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ABSTRACT: Seeds of Macrotyloma uniflorum, a drought tolerant taxon, were osmoprimed in various concentrations
of Polyethylene glycol – 6000 (PEG -6000) ranges from 5% to 25% having water potential of -0.05MPa to -0.73MPa.
Percent germination, mean germination time and seedling vigour of one month old were determined to analyze the
effect of water stress caused by osmopriming at various concentrations of PEG. Percent germination and MGT of
osmoprimed seeds at 5% of PEG were found to be in par with the control. Decline in the percent germination, MGT
and seedling vigour was recorded as the concentration of PEG increased. Effect of induced drought by PEG treatments
on percent germination, MGT, Germination index and SVI is discussed.
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INTRODUCTION
Germination represents a critical event in plant life cycle and its timing largely predetermined the chances of survival
of a seedling up to maturity [1]. Seeds are particularly vulnerable to stress encountered between sowing and seedling
establishment. In arid and semi arid regions, drought serves as limitation for seed germination and subsequent growth.
Many studies on seed germination and seedling vigour in response to induced drought have been reported in the past
two decades [2,3,4,5]. Osmopriming of seeds in various osmoticums is one of the popular methods followed to study
the effect of drought on germination. The most commonly used osmoticums are PEG, sugars and glycerol [6].
Macrotyloma uniflorum, a well known drought resistant crop, grows mostly under dry land agriculture. Though the
seeds are utilized mainly as cattle feed, they are also consumed as other food legumes in human dietary since they are
excellent source of iron and molybdenum. Except a report by Chauhan et al., [7] on germination and seedling growth
under the influence of various growth regulators, this taxon is totally underexploited with respect to priming the seeds
and its effect on germination. Hence the main objective of the study is to evaluate the effect of osmopriming the seeds
with PEG at various concentrations on germination and seedling vigour.

MATERIALS AND METHODS
Seeds of Macrotyloma uniflorum (Lam.) Verdc, var. PHG-9 were procured from GKVK, University of Agricultural
Sciences, Bangalore.
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Germination studies
The experiments to study percent seed germination, MGT and germination index were conducted in petriplates
measuring 90mm in diameter. Two pieces of Whatman No.1 filter papers were used for each petriplate pair as
substrate. Healthy 20 seeds were chosen from the lot and were washed with tap water. Then they were soaked in
different concentrations of PEG -6000 ranging from 5 to 25 % for overnight. PEG solutions were prepared by
dissolving the required amount in 100ml of distilled water. The osmotic potentials of these solutions were varied from 0.05 to -0.73MPa. Osmoprimed 20 seeds were plated in pair of petriplate and were incubated under ambient light and
temperature. Seeds soaked in distilled water serve as control. Germination was considered to have occurred when the
radicals were emerged from the seeds.
Experimental units were arranged factorial in a completely randomized design with five replications. The
number of germinated seeds was recorded every day for 15 days.
Mean Germination Time (MGT) was calculated following the formula MGT= ∑Dn/∑n [8], where n is the number of
seeds, which were germinated on day D and D is the number of days counted from the beginning of germination.
The germination index (GI) was calculated as described by the association of official seed Analysts [9] following the
formula

GI 

No.of ger min atedseed No.of ger min atedseed

daysoffinalcount
daysof1stcount

Percent germination was calculated as per the following formula after 15 days of observations.

Percent of ger min ation 

No.of seed s ger min ated
 100
Total No.of seeds

Seedling vigour index was calculated using the following formula [10].
SVI= R+ S x G
Where R = average root length, S = average shoot length and G = germination percentage

Statistical Analysis
The data thus obtained was subjected to statistical analysis, one way ANOVA. Significant F ratios between the group
means were subjected to least significant difference (LSD). Probability (p) values <0.05 were considered significant
[11].

RESULTS AND DISCUSSION
Seed germination and early seedling growth are critical stages for plant establishment and seeds are more sensitive to
drought stress during these stages [12]. Not much information is available on the mechanism of osmotic tolerance in
crop plants especially grain legumes which are considered to be the most sensitive to water and salt stress [13].
Success of PEG treatments in controlling germination process during the incubation and maintaining high percent
germination appears to be highly species dependent [2]. The osmotic potential and priming duration had significant
effect on germination percent, MGT and GI in the germination studies on the seeds of soybean [3]. Even in the present
study, germination was significantly affected by the osmotic potential. As shown in Fig 1, an increase in PEG
concentration had markedly decreased the percent germination. 75.67% of germination was recorded which was neare r
to the control (75.82%) at the concentration of 5% PEG. The daily germination data showed that the seeds were
germinated more quickly in the first two days under mild drought stress. However, the maximal germination was
delayed in gradual increasing stress intensity. A significant decline in the percent germination was recorded at 15% of
PEG indicating that PEG at 15% with an osmotic potential of -0.30MPa is a threshold value for the good germination
of seeds of M. uniflorum which was in conformity with the results of Li et al., [5] in Eremosparton songoricum, a
drought resistant desert plant(Table 1). Threshold value for good germination in other desert plants was reported to be 1.2MPa [14] which was lower than the present result which indicates the higher water demand for germination in M.
uniflorum. The higher moisture requirement reflects the limited ability of M. uniflorum to resist drought stress during
the germination stage as reported for E. songoricum by Li et al., [5].
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Table1. Effect of Osmopriming on Macrotyloma uniflorum seeds

Percentage of
germination

Germination
index

MGT

%

Osmotic
potential
(MPa)

Seed vigour
index

Control

0MPa

75.82±0.85a

13.5±0.44a

1.0±0.23a

25.01±0.21a

5

-0.05

75.67±0.75a

14.10±0.32a

1.0±0.44a

19.70±0.66b

10

-0.15

62.34±0.56b

16.22±0.58b

1.0±0.74a

18.91±0.32b

15

-0.30

25.87±0.47c

22.10±0.22d

3.0±0.68b

16.09±0.47c

20

-0.49

14.54±0.52d

18.66±0.65c

5.0±0.25c

12.54±0.54d

25

-0.73

9.34±0.41e

17.83±0.44c

5.0±0.77c

9.84±0.84e

Treatment

The superscribed alphabets indicate the number of ranges indicating values of %, GI, SVI, MGT values having same
alphabets did not differ significantly as determined by LSD (p<0.05)
Rosner and Harrington [2] have reported the decline in percent germination at the osmotic potentials of -0.18
and -0.37MPa in their studies on seed germination in Shepherdia canadensis. In several other crops like Italian rye
grass, Sorghum, rice and Lens culinaris osmotic priming is however has increased the percent germination and higher
than those of unprimed seeds [15,16]. The increased rate of germination by priming was attributed to the partial
accomplishment of pre germinative metabolic activities [17,18, 4, 16, 19]. Osmopriming has been shown to activate
processes related to germination, for instance by affecting the oxidative metabolism such as increasing superoxide
dismutase and peroxidase [20] or by the activities of ATPase as well as acid phosphotase and RNA synthesis [21].
Mean germination time (Fig.2.) was also affected by osmotic potential. As the concentration of PEG increases,
correspondingly MGT also enhanced. Maximum MGT of 5.0±0.77 was recorded at the osmotic potential of -0.73MPa
(25%). However MGT of 1.0±0.23 was recorded in control. Sadeghi et al., [3] have reported less MGT from seed
osmoprimng treatments than control in soybean. They are of the opinion that the observed least MGT in osmoprimed
seeds is due to the completion of pre germination metabolic activities during priming period. PEG treatments also had
inconsistent effects on germination speed (MGT) in a few North American shrub species [2]. However MGT was
dependent on the incubation period and concentration of PEG in these species.
Germination Index (GI) was significantly (p<0.05) affected by induced drought by PEG treatments (Fig. 3.).
Highest GI was attained at -0.30MPa of osmotic potential, an indication for threshold value for good germination.
Germination was initiated after 24 hours of incubation and reached maximum percent between 3rd and 4th day and then
declines. However, in Glycine max, the highest germination index was reported at -1.2MPa and decreased as the
osmotic potential reduced [3].
Seedling vigour index (SVI) also depends on the osmotic potential. As the osmotic potential increases, the
seedling vigour index shows decline. However, highest SVI was recorded in control plants followed by -0.05MPa
which was caused by treating the seeds with 5% PEG (Fig.4). However, SVI was more than control in Glycine max and
highest was achieved from -1.2MPa and 12hrs seed priming duration treatment [3]. The highest SVI found in primed
seeds was attributed to the repairs of damage to membrane caused by deterioration / seed erosion and improved seed
quality by priming [22, 23, 3] have correlated the enhanced SVI with electrical conductivity (EC). Highest EC was
related to control treatment, where as the lowest EC was attained at -1.2MPa among primed treatments. Basra et al.,
[18] and Esmeili and Heidarzade [4] have suggested that increased seed germination and SVI in rice due to
osmopriming is a result of enhanced synthesis of superoxide dismutase and peroxidase as reported by Jie et al., [20] or
by the activation of ATPase, acid phosphotase and RNA synthesis as observed by Fu et al., [21]. Islam et al., [19] also
reported that seed priming with KCl had shown highest SVI compared to control in rice.
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Hydropriming significantly improved germination and seedling growth under both stress and non stress conditions [24]
in the inbred lines of maize. Janmohammadi et al., [24] are of the opinion that hydropriming could alternate the effects
of salinity and also drought stress on germination and seedling early growth.
The aforesaid results obtained in the present investigation, clearly demonstrate that the induced drought stress
affects the percent germination, MGT, GI and SVI depending on the various osmotic potentials caused by different
concentrations of PEG. Drought has a suppression effect on the seed germination in E. songoricum [5] whereas the
slight stress (5%) has a promoting effect as observed in the present studies. Li et al. [5] are of the opinion that these
characteristics are the indications of adaptive strategy to harsh environment and physiological response at the seed
germination stage which are mainly dependent on the accumulation of osmolytes such as proline and soluble sugars.
It can be concluded that reduced germination under water stress may be an adaptive strategy to develop an
osmotically enforced dormancy to prevent germination under stressful environment ensuring proper establishment of
seedlings.
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Fig. 3. Germination Index
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Fig-3: Germination index

Fig. 4. Seed vigour index
Seed Vigour index

30
25
20
15
10
5
0
Control

5%

10%

15%

20%

25%

Concemntration of PEG

Fig-4: Seed vigour index

REFERENCES
[1]
[2]
[3]
[4]
[5]
[6]

Thompson PA. 1973. Effect of cultivation on the germination character of the com cockle (Agrostemma githago
L.). Ann. Bot. 36: 133-154.
Rosner L S and Harrington J T. 2004. Effect of stratification in polyethylene glycol solutions on germination of
three North American shrub species. Seed Sci. Technol., 32:309-318.
Sadeghi H, Khazaei F, Yari L and Sheidaei S. 2011. Effect of seed osmopriming on seed germination behavior
and vigor of soybean (Glycine max L.). ARPN J. Agri. Biol. Sci., 6(1):39-43.
Esmeili M and Heidarzade A. 2012. Osmopriming enhance the seeds emergence and seedling parameters of two
rice cultivars (Oryza sativa) under tough condition. Int. J. Agri. Crp. Sci., 4(5): 247-250.
Li H, Li X, Zhang D, Li H and Gaun K. 2013. Effects of drought stress on the seed germination and early seedling
growth of the endemic desert plant Eremosparton songoricum (fabaceae). EXCLI J., 12:89-101.
Ashraf M and Foolad M R. 2005. Pre-sowing seed treatment a shotgun approach to improve germination and crop
yield under saline and non saline conditions. Advans. Agron., 88: 223-271.

International Journal of Plant, Animal and Environmental Sciences
Available online at www.ijpaes.com

Page: 75

Savitha M Murthy and Tejavathi
[7]

[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]

Copyrights@2016 ISSN 2231-4490

Chauhan J S, Tomar Y K, Anoop Badoni N, Indrakumar Singh, Seema Ali Debarati, Rawat, A S and Nautiyal V
P. 2009. Morphology and influence of various plant growth substances on germination and early seedling
growth in Macrotyloma uniflorum ((Lam.).J. Amer. Sci., 5(6):43-50.
Moradi Dezfuli P, Sharif-Zadeh F. and Janmohammadi M. 2008. Influence of priming technique on seed
germination behaviour ofmaize inbred lines (Zea mays L.). ARPN J. Agri. Biol. Sci., 3(3): 22-25.
Anonymous. 1983. Association of Official Seed Analysis (AOSA). Seed vigor testing handbook. Contribution No.
32 to the handbook on seed testing. Association of Official Seed Analysis. Springfield, IL.
Abdul-Baki A A and Anderson J D. 1973. Vigor determination in soybean seed by multiple criteria. Crop Sci.,
13:630-633.
Snedecor G W and Cochran W G. (1994): Statistical Methods. 8th Edn IOWA State University Press, Ames,
IOWA, USA.
Li F L, Bao W K and Wu N. 2011. Morphological, anatomical and physiological responses of Campylotropis
polyantha (Franch. )Schindl. Seedling to progressive water stress. Sci. Hortic., Amsterdam, 127:436-443.
Gulati A and Jaiwal P K. 1995. Selection and characterization of mannitol tolerant callus lines of Vigna radiata
(L.) Wilczek. Plant Cell Tiss. Org. Cult., 34: 35-41.
Sun Y D, Du X H, Zhang W J, Sun L and Li R. 2011. Seed germination and physiological characteristics of
Amaranthus mangostanus L. under drought stress. Adv. Mater Res-Switz.,183 (5):1071-1074
Hur SN (1991). Effect of osmo conditioning on the productivity of Italian rye grass and Sorghum under
suboptimal conditions. Korean J Animal Sci 33:101-105.
Ghassemi- Golezani K, Aliloo A A, Vadizadeh M and Moghaddam M. 2008. Effects of hydro and osmopriming
on seed germination and field emergence of lentil (Lens culinaris, Medik.). Nat. Bot. Hort. Agrobot., 36(1):
29-33.
Bradford K J. 1986, Manipulation of seed water relations via osmotic priming to improve germination under
stress conditions. Hurt. Sci. 21, 1105–1112.
Basra S M A, Farooq M and Tabassum R. 2005. Physiological and biochemical aspects of seed vigor
enhancement treatments in fine rice (Oryza sativa L.). Seed Sci. and Technol. 33: 623-628.
Islam R, Mukherjee A and Hossin M. 2012. Effect of osmopriming on rice seed germination and seedling growth.
J. Bangladesh Agri. Univ., 10(1): 15-20.
Jie L L, Ong S, Dong M O, Fang L and Hua E W. 2002. Effect of PEG on germination and active oxygen
metabolism in wild rye (Leymus chinesis) seed. Acta prata culture Sinica. 11: 59-64.
Fu J R, Lu X H, Chen R Z, Zhang B Z, Liu Z S, Li Z S and Cai D Y. 1988. Osmo conditioning of peanut Arachis
hypogea L. seeds with PEG to improve vigor and some biochemical activities. Seed Sci. Technol., 16:197-212.
Ruan S, Xue Q, Tylkowska K .2002. Effects of seed priming on germination and health of rice (Oryza sativa L.)
seeds. Seed Science and Technology 30: 451-458.
Arif M, Jan M T, Marwat K B and Khan M A. 2008. Seed priming improves emergence and yield of soybean.
Pak. J. Bot., 40(3): 1169-1177.
Janmohammadi M, Dezfuli P M and Sharifzadeh F. 2008. Seed invigoration techniques to improve germination
and early growth of inbred line of maize under salinity and drought stress. Gen. Appl. Pl.Physiol., 34(3-4):
215-226.

International Journal of Plant, Animal and Environmental Sciences
Available online at www.ijpaes.com

Page: 76

