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Abstract
Background: A drought-tolerant genotype should be identified and improved for the continuity of food security because of the global
importance of rice. Mutation and tissue culture techniques are effective and important for studies on the development of potential rice
resources. The effects of irradiation and drought stress on rice genotype MR269 of Oryza sativa L., differing in drought tolerance
capability were investigated. Methodology: The seeds of the genotypes were exposed to gamma rays at 350 Gy. Naked seeds were
initiated onto half-strength standard MS medium enhanced with 0, 10 and 20% polyethylene glycol (PEG) 6000. The effects of PEG on
root and shoot length, fresh and dry seedling weights, total chlorophyll and carbohydrate contents and proline accumulation were
examined. Significant differences were observed in the studied traits. The non-irradiated seeds presented the highest mean shoot and
seedling fresh weight, whereas the irradiated seeds presented the largest root length and highest proline concentrations. Results: The
PEG produced a decrease in the means of all the characteristics investigated by enhancing PEG concentration, except for the means of
proline content, which increased with the increase in PEG concentration. The irradiated genotypes produced the highest values of root
length, dry weight, chlorophyll, proline and carbohydrates in concentrations of 20% PEG compared with the non-irradiated ones.
Conclusion: Thus, a positive signal exists in the effect of radiation on these characteristics in drought tolerance. Research on the
improvement of a drought-tolerant genotype under different drought conditions is necessary to enhance rice productivity and food
security.
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several biochemical and morphological characteristics in
genotype MR269 and to identify a criterion for drought
tolerance.

INTRODUCTION
Rice is the most significant food crop in the world and the
main source of nutrition for approximately half of the worldʼs
population1. The rice-growing parts of Asia, which comprise
130 million hectares are frequently endangered through
severe abiotic pressures; most are generally deficient. These
parts contain irrigated and rain-fed plains, which account for
more than 85% of the entire rice supply in the world2. The
improvement of drought-resistant cultivars and lines of rice
over assortment and breeding is financially significant in
enhancing rice manufacturers in regions with low rainfall or
without any proper irrigation scheme3. Several effective
drought-tolerant genotypes existed; however, these were
amended because it was a significant goal of plant breeders
for a long period4. Conventional breeding efforts are time,
cost and worker-intensive. Biotechnology like tissue culture
technology offer rapid alternative in crop improvement.
Increased crop yield in a water-deficient environment may be
achieved by breeding crops that are highly tolerant to
drought, this is also an easy alternative in crop improvement.
In recent decades, tissue culture assortment has emerged
as a possible and cost-effective instrument to develop
stress-tolerant plants. Plant tolerance for both biotic and
abiotic stress may be enhanced by selecting particular agents,
such as NaCl for salt tolerance and polyethylene glycol (PEG)
for drought tolerance5. The PEG is a polymer compound with
several functions. It has a large molecular weight, does not
infiltrate plant tissues and is a perfect osmoticum for
application in a hydroponics root mean6-8. Joshi et al.9 studied
the reaction of several varieties of rice (Oryza sativa) callus to
different amounts of PEG-induced water stress; callus growth,
water substance and proline accretion were considered. The
PEG has been extensively applied to induce water stress.
Moreover, drought-tolerant cultivars have been achieved in
several crops by expanding approaches derived from PEG
application10. In most of these cases, PEG is utilized to induce
drought.
Mutation induction is a means to create changes in a crop
genotype. It offers the likelihood of incorporating anticipated
qualities that cannot be articulated in nature or have
disappeared during growth. Irradiation is more effective in
inducing mutations in plants compared with other methods11.
Many studies documented that the variation in rice genotypes
through physiological criteria could be utilized as a tool in
plant breeding. Meanwhile, data on the physiological
mechanisms underlying plant responses to drought tolerance
for MR269 remain insufficient. Thus, an attempt is made in this
study to investigate the effect of irradiation and PEG on

MATERIALS AND METHODS
Seeds of genotypes of local rice (MR269) were exposed
to a dose (350 Gy) of gamma ray (Caesium-137) in the
Malaysian Nuclear Agency12. The seeds were fully washed with
distilled water three times. They were then washed with 70%
ethanol for 2-3 min. In a laminar airflow cabinet, the seeds
were treated with 0.1% mercury chloride (HgCl2) with the
addition of a few drops of tween-20 for internal surface
sterilization for 4-6 min. Finally, the seeds were washed with
sterile distilled water several times to remove all sterilizing
agents and were germinated in a flask inside an incubator
at 25EC for 7 day. The seedlings were transferred to test
tubes (15×2.5 cm) containing half-strength MS medium
supplemented with 0, 10 and 20% PEG 6000. The test tubes
were placed in a growth chamber at 16/8 h (light/dark)
photoperiod at a light intensity of 1000 lux and ambient
temperature of 25±2EC. The lengths of the shoots and roots
as well as plant fresh weights were recorded after 4 weeks of
seed germination. Plant dry weights were recorded after
drying plant tissues for 48 h at 72EC13,14.
Determination of proline concentration in rice seedlings:
Proline concentrations were determined according to the
method of15. Plant seedlings with 5 mg fresh weight were
homogenized with 3% sulfosalicylic acid. The filtrate was
mixed with 2 mL of glacial acetic acid and ninhydrin reagent
and incubated at 100EC for 30 min. The samples were
rigorously mixed with 4 mL toluene. The light absorption
of the toluene phase was estimated at 520 nm through
the use of a spectrophotometer. Proline concentration was
determined and expressed as micromolar per gram fresh
weight.
Determination of carbohydrate concentrations in rice
seedlings: Total sugar content (carbohydrate concentrations)
was determined without the identification of specific sugar
components based on the method of phenol sulfuric acid16.
A total of 10 mg dried seedlings were homogenized with
deionized water. The extract was filtered and then treated
with 1 mL of 5% phenol and 1 mL of 98% sulfuric acid.
The mixture was incubated at 30EC for 20 min. Then, its
absorbance at 485 nm was determined with a
spectrophotometer. The concentrations of soluble sugar
were expressed as microgram per gram dry weight.
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experiment was designed as a factorial experiment based on
a CRD (completely randomized design). The factors included
Gamma irradiation (2 level, with and without irradiation) and
PEG (3 level: 0, 10 and 20%). In this study, three replication
with 10 samples per each replication were applied. The data
were subjected to the normality test prior to analysis of
variance using SAS programme (Release 9.1 for Windows, SAS
Institute Inc., Cary, NC, USA) software. Significant differences
among the mean values of treatments were determined using
the Duncanʼs Multiple Range Test (DMRT) and the Least
Significant Difference was calculated at the " = 0.05 level.
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Fig. 1: Mean values of shoot length of MR269 plants
obtained from seeds subjected to gamma ray at 0 Gy
(not irradiated) and 350 Gy (irradiated) and PEG
treatments at concentrations of 0, 10 and 20%
8
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RESULTS
Length of shoots: Figure 1 shows that the mean value of
shoot length increased significantly in the non-irradiated
seedlings compared with the irradiated ones. The data in
Fig. 1 shows that application of PEG during seedling growth
decreased the shoot length irrespective of gamma ray
application.
The interaction between irradiation and PEG% revealed
that the largest shoot length of 17.4 cm was recorded for
non-irradiation treatment with PEG 0.0% compared with
irradiation treatment, which reached 15.5 cm. The
non-irradiated treated sample produced the largest shoot
length in concentrations of 20% PEG which reached 13.75 cm
compared with the irradiated samples, which reached 9.5 cm.
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Fig. 2: Mean values of root length of MR269 plants
obtained from seeds subjected to gamma ray at 0 Gy
(not irradiated) and 350 Gy (irradiated) and PEG
treatments at concentrations of 0, 10 and 20%
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Length of roots: The results displayed in Fig. 2 shows that the

0% PEG

10% PEG

20% PEG

mean value of root length increased significantly in the
irradiated samples compared with that in the non-irradiated
ones. A significant decrease occurred in the length of the roots
at 10 and 20% PEG for non-irradiated and irradiated
genotypes compared with 0.0% PEG (Fig. 2). The interaction
between irradiation and PEG% showed larger root length in
20% PEG with irradiation than in the non-irradiation treatment
with the same concentration. According to the data, both
genotypes exhibited a similar response under PEG stress for
both irradiated and non-irradiated treatments. Plant height
and root length decreased with increased PEG concentration.

Fig. 3: Mean values of seedling fresh weight of MR269 plants

Seedling fresh weight: According to Fig. 3, the mean fresh

Seedling dry weight: Figure 4 shows that no significant

weight increased significantly in the non-irradiated sample
compared with irradiated MR269. The data indicated that a
similar response was generated under PEG stress by both
irradiated and non-irradiated samples. Fresh weight decreased
with increased PEG concentration. The interaction between
irradiation and PEG% revealed that higher fresh weight

differences in mean dry weight were observed in the

obtained from seeds subjected to gamma ray at 0 Gy
(not irradiated) and 350 Gy (irradiated) and PEG
treatments at concentrations of 0, 10 and 20%
(112.59 mg) was recorded for non-irradiation treatment with
PEG 0.0% than for irradiation treatment (100.3 mg) at the
same concentration. Meanwhile, no significant differences
were observed between the non-irradiated and irradiated
samples in concentrations of 10 and 20% PEG.

non-irradiated and irradiated samples. Moreover, Fig. 4
reveals that the mean dry weight decreased significantly at
10 and 20% PEG compared with 0.0% PEG. The interaction
between irradiation and PEG% irradiation treatments revealed
a higher dry weight in MR269 non-radiation treatment at
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Fig. 4: Mean values of seedling dry weight of MR269 plants
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DISCUSSION

gamma ray at 0 Gy (not irradiated) and 350 Gy
(irradiated) and PEG treatments at concentrations of 0,
10 and 20%

Rice is highly susceptible to water stress17,18 and the
magnitude of yield losses depends on the duration of water

0.0% PEG concentration than in irradiation treatment at the

stress and stage of crop growth. The large reduction in all

same PEG concentration. The data showed a higher dry

characteristics with the increase in PEG percentage, except for
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Drought enhances senescence by alleviating chlorophyll
degradation, nitrogen damage and lipid peroxidation10.
Drought decreases photosynthesis by decreasing stomatal
and mesophyll conductance30. Figure 5 shows that the total
chlorophyll decreased with increased PEG concentration. This
finding is in line with that of researchers who found that
osmotic stress generated by (PEG-6000) usually reduces the
photosynthetic rate. Exposure to drought stress affects
chlorophyll content31. From the physiological viewpoint, the
leaf chlorophyll content is associated with the photosynthetic
degree. The decrease in chlorophyll standards because of
drought stress could be related to the typical symptom of
oxidative stress and could be the result of pigment
photo-oxidation and chlorophyll degradation24. The opposing
consequence of water shortfall stress on chlorophyll content
and comparative water content overlaps with the general
trend of the consequence of drought on physiological
procedures in plants. Almeselmani et al.32 showed that the
water content of wheat leaves decreases with increased water
stress, such a decrease adversely affects the development and
harvest of the plant. Likewise, drought has been found to
reduce the chlorophyll content in drought-stressed cotton33,34.
The non-irradiated cultivars showed the highest content
of chlorophyll, carbohydrates and proline in 0 and 10% PEG.
Meanwhile, the irradiated cultivars presented the highest
content of chlorophyll, carbohydrates and proline in 20% PEG
(Fig. 5-7). Gamma rays are imperative in improving the
development of genetic variability35. They usually affect plant
growth by inducing cytological, genetically, biochemical,
physiological and morphogenetic variations in cells and
tissues36. However, high doses of gamma ray (2-20 kGy)
applied to the seed earlier than sowing change the enzyme
action37-41. Photosynthetic pigments might be destroyed by
high doses of gamma irradiation and with the concomitant
damage of photosynthetic volume42. Gamma radiation can
develop stress resistance by affecting the antioxidant enzyme
movement and photosynthetic volume43. This result is in line
with that of Baek et al.44, who found that gamma radiation
can affect the osmotic potential because of the superior
proline content. Drought stress induces several biochemical
responses in crops. These responses may sometimes help
plants adapt to limiting environmental conditions45. Plants
exposed to water stress accumulate molecules, such as
proline, in their tissues. Proline is a non-protein amino acid
that accumulates in the majority of tissues related to water
stress; it is simply metabolized upon retrieval from water
insufficiency46. This accumulation can be considered a means
of osmotic modification that protects plant tissues from
destructive consequences related to water stress. However,

the mean values of proline concentration was in line with the
results of Soni et al.19 who observed a decrease in root and
shoot fresh weight under stressed circumstances in all
investigated genotypes. Additionally, most of the tolerant
genotypes gathered more dry matter than the vulnerable
ones. By adding PEG to the culture medium, the water of the
medium decreased20-21. Physiological procedures might rely on
cell capacity mainly in plants sensitive to water shortfall.
Moreover, the decrease in seedling fresh and dry weight with
cumulative PEG levels might have occurred because of the
osmotic pressure influencing the accumulation of soluble
elements in cells; consequently, it affected the other
physiological functions in the cells22. Growth is accomplished
through cell enlargement and cell division and includes
genetic variation, physiological, ecological and morphological
actions and related complicated relations. The extent and
success of plant development are based on actions under the
influence of drought. Cell development is considered one of
the most drought-sensitive physiological procedures because
of the decrease in turgor pressure23. Under water shortage, cell
extension in developed plants may be hampered by the
disruption of the water flux from the xylem to the nearby
extension cells24. Simultaneously, a significant reduction
occurred in seedling shoot length with the increase in PEG
percentage compared with the control (Fig. 1).
Figure 2 shows that MR269 irradiation can maintain the
root length even at high PEG concentrations. Such genotype
might be useful for future activities to improve drought
tolerance. Pattanagul and Thitisaksakul25, stated that root
development is a general indicator of the response to stress
conditions. Even when leaves cease growing, photosynthesis
continues26. Likewise, Jaleel et al.27 stated that a ramified root
system is associated with drought tolerance and high biomass
mainly because of its capability to extract more water from soil
and its transference to aboveground parts for photosynthesis.
Hence, drought inhibits plant cell division and improvement
because of its influence on physiological procedures. The root
length at initial development phases is considered a good
criterion for selection under stress conditions.
The non-irradiated genotypes presented the maximum
shoot length and seedling fresh and dry weights at 0 and 10%
PEG (Fig. 1, 3 and 4). The irradiated genotypes presented the
maximum values of root length and dry weight at 20% PEG
(Fig. 2 and 4). The physiological significance of gamma
radiation is due to the formation of free radicals over the
hydrolysis of water that can haste to the modulation of
an antioxidative scheme, accumulation of phenolic
combinations and chlorophyll pigments affecting shoot and
root distance and fresh and dry heaviness 28,29.
56

Asian J. Crop Sci., 8 (2): 52-59, 2016
Kanawapee et al.47 reported that increased proline

Malaysia for financial funding. To complete this search, under
Grant FRGS/2/2014/STWNO3/UKM/01/1 are acknowledged.
Also to Nuclear Malaysia Agency for providing facility for acute
gamma radiation.

concentration during stress conditions works as an
osmoticum, a desiccation-protectant and a sink for nitrogen
and reduces power during stress. The physiological
characteristic of proline in preserving tolerance to drought
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