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Drought is increasingly becoming a serious challenge reducing common bean
productivity. A study was conducted with the objective of evaluating common
bean cultivars against different concentration levels of Polyethylene glycol
which induces drought stress in radical length and root biomass to identify
cultivars of common beans tolerant to drought stress and rank top performing
accordingly. Complete Randomized Design with four replications and 50
treatments were employed in the laboratory experiment. Results showed that
root biomass and radical length were maximum at control and decreased with
an increase in PEG 6000 concentration.

Introduction

Drought can be simply defined as a period of
below normal precipitation that limits plant
productivity in a natural or agricultural
system. In the field, drought can cause a
number of plant stresses including
temperature, light and nutrient stresses.
However, the stress component that defines
drought is a decrease in the availability of soil
water. This decreased water availability can
be quantified as a decrease in water potential
(Kramer and Boyer, 1995). Decreased water
potential (decreased free energy of the water)

makes it more difficult for the plant to take up
water and this in turn elicits a range of
responses that allow the plant to avoid water
loss, allow water uptake to continue at
reduced water potential or allow the plant to
tolerate reduced tissue water content. The
physiological mechanisms involved in
cellular and whole plant responses to water
stress therefore generate considerable interest
and are frequently reviewed (Smith and
Griffiths, 1993). It therefore, appears that
drought stress is a worldwide production
constraint for common bean productivity.
Some management practices can contribute to
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the increase of common bean yield under
drought conditions, thus the identification and
selection of tolerant cultivars becomes an
efficient and economical production strategy.
Drought tolerance implies the ability to
sustain substantial yield under moderate water
stress and not the ability to survive over
prolonged and severe water stress periods
(Ashraf, 2005). Water stress has been
reported to reduce the expression of many
characteristics in beans except days to
flowering and moisture retention in the leaf
(Farooq, 2006). In common beans,
accelerated maturity of crop along with
reducing grain yield and mean weight of
hundred seeds following water stress have
been reported (Hufsteler et al., 2007). There
is a wide variation among cultivars of
common beans in terms of tolerance to
drought. Some cultivars respond negatively to
drought and give low yield while others give
substantial yield. The ones that perform better
and give a reasonable yield are selected,
multiplied and included in the breeding
programmes. Various methods have been
employed to identify drought tolerant
genotypes and efforts have been made in the
past to screen bean varieties which differed in
drought tolerance (George et al, 2013).
Polyethylene glycol (PEG) compounds have
been used to induce osmotic stress in petri
dish (in vitro) for plants to maintain uniform
water potential during the experimental
period. PEG has been used often as water
stress inducer in many studies to screen
drought tolerant germplasm (Turkan et al,
2005). PEG is a polymer and considered as
better chemical than others to induce water
stress artificially (Kaur et al, 1998; Ashraf
and Iram, 2005).

Materials and Methods
Laboratory experiment was conducted at

Division of Genetics and Plant Breeding
Faculty of Agriculture, Wadura. Experimental

material consisted of 50 genotypes including
two checks SR-1 and SFB-1. Completely
randomized design with three replications was
used to investigate the effects of PEG induced
water stress on germination and seedling
growth of common bean cultivars.

Procedure

Fifty different accessions of beans were
evaluated for water stress tolerance. Water
stress was simulated by non-ionic water
soluble polymer polyethylene glycol of
molecular weight 6000. Solution of PEG-
6000 having osmotic potential of -1.0 bar as
described by Michel and Kaufiman (1973)
was prepared Dby dissolving different
concentrations of PEG (20, 10 and 0g) in
1000ml of distilled water. For control
conditions, distilled water was used.
Screening of these cultivars was done by
allowing them to grow for 14 days under
different PEG-6000 concentration. After 14
days, data were recorded for root biomass and
radical length under control as well as water
stress conditions. Seeds of different cultivars
were surface-sterilized with 0.1% Sodium
hypochlorite (w/v) for 2 minutes. Four
sterilized seeds of each cultivar were spread
over a blotting paper in a petri-dish
separately. Two different concentrations of
PEG that were mentioned previously were
added in different petri dishes every day. The
whole set were placed in the growth chamber
with bright diffused light, 70 - 80% relative
humidity and 25 — 30°C temperature.

Results and Discussion

The radical length under controlled conditions
had mean value of 6.168 with highest value in
WB-83 (9.5) followed by WB-5176 (9.42)
and WB-451 (9.21) and lowest in WB-448-1
(3.35). On treatment with 10% PEG it was
had mean value of 3.638 with highest value in
WB-216 (5.40) followed by WB-901 (5.25)
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and WB-5176(5.12) and lowest in WB-25575
(2.06). On treatment with PEG 20% radical
length had mean value of 1.840 with highest
value in WB-216 (4.65) followed by WB-
451(2.9) and WB-5176(2.85) and lowest in
WB-6960(1.01). Under controlled conditions
root biomass had a mean value of 0.275 with
highest value in WB-451 (0.540) followed by
WB-9414 (0.481) and WB-216 (0.479) and
lowest value was found in WB- 25575(0.092).

On treatment with 10% PEG, root biomass
had mean value of 0.152 with highest value in
WB-216 (0.327) followed by WB-435 (0.3)
and WB-966 (0.2) while as it was lowest in
WB-25575 (0.047). On treatment with 20%
PEG root biomass had mean value of 0.009
with highest value in WB-206 (0.027)
followed by WB-185 (0.017) and WB-956
(0.013) and lowest in WB-901 (0.004).

oot biomass Radical length
1=control
2=10%
3=20%
w1
n2
I_| |
e I
The general trend in the results of this study  conditions. PEG was used by many

showed radical length and root biomass
increased with decrease in the concentration
of PEG. Where no PEG was applied (distilled
water used), all the parameters were higher

than where there was PEG at any
concentration. PEG Concentrations
Polyethylene  glycol (PEG) possessed

properties that reduce the available water
necessary for radical length and root biomass.
The reason being that PEG had higher
osmotic potential of absorbing water that was
otherwise required by germinating seed or
growing seedling. As the concentration of this
chemical was increased from lower
concentration to the higher concentration, the
water available became scarce. This was a
situation that occurred when the seed was
planted in a dry soil during drought

researchers in inducing drought in seeds and
seedling to simulate conditions that exist in
the field under dry soil conditions or drought
(Heikal and Shaddad, 1982; Kuhad et al.,
1987). Turhum (1997) emphasised that PEG
caused osmotic stress and could be used as a
drought inducer. Similar results were obtained
by Smok et al., (1993) and Hu and Jones
(2004) who used PEG to induced osmotic
stress on germinating seed and seedlings of
cotton, peas, wheat, beans and sorghum.
Seedling growth parameters measured such as
fresh weight, dry weight and length of
plumule and radicle also decreased as the
concentration PEG increased. This implied
that the water available to the seedlings
became scarce as the PEG concentration
increased (Fig. 1-4 and Table 1).
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Table.1 In-vitro response of common bean (Phaseolus vulgaris L.) genotypes to different levels
of PEG 6000

Genotype Root Biomass () Radical length (cm)
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WB-1643 0.247 0.107 0.009 7.26 3.47 1.72

WB-1664 0.201 0.090 0.012
~ WB-3629 0388 0213
WB-4564 0.360 0.176 0.010
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Fig.1 Radical length growth at control, 10% and 20% in WB-216
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Fig.3 Box plots showing variation in genotypes around the mean for root biomass
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Fig.4 Box plots showing variation in genotypes around the mean for radical length
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PEG absorbed more water since it had high
osmotic potential. Osmotic stress delayed the
emergence of both radicle and further
development of seedling. These results were
comparable with the findings of Turhum
(1997). They indicated that decline in the
seedling development was due to osmotic
potential of PEG or ionic effects or a
combination of both.

In conclusion, cultivars of common beans
showed a highly significant difference in

relation to induce water deficit stress.
Different concentrations of PEG created
highly significant different environments for
common bean cultivars concentration also
created highly  significant  different
environment in which seed germinated and
seedlings grew.
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