
Research Journal of Agriculture and Biological Sciences, 7(1): 42-46, 2011
ISSN 1816-1561
This is a refereed journal and all articles are professionally screened and reviewed

ORIGINAL ARTICLES

42

Corresponding Author: R. Ambika Rajendran, Scientist, Directorate of Maize Research, New Delhi, India-110012, 
Email: rambikarajendran@gmail .com

Indices of Drought Tolerance in Sorghum (Sorghum bicolor L. Moench) Genotypes at
Early Stages of Plant Growth

1R. Ambika Rajendran, 2AR. Muthiah, 2A. Manickam, 2P. Shanmugasundaram and
2A. John Joel

1Scientist, Directorate of Maize Research, New Delhi, India-110012, rambikarajendran@gmail .com
2Professor, Tamil Nadu Agricultural University, Coimbatore, India - 641003

ABSTRACT:

A laboratory experiment was carried out to evaluate the responses among nineteen Sorghum (Sorghum
bicolor L. Moench) genotypes under drought stress. Seeds were placed between filter paper soaked with the
appropriate PEG 6000 solution to create osmotic stress conditions of control (0.0MPa) and -0.7MPa. The plants
were studied after ten days, for germination percentage, root length, shoot length, seed vigour index, coleoptile
length, root to shoot length ratio and membrane stability. Genotypes showed significant difference for
germination percentage, root, shoot and coleoptile lengths and root to shoot length ratio. The data obtained
allowed to identify ICS213A and CO26 as poor genotypes at low water supply. CO1, Tenkasi1, CO21, CO22,
B35, K3 and K8 showed the best behaviour in terms of germination percentage, seed vigour index, root to
shoot length ratio and membrane stability.
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Introduction

Sorghum [Sorghum bicolor (L.) Moench] is a major crop of temperate areas with high tolerance against
drought. Identification and understanding the mechanisms of drought tolerance in sorghum have been major
goals tolerance of plant physiologists and breeders include prolific root system (Jordan and Miller, 1980),
ability to maintain stomatal opening at low levels of leaf water potential (Turner, 1974) and high osmotic
adjustment (Johnson and Turner, 1978). In this connection, numerous drought  screening tests have been
identified for use in breeding program (Reynolds et al. 1998). Of these, measurement of root density and depth
(Gregory, 1989), root–shoot partitioning (Thornley, 1998), early growth vigour at about the four-leaf stage
(Hafid et al., 1998), water content in leaves (Kumar and Singh, 1998), cell osmotic membrane stability
(Premchandra et al., 1990), and germination in osmoticum (Emmerich and Hardegree, 1991) are promising
techniques which can be used for a large number of samples with a small labour input. Haussmann et al.
(1998) views indirect selection traits to be easy, cheap, and quick to measure, so that high selection intensities
can be realized in early generation testing.  An artificially created water-stress environment is used to provide
the opportunity in selecting superior genotype out of a large population. Visual scoring or measurement for
maturity, leaf rolling, leaf length and angle, root morphology and other morphological characters of direct
relevance to drought resistance are also taken into consideration.

Materials and methods

Nineteen cultivars, differing in response to drought stress, area of adaptability and maturity group, were
chosen for evaluation of various traits at the seedling stage under laboratory conditions. The experiment was
conducted at the Department of Plant Breeding and Genetics, Tamil Nadu Agricultural University, Coimbatore
during 2005. The data were recorded for the following characters.



43Res. J. Agric. & Biol. Sci., 7(1): 42-46, 2011

Germination and seedling characters

Seeds were initially treated with a 1.5 per cent solution of sodium hypochlorite for 15 minutes followed
by thorough washing of seeds with distilled water. Fifty seeds were placed on two layers of Whatman no. 2
filter paper of 25 mm diameter under an osmotic potential of control (0.0MPa) and -0.7MPa created using a
polyethylene glycol solution (PEG-6000) as suggested by Michael and Kaufman (1973) and replicated three
times. 5 ml of distilled water was added to each Petri dish under normal conditions every 2 days to
compensate for losses through evaporation. At the same time, 5 ml of PEG solution was also added to each
petri dish under osmotic stress conditions. All the petri dishes were placed at random in a growth chamber
for 10 days, at average temperature of day and night of 22 ± 20C and at 50% relative humidity. Germination
was recorded when the radical reached at least 2 mm in length up to the 10th day after sowing. Data for root
length, shoot length and coleoptile length were obtained from 10 seedlings in each replication. Seed vigour
index was calculated by multiplying the sum of the root and shoot length by the germination percentage.

Leaf osmotic membrane stability

Cell membrane integrity refers to the rigidity or firmness of the cell membrane. The extremes of
temperature and rainfall cause disintegrity of the cell membrane and increase the cell permeability. The
procedure given by Leopold et al. (1981) was used to measure cell membrane integrity. Fifty leaf punches
were taken in a beaker containing 20ml deionized water and kept aside for 1-2 hours with occasional shaking.
The initial optical density (O.D) was noted and the contents of the beaker are boiled for 10 minutes. The O.D
value of the solution is again taken at 273nm (final O.D) after making up the volume to original level. The
percentage of substances leached out into the medium is calculated using the formula

Percentage of leakage = Initial O.D at 273nm  X 100
)))))))))))))))
Final O.D at 273nm

The effects of difference in treatment on characters under study were statistically analysed in ANOVA of
CRD design. If calculated value exceeds table value at 5 per cent level of significance, the treatments were
considered highly significant from each other. SEd and CD were calculated to compare treatment means and
choose the best genotype under treatment of osmotic stress as in DMRT analysis.

Results and Discussion

Analysis of variance indicated the presence of a considerable amount of genetic variability for all the
characters under both normal (E1) and drought stress (E2) conditions (Table 1).

Table 1: Mean squares of 19 sorghum genotypes in normal (E1) and osmotic stress (E2) environments for various characters recorded
under laboratory conditions

Character Genotype (18 df) Environment (1 df) Error (18 df)
Germination Percentage (%) 0.01260** 0.26500** 0.00769
Root length (cm) 3.54000** 34.9900** 1.41000
Shoot length (cm) 20.8100** 255.3200** 6.61000
Root to shoot length ratio 0.01200** 0.23100** 0.00041
Coleoptile length (cm) 1.83000** 75.00000** 0.92351
df: degrees of freedom
**: Significance at 1% level of significance
Table value (1, 18) = 4.410

Table 2: Range, mean, percentage decrease under osmotic stress (E2) compared with normal conditions (E1) for various characters in
Sorghum

Character Environment Range Mean Per cent decrease in E2 compared to E1
Germination percentage (per cent) E1 89.00 – 100.00 97.70 84.01

E2 25.00 – 100.00 69.24
Seed Vigour Index E1 1040.00-4070.00 1700.56 64.06

E2 211.50-2519.02 611.16
Root length (cm) E1 1.90-7.80 3.88 49.48

E2 0.83-6.50 1.96
Shoot length (cm) E1 4.30-36.30 11.85 43.71

E2 3.10-20.10 6.67
Root to shoot length ratio E1 0.15-0.65 0.30 - 13.33

E2 0.16-0.48 0.34
Coleoptile length (cm) E1 3.20-6.90 5.6 50.18

E2 0.90-4.10 2.79
Leaf membraneLeakage (%) E1 26.67-95.45 68.96 -
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The expression of mean performance for all traits except root-to-shoot length ratio was higher under
normal (E1) than osmotic stress (E2) conditions (Table 2). The highest percentage reduction was noted for the
germination percentage (84.01%) followed by seed vigour index (SVI) (64.06%) and its components, namely,
root length (49.48 %) and shoot length (43.71 %). The root-to-shoot length ratio, however, increased (13.33%)
under osmotic stress. Highest SVI was recorded in CO1 (2519.02) and the lowest in ICS 74.231A (211.50).
Considerable difference exists among the sorghum genotypes in their ability to endure drought stress (Table
3).

Table 3: Mean germination percentage, Root length, Shoot length, root to shoot   length ratio
Genotypes Germination percentage Root length (cm) Shoot length (cm) Root to Shoot Coleoptile

(per cent) length Ratio length (cm)
CO1 94.70 ab 6.50 a 20.1 a 0.32 ab 4.60 a
Tenkasi 1 100.00 a 1.30 ab 3.10 ab 0.42 a 4.10 ab
APK1 82.70 bc 0.87 ab 4.40 ab 0.20 abc 1.67 ab
AS 7053 82.30 c 1.93 ab 7.97 ab 0.24 abc 2.90 ab
CO21 82.30 cd 0.83 ab 4.00 ab 0.21 abc 3.96 ab
SOR 898 79.33 de 1.97 ab 7.10 ab 0.28 ab 2.93 ab
TNS 604 79.00 e 1.90 ab 5.20 ab 0.37 a 1.90 ab
CO (S) 28 79.00 ef 0.90 ab 3.80 ab 0.24 abc 1.10 ab
CO 26 74.30 fg 0.97 ab 4.80 ab 0.23 abc 1.53 ab
K8 73.30 gh 1.90 ab 4.10 ab 0.46 a 4.00 ab
TNS 598 71.70 hi 2.80 ab 7.03 ab 0.40 a 3.00 ab
CO22 62.70 ij 3.70 ab 8.90 ab 0.42 a 3.90 ab
B35 62.00 j 1.10 ab 6.90 ab 0.16 abc 1.10 ab
TNS 599 62.00 j 3.40 ab 7.03 ab 0.48 a 3.23 ab
CO25 62.00 jk 1.60 ab 8.00 ab 0.20 abc 3.70 ab
TNS 603 51.00 kl 1.10 ab 4.40 ab 0.30 ab 0.93 ab
K3 50.00 lm 1.70 ab 9.10 ab 0.19 abc 3.00 ab
AKMS22A 42.30 mn 1.40 ab 3.80 ab 0.37 a 0.90 ab
ICS 213 A 25.00 n 1.46 ab 7.00 ab 0.21 abc 3.80 ab

Cultivar ICS 213A showed the lowest germination and sensitivity to stress conditions. There was no
statistically significant variation in root length (Table 3), a result that could have been due to insufficient
expression of the characters; however there was a 7.5 fold difference between the smallest (CO21) and largest
(CO1) root length.

In Table 3 Tenkasi1 showed lowest shoot length (3.1cm) whereas CO1 showed the highest (20.1 cm).
Genotypes K3, CO22, CO25, AS7053, SOR898, TNS598, TNS599, ICS213A and B35 showed values above
mean value (6.67cm) whereas genotypes TNS604, CO26, TNS603, APK1, K8, CO21, CO(S)28, AKMS22A
and Tenkasi1 showed values below mean value (6.67cm). As to root to shoot length ratio (Table 3) one
homogenous group includes TNS599, K8, CO22, Tenkasi1, TNS598, TNS604 and AKMS22A. Another group
which presented moderate root to shoot length ratio were the genotypes AS7053, CO(S)28, CO26, CO21, ICS
213A, APK1, CO25, K3 and B35. Sorghum being drought tolerant there seems to be no statistical difference
among the genotypes under stress conditions for coleoptile length. CO1, Tenkasi1, K8, CO21 and CO22
showed higher coleoptile length compared to other genotypes. Haussmann et al. (1994) found that sorghum
has better physiological and morphological tolerance ability. Grzesiak et al. (1996) noticed varietal differences
in seedling growth and  coleoptile length affected by drought simulated by a water solution of mannitol of
chemical water potential of -0.3 and -0.6 MPa. The characters germination  percentage, seed vigour index, root
to shoot length ratio and membrane  permeability showed considerable variability under stress conditions.

Discussion

The magnitudes of mean squares in E1 were, in general, higher than in E2 suggesting that the variability
was reduced under water deficit conditions Acevedo 1987; Richards 1989). The variation of genotypes over
the environments could provide scope for breeding for seedling characters, along with yield and its components,
under drought stress conditions. This may be attributable to more inhibition of shoot length than root length
under stress. The possible causes of increased root-to-shoot length ratio under water stress may be the limited
supply of water and nutrients to the shoot and some hormonal messages induced in roots when they encounter
drought stress (Sharp and Davis 1989). The continued growth of roots in drying soil is particularly important
to avoid drought (Dhanda et al. 1995). The damage on membrane integrity measured in terms of leaf
membrane leakage (per cent) when lower indicates higher membrane integrity. The osmotic membrane stability
of leaf segments appeared to be an important trait under PEG-6000 induced stress. Maintenance of membrane
integrity and function under a given level of dehydration stress has been used as a measure of drought
tolerance by various workers (Premchandra et al., 1990, Deshmukh et al., 1991). Discrimination among the
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genotypes on the basis of mean values was better indicating suppression of variability under moisture stress
conditions (Dhanda et al., 2004). Stress imposes diminution of the germination ability in genotypes. According
to Bewley and Black (1994) final germination percentage declined and the speed of germination slowed at
water potentials greater than –.0.2 MPa. The percentage germination of all sorghum genotypes was markedly
reduced by increasing the levels of soil moisture deficits (Takele, 2000). Hurd (1974) concluded that
measurement of roots in boxes of soil in greenhouse gives a fair approximation of root growth in field. It
appears that vigorous shoot growth corresponds to vigorous root growth under stress condition. Takele (2000)
found to have differential responses of genotypes to variable soil moisture deficits for their specific seedling
shoot and root lengths. Genotypic ability for high root to shoot length ratio contribute to drought tolerance.
The efficiency of soil water uptake is by the root system therefore it is a key factor in determining the rate
of transpiration and tolerance to drought. Water uptake by the root is a complex parameter that depends on
root structure, root anatomy, and the pattern by which different parts of the root contribute to overall water
transport (Steudle et al., 1987; Cruz et al., 1992). Studies indicated that the osmotic membrane stability of the
leaf segment was the most important trait, followed by root-to-shoot ratio and root length on the basis of their
relationships with other traits (Dhanda et al., 2004). The data obtained allowed to identify ICS213A and CO26
to be undesirable genotype owing to its low germination percentage, seed vigour index, root to shoot length
ratio and membrane stability. On the other hand, CO1, Tenkasi1, CO21, CO22, B35, K3 and K8 could be
utilized in breeding programs by their response to stress conditions. These genotypes showed consistently
higher values of germination percentage, seed vigour index, membrane stability and root to shoot length ratio
under stress induced conditions.

Conclusion

This experiment emphasizes the use of artificially created water stress conditions in laboratory conditions
to screen large number of genotypes followed by selection of genotypes based on easily measurable and
inherited traits contributing to drought tolerance. The genotypes CO1, Tenkasi1, CO21, CO22, B35, K3 and
K8 were found superior to be used in further breeding programmes for drought tolerance.

Abbreviations used
ANOVA Analysis of variance
CD Critical Difference
CRD Complete Randomized Design
DMRT analysis Duncun’s Multiple Range Test
OD Optical Density
PEG Poly Ethylene Glycol
SEd Standard Error of Deviation
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