h
0.483
3 units. The determination coefficients (R2) were 0.88
8
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Figure
e 4. Pearl millet coleoptiles emergence percen
ntage as affecte
ed by Polyethyle
ene
Glycol (PEG) of molecular
m
weigh
ht 6000, seve
en days after incubation. L
LD50
mination.
determ

d 0.86 for germination
g
percentage and
a
coleoptiles
and
emergence, resp
pectively.
Yger% = -0.393 X + 151.1
Ycoll% = -0.483 X + 162.0
Wh
here
Y iss the relative growth in perrcent
X iis the PEG6
6000 concenttration in % (g PEG/100
0 g
watter).

Using the above formula, the LD50 is
s the X value
calcculated for Y equal to 50. The values obtained we
ere:
262
2 g/L for ge
ermination pe
ercentage an
nd 242 g/L for
cole
eoptiles eme
ergence. Th
hese values indicated the
t
con
ncentrations of
o PEG6000 that would ind
duce a reduction
of 5
50% in germination and em
mergence of coleoptiles.
c
The
T
prin
nciple of scre
eening is to id
dentify lines or
o varieties with
w
gerrmination and
d emergence
e percentage
es above 50
0%
with
h the LD50. In this study
y, the results
s allowed us to
scre
een for dro
ought toleran
nt mutants of pearl millet
obttained by gamma
g
irrad
diation muta
ation induction
techniques.

DIS
SCUSSION
Low
w PEG dosages (0; 10 and
a
20%) did
d not have any
a
sign
nificant effectt on the germ
mination perc
centage of pe
earl
milllet seeds, while higher dos
sages (30 to 40%)
4
negatively
affe
ected germina
ation. This re
esult was in agreement with
w
sevveral previous
s reports (Va
an Der Weerrd, et al., 200
02;

Rado
ouane, 2007
7; Farsiani and Gho
obadi, 2009
9;
Govin
ndaraj et al., 2010). At 30% PEG, the
e germination
n
rate w
was reduced to 50% comp
pared to the ccontrol. It was
below
w10% with P
PEG concenttrations abovve 30%. At a
high PEG dosag
ge (40%), there was no germination
n.
Wate
er hydraulic cconductivity iss too low and
d germination
n
proce
ess was stro
ongly reduced
d. The uppe
er limit of the
e
physiiological actiivities (pF 4
4.2) is perha
aps reached
d.
Howe
ever, working
g on Tunisian
n ecotypes o
of pearl millett,
Radh
houane (2007
7) reported m
more than 50%
% germination
n
with a high concen
ntration of PE
EG (equivalen
nt of -2 MPa=
=20 ba
ars).
As described byy previous au
uthors (Peske
e et al., 2010)),
pearl millet seed
ds emit prim
mary roots a
at 33% wate
er
conte
ents and the PEG effect is delaying th
he imbibitions
proce
ess. For the potential of -12 bars an
nd below, the
e
seedss did not abso
orb more than 28% water,, and thus, did
d
not e
emit primary roots. Our ob
bservations a
are consisten
nt
with tthese results.
In tthe case of drought cond
ditions, the m
most powerfu
ul
root ssystem is one
e that will incrrease its volu
ume to allow a
betterr exploitation
n of deep w
water reserve
es (Ousmane
e,
1996)). Thus, roo
ot length an
nd weight a
are importan
nt
deterrminants for the choice
e of cultivarr for dryland
d
condiitions. In this study, the ro
oot length wa
as significantly
y
increa
ased at 10% PEG concen
ntration (-1 b
bar) compared
d
to th
he control, b
but was sign
nificantly low
wer when the
e
conce
entration incre
eased to 20%
%. The low co
oncentration of
o
PEG induced a rh
hizo-stimulatio
on as describ
bed by severa
al
autho
ors on differen
nt growth parrameters (Bad
dr et al., 1997
7;
Rado
ouane, 2007; Majeed et al., 2010; Horrn et al. 2010
0;
Sumi ra et al., 2
2011). This result suggested that a
mode
erate concenttration of PEG
G6000 can be
e used as roo
ot
growtth regulator in
n in vitro tissu
ue culture.
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The effect of low doses of PEG observed for root length
was not the same for shoot growth. In this study, the
extension of the root system has not a positive effect on
the growth of shoot. But in soil conditions, root system
could extend to deeper and wetter zones and therefore
better support plant growth (Ousmane et al., 1993). This
is not evident in vitro culture where water and nutrients
are homogeneous throughout the Petri dish.
The root/shoot ratio showed comparable root and
shoots growth in normal conditions and in water stress
situation. This study revealed a significant increase in the
root/shoot ratio with increasing PEG concentration. Root
growth was maintained against osmotic potential
increment. This indicated that the physiological activity of
the root system is less sensitive to low relative water
content; but sap transfer to leaves require higher water
potentials.

Conclusion
While confirming previous results on the reactions of a
plant against water stress, this study showed that PEG of
molecular weight 6000 can be used as an in vitro
simulator of water stress for pearl millet. It was
particularly shown that the growth rate of pearl millet root
could be maintained at relatively low water potentials (-39
bars), while the sap transfer to plant shoot is strongly
inhibited. However, this needs further investigation in
order to determine if there is any genotypic effect at this
level. In addition, the LD50 values established for
germination percentage and coleoptiles emergence will
be used for screening for drought tolerance in pearl millet
mutants obtained by induced mutation techniques in a
future study.
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