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Abstract: This experiment was conducted to determine the effects of salinity (osmotic pressure of 0, 0.25, 0.5, 0.75, 
1.0, 1.25 and 1.5 MPa) and drought stress levels (osmotic pressure of 0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 and 1.4 MPa) on 
percent germination, germination rate, time to 10% germination, germination uniformity, seed reserves depletion, 
seed reserves utilization rate and seedling growth rate in Hordeum vulgaris, Brassic napus, Zea maize, Medicago 
sativa and Medicago scutellata. All of the indices were affected by salinity and drought stresses.  In corn, rapeseed 
and barley, seedling growth rate, percent germination and germination rate increased at lower levels of salinity, 
however, no significant differences were observed among them at different drought stress levels. Seed reserve 
depletion percentage (SRDP) and seed reserve utilization rate (SRUR) were higher in corn compared to other seeds 
in salinity treatments, while barely was the leading crop for the same parameters at drought stress treatments.  
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Introduction 

Barley, corn, rapeseed, alfalfa and annual medic 
are major crops not only in Iran, but all around the 
world. Barley, Corn, Alfalfa and Annual medic, are 
very important for animals feeding in Iran 
agriculture. Leguminous crops are mostly salt 
sensitive (Mass and Hoffman, 1977; Chandra, 1980; 
Saxena, 1984). Annual medics can be planted in 
pastures and dry lands (Sharafi et al., 2006). Since 
Iran is located in arid and semi-arid regions of the 
world, the climatic conditions of this country is very 
critical in crop production. Results of Sharafi et al., 
(2006), indicated that annual medics have the ability 
for sowing in dry and rain fed farming systems, 
whereas some of researchers believe that this plant is 
a typical range-plant.  

Since 91% of our required edible oil is imported, 
rapeseed can play a very important role in providing 
edible oil in Iran. This plant is drought resistant and 
could be produced in large areas of the country in 
rotation with wheat at our dry farming system.  

Salinity and drought are major environmental 
limiting factors in plant growth and productivity 
(Allakhverdive et al., 2000b). The detrimental effects 
of high salinity and drought on plants can be 
observed at the whole-plant as the death of plants 
and/or decreases in productivity. During the onset 
and development of salt and drought stress within a 
seed, all major processes such as protein synthesis 
and energy and lipid metabolism are affected. 
Carbohydrates and other substrates which are needed 
for cell growth are mainly supplied through the 

process of photosynthesis, and photosynthesis rates 
are usually lower in plants exposed to salinity and 
especially to NaCl. 

Salinity and drought stress biology and plant or 
seed responses to these environmental stresses have 
been discussed over last two decades (Flowers et al., 
1977; Greenway and Munns, 1980; Ehret and Plant, 
1999; Hasegawa et al., 2000; Zhu, 2002). 

Drought along with salinity stresses is the most 
important and effective environmental factors in 
agricultural practices in arid and semi-arid regions of 
the world.  Regarding the extent of arid and semi-arid 
regions and saline soils in Iran (more than 70% of 
arid and semi-arid lands). Section of tolerant crops to 
the existing environmental conditions is of especial 
importance in crop production practices.  The proper 
understanding of interactive responses of different 
crops to adverse conditions at different growth stages 
is a necessity for a sustainable crop production under 
adverse environmental conditions.  The goal of this 
experiment was to determine the effect of drought 
and salinity stresses on little oil and forage crops at 
germination and early growth stages.  

 
Materials and methods 

Two separate experiments were conducted at 
Seed Research Laboratory of Shahrood University of 
Agricultural Sciences, Shahrood, Iran. 

 
Salinity experiment  

Factorial combinations of 5 crop species (H. 
vulgare,, B. napus, Z. maize, M. sativa and M. 
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scutellata) and seven salinity levels were the 
treatments of the first experiment.  The experimental 
design was a randomized complete block design with 
three replications per treatment. Osmotic pressure 
(salinity levels) of 0 (control), 0.25, 0.50, 0.75, 1, 
1.25 and 1.5 MPa were created using NaCl, 
according to the Van Hoff formula presented in 
Salisbury and Ross (1996). Seeds were germinated in 
10 cm Petri dishes with one Whatman No.1 filter 
papers moistened with the appropriate solutions or 
distilled water for 0 MPa. Twenty seeds per dish 
were used for each treatment. Seeds were incubated 
in the dark at 25±1 0C in a controlled temperature 
room.  

Three replicates of 20 seeds were weighed (W1), 
dried at 1040C for 24 h and then reweighed (W2). 
Seed water content was calculated as [(W1-W2)/W2]. 
The initial seed dry weight was calculated using the 
data for seed water content and W1. The initial 20 
seed dry weight for H. vulgaris, B. napus, Z. maize, 
M. sativa and M. scutellata was 0.53, 0.14, 5.3, 0.06 
and 0.41 gr, respectively.  

After five days, oven-dried weight of seedlings 
was determined. The weight of utilized (mobilized) 
seed reserve was calculated by the dry weight of the 
original seed minus the dry weight of the seed 
remnant. Conversion efficiency of mobilized seed 
reserve into plant tissue was estimated by dividing 
seedling dry weight (SLDW) by the utilized seed 
reserve. The ratio of utilized seed reserve to initial 
seed dry weight was considered as seed reserve 
depletion percentage (SRDP).  

Seeds were observed daily for up to 5 days and 
considered germinated when the radicle was 
approximately 2 mm long or more. After five days 
seedling shoot and root lengths were measured and 
seedling dry weight was obtained after oven drying at 
700C. Seedling growth rate (mg d-1) was calculated 
by seedling dry weight divided by five. Seed reserve 
utilization rate (mg d-1) was calculated as the dry 
weight of the original seed minus the dry weight of 
seed remnant divided by five. Conversion efficiency 
of seed reserves into plant tissue (g g-1), i.e. 
production of seedling dry matter per unit of usage of 
seed reserves, was estimated by dividing seedling dry 
weight by the total seed reserve depletion. 

Estimates of time taken for cumulative 
germination to reach 10% (D10), 50% (D50) and 
90% (D90) of maximum at each treatment were 
interpolated from the germination progress curve 
versus time. Then germination rate (R50, day-1) and 
germination uniformity (GU, h) was calculated as: 

R50 = 1/D50                    (І) 
GU = D10 – D90            (И) 

Germination uniformity obtained from eq.И is 
negative and the lower the value the lower the 
germination uniformity; but ignoring the minus sign 
indicates the time taken (h) for cumulative 
germination to go from 10% to 90% of the 
maximum. D10 can be interpreted as the time lag for 
germination, or the time to the beginning of 
germination (Soltani et al, 2002). 
Drought experiment 

Drought levels of 0, 0.2, 0.4, 0.6, 0.8, 1, 1.2 and 
1.4 MPa were created using polyethylene glycol 
(PEG), based on equation suggested by Michel and 
Kaufman (1983). The seeds were H. vulgare, B. 
napus, Z. maize, M. sativa and M. scutellata. All 
measurements were similar to salinity experiment.  

 
Results and discussions  

Abiotic stress accounts for more crop 
productivity losses than any other factor. Yet our 
ability to improve plant stress tolerance remains 
limited due to our lack of understanding of the 
inherent complexity of stress signaling and 
adaptation processes (Bohnert et al, 2002; Comis, 
1997). 

A summary of the analysis of variance 
(ANOVA) and main effects of crop species and 
osmotic pressure (OP) on germination components, 
ie. seedling growth rate, total germination, 
germination rate, time to 10% germination, 
germination uniformity, seed reserve depletion, seed 
reserve utilization rate, root and shoot length is 
presented in table 1.  
Germination and its attributes responses to drought: 

Significant differences were observed for all 
germination traits among  crop species. The only 
significant (P < 0.05 and 0.01) interaction effects 
were crop species × salinity for total germination 
(GT), seed reserve depletion percentage (SRDP), 
seed reserve utilization rate (SRUR), and for  crop 
species × drought for germination rate (GR), seed 
reserve depletion percentage (SRDP), seed reserve 
utilization rate (SRUR) and root length  (RTL) (table 
1).  These results were similar to that reported by 
Kheradnam and Ghorashy (1973) and Ashraf and 
Waheed (1992). Total germination was decreased by 
increment in OP from 0.5 MPa to 1.5 MPa.  
Germination rate and time lag of germination were 
progressively affected by OP lower than 0.5 MPa, but 
germination uniformity was decreased equally by OP 
of 0.25 MPa to 1.5 MPa. This is in agreement with 
reports by Soltani et al., (2002) in chickpea, Nafziger 
(1994) in wheat, Beveridge and Wilise (1959) in 
emergence of purple-flowered alfalfa and Johnson 
and Luedders (1971) and Jhonson and Wax (1978) in 
germination and emergence of soybean. 
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Table 1. Main and interaction effects of  crop species, salinity and drought stress on seedling growth rate (SLGR, 
mg d-1), total germination (R50, d-1), germination rate (GR, d-1), time to 10% germination (D10, h), germination 
uniformity (GU, h), seed reserve depletion percentage (SRDP, %), seed reserve utilization rate (SRUR, mg d-1), root 
length (RTL, mm), shoot length (STL, mm).  
Summary of ANOVA  SLGR GT R50 D10 GU SRDP SRUR RTL STL 
Salinity experiment:          
Seed crop species (SS) ** ** ** ** ** ** ** ** ** 
Salinity (S) ** ** ** * n.s ** ** * n.s 
SS×S n.s * n.s n.s n.s ** ** n.s n.s 
Drought experiment:          
Seed crop species (SS) ** ** ** ** n.s ** ** ** ** 
Drought (D) * ** ** n.s n.s ** ** * ** 
SS×D n.s n.s ** n.s n.s ** ** * n.s 

* and ** significant difference at P< 0.05 and 0.01; n.s, not significant. 
 
Germination and its attributes responses to salinity: 

The crop species × salinity and crop species 
interactions are shown in figures 1, 2. Legume seeds 
are more susceptibly to salinity and drought stress 
compared to grasses. Kheradnam and Ghorashy 
(1973) and Ashraf and Waheed (1993) reported 
similar results. Seed reserve depletion percentage and 
seed reserve utilization rate progressively decreased 
with declining OP (figs 1, 2). Seed reserve utilization 
rate was 7.3, 3.7, 14.9, 1.5 and 7.4 in salinity stress 
and 14.5, 3.4, 10.5, 1.5 and 8.03 in drought stress for 
barley, rapeseed, corn, perennial medic and annual 
medic, respectively. This result is similar to what 
reported by Williams (1967) in Woolly pod vetch and 
by Qiu et al. (1994) in common vetch. Significant  
crop species×OP interaction were found for total 
germination, seed reserve depletion percentage and 
seed reserve utilization rate in salinity experiment and 
for germination rate, seed reserve depletion 
percentage, seed reserve utilization and root length in 
drought experiment (table 1; figs 1,2,3) (Soltani et al, 
2002). Effects of OP were significant for root length 
and shoot length, seedling growth rate (p<0.01). 
Results showed that OP significantly reduced root 
length, shoot length and seedling growth rate from 
highest to lowest level. As OP regime reduced from 
0.25 to 0.75 MPa root length reduced significantly. 

 
Salinity treatment: 
Changes in seedling growth, germination rate of 
dissected embryos 

There was increase rapeseed seedling growth 
with increase in salinity levels rather than other 
seedling. Whereas, under mild salinity treatment a 
similar trend were observed in all germinated embryos 
(0.75 MPa). On the contrary, under more salinity 
stress maize seedling growth considerably reduced. 
Stressed endosperms, however, showed a rapid 
recovery in water potential. In perennial and annual 
alfalfa no tolerance to salinity stress was observed. 
Furthermore, under stress treatment there was no 

significant differences between these species (fig 1-a). 
According to the results, (fig 1-b, c) during 
germination, no considerable change in endosperm 
growth was observed. Although, extra germination 
percent and growth rate in barely, maize and rapeseed 
seedling was observed. Germination of perennial and 
annual alfalfa seeds in distilled water reached (10%) 
after 57, 83 h. respectively. In contrast, germination 
values of alfalfa endosperm did show much difference 
in stressed condition, probably because cell expansion 
was not accompanied by cell division. In earlier 
research, Gill and Singh (1985) have reported that 
germination, growth, respiration and other related 
processes can be affected in seeds that are subjected to 
environmental stresses. Changes in anyone of these 
processes can affect other metabolic activities, 
particularly carbohydrate metabolism that plays an 
important role in germination and seed development. 
Germination uniformity of all seeds except for annual 
alfalfa seed was similar. Under osmotic stress, alfalfa 
Seed rigidity resulted in Heterogeneous seed 
germination (Heidari sharifabad, 2006). SRDP is an 
attribute that specify vigorous seed reserves. 

 
Drought treatment: 
Changes in seedling growth, germination rate of 
dissected embryos 
 In relation to growth, both germinated 
embryos and endosperm were suppressed by drought 
treatment. Differences were observed in SLGR, 
germination percent and germination rate (fig 2-b, c). 
Under stress conditions, maximum SLGR of 
endosperms was observed in corn and barely seeds 
(fig 2- a). Similar trend in medicago spp. was 
observed in salinity treatment that resulted in 
Maximum stoppages in germinations were observed in 
alfalfa species. (fig. 2-b, c). 
 Seed size affected SRUR process. In larger 
seeds higher quantity of reserves will be allocated to 
seedling growth. Other related traits such as SRDP 
can be affected in seeds that are subjected to Abiotic 
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stresses. Consistent with this conclusion, corn and 
barely seeds had uppermost resistance to drought 

stress. 
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Fig 1. Effect of NaCl-induced salinity (MPa) on Seedling    growth rate (a), Total germination (b), Germination rate 
(c),  Time to 10% germination (d), Germination uniformity (e), Seed reserve depletion (f), Seed reserve  utilization 
rate (g) in H.vulgaris (H), B.napus (B), Z.maize (Z), M.sativa (M) and M. scutellata (A). 
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Fig 2. Effect of PEG-induced drought (MPa) on Seedling growth rate (a), Total germination (b), Germination rate 
(c),  Time to 10% germination (d), Germination uniformity (e), Seed reserve depletion (f), Seed reserve  utilization 
rate (g) in  H.vulgaris (H), B.napus (B), Z.maize (Z), M.sativa (M) and M. scutellata (A).  
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Fig 3. Effect of NaCl-induced salinity (Mpa) on root length (a) and shoot length (b) and effect of PEG-induced 
drought (MPa) on root length (c) and shoot length (d)   in seed germination of H.vulgaris, B.napus, Z.maize, 
M.sativa and M. scutellata. 
 
Conclusion: 

The present investigation monitored changes 
caused by both salinity and drought stress in 
germination rate and some trait of maize, rapeseed, 
barely seed embryos and endosperm. Osmotic stress 
caused a considerable decrease in germination of 
control seeds. In earlier research, Gill and Singh 
(1985) have reported that germination, growth, 
respiration and other related processes can be 
affected in seeds that are subjected to environmental 
stresses. Changes in anyone of these processes can 
affect other metabolic activities, particularly 
carbohydrate metabolism that plays an important role 
in germination and seed development. In earlier 
research Schubert et al., (1995) and Kameli and Losel 
(1996) reported a linear correlation between water 
stress and dry matter accumulation in Medicago 
sativa and Triticum durum respectively. Our findings 
are similar to results of M. sativa and T. durum. 
Upon relieving stress with distilled water, a high 
percentage of ungerminated seeds under drought and 
salinity treatment germinated. Similar declines and 
recoveries in seed germination have been reported in 
the literature (Khan and Ungar, 1984; Woodell, 1985; 
Gupta et al., 1993; Singh et al., 1996; Ungar, 1996). 
Reduced germination under water stress conditions 
may be attributed to the effect that seeds seemingly 

develop an osmotically enforced “dormancy” under 
water stress conditions, which may be an adaptive 
strategy of seeds to prevent germination under 
stressful environment thus ensuring proper 
establishment of the seedlings (Singh et al., 1996, 
Prado et al., 2000). Furthermore, under osmotic stress 
a significant reduction in water potential and tissue 
water content of germinated embryos and endosperm 
was observed, indicating that these tissues were under 
stress. Similar observations of decreases in water 
level under stress conditions were made by Gill et al. 
(2001) in sorghum, Siddique et al. (2000) in wheat 
(Triticum durum), Prado et al. (2000) in 
Chenopodium (Chenopodium quinoa), Pennypacker 
et al. (1990) in alfalfa (Medicago sativa) and Gupta et 
al. (1993) in chickpea (Cicer arietinum). 
 
The results of this study showed: 

1. There is genetic variation for germination and 
seedling traits among different crop species. 

2. Decreasing seedling growth rate as affected by 
OP is a result of declining seed reserve 
utilization rate. 

3.    Grass seeds are more tolerant to salinity and 
drought stress compared to legumes. 

4. Plant cultivar affects germination traits. 
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