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Two inbred lines and their heterotic F1 hybrid of sweet corn (Zea mays L. var. 

rugosa Bonaf.) were evaluated to assess their reaction for PEG-mediated water stress at 

the seedling stage in terms of various physiological and biochemical traits. Water 

potentials were: zero as control and -0.6, -0.9, -1.2 and -1.5 MPa as treatments. Stress-

determining parameters such as proline content, malondiadehyde, and hydrogen peroxide 

were measured. In water stress, the germination was inversely proportional to the 

Polyethylene glycol concentrations in all three genotypes; roots and shoots length, fresh 

and dry weight decreased with an increasing of polyethylene glycol concentration. 

Malondiadehyde, proline, and hydrogen peroxide were found to be increased at different 

osmotic gradients in comparison to control. The data observed in the experiments 

revealed that the line C-6 might be used as a very promising parent to breed and select 

new drought tolerant sweet corn hybrids. Such a suggestion needs to be further explored 

by involving a larger set of sweet corn lines and hybrids.  

Key words: drought stress, lipid peroxidation, maize,  proline, Zea mays L. 

 

Abbreviations: DW–dry weight; FW–fresh weight; H2O2–Hydrogen peroxide; MDA–

malondialdehyde; PEG–Polyethylene glycol-6000; TBA–thiobarbituric acid.  
 

INTRODUCTION 

In Bulgaria, sweet corn (Zea mays var. rugosa Bonaf.) is being increasingly grown and 

cultivated in many areas. Fresh, high quality sweet corn ears harvested at the milk and early dough 

stage are one of the most popular new vegetables. The developing kernels of sweet corn have high 

sugar content due to one or more recessive mutations blocking conversion of sugar to starch.  
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Studies of sweet corn in the Institute of Plant Physiology and Genetics started in 1986 and 

up to now many lines and several hybrids were released. The present work is a part of a maize 

research program aimed at the characterization and evaluation of the germplasm bank of available 

accessions, thus providing useful information for plant genetic resources. In our previous study we 

reported on genotypic correlation and path-coefficient analysis of some productivity elements in 

sweet corn (VASSILEVSKA-IVANOVA et al., 2007a), combining ability in diallel crosses among 

sweet corn inbred lines (VASSILEVSKA-IVANOVA et al., 2007b), and capacity for callus formation 

in inbred lines and F1 hybrids (NEDEV et al., 2008). Recent study reported on a new sweet corn 

hybrid with high productivity and favorable taste (KRAPTCHEV et al., 2010). Also, evaluation the 

F1 sweet corn Zaharina and its parental breeding lines by their agronomical traits, as well as the 

levels of phenolic, flavonoids compounds, and antioxidants activity of parent-hybrid triplet has 

been reported (KRAPTCHEV et al., 2014).  

Drought or water stress is one of the main abiotic factors limiting plant growth and 

development thus, causing substantial yield reduction (RAUF, 2008; TUTEJA et al., 2012; KUMARI et 

al., 2014). Water shortage is a critical problem influencing a broad range of processes spanning 

both the time-scale and the plant organization level. Maize is particularly susceptible to water 

stress during the crucial flowering and seed-set period when yield potential is being set (HARRISON 

et al., 2014; AWASTHY et al., 2014). Therefore, it has become important to breed genotypes able to 

maintain a good yield over a range of water supply, i. e. to be drought- tolerant. Drought tolerance 

breeding and selection is not an easy task due to the happening of strong interactions between 

genotypes and the environment and restricted knowledge about the function and role of tolerance 

mechanisms (MESSMER, 2006). There are numerous strategies utilized in breeding for drought 

stress in a crop species such as induction of earliness for drought escape, modification of certain 

plant traits that leads toward drought resistance and introduction of drought tolerant traits 

associated with high yield (SRINIVASAN et al. 2004; RAUF, 2008).  
The aim of the present study was to determine the response of one F1 sweet corn hybrid and 

its parental inbred lines accessed from Institute of Plant Physiology and Genetics, Sofia to PEG-

mediated water stress. Growth parameters, lipid peroxidation, proline, and H2O2 level in shoots of 

sweet corn seedlings were measured and compared in three genotypes that differ physiologically in 

their sensitivity to drought stress.  

 
MATERIALS AND METHODS 

For this study two sweet corn inbred lines 6-13 and C-6 (pollen source) carrying the su gene 

and their heterotic F1 hybrid named Zaharina were chosen. The two parental inbreds are part of a 

set of selfed lines which were bred and screened in the Institute of Plant Physiology and Genetics, 

Sofia following a program of production highly homogeneous inbred lines. Both lines and hybrid 

were characterized as mid-season, yellow-seeded plants. All experiments were carried out using 

seeds produced in the same year and under the same climatic conditions. Each experiment was 

repeated at list three times.  

Three sweet corn genotypes were evaluated against drought stress at germination and 

seedling growth stages under laboratory conditions. Four replicates of 25 seeds in each genotype 

were disinfected in 96 % ethanol for 1.5 min followed by 15 min in 15 % Domestos, before being 

washed 3 times in sterile water. Afterwards, seeds were germinated in the dark at 25 ± 1 °C in 

rolled, moistened paper towels for 3 days. Number of seeds germinated was counted gradually 

from 16 to 96 hours (4 hrs interval). Germination was considered to have occurred when the 
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radicle was 2 mm long. The total germination was expressed as percent of that in the control 

treatment for each genotype and then data were analyzed statistically. 

The healthy and uniform seedlings which germinate under optimal conditions were selected 

and transferred to grow in plastic bakers filled with 200 ml half-strength Hoagland’s solution and 

grown in a controlled growth chamber at 25 ± 2 
o
C with a 16/8-h photocycle (250 µmol m

-2
 s

-1
 ) 

and a relative humidity of 60%. After 7 days of growth, the length of roots and shoots were 

measured and seedlings were exposed to drought stress treatments for 3 days. Polyethylene glycol-

6000 (PEG-6000) was used as a drought stimulator. Four water stress levels with different osmotic 

potentials of -0.6, -0.9 , -1.2, -1.5 MPa, respectively, were generated by dissolving PEG to half-

strength Hoagland’s solution. The osmotic potential of control solution was 0.0 MPa. Each set of 

experiments was performed three times. At the end of the experiment (14 days), the plants were 

harvested and their shoots and roots were separated. Lengths were measured and fresh weight 

(FW), dry weight (DW) and water content were recorded by weight change. For dry weight 

determination samples were oven dried at 70 °C for 72 h and then weighed. Growth rate was 

calculated by observing length (cm) of roots and stems with leaves as (L2 − L1)/d, where L1 and 

L2 are lengths on 1st day of stress and 3 days after that, respectively and d is the number of days. 

Free proline content in the leaves was determined by the method by BATES et al., (1973), 

the absorbance was read at 520 nm against toluene blank. Proline concentration was determined 

using calibration curve and expressed as µmol proline g
−1

 FW. Measurements of lipid peroxidation 

(the concentration of MDA) were taken according to CAKMAK and HORST (1991). The 

thiobarbituric acid (TBA) test, which determines MDA as an end product of lipid peroxidation was 

used. Hydrogen peroxide levels were determined spectrophotometrically according to ALEXIEVA 

et al. (2001). The absorbancy of supernatant was read at 390 nm. The content of H2O2 was given 

on a standard curve. 

All measurements were replicated three times. Data were subjected to one-way ANOVA 

analysis of variance for comparison of means, and significant differences were calculated 

according to Fisher LSD test at the 5% level using a statistical software package (Statigraphics 

Plus, version 5.1 for Windows). Experimental results were expressed as means ± standard error. 

 

RESULTS AND DISSCUSSION 

Background information on the germination behavior of the seed material used in the 

following experiments is given in Figure 1. The seed germination of line C-6 and hybrid Zaharina 

was almost equal and sufficed for 99-100% at 72h after sowing. The seeds from 6-13 line 

germinated slowly but higher germination also occurred within 72 h.  

The PEG solution of all four concentrations had an inhibitory effect on sweet corn seed 

germination, and the degree of inhibition increased with the PEG concentration (Table 1). The 

inhibitory effect of PEG on the seed germination was more obvious on the seeds of line 6-13 than 

the line C-6 and hybrid.  

Root and shoot growth was followed by measuring length, fresh weight (FW) and dry 

weight (DW) under PEG treatment. Increasing concentrations of PEG from -0.6 to -1.5 MPa 

progressively reduced root and shoot length in all three sweet corn genotypes as the lowest values 

were recorded at -1.5 MPa (Table 2). The comparison between the effects of PEG at iso-osmotic 

concentrations showed that seeds of line C-6 were more inhibited than line 6-13 and Zaharina. The 

results of the present investigation are consistent with the generally accepted idea that osmotic 

stress reduces growth of plant tissue.  
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Figure 1. Germination responses of sweet corn lines and hybrid under optimal conditions. 

 

 

 

Table 1. Effect of osmotic stress induced by PEG-6000 on the germination of sweet corn lines and hybrid; 

percentage control values are given in parenthesis 

 

Osmotic potential (MPa) Germination (%) 

 Line 6-13 Line C-6 Hybrid “Zaharina” 

0 84 (100) ± 2.30 100 (100) ± 2.99 98 (100) ± 2.33 

-0.6 68 (81)   ± 2.78   87 (87)   ± 2,57 76 (79)   ± 2.44 

-0.9 55 (65)   ± 2.09   65 (65)   ± 1.89 62 (64)   ± 1.92 

-1.2 35 (42)   ± 2.52    57 (57)   ± 1.92 48 (50)   ± 2.21 

-1.5 16 (19)   ± 2.58   43 (43)   ± 2.21 36 (37)   ± 3.04 
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Table 2. Root and shoot growth responses (mean length per seedling in cm) of sweet corn lines and hybrid 

grown under optimal and stress conditions; percentage control values are given in parenthesis 

 Osmotic 

potential (MPa) 

 
Length (cm) 

  Line 6-13 Line C-6 Hybrid “Zaharina” 

 0 24.2 (100) ± 1.7
a
 17.1 (100) ± 3.6

a
 25.7 (100) ± 3.7

a
 

 -0.6 22.7 (94)   ± 2.0
ab

 16.2 (95)   ± 3.4
a
 24.2 (94)   ± 2.6

ab
 

Root -0.9 22.4 (92)   ± 2.4
ab

 15.5 (91)   ± 3.5
a
 24.3 (94)   ± 1.7

ab
 

 -1.2 21.6 (90)   ± 2.2
b
 15.1 (88)   ± 2.1

a
 22.5 (87)   ± 2.5

bc
 

 -1.6 19.5 (80)   ± 1.3
c
 14.8 (86)   ± 2.0

a
 21.3 (83)   ± 2.3

c
 

 SED 1.0 1.5 1.3 

     

 0 9.6 (100) ± 2.0
a
 9.5 (100) ± 1.7

a
 11.2 (100) ± 1.9

a
 

 -0.6 8.6 (89)   ± 1.7
ab

 6.3 (66)   ± 1.7
b
    9.7 (87)   ± 1.5

b
 

Shoot -0.9 7.9 (82)   ± 1.6
bc

 5.9 (62)   ± 1.4
b
   9.3 (83)   ± 1.6

b
 

 -1.2 7.4 (77)   ± 1.3
bc

 5.8 (61)   ± 1.9
b
   8.6 (77)   ± 1.5

bc
 

 -1.6 7.0 (73)   ± 1.7
c
 5.3 (58)   ± 0.7

b
   7.3 (65)   ± 1.2

c
 

 SED 0.9 0.8  

*Results are shown as mean ± standard error (P<0.05), obtained from three replicates; Mean values followed by the same 

letter are not significantly different (p< 0.05) 

 

 

There was significant reduction in the fresh weight of shoots and roots of the both lines and 

the hybrid (Table 3). Maximum reduction (30-35%) of the fresh weight of roots was observed at 

high osmotic potential (-1.5 MPa) compared to that of the controls. Similar trend of reduction to 

about 47 and 39% down from the control was established for shoot fresh weight.  

The roots dry weight of all three sweet corn genotypes declined gradually with increasing 

level of PEG. Forty-seven and fifty-five percent reduction in root dry weight was observed at high 

PEG level (-1.5 MPa). All the levels of PEG treatments had inhibitory effect on the shoots dry 

weight but they were less affected by PEG-treatment than the roots (Table 3). 

The water content decreased gradually in the roots of both lines and hybrid with increasing 

osmotic potential (Figure 2 a). However, the osmotic stress reduced the water content considerably 

in shoots of severely stressed seedlings (Figure 2 b). A maximum decrease was observed under 

high osmotic potential (-1.5 MPa).  

The effect of osmotic stress on the free proline content of shoots depended on the 

concentrations of PEG as increasing levels of PEG (-0.6 to -1.5 MPa) increased the level of proline 

over control (Figure 3 A). Up to a 7- fold increase in proline content was registered in hybrid 

shoots exposed to -1.5 MPa PEG. In line C-6, free proline content also increased significantly in 

response to osmotic stress, but its value was up to 6-fold of the control. The difference in response 

to water stress of both lines and hybrid was evident in severely stressed seedling, where Zaharina 

accumulated more proline than both sweet corn lines (Figure 3 A).  
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Table 3. Effects of osmotic stress induced by PEG-6000 on fresh and dry weight (g/5 seedlings) of sweet corn 

lines and hybrid*; percentage control values are given in parenthesis 

Osmotic 

potential 

(MPa) 

 

Fresh weight (g) 

 

Dry weight (g) 

 Line 6-13 Line C-6 Hybrid 

“Zaharina” 

Line 6-13 Line C-6 Hybrid “Zaharina” 

   a) Root    

0 1.78 (100) ± 

0.08a 

0.95 (100) ± 

0.06a 

1.15 (100) ± 

0.08a 

0.17 (100) ± 

0.07a 

0.09 (100) ± 

0.01a 

0.08 (100) ± 0.01a 

-0.6 0.91 (51) ± 

0.05b 

0.71 (75) 

±0.06b 

0.62 (54) ± 

0.06b 

0.12 (70) ± 

0.01b 

0.08 (89) ± 

0.01a 

0.07 (87) ± 0.01ab 

-0.9 0.58 (32) ± 

0.06c 

0.62 (65) ± 

0.06c 

0.52 (45) ± 

0.06c 

0.11 (65) ± 

0.01b 

0.07 (78) ± 

0.01a 

0.07 (87) ± 0.01b 

-1.2 0.56 (31) ± 

0.07c 

0.45 (47) ± 

0.05d 

0.46 (40) ± 

0.06cd 

0.09 (53) ± 

0.01b 

0.06 (67) ± 

0.01a 

0.06 (75) ± 0.01b 

-1.5 0.54 (30) ± 

0.04c 

0.38 (40) ± 

0.06d 

0.40 (35) ± 

0.06d 

0.08 (47) ± 

0.01b 

0.05 (55) ± 

0.01a 

0.06 (75) ± 0.01b 

SED 0.0402 0.0377 0.0412 0.0202 0.0053 0.0049 

       

 

 

 

 

 

   b) Shoot    

0 1.35 (100) ± 

0.06a 

0.89 (100) ± 

0.06a 

1.22 (100) ± 

0.06a 

0.14 (100) ± 

0.01a 

0.10 (100) ± 

0.01a 

0.11 (100) ± 0.01a 

-0.6 0.67 (49) ± 

0.07b 

0.69 (77) ± 

0.06b 

0.89 (73) ± 

0.07b 

0.12 (86) ± 

0.04ab 

0.10 (100) ± 

0.01a 

0.11 (100) ± 0.01a 

-0.9 0.62 (46) ± 

0.05bc 

0.65 (73) ± 

0.06b 

0.77 (63) ± 

0.06c 

0.10 (71) ± 

0.01bc 

0.09 (90) ± 

0.01a 

0.10 (91) ± 0.01a 

-1.2 0.59 (44) ± 

0.05cd 

0.56 (63) ± 

0.06c 

0.75 (61) ± 

0.05c 

0.09 (64) ± 

0.01c 

0.09 (90) ± 

0.01a 

0.10 (91) ± 0.01a 

-1.5 0.53 (39) ± 

0.05d 

0.54 (61) ± 

0.05c 

0.57 (47) ± 

0.06d 

0.08 (57) ± 

0.01c 

0.09 (90) ± 

0.01a 

0.08 (73) ± 0.01b 

SED 0.0364 0.0372 0.0395 0.0116 0.0056 0.0050 

*Results are shown as mean ± standard error (P<0.05), obtained from three replicates; Mean values followed by 

the same letter are not significantly different (p< 0.05). 
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Figure 2. Effect of osmotic stress on root (a) and shoot (b) water content in sweet corn lines and hybrid. 
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Lipid peroxidation level in the shoots of the three sweet corn genotypes, measured as the 

content of MDA, is given in Figure 3 C. In each genotype, the level of MDA was significantly 

affected by drought treatments upon exposure to -0.6 and -1.5 MPa osmotic potential. A 

statistically significant stress-dependent increase in lipid peroxidation level in both lines 

(especially in C-6) and hybrid became apparent at higher concentrations (-0.9 to -1.5).  

We found that increasing concentrations of PEG from -0.6 to -1.5 MPa correlated with a 

strong increase in H2O2 level in shoots of all three sweet corn genotypes (Figure 3 B). Greater 

accumulation of H2O2 due to PEG was very evident at higher osmotic potential-from -0.6 to -1.0 

MPa.  

In the present study, both sweet corn lines and their hybrid Zaharina revealed a wide range 

of responses to PEG-induced osmotic stress that intensify with the severity of the treatments. At 

particular growth stage, sweet corn plants exhibited water-deficient symptoms: depressed 

germination rate, root and shoot length, depressed shoot and root dry and fresh matter production, 

and water content (Table 1-3). MORADI et al. (2012) and SHAHRIARI et al. (2014) have 

demonstrated that water stress in sweet corn caused irregular seed germination and poor and 

unsynchronized establishment of seedlings. Percentage germination decreased with increased PEG 

concentrations which are due to the reduction in water potential gradient between the seed and 

surrounding media (ALMAGHRABI, 2012). According to the Figure 2 (a, b), root’s and seedlings 

water content was almost similar; lower water retention was observed in seedlings under -1.5 MPa 

osmotic pressure. This result is in accordance of data reported by BIBI et al. (2012) in sorghum. 

Maintenance of favorable plant water relations is vital for the development of drought resistance in 

crop plants (PASSIOURA, 2002). The water content in plant roots and leaves has been shown to be 

associated with drought tolerance in many crops (BLUM, 2009; BIBI et al., 2012; BOWNE et al. 

2012). In the current study, the most of morphological and physiological characters at seedling 

stage were affected by drought stress. The effect of water stress on shoot growth was higher than 

those on the root growth indicating a differential response of the plant organs to drought. Similar 

results were reported by OKÇU et al. (2005) and BIBI et al. (2010). Since roots are the first part of 

the plant exposed to stress conditions, their reaction is associated with drought tolerance. 

Therefore, root length at seedling stage could be utilized as a selection criterion for drought 

tolerance at early stages of plant development (ALI et al., 2011). The data presented in Tables 2 

and 3 indicated that two parental lines and their hybrid are sensitive to water deficiency during 

early vegetative stage. Across the three genotypes, under drought conditions, F1 hybrid was more 

tolerant to water deficit stress than both inbreds for most studied morphological traits. 

It is already known that proline content in plant tissues is both a reflection and measure of 

stress-induced damage at the cellular level (MAGGIO et al. 2002; VALENTOVIC et al. 2006; ANJUM 

et al. 2011). Accumulation of proline under stress protects the cell by balancing the osmotic 

strength of cytosol with that of the vacuole and external environment. Also, it may interact with 

cellular macromolecules such as enzymes and stabilize the structure and function of such 

macromolecules (JAIN et al., 2001). In the current work, the levels of proline increased in parallel 

with the severity of water stress in all three genotypes as the highest proline content was observed 

in hybrid, followed by C-6 line that also appeared to be more tolerant (Figure 3, A). The marked 

difference between sweet corn genotypes in responding to water stress is indicative for their key 

role for determining the plant’s adaptation reaction to stress.  

Results in the present study also revealed that the exposure to water deficit of severe nature 

led to differential H2O2 accumulation (Figure 3, B) of all sweet corn genotypes. Similarly, the 
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increase of malondialdehyde content was evident under low and severe water stress. It could be 

pointed out that inbred line C-6 exhibited higher rate of response as compared to hybrid Zaharina 

and line 6-13 (Figure 3, B).  
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Figure 3. Effect of different levels of PEG induced water stress on free proline (A), hydrogen peroxide (B) 

and malondialdehyde (C) content in sweet corn lines and hybrid seedlings. 

Each column represents means ± SD of three replicates from three independent experiments. 

In conclusion, the present research work was conducted to evaluate the genetic potential of 

three sweet corn genotypes through artificially created water stress by PEG of molecular weight 

6000 in laboratory conditions. Since there is a lack of information about the genetic diversity and 

heterotic models in sweet corn germplasm our research was also faced with that problem. The 

obtained data strongly suggest that a number of morphological and physiological traits as well as 

biochemical parameters were directly affected by PEG-mediated water stress. A comparison 

between three biochemical parameters measured (proline, MDA and H2O2) revealed a differential 

response of C-6 line to MDA content (Figure 3, C). Together with results for proline content, it 
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could be suggested that the line C-6 seems to be a very promising parent to breed and select new 

drought tolerant sweet corn hybrids. Such a suggestion needs to be further explored by involving a 

larger set of sweet corn lines and hybrids.  
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Izvod 
Vršena su  ispitivanja dve samooplodne linije kukuruza šećerca i heterotični efekat u F1 hibridu 

njihovim ukrštanjem (Zea mays L. var. rugosa Bonaf.). u cilju ocenivanja njihove reakcije na na 

stress prem izazvan vodom u prisustvu PEG-a.u fazi klijanaca. Pokazatelji stresa su ocenjivani 

prema uticaju stresa na neke od fizioloških i biohemijskih osobina. Vodni potenijali su bili nula (0) 

kod kontrole i -0.6, -0.9, -1.2 i -1.5 MPa kod trertmana . Vršena su merenja sadržaja prolina,, 

malondialdehida i vodonik peroksida kao parmetara koji određuju stress.. U uslovima stresa 

klijanje semena je bilo obrnuto proporcijalno koncentraciji Polietilen glikola (PEG) kod svih 

ispitivanih genotiova kod dužine korena i biljke a došlo je do smanjenja sadržaja sveže i suve mase  

sa povećajem koncentracije politilen glikola u poređenju sa  kontrolom. Došlo je do povećanja 

sadržaja Malonil aldehida, prolina i vodonik peroksida pri različitim osmotskih gradijenata u 

poređenju sa kontrolom. Dobijeni rezultati uazuju da se samooplodna linija C -6 može koristiti kao 

obećavajućaroditeljska linija u stvaranju hibrida kukuruza šećerca tolerantnih na uslove stresa 

suše. Ovi rezultati se mogu smatrati preliminarnim i potrebno je u istraživanja uključiti veći broj 

samooplodnih linija i hibrida.  
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