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Stress tolerance to drought of inbred maize lines

P. Vulchinkova*

Maize Research Institute, 5835 Kneja, Bulgaria

Abstract. During two-year field trials (2012 –2013) 11 inbred maize lines were studied on two contrasting conditions: under irrigation and without irrigation 
(water stress simulation). Screening was carried out of the tolerance to drought of the traits describing the biometrics of the stalk and affecting the 
photosynthesis and the water regime in normal conditions and under stress. The relative stress tolerance and sensitivity of the studied lines to drought stress 
was studied. The results showed that water deficit was reduced and the plant turgor was improved in the lines: XM 94507, CHK 4382, 2378B and 26A having 
higher drought tolerance. The plant height of the lines AС 9434, ХM 94507, CHK 4382, 2378B and KB 11 was the least affected by the negative stress impact 
and they had relative resistance for that trait, while concerning the ear leaf area the inbred lines: ХM 4418, 2378B, KB 11, 26A and AС 9434 were resistant. 
Under drought stress all studied inbred lines reacted by decreasing the total pigment content of the leaf tissues. The differentiation of the studied inbred lines in 
drought tolerance could be used in the source units of adaptability selection of maize.

Keywords: maize inbred lines, water stress, water deficit, pigment content
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Introduction content and the water deficit of the ear leaf tissues were determined 
by the method of Bozova et al. (1993) during the tassel inflorescence 
phase for all inbred lines. Plastid pigment content was determined by The major abiotic stress factors affect mainly extreme 
aceton extraction after extinctions by Spekol the pigment content variations in temperature, water, nutrient and light conditions of 
was computed as follows: chlorophyll a = 10.3 x E 663 – 0.918 x E plants. The normal reaction to the stress factor is determined by the 
644; chlorophyll b = 19.7 x E 644 – 3.87 x E 663; carotinoides K = plant genetic potential. In recent years due to the climatic changes 
4.75 x E 440 – 0.226 x (a+b).and anomalies the drought stress (water stress) had greatly reduced 

the vegetative growth and the maize grain yield (Kostova et al., 
2006; Vulchinkova, 2007; Vulchinkova et al., 2013). The 
mechanisms of water stress impact the main physiological Results and discussion
processes and their relation to stress tolerance in maize is not yet 
entirely clear which attracts the interest in that kind of research. In Water and temperature stress cause a wide range of structural 
obtaining drought resistant genotypes there are difficulties, on the and functional changes and variations from the normal reaction. 
one hand concerning the complex nature of the plant reaction to Their scope and significance for the plant growth, development and 
water stress, on the other the evaluation criteria, selection, methods survival depend on its genotype, adaptability and the duration of the 
and approaches for studying their resistance. Any further study on stress effects (Yordanov, 1992; Altmman, 1998; Vulchinkova, 2000).  
the problems of stress is of importance for selection, both in In this sense the good approach is obtaining genotypes with higher 
theoretical and applied aspects. stress tolerance that except being plastic have also genes for 

The aim of this study is to evaluate the reaction of inbred maize resistance to a certain stress factor. Such genotypes after being 
lines to drought tolerance by signs affecting the photosynthesis and subjected to great stress reduce their productivity to the least extent 
the water regime in normal conditions and under stress. and they are valuable and interesting for adaptability selection. In 

maize hybrids the adaptability potential is higher than in the parental 
forms that are relatively more sensitive to certain stress factors 

Material and methods (Vulchinkov and Vulchinkova, 2007; Vulchinkov, 2000).
The heterozygous genotypes have in greater degree protective 

The field trials were carried out for a two-year period (2012 – responses and increased physiological activity of the metabolic 
2013) with 11 inbred maize lines, parental components of processes under the environmental condition changes. The direct 
disseminated and experimental maize hybrids. The lines AC 9434, N assessment of the response of inbred lines under irrigation and 
192, XM 94507, CHK 4382, XM 4418, K 4652, 2378B, 26A, KC without irrigation allows their relative resistance in normal conditions 
4661, Mo 17 and KB 11 were grown on two contrasting conditions: and under stress to be defined. The results of the leaf tissue water 
under irrigation and without irrigation (water stress simulation) in deficit of the studied inbred lines during the corn-flower 
field conditions. The soil moisture dynamics at 0 – 100 cm depth was inflorescence are presented in Table 1. The water deficit of the leaf 
followed at 10-day interval. At the time when the soil moisture was tissues is expressed in % of the water content from their full 
reduced below 75%, 3 irrigations were made. saturation and characterizes the shortage of water to fully saturate 

The traits describing the biometrics of the stalk and the ear leaf the cells. The obtained results were indicative that under stress 
of the inbred lines were observed and analyzed. Plastid pigment conditions the water deficit of all inbred lines was increased and that 

* e-mail: penka_vulchinkova@abv.bg
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tolerance have lines 2378В, 26A, ХM 94507 and CHK 4382 that 
have the lowest water deficit (about 6.5%). Under irrigation all tested 
lines reacted by reducing the water deficit level and increasing the 
relative leave turgidity and the leaf tissue saturation was best 
improved in lines N 192, CHK 4382, ХM 94507, 26A, ХM 4418 that 
were in good turgor and physiological condition and had overcome 
the drought stress quicker. Lines KС 4661, KB 11 and Mo 17 
preserved higher water deficit under irrigation too, i.e. they were 
relatively sensitive under both environmental conditions. 

The obtained results about chlorophyll components and the 
total content of chlorophylls and carotenes (Table 2) showed lower 
intensity of the biosynthesis of pigments under drought stress. The 
total pigment content under these conditions varied from 3.522 mg/g 
(26A) to 4.584 mg/g (N 192) that was indicative of the negative 
impact of the external factors on photosynthetic pigments and 
indirectly on the photosynthetic productivity. Under conditions of 
better water availability the total pigment content went up, reaching 
up to 5.350 mg/g (N 192).

Table 3 shows the results of some biometric indicators of the 
studied inbred lines. The plant height and the ear leaf area were 
changed under stress impacts and a reaction of growth process 
suppression under conditions without irrigation was observed.  
Relative resistance to the simulated drought stress revealed lines 

was best expressed in KB 11, KС 4661, ХM 4418, K 4652 and Mo 17 AС 9434, ХM 94507, CHK 4382, 2378B and KB 11, as their height 
that are relatively more susceptible and less drought tolerant. In the was the least affected by the negative stress effect. Relatively more 
meantime, their relative turgidity is lower. Higher relative stress susceptible were lines Mo 17, ХM 4418, K 4652 and KС 4661 that 

Table 1. Water deficit of maize inbred lines leaf tissues at
tassel flowering 

Inbred lines

АС 9434

N 192

ХМ 94507

CHK 4382

ХМ 4418

К 4652

2378В

26А

КС 4661

Мо 17

КB 11

92.70

92.97

93.73

93.59

89.86

90.99

93.60

93.13

88.56

92.01

87.36

4.73

2.51

3.09

2.79

3.70

4.58

3.94

3.55

9.02

6.31

8.32

95.27

97.49

96.91

97.21

96.30

95.42

96.06

96.45

90.98

93.69

91.68

  7.30

  7.03

  6.27

  6.41

10.14

  9.01

  6.40

  6.87

11.44

 7.9

12.64

Without irrigation

Water

deficit, %

Water

deficit, %

Relative

turgidity, %

Relative

turgidity, %

With irrigation

Table 2. Leaf pigment content of maize inbred lines at irrigated and non-irrigated conditions

№ Inbred lines
Chlorophyll a Chlorophyll b Chlorophyll а+b Carotinoides Total content

1

2

3

4

5

6

7

8

9

10

11

1

2

3

4

5

6

7

8

9

10

11

Without irrigation

АС 9434

N 192

ХМ 94507

CHK 4382

ХМ 4418

К 4652

2378В

26А

КС 4661

Мо 17

КB 11

With irrigation

АС 9434

N 192

ХМ 94507

CHK 4382

ХМ 4418

К 4652

2378В

26А

КС 4661

Мо 17

КB 11

2.67

3.02

2.87

2.95

2.78

2.38

2.73

2.31

2.69

2.28

2.62

3.12

3.53

3.21

3.33

2.92

3.04

3.41

2.54

3.24

2.73

3.10

1.44

1.28

1.27

1.26

1.28

1.10

1.27

1.01

1.20

0.99

1.19

1.40

1.51

1.30

1.40

1.37

1.36

1.57

1.22

1.48

1.49

1.30

4.11

4.30

4.14

4.21

4.06

3.48

4.00

3.32

3.89

3.27

3.81

4.52

5.04

4.51

4.73

4.29

4.40

4.98

3.76

4.72

4.22

4.40

0.235

0.284

0.293

0.267

0.273

0.202

0.236

0.202

0.241

0.196

0.238

0.291

0.310

0.275

0.306

0.275

0.280

0.296

0.236

0.281

0.223

0.272

4.345

4.584

4.433

4.477

4.333

3.682

4.236

3.522

4.131

3.466

4.048

4.811

5.350

4.785

5.036

4.565

4.680

5.276

3.996

5.001

4.443

4.672

Plastid pigments, mg/g
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had higher degree of reduction in the value of the studied trait under federation of European societies of plant physiology, 7-11 
stress conditions. Concerning the ear leaf area the following lines September, Varna, Bulgaria.
were resistant to drought: ХM 4418, 2378B, KB 11, 26A, AС 9434, Bozova L, Kerin V, Kolev V, Mileva D and Ilieva T, 1993. Practicum 
and susceptible N 192, ХM 94507, CHK 4382, K 4652, KС 4661 and of Plant Physiology. Sofia, 24-50 (Bg).
Mo 17. Kostova A, Todorovska E, Christov N, Vulchinkova P, Genov M 

and Atanasov A, 2006. Study on drought tolerant Bulgarian maize 
inbred lines with molecular markers. Agricultural Science, XXXIX, 5 
(Bg).

Conclusion Vulchinkova P, 2000. Physiology and genetics studies on the 
productivity elements and yield of maize. Thesis for PhD, Maize 

Lines XM 94507, CJK 4382, 2378B and 26A with low water Research Institute, Kneja (Bg).
deficit and high relative turgidity of the leaf tissues were relatively Vulchinkov S, 2000. Investigations on genotype – environment 
resistant to water stress while inbred lines KB 11, KС 4661, ХM interaction in maize inbred lines and hybrids. Thesis for PhD, Maize 
4418, K 4652 and Mo 17 were less tolerant and respectively more Research Institute, Kneja (Bg).
susceptible to stress effect. Under drought stress the studied inbred Vulchinkova P, 2007. Water stress and nitrogen uptake influence 
lines reacted by decreasing the total pigment content of the leaf on quality traits of maize hybrids, grown as a sand culture. 
tissues. Relative resistance concerning plant height under simulated International Scientific Conference, Stara Zagora, I, Plant Studies, 
water stress had lines AС 9434, ХM 94507, CHK 4382, 2378B and 331-336 (Bg).
KB 11, while for ear leaf area – ХM 4418, 2378B, KB 11, 26A, AС Vulchinkov S and Vulchinkova P, 2007. General adaptation index 
9434. The inbred lines that revealed better stress tolerance to the in breeding stress tolerance maize genotypes. International 
studied traits could be used as donors for dry-resistance in the Scientific Conference, Stara Zagora, I, Plant Studies, 324-327 (Bg).
source selection units. Vulchinkova P, Savov V, Bratkova Sv, Angelova G, Chakalov K 

and Popova T, 2013. Stress tolerance effect of biostimulators 
treatment on maize hybrids. Plant Science, 50, 49-53 (Bg).

References Yordanov I, 1992. Photosynthesis answer of temperature stress 
and molecular mechanisms of its adaptation. Plant Physiology, 

Altmman A, 1998. Plant responses abiotic stress, Physiological and ХVІІІ, 4, 63-75.
thmolecular consideration. Plenary lectures. The 11  congress of 

Table 3. Biometric indicators of maize inbred lines at irrigated and non-irrigated conditions

№ Inbred lines
Total plant high,

cm
Total plant high,

cm
Total plant high,

cm
Ear leaf area,

2cm
Ear leaf area,

2cm
Ear leaf area,

2cm

1

2

3

4

5

6

7

8

9

10

11

АС 9434

N 192

ХМ 94507

CHK 4382

ХМ 4418

К 4652

2378В

26А

КС 4661

Мо 17

КB 11

184.80

156.30

160.60

156.70

157.70

185.80

163.00

157.60

188.50

170.10

165.00

400.40

337.75

298.85

300.25

388.33

417.44

458.37

408.25

424.17

318.90

404.06

190.60

164.70

167.10

163.10

172.70

203.00

171.15

167.90

204.15

191.85

173.65

428.95

468.25

363.98

353.62

408.19

460.10

483.73

434.55

467.70

354.44

427.55

96.95

94.90

96.11

96.01

91.34

91.53

95.24

94.37

92.33

88.66

95.02

93.34

72.13

82.11

84.90

95.13

90.73

94.76

93.95

90.69

89.97

94.50

Without irrigation With irrigation % Without irrigation / With irrigation
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responsible for incorrect quotes of 
reference sources and the relevant 
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Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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