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Drought stress is one of the most important environmental factors in reduction of growth, development
and production of plants. Germination is one of the main growth stages and success in this stage is
dependent on moisture content of soil at time of planting. This study examined germination
characteristics of seven corn hybrids under five levels of osmotic potential (0, -3, -6, -9 and -12 bar) by
polyethylene glycol (PEG) 6000 using a factorial experiment based on a completely randomized design
with three replications. Results indicated that water potential significantly reduced germination percent
(71.2%), germination rate (24.2%), root length (60%), shoot length (89.8%), seedling length (71.2%) and
seed vigour (91.7%). The mean germination time and root/shoot length ratio increased with decrease in
the osmotic potential of PEG solution. Hybrid K3651/1×K166B produced the highest germination
percent, germination rate, root length, seedling length and seed vigour, hence this hybrid was the most
tolerant hybrid to drought stress.
Key words: Corn, drought stress, early growth, germination, PEG.
INTRODUCTION
Corn is an important cereal crop grown all over the world
(Farhad et al., 2009). Also, it is a stable food and
commercial crop (Ti-da et al., 2006). On the other hand,
drought stress is one of the most important environmental
factors in reduction of growth, development and
production of plants. It can be said that it is one of the
most devastating environmental stresses. Iran, with an
annual rainfall of 240 mm, is classified as one of those
dry regions (Jajarmi, 2009). Among the stages of the
plant life cycle, seed germination and seedling emergence and establishment are key processes in the
survival and growth of plants (Hadas, 2004). Germination
is regulated by duration of wetting and the amount of
moisture in the growth medium (Schutz and Milberg
1997; Gill et al., 2002).
Water stress acts by decreasing the percentage and
rate of germination and seedling growth (Delachiave and
De Pinho, 2003). Water stress not only affects seed
germination but also increases mean germination time in
crop plants (Willenborb et al., 2004). The adverse effect
of water shortage on germination and seedling growth

has been well reported in different crops such as corn
(Mohammadkhani and Heidari, 2008; Farsiani and
Ghobadi, 2009; Khayatnezhad et al., 2010; Mostafavi et
al., 2011), wheat (Dhanda, 2004; Jajarmi, 2009),
sorghum (Gill et al., 2002), sunflower (Mohammed et al.,
2002). Mostafavi et al. (2011) in a study of four corn
hybrids in drought stress condition reported that hybrid
KSC704 was tolerant, while KSC500 was sensitive to
drought. Khayatnezhad et al. (2010) and Mostafavi et al.
(2011) in a study of four corn hybrids in drought stress
conditions also reported that hybrid golden west and
KSC704 had the highest root, shoot and seedling length,
respectively.
Solutions of high molecular weight, polyethylene glycol,
are often used to control water potential in seed
germination studies (Hardegree and Emmerich, 1990).
The polyethylene glycol (PEG)-induced inhibition of
germination has been attributed to osmotic stress (Dodd
and Donovan, 1999; Sidari et al., 2008). The aim of this
study was to investigate the effects of osmotic stress
generated by PEG on germination characteristics and

Khodarahmpour

seedling growth of corn hybrids. The primary objective of
the present study was to compare seven maize hybrids to
drought stress.
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had a significant effect on all the measured traits. For
hybrids, there were significant differences for all traits
except germination rate and shoot length. Also analysis
of variance showed that interaction effects were significant for all investigated traits (Table 1).

MATERIALS AND METHODS
Effect of water stress was induced by different osmotic potential
levels [(distilled water) 0, -3, -6, -9 and -12 bar] PEG 6000
treatments on germination and early seedling development of corn
were studied. Seven hybrids of combination selected inbred lines
(K18, K19, K166B, K3651/1, K47/2-2-21-2-1-1-1, A679 and
K3640/5) of corn were used. This investigation was performed as
factorial experiment under completely randomized design (CRD)
with three replications at Seed Laboratory, Islamic Azad University,
Shoushtar Branch in Iran in 2011. In each level of stress, twenty
seeds of any hybrid were selected and sterilized in sodium
hypochlorite (1%) and then washed in distilled water for two times.
The seeds of hybrids were germinated in Petri dishes on 2 layers of
filter paper in an incubator maintained at 25°C. Daily, germination
rate was measured and need to replace the filter papers and add
the PEG soluble was performed. Seeds were considered
germinated when the emergent radicle reached 2 mm length. After
7 days, germination percent was measured by International Seed
Testing Association (ISTA) standard method. At the end of the
seventh day, the germination percent (Formula 1), mean
germination time (MGT) (Ellis and Robert, 1981), germination rate
(Formula 2), root, shoot, seedling, root/shoot length ratio and seed
vigour (Formula 3) were also measured.

Formula 1:

SNG
× 100
SN 0

GP =

GP is the germination percent, SNG is the number of germinated
seeds, and SN0 is the number of experimental seeds with viability
(Scott et al., 1984).

Formula 2:

GR =

∑N
∑ (n × g )

GR is the germination rate; n is the number of germinated seed on
growth day and g is the number of total germinated seeds (Ellis and
Robert, 1981).
Formula 3: Seed vigour = Germination percent × Seedling length
Statistical analysis
For statistical analysis, the data of germinating percent were
transformed to arcsin, X . Analyses were done using the SPSS
100

var. 16 software. Differences between means were determined by
Duncan’s multiple range tests (DMRT) at probability level 5%. Draw
plots using software EXCEL was also carried out.

RESULTS AND DISCUSSION
Analysis of variance showed that there were significant
differences between drought stress levels. The results of
this study revealed that various concentrations of PEG

Germination percent and rate
According to results of mean comparison, hybrid K3651/1
× K166B (66.3%) had the highest germination percent
and there was no significant difference with hybrid K18 ×
K166B (62.75%). But hybrids A679 × K19 (29%) and
A679 × K3640/5 (31.2%) had the lowest germination
percent (Table 2). Germination percent of all hybrids was
adversely affected due to the application of different
levels (0, -3, -6, -9 and -12 bar) of PEG. It was observed
that in all of hybrids there was a decrease in germination
percent due to drought stress increment and maximum
germination percent was delayed. In this experiment,
different hybrids had different response to the drought
stress. Mean germination percent for all hybrids was 73%
for control (0 bar), but 23.1 and 21% was at osmotic
potentials of -9 and -12 bar, respectively (Figure 1A). At
the highest PEG level (-12 bar), hybrid K18 × K166B
produced maximum germination percent. Also with
attention to results of Table 3, between hybrids there
were significant differences for germination percent in all
drought levels (Table 3) in agreement to the results of
Mostafavi et al. (2011) on corn under drought stress
conditions.
Hybrid K3651/1 × K166B had the highest germination
rate. Results of means comparison showed that
germination percent and rate were decreased by 71.2
and 24.2%, respectively by decrease in osmotic potential.
While the maximum germination rate and percent were
obtained at 0 bar level (control treatment) (Figures 1A,
C). There were significant differences between hybrids
for germination rate in drought levels of -9 and -12 bar
(Table 3). Emergence rate is important criteria in breeding for high yield and special is the case under drought
conditions because the seedlings with high emergence
rate will have edge in competition for space, light and
water resources, and eventually will have highest yield
compared to others. Drought reduced emergence index
in most of the populations and those showing high
emergence rate with low susceptibility might be helpful in
evolving better performing corn cultivars under drought
conditions. This agreed with the results of Khayatnezhad
et al. (2010) and Mostafavi et al. (2011) in corn, Jajarmi
(2009) in wheat and Mostafavi (2011) in safflower.
According to Ayaz et al. (2001) decrease of seed germination under stress conditions is due to the occurrence of
some metabolic disorders. It seems that decrease of
germination percentage and rate is related to reduction in
water absorption into the seeds at imbibitions and seed
turgescence stages (Hadas, 1977).
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Table 1. Analysis of variance for measured traits in corn hybrids under control and different levels of osmotic potential (PEG-6000).

Source of variance

Df

Drought levels
Hybrid
Drought levels× Hybrid
Error

4
6
24
70

Germination
percent
3700.5**
524.07**
166.245**
43.415

Mean germination
time (Day)
3.26**
0.935*
0.91*
0.41

Germination rate
(Number in day)
0.02**
0.004ns
0.004*
0.002

Root length
(cm)
29.37**
5.725**
4.56**
1.797

Shoot length
(cm)
25.68**
0.22ns
1.26**
0.37

Seedling
length (cm)
99.275**
8.26**
7.67**
2.59

Root/shoot
length ratio
186.27**
32.635**
20.43**
6.49

Seed
vigour
484725.66**
57753.22**
27807.08**
7803.45

ns, * and ** represent non significant, significant at 5% and 1% probability levels, respectively; Df represents degree of freedom.

Table 2. Mean comparison of corn hybrids in drought stress levels.

Treatment
K3651/1 × K166B
K18 × K166B
K166B × K47/2-2-21-2-1-1-1
K166B × K19
K18 × K19
A679 × K3640/5
A679 × K19

Germination
percent
66.3a
62.75ab
40.1c
38.5c
34.2cd
31.2d
29.0d

Mean germination
time (Day)
3.2b
3.7ab
4.1a
3.85a
3.7ab
3.6ab
3.7ab

Germination rate
(Number in day)
0.32a
0.28ab
0.25b
0.28ab
0.28ab
0.28ab
0.28ab

Root length
(cm)
4.7a
4.1ab
3.6ab
3.1b
3.1b
3.9ab
3.7ab

Shoot length
(cm)
1.8a
1.4a
1.5a
1.4a
1.6a
1.6a
1.5a

Seedling
length (cm)
6.5a
5.7ab
5.1ab
4.3b
4.7b
5.5ab
5.3ab

Root/shoot
length ratio
4.4b
4.0b
5.1b
5.1b
2.9b
8.0a
3.6b

Seed
vigour
430.95a
380.5b
227.85c
191.2c
184.3cd
226.6c
162.5c

Means with similar letter(s) in each trait is not significantly different at 5% probability level according to Duncan’s multiple range test.

Mean germination time
Among the corn hybrids, K166B × K47/2-2-21-2-11-1 (4.1 days) and K166B × K19 (3.85 days) had
the highest mean germination time and were no
significant differences with other hybrids except
K3651/1 × K166B (3.2 days) (Table 2), while
hybrid K3651/1 × K166B produced the highest
germination percent. The mean germination time
increased with increase in the concentration of
PEG solution (Figure 1B). Also with attention to
results of Table 3 between hybrids, there were
significant differences for mean germination time
except control treatment (Table 3). In PEG

treatments, the mean germination time was
delayed by stress conditions. Water stress not
only affects seed germination but also increases
mean germination time in crop plants (Willenborb
et al., 2004). Mohammed et al. (2002) reported
that by NaCl levels of germination percent
decreased and mean germination time increased
proportionately. Alebrahim et al. (2008) also
reported that with a decrease in the osmotic
potential in PEG and NaCl solutions, the mean
germination time in lines of MO17 and B73
increased. Mostafavi (2011) in a study of 6
genotypes of safflower reported that the mean
germination time increased with a decrease in the

osmotic potential in NaCl solution.
Root, shoot, seedling length and root/shoot
length ratio
The root length provides an important clue to the
response of plants to drought stress. A special
reduction in the root, shoot and seedling length of
all hybrids of corn was observed because of
drought stress. Among the corn hybrids, hybrid
K3651/1 × K166B had the highest root and
seedling length. Also, there were no significant
differences for shoot length among hybrids
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Figure 1. Studied traits of corn hybrids under control and different levels of osmotic potential (PEG-6000).
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Table 3. Supplementary analysis of interaction effects between osmotic potential and corn hybrids.

Drought
level
(bar)
0
-3
-6
-9
-12

Germination
percent
410.8**
374.3**
166.06*
103.2*
282.55**

Mean
germination
time (Day)
ns
0.54
0.37*
0.375*
2.45*
6.83**

Germination
rate (Number
in day)
ns
0.004
n
0.002 s
ns
0.002
0.008**
0.04**

Root
length
(cm)
ns
0.83
12.69*
2.54*
5.56**
2.49**

Shoot
length
(cm)
ns
1.26
2.15ns
n
0.54 s
0.21*
0.46*

Seedling
length
(cm)
ns
1.27
20.76*
4.72*
7.76**
4.9**

Root/shoot
length
ratio
ns
0.36
11.01ns
7.94ns
74.38**
19.63**

Seed
vigour
32908.8**
99906.6**
5059.19*
9017.08**
3087.41**

ns, * and ** represent non significant, significant at 5% and 1% probability levels, respectively.

(Table 2). Khayatnezhad et al. (2010) and Mostafavi et
al. (2011) with study of four corn hybrids in drought stress
conditions reported that hybrid golden west and KSC704
produced the highest root, shoot and seedling length,
respectively. Results of this study showed that root length
(60%), shoot length (89.8%) and seedling length (71.2%)
decreased with increasing drought levels in all hybrids.
The most effective levels in reducing root and seedling
length were -9 and -12 bar of PEG (Figures 1D, F) and
there were no significant differences between -6, -9 and 12 for shoot length (Figure 1E). Best level of PEG
concentration in root, shoot and seedling length was
control treatment (Figures 1D to F). There were
significant differences between hybrids for root and
seedling length in all drought levels except control
treatment but there were significant differences between
hybrids for shoot length in drought levels of -9 and -12
bar (Table 3). Furthermore, the hybrid A679 × K3640/5
had the highest root/shoot length ratio and between other
hybrids, there were no significant difference. The root/
shoot length ratio increased with decrease in the osmotic
potential of PEG solution (Figure 1G). There were
significant differences between hybrids for root/shoot
length ratio in drought levels of -9 and -12 bar (Table 3).
Water stress acts by decreasing the percentage and
rate of germination and seedling growth as reported by
Delachiave and De Pinho (2003) in senna, Farsiani and
Ghobadi (2009) and Khayatnezhad et al. (2010) in corn,
Gholamin and Khayatnezhad (2010) in wheat, and
Mostafavi (2011) in safflower. There were reports in the
literature of potential drought resistance traits like
extensive viable rooting system that could explore deeper
soil layers for water (Mirza, 1956; Bocev, 1963). Corn
plants with more roots at seedling stage subsequently
developed stronger root system, produced more green
matter and had higher values for most characters
determining seed yield (Bocev, 1963).
Seed vigour
Among the hybrids, hybrid K3651/1 × K166B was
affected the least by drought stress because it gave the

lowest reduction rate for seed vigour (Table 2). Seed
vigour decreased with increase in concentration of PEG
solution to 91.7% (Figure 1H). There were significant
differences among hybrids for seed vigour in all drought
levels (Table 3). Mostafavi et al. (2011) in a study of four
corn hybrids in drought stress conditions reported that
hybrid KSC704 produced the highest seed vigour and
there were significant differences among hybrids for seed
vigour in all drought levels except for -16 bar.
Conclusion
Drought affected the morphological behavior of corn
hybrids. From present results, it can be concluded that
from our experiment that germination of corn hybrids was
reduced by only 23.1% under an osmotic potential of -9
bar. The variation among hybrids showed that germination percentage decreased with an increase in PEG6000 concentration in all the hybrids. Hybrid K3651/1 ×
K166B produced the highest germination percentage,
germination rate, root length, seedling length and seed
vigour, hence hybrid K3651/1 × K166B performed better
than others. Many reports indicated that germination
percentage and seed vigour can be utilized as screening
criteria for stress tolerance. In the present study the
findings are very similar to the previous case in which
germination decreased due to the increase in PEG-6000
concentration. This study strongly supports the assertion
that germination indices can be utilized to screen corn
hybrids for drought tolerance at germination and early
seedling growth stage. There are many reports that are in
agreement with the present findings indicating that
drought stress severely reduces seed germination and
early seedling growth. But the varieties having genetic
potential to maintain the higher growth under stress
conditions are drought tolerant.
Water stress due to drought is probably the most
significant abiotic factor limiting plant and also crop
growth and development (Hartman et al., 2005). Growth
of plants in arid and semi-arid land is dependent upon
plants susceptibility to drought stress and also related to
the ability of seeds to achieve optimum germination
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under these unfavorable conditions. Therefore, it is
necessary to identify hybrids tolerance to drought at the
primary growth stage. Taking all traits into account, this
study found that K3651/1 × K166B was the most tolerant
hybrid to water stress conditions.
REFERENCES
Alebrahim MT, Janmohammadi M, Sharifzade F, Tokasi S (2008).
Evaluation of salinity and drought stress effects on germination and
early growth of maize inbred lines (Zea mays L.). Electronic J. Crop
Prod. 1(2): 35-43.
Ayaz FA, Kadioglu A, Urgut RT (2001). Water stress effects on the
content of low molecular weight carbohydrates and phenolic acids in
Cienanthe setosa. Canadian J. Plant Sci. 80: 373-378.
Bocev BV (1963). Maize selection at an initial phase of development.
Kukuruzu, 1: p. 54.
Delachiave MEA, De Pinho SZ (2003). Germination of Senna
occidentalis link: seed at different osmotic potential levels. Braz.
Arch. Tech. 46: 163-166.
Dhanda SS, Sethi GS, Behl RK (2004). Indices of drought tolerance in
wheat genotypes at early stages of plant growth. J. Agron. Crop Sci.
190: 1-6.
Dodd GL, Donovan LA (1999). Water potential and ionic effects on
germination and seedling growth of two cold desert shrubs. Am. J.
Bot. PMID: 10449394. 86: 1146-1153.
Ellis RA, Roberts EH (1981). The quantification of ageing and survival in
orthodox seeds. Seed Sci. Tech. 9: 373-409.
Farhad W, Saleem MF, Cheema MA, Hammad HM (2009). Effect of
poultry manure levels on the productivity of spring maize (Zea mays
L.). J. Anim. Plant Sci. 19: 122-125.
Farsiani A, Ghobadi ME (2009). Effects of PEG and NaCl stress on two
cultivars of corn (Zea mays L.) at germination and early seedling
stages. World Acad. Sci. Eng. Tech. 57: 382-385.
Gholamin R, Khayatnezhad M (2010). Effects of polyethylene glycol and
NaCl stress on two cultivars of wheat (Triticum durum) at germination
and early seeding stages. American – Eurasian J. Agric. Environ. Sci.
9(1): 86-90.
Gill RK, Sharma AD, Singh P, Bhullar SS (2002). Osmotic stressinduced changes in germination, growth and soluble sugar content of
Sorghum bicolor (L.) Moench seeds. Bulg. J. Plant. Physiol. 28: 1225.
Hadas A (1977). Water uptake and germination of leguminous seeds in
soils of changing matrix and osmotic water potential. J. Exp. Bot. 28:
977-985.
Hadas A (2004). Seedbed Preparation: The Soil Physical Environment
of Germinating Seeds. In: Handbook of Seed Physiology:
Applications to Agriculture, Benech-Arnold RL and Sanchez RA
(Eds.). Food Product Press, New York, ISBN: 1560229292, p. 480.

18227

Hardegree SP, Emmerich WE (1990). Effect of polyethylene glycol
exclusion on the water potential of solution-saturated filter paper.
Plant Physiol. PMID: 16667298. 92: 462-466.
Hartmann T, College M, Lumsden P (2005). Responses of different
varieties of Lolium perenne to salinity. Annual Conference of the
Society for Experimental Biology, Lancashire.
Jajarmi V (2009). Effect of water stress on germination indices in seven
wheat cultivar. World Acad. Sci. Eng. Tech. 49: 105-106.
Khayatnezhad M, Gholamin R, Jamaatie-Somarin SH, ZabihiMahmoodabad R (2010). Effects of peg stress on corn cultivars (Zea
mays L.) at germination stage. World Appl. Sci. J. 11(5): 504-506.
Mirza OK (1956). Relationship of root development to drought
resistance of plants. Indian J. Agron. 1: 41-46.
Mohammadkhani N, Heidari R (2008). Water stress induced by
polyethylene glycol 6000 and sodium chloride in two corn cultivars.
Pak. J. Biol. Sci. 11(1): 92-97.
Mohammed EM, Benbella M, Talouizete A (2002). Effect of sodium
chloride on sunflower (Helianthus annuus L.) seed germination.
Helia, 25: 51-58.
Mostafavi KH, Sadeghi Geive H, Dadresan M, Zarabi M (2011). Effects
of drought stress on germination indices of corn hybrids (Zea mays
L.). International J. Agric. Sci. 1(2): 10-18.
Mostafavi KH (2011). An evaluation of safflower genotypes (Carthamus
tinctorius L.), seed germination and seedling characters in salt stress
conditions. Afr. J. Agric. Res. 6(7): 1667-1672.
Schutz W, Milberg P (1997). Seed germination in Launaea arborescens:
a continuously flowering semi-desert shrub. J. Arid Environ. 36: 113122.
Scott SJ, Jones RA, Williams WA (1984). Review of data analysis
methods for seed germination. Crop Sci. 24: 1192-1199.
Sidari M, Mallamaci C, Muscolo A (2008). Drought, salinity and heat
differently affect seed germination of Pinus pinea. J. For. Res. DOI:
10.1007/s10310-008-0086-4. 13: 326-330.
Tri-da GE, Fang-Gong-SuinSOI, Ping BA, Yingyan LU, Guang-sheng
ZH (2006). Effect of water stress on the protective enzymes and lipid
per oxidation in roots and leaves of summer corn. Agric. Sci. China,
5: 228-291.
Willenborb CJ, Gulden RH, Jhonson EN, Shirtliffe SJ (2004).
Germination characteristics of polymer-coated canola (Brassica
napus L.) seeds subjected to moisture stress at different
temperatures. Agron. J. 96: 786-791.

