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Abstract

Maize is susceptible to drought stress, especially during germination. The experiment of seed germination and
seedling growth of two maize varieties under different concentration of mannitol solution was carried out. Four
mannitol concentrations were set: 0, 200, 400 and 600 mM, and the corresponding solution osmotic potential was:
0, -0.49, -0.99, and -1.49 Mpa. Results indicated that Zhengdan958 germinated more quickly and in greater
numbers than Lianshengl5. The germination rate, germination potential, shoot and root fresh weight, shoot and
root length of two maize varieties both decreased under drought stress, but they decreased more in Lianshengl5
than in Zhengdan958. However, the germination and vigor index of Zhengdan958 were obviously higher than
that of Lianshengl5 under the stress of 200, 400 and 600 mM mannitol. These results showed that the drought
resistances of Zhengdan958 was higher than that of Lianshengl5 by having more powerful root system and
higher osmotic adjustment ability.
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1. Introduction

Abiotic stresses are governed by various factors, the most prominent is the elevated temperatures and scarcity of
water (Pena & Hughes, 2007; Narusaka et al., 2003). As drought is one of the most important environmental
factors affecting plant growth, development and crop yield, considerable progress has been made in
understanding the changes in physiological processes caused by drought stress. It has been shown that the
physiological responses of plants to drought stress are extremely complex and vary with plant species as well as
with the degree and time of the exposure to drought (Evans et al., 1990, 1991; King, 2011). Differences in
resistance to drought are known to exist within genotypes of plant species and were found in many studies, e.g.
in maize (Martinielio & Lorenzoni, 1985; Lorens et al., 1987; Grzesiak, 1990; Grzesiak et al., 2012), wheat
(Winter et al., 1988; Reynolds et al., 1998; Paknejad et al., 2007), rape seed (Richards & Thurling, 1978), oat
(Larsson & Go’rny, 1988), coconut (Gomez et al., 2008) and triticale (Royo et al., 2000; Grzesiak et al., 2012).
Unusual dry weather conditions adversely affect germination and seedling growth rates thus enhancing cell
elongation sensitivity to damages induced under stressed conditions (Taylor et al., 1982; Delachiave & Pinho,
2003; Hamayun et al., 2010a). Deleterious effects of water stress have been reported in different crops such as
tomato (Ragab et al., 2007), soybean (Sakthivelu et al., 2008; Hamayun et al., 2010b), corn (Khodarahmpour,
2011) and citrus (Ben-Hayyim, 1987).

Maize is one of the important crops, which serves as food and corn oil for human consumption, feed for
livestock and poultry and raw material for agro-based industries. Expanding populations with greater food and
energy needs are increasing demand for greater global maize production. Unfortunately, environmental
limitations such as temperature and drought continue to restrain maize production levels as they have in earlier
decades and in many areas, which is predicted to worsen with changing climates (Battisti & Naylor, 2009; Lobell
et al., 2011; Mishra & Cherkauer, 2010). The increasing frequency of dry periods in many regions of the world
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result in the consecutive occurrence of drought on cultivated land (Hu & Schmidhalter, 2005). In China, maize
planted in arid and semi arid area. At present, China’s annual maize planting area is around 24 million hm?, of
which nearly 2/3 area is dry-land maize. Drought has become an important limiting factors of agricultural
production in the world, especially in arid agricultural production. As dry-land crops, corn not only need more
water, but also are more sensitive to water stress. Drought is the major cause of our country and around the world
maize production low and unstable, generally can be reduced by 20%-30%. Therefore, the breeding of new
maize varieties with strong drought resistance is one of effective ways for high and stable yield. However, the
accurate identification of drought resistance of maize varieties is the basis for breeding drought resistance maize
varieties.

In recent years, many scholars have studied the drought mechanism of maize, identification methods and
indicators of drought resistance. Wang et al. have studied the germination characters of maize varieties with a
hypertonic solution PEG-6000 simulated drought stress. Xu et al. have studied the germination potential,
germination rate and utilization efficiency of storage material, amylase activity. Hou et al. have studied the
drought resistance in the germination period of maize by hypertonic solution germination, TTC quantitative
measurement, seed water absorption detection method with mannitol solution simulated water stress. These
methods and indicators reflected the drought resistance of maize varieties from different angles and extent, also
see scattered reports on bud seedling stage of maize.

Mannitol is a kind of macromolecule osmotic regulation substances that can’t through the cell wall, small toxicity
to cells, an ideal material to simulate the soil drought. This experiment with mannitol hypertonic solution
simulated water stress and studied the difference of drought resistance on germination and seedling growth of
two maize varieties to filter out strong drought resistance varieties, in order to provide theoretical guidance for
drought resistance breeding and promotion of maize varieties.

2. Materials and Methods
2.1 Plant Culture and Treatments

Maize seeds were provided by the shandong academy of agricultural sciences. Dry seeds were stored in a
refrigerator at —4 °C before being used.

Selecting the grain full, same size, no worm holes maize seeds, 70% ethanol solution disinfected for 2 min and
then rinsed with running water. Each variety seeds germinated in different germination boxes which containing 20
seeds. Each variety sets four concentration: 0, 200, 400 and 600 mM mannitol, three times repeated and the
corresponding solution osmotic potential were: 0, -0.49, -0.99, and -1.49 Mpa. New mannitol solution of the same
amount and normal water were replaced every day. The seeds germinated in a glasshouse in the light condition of
14 h light/10 h dark. The temperature in the glasshouse was 25 °C during the day and 20 °C at night.

2.2 Germination Rate (%)

Observing germination situation of maize seeds every day and the germination rate of seeds was measured by the
national seed inspection standards. Computing the final germination rate after germination for seven days.
Germination rate was calculated as follows: Germination rate = (Germinated seed number/Test seed number) x
100%

2.3 Germination Potential

Germination potential is the index to evaluate the seed germination rate and germination uniformity. Germination
potential was calculated as follows: Germination potential = (Germinated seed number at germination peak/Test
seed number) x 100%

2.4 Germination and Vigor Index of Drought Resistant

Germination and vigor index of drought resistant were calculated as follows: Seed germination index of drought
resistance = seed promptness index under water stress (PIS)/controlled seed promptness index (PIC); Promptness
index PI =nd, (1.00) + nd4 (0.75) + nd¢ (0.50) + ndg (0.25); nd, = number of germinated seeds by the xth day of
measurement (Grzesiak et al., 2013).

Seed vigor index of drought resistance = Seed vigor index under water stress (VIS)/Controlled seed vigor index
(VIC); Vigor index VI =PI x Sx; Sx is the average length of bud for seventh days.

2.5 Shoot and Root Fresh Weight and Root-Shoot Ratio

After germination for seven days, seedlings grew consistently were chosen to be cut the root and shoot with a
shear and weighed respectively. Root-shoot ratio was calculated as follows: Root-shoot ratio = Root fresh
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weight/Shoot fresh weight.
2.6 Shoot and Root Length

After germination of maize seeds for seven days, the shoot and root length were measured with a ruler.
2.7 Drought Resistance Coefficient

Drought resistance coefficient can reflect the sensitivity of plants to drought and it was calculated as follows:
Drought resistance coefficient = (Index value under drought stress/Index value under normal moisture) X 100%

3. Results
3.1 Germination Rate during Drought Stress

The germination of Zhengdan958 was better than Lianshengl5 under different mannitol treatment (Figure 1).
The germination rate of two maize varieties declined obviously under drought stress. Under 200 mM mannitol
treatment, germination percentage of Zhengdan958 and Lianshengl5 decreased 1.75% and 13.46%, respectively.
Under 400 mM mannitol treatment, germination percentage of Zhengdan958 and Lianshengl5 decreased 28.07
% and 50.00%, respectively. Under 600 mM mannitol treatment, germination percentage of Zhengdan958 and
Liansheng15 decreased 50.88% and 75.00%, respectively (Figure 2).
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Figure 1. Photos of germination of Zhengdan958 and Liansheng15 under different concentrations of mannitol
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Figure 2. Germination rate of different maize varieties in response to different concentrations of mannitol. Each
point represents the means + SD of five measurements on each of five plants (n =5)

3.2 Germination Potential during Drought Stress

The germination potential of two maize varieties declined significantly under mannitol stress and there was
significant difference between different varieties. Under 200 mM mannitol treatment, there was nearly no
decrease in germination potential of Zhengdan958, but it decreased 34.62% in Lianshengl5. Under the stress of
600 mM mannitol, the germination potential of Zhengdan958 decreased 67.92% and the germination potential of
Liansheng15 was 0 (Figure 3).
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Figure 3. Germination potential of different maize varieties in response to different concentrations of mannitol.
Values are means £SD of five measurements for each of five plants (n = 5)

3.3 Germination and Vigor Index of Drought Resistance

The germination index (PIS/PIC) and vigor index (VIS/VIC) of drought resistance of the two maize varieties
both decreased with the increase of mannitol concentration. The PIS/PIC of Zhengdan958 was higher than
Liansheng15 under the stress of 200, 400 and 600 mM mannitol. The VIS/VIC of Zhengdan958 was also higher
than that of Lianshengl5 under 200 and 400 mM mannitol and there was no obvious difference under the stress
of 600 mM mannitol (Figures 4 and 5).
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Figure 4. Germination index of drought resistance of different maize varieties in response to different
concentrations of mannitol. Data are means of 5 replicates (n = 5) + SD
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Figure 5. Vigor index of drought resistance of different maize varieties in response to different concentrations of
mannitol. Each point represents the means + SD of five measurements on each of five plants (n = 5)

3.4 Shoot and Root Fresh Weight and Root-Shoot Ratio during Drought Stress

Shoot and root fresh weight of two maize varieties under drought stress decreased obviously with the increase of
mannitol concentration. Under 200 mM mannitol treatment, shoot fresh weight of Zhengdan958 and
Liansheng15 decreased 71.13% and 79.51%, respectively (Figure 6). Under 400 mM mannitol treatment, shoot
fresh weight of Zhengdan958 and Lianshengl5 decreased 90.84% and 95.55%, respectively. Under 600 mM
mannitol treatment, shoot fresh weight of Zhengdan958 and Lianshengl5 decreased 95.49% and 98.36%,
respectively. Root fresh weight of Zhengdan958 and Lianshengl5 under 200, 400 and 600 mM mannitol
treatment decreased 43.73% and 46.30%, 70.28% and 87.27%, 85.87% and 96.00%, respectively (Figure 7).

The root-shoot ratio of Zhengdan958 increased during mannitol treatment. It increased before 400 mM mannitol
treatment and then decreased in Lianshengl5 (Figure 8). Root-shoot ratio of Zhengdan958 increased from 0.82
under the control condition to 3.11 under 600 mM mannitol treatment, and the ratio of Lianshengl5 increased
from 1.04 under the control condition to 2.15 under 600 mM mannitol treatment.
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Figure 6. Shoot fresh weight of different maize varieties in response to different concentrations of mannitol.
Values are means +SD of five measurements for each of five plants (n = 5)
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Figure 7. Root fresh weight of different maize varieties in response to different concentrations of mannitol. Data
are means of 5 replicates (n = 5) = SD
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Figure 8. Root-shoot ratio of different maize varieties in response to different concentrations of mannitol. Each
point represents the means + SD of five measurements on each of five plants (n =5)

3.5 Changes of Shoot and Root Length during Drought Stress

Shoot and root length of two maize varieties decreased obviously under the stress of 200, 400 and 600 mM
mannitol (Figures 9 and 10). Under the stress of 200, 400 and 600 mM mannitol, shoot length of Zhengdan958
decreased 68.17%, 88.66% and 94.33%, respectively. While shoot length of Lianshengl5 under the stress of 200,
400 and 600 mM mannitol decreased 75.20%, 92.32% and 96.80%, respectively (Figure 9). Root length of
Zhengdan958 under the stress of 200, 400 and 600 mM mannitol decreased 37.73%, 64.53% and 84.83%,
respectively. And root length of Lianshengl5 under the stress of 200, 400 and 600 mM mannitol decreased
49.65%, 82.39% and 92.74%, respectively (Figure 10).
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Figure 9. Shoot length of different maize varieties in response to different concentrations of mannitol. Values are
means £SD of five measurements for each of five plants (n =5)
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Figure 10. Root length of different maize varieties in response to different concentrations of mannitol. Data are
means of 5 replicates (n =5) + SD

3.6 Drought Resistance Coefficient

The drought resistance coefficients of shoot and root fresh weight and length of two maize varieties under
drought stress decreased obviously with the increase of mannitol concentration. But the drought resistance
coefficients of Zhengdan958 were higher than that of Lianshengl5. The drought resistance coefficient of
root-shoot ratio of Zhengdan958 increased during mannitol treatment. While the ratio of Lianshengl5 increased
first and then decreased (Table 1). This showed that the drought resistances of Zhengdan958 was higher than that
of Liansheng15 on seed germination condition.

Table 1. Drought resistance coefficient of two maize varieties under 200, 400 and 600 mM mannitol treatment.
Each point represents the means + SD of five measurements on each of five plants (n = 5)

Mannitol concentration Shoot fresh Root fresh Root-shoot

Variety Shoot length ~ Root length

(mM) weight weight ratio
Zhengdan958 200 0.29° 0.56" 2.34° 0.32° 0.62°
400 0.09 0.30° 3.74% 0.11° 0.34°
600 0.05° 0.14° 3.82° 0.06° 0.15°
Liansheng15 200 0.24° 0.54° 2.16° 0.25° 0.50°
400 0.06° 0.13° 2.33° 0.08° 0.18°
600 0.02¢ 0.04° 2.07° 0.03¢ 0.07°

4. Discussion

Soil drought is one of the most important environmental factors responsible for the limit of maize productivity in
many areas of the world. Maize appears very sensitive to drought stress during seedling emergence. Some
researches (Grzesiak, 1990; Lorens et al., 1987a, 1987b; Martiniello & Lorenzoni, 1985; Ristic & Cass, 1991)
confirmed the existence in maize of a wide range of genotypic variability of response to drought. Plants develop
different morphological, physiological and biochemical mechanisms which inhibit or remove the harmful effects
of drought stresses (Boyer, 1982; Larsson & Go’rny, 1988; Chaves et al., 2002; Reynolds et al., 1998; Asharaf,
2010). Relatively little research was carried out on the response to drought stress of some plant species.
Intragenotypic variability was studied in maize (Martiniello & Lorenzoni, 1985; Lorens et al., 1987a, 1987b;
Evans et al., 1990; Grzesiak, 1990; Ristic & Cass, 1991). Developing cultivars of maize that can perform well
under heat and drought stress is an important goal throughout the world. However, progress in breeding of
drought resistant maize genotypes requires future study into physiological mechanisms underlying the responses
of maize to water stress (Larsson & Go’rny, 1988; Richards, 1991). In maize, similarly to other species, genotypic
differences in response to soil water deficit were identified with respect to plant physiological characteristics. In
the present study, we investigated the effects of drought stress on seeds germination and seedlings growth of two
maize varieties.

The germination rate under drought stress can show the germination ability of drought resistance of various
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varieties. In this experiment, we preliminary judged the strength of drought resistance according to the
germination rate of two maize varieties under the simulated drought stress with mannitol. The germination rate of
two maize varieties declined obviously under drought stress, and there was no significant difference between the
two varieties. Under the stress of 200, 400 and 600 mM mannitol, germination percentage of Zhengdan958 was
still higher than that of Lianshengl5, suggesting that Zhengdan958 had a stronger drought resistance (Figure 2).

Germination potential is a index to evaluate the seed germination rate and germination uniformity. It has been
shown that the germination potential of two maize varieties both declined under drought stress. But Liansheng15
decreased more than that of Zhengdan958 (Figure 3). This suggested that Zhengdan958 germinated more quickly
than Lianshengl5, showing a stronger drought resistance of Zhengdan958. In addition, the effect of drought
stress on the germination potential was greater than germination rate, explaining the greater influence of drought
stress on early seed germination. This may be due to the bigger seeds suction influence of Zhengdan958 under
drought stress on the early stage of germination.

Vigor index of drought resistance can better reflect the drought resistance and germination characteristics. The
germination and vigor index of drought resistance of two maize varieties decreased with the increase of mannitol
concentration, but Zhengdan958 decreased less than that of Lianshengl5 under the stress of 200, 400 and 600
mM mannitol (Figures 4 and 5). The seedlings of Zhengdan958 grew better under osmotic stress, which could
also be reflected by the seedling fresh weight (Figures 6 and 7) and length (Figures 9 and 10).

Osmotic adjustment is one of main strategies by which plants ensured water uptake during drought stress
conditions. Drought resistance coefficient reflects the sensitive degree of plants to drought stress. From our results,
the drought resistance coefficients of Zhengdan958 were all higher than that of Lianshengl5 (Table 1). Roots is
an important absorption organ of plants, developed level of roots is one of the main indexes of drought resistance.
From the physiological point of view, a great root-shoot ratio is beneficial to alleviate drought stress. From the
experimental results, Zhengdan958 had higher root-shoot ratio under drought stress (Figure 8), suggesting that
Zhengdan958 developed powerful root system to fully use of water in deep soil under drought condition, thus
showing stronger drought resistance.

5. Conclusion

In conclusion, under the same drought stress, the stronger drought resistance varieties which have higher
germination and vigor index of drought resistance can still maintain higher germination potential and germination
rate. In this experiment, Zhengdan958 germinated in greater numbers and more quickly than Lianshengl5. And
Zhengdan958 also had more powerful root system and stronger ability of osmotic adjustment to ensure seedling
establishment in their drought environments, which might be the important reason for higher resistance to
drought stress of Zhengdan958.
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