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ABSTRACT 
Nitric oxide (NO) is an active molecule involved in the mediation of various biotic and abiotic stresses 

inducing physiological responses in the plants In the present study, the effect of sodium nitroprusside 
(SNP) presoaking, as a donor of NO, on the a'ltioxidant system of seven inbreds and seven hybrids of 
maize under drought stress was examined compared with the control. The activities of some antioxidant 
enzymes [Glutathione reductase (GR, EC1.6.4.2), Superoxide dismutase (SOD, EC1.1S.1.1), Glutathione 
peroxidase (GPx, EC 1.11.1.9) and Catalase (CAT, EC 1.11.1.6], were assayed. Also, the levels of 
ascorbate, endogenous nitric oxide, chlorophyll, osmolality contents were determined in the leaves of 
maize subjected to water deficit. Hybrid and inbred seeds were planted in three different locations (Beni­
Swier Tl, EL-Behara T2, and Giza T3). The drought treatments were estimated as 100, 80, and 65% of 
the field capacity and after 10, 14 and 18 days of drought stress in all locations. The results showed that 
although SNP induced increases in GR ,GPX and CAT activities in drought-stressed leaves of maize, 
while SOD activity remained unchanged (14 and 18 DAS). The levels of osmolality and chlorophyll 
remained unchanged, while the levels of total ascorbate, and nitric oxide were increased in SNP-treatcd 
leaves. The results also indicated that the levels of antioxidant enzyme activities, ascorbate amI nitric 
oxide in SNP-treated depended on the NO content, cultivars and the cultivated locations. These might 
contribute to the differential prevention of oxidative damage in plants exposed to drought stress. 

Key words: antioxidant enzymes, drought stress, maize leaves, nitric oxide, sodium nitroprosside 
( SNP). 

Abbreviations: 
(AsA) Ascorbate, ABA: Abcisic acid, CAT: Catalase, DAS: Day after sowing DTT Dithiothreitol, GPx: 

Glutathione Peroxidase, GR: Glutathione Reductase, ROS: Reactive Oxygen Species, SNP: Sodium 
Nitroprusside, SOD: Superoxidc Dismutase. 

1. INTRODUCTION stress is the rapid accumulation of compatihlc 
Droughl stress is the most important osmolytes such as proline and glycinebelain 

environmental factor limiting crop productivity in (Bray, 1993, Maggio et af., 2002 and Akata~ et 
many cultivated areas of the world. At the whole­ al.,20(7). 
plant level, the effect of water stress is usually Acclimation of plants to drought stress is often 
perceived as a decrease in the pholosynthesis associated with increased levels of ROS, such as 
process and growth rate. At the molecular level, superoxide anion (02"), hydrogen peroxide (H20 2), 

the negative effect is associated with oxidative hydroxyl radical (HO-) (SmirnoH 1993, and 
damage to the plant cell produced hy osmotic Chaves et al., 2003). ROS arc products of aerobic 
stress, due to imbalance between production of metabolism and their production is enhanced 
Reactive Oxygen Species (ROS) and antioxidant during drought conditions through the disruption 
defenses (Sharma and Dubey, 2005 and Hu et al. of the electron transport system and oxidizing 
2006 ). Accordingly, the high capacity to detoxify metabolic activities occurring in the chloroplasts, 
reactive oxygen species contributes to increasing mitochondria and microbodies (Asada, JY94 and 
drought tolerance of plants (Bowler e[ al., 1992, Van Brcusegem et al., 2001). Excessive levels or 
and Li et aL 1998). During salinity stress, ROS damilge to cellular structures and 
another plant strategy that may confer tolerance macromolecules cause photoinhibition or 
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photosynthetic apparatus (Smirnoft~ 1993 ) but the 
production and accumulation of ROS activate 
multiple defense responses, thus having also a 
positive role (Van Breusegem et at., 2001 and 
Vranova et al., 2002). 

Under non-stressful conditions, ROS arc 
efficiently eliminated by non- enzymatic and 
enzymatic antioxidants, whereas during drought 
conditions the production of ROS exceeds the 
capacity of the antioxidative systems to remove 
them, causing oxidative stress (Smimoff, 1993 
and Noctor and Foyer, 1998) The antioxidant 
non-enzymatic system includes ascorbate and 
glutathione, two constituents vi' the antioxidative 
ascorbate-glutathione cycle which detoxify H20 2 

in the chloroplasts (Asada, 1999) and are located 
within both the cell and the apoplast (Horemans 
et al ., 2000 and Foyer et at., 2001). Ascorbate 
(AsA) is a major primary antioxidant synthesized 
on the inner membrane of the mitochondria which 
reacts chemically with 0 2', HO' and thiol radical 
(Asada, 1999 and Noctar and Foyer, 1998) and 
acts as the natural substrate of many plant 
peroxidases (Mehlhorn et al., 1996). Moreover, 
AsA is involved in other functions such as plant 
growth, gene regulation, modulation of some 
enzymes and redox conditions. ROS arc 
efficiently eliminated by non-enzymatic and 
regulation of membrane-bound antioxidant 
compounds (Noctor and Foyer 1998 and 
Horemans et al., 2000). 

Nitrite oxide (NO) is a lipophilic molecule that 
diffuses through membranes. Although first 
described as a signal molecule in animals, 
accumulating evidence shows that NO is an 
important signal molecule involved in plant 
response to biotic and 'abiotic stresses (Dellcdonne 
et al., 1998; Uchida et ~11., 2002 and Yang et ai., 
2006). Some researchers applied exogenous NO 
directly to plants to elucidate the role of NO in 
plant growth and stress tolerance. The results 
showed that the application of exogenous NO 
confers resistance to salt (Uchida et ai., 2002), 
heavy metals (Hsu and Kao, 2004), chilling , 
(Neill et al., 2003) and ultraviolet-~ radiation 
stresses (Shi et al., 2005). Although it has been 
shown that exogenous application of NO donors 
can enhance adaptive plant responses against 
drought stress through inducing stomatal closure 
(Mata and Lamattina, 2001), the mechanism of 
drought tolerance induced by NO is not yet clear 
till now. Additionally, NO is itself a reactive 
nitrogen species and its effects on different types 
of cells have proved to be either protective or 
toxic, depending on its concentration and on the 
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situation. In the systems where toxicity is incurred 
predominantly from ROS, NO may act as a chain 
breaker and thus limit damage (Lipton er al., 
1993 ). 

In this study, SNP (sodium nitroprusside) was 
used as NO donor to alleviate oxidative damage 
of drought stress. The aim of this work was to 
study the changes of antioxidant enzyme activities 
(GR, SOD, CAT, and GPx), the level of some 
antioxidant compounds (ascorbate and nitric 
oxide), osmolality and chlorophyll content after 
treatment with SNP in the leaves of seven hybrids 
and seven inbreds of maize grown under water 
shortage followed by a rewatering in three 
different locations of Egypt. 

2. MATERIALS AND METHODS 
2.1. Plant material and experimental design 

The present inwstigation was conducted at 
three experimental locations of Egypt (Beni­
Swief, Giza and EL-Behara. The experimental 
period started on May 3, 7 and 15, 2006, in the 
three locations, respectively. The plant material 
included seven interspecific hybrids (Sc120, 
Scl29, Scl55, Twc31O, Twc 311, TWC314, and 
TWC352.) and seven specific inbreds 01 maize; 
(Sd34, Gz 603, Gz629 , Gm128 , Gm30, Gm 1021 
and Gm1001). There arc intership hctwccn 
hybrids and inbreds of maize. The plants were 
subjected to drought stress at 100, 80 and 65 % of 
the a field capacity irrigation interval (10,14 and 
18 days in Giza, Beni-Swief and EI-Behara). All 
grain samples were supplied by Agricultural 
Agronomy Research Center, Giza (Maize 
Improving Project) and sterilized with 15 % 
(VN) HZ0 2 solution and soaked in sodium 
nitroprosside solution (SNP) (0.28 gil) for 24 h 
before planting. Soaking treatment was activated 
by foliar spraying with SNP solution at 30 DAS. 
All hybrid and inbred plants were divided into 
three drought groups in Giza, Bani-Swief, and EI­
Behara. the first group was irrigated after 10 days 
(control), the second group was irrigated aftcr 14 
anu the third group was irrigated after 18 days 
interval from planting. The control seeds were 
soaked in water. Fresh leaves of all hybrids and 
inbreds Were collected after 45 DAS and used in 
all determinations. The present experiment was 
subjected to random block design. 
2.2. Enzyme extraction and assay 

Fresh leaves (lg) were washed and 
homogenized in 5 ml of 0.1 M potassium 
phosphate buHer (pH 6.8) containing 0.1 mM 
EDTA and 100 mg of polyvinyl pirolidone (PVP). 
Thc homogenate was centrifuged at 15,000 g for 
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20 min at 4°C and the supernatant was 
immediately used for the following enzyme 
assays: SOD, GR,CAT, and GPx. Total SOD 
activity was assayed by monitoring the inhibition 
of the photochemical reaction of nitro blue 
tetrazolium (NBT) according to the method 
described by Beyer and Fridowich (1987). One 
unit of SOD activity was defined as the amount of 
enzyme that was required to cause 50% inhibition 
of the reduction of NBT as monitored at 560 nm. 
CAT activity was assayed by measuring the rate 
of decomposition of H20 2 at 240 nm, (using a 
Thermo-scientific-UK spectrophotometer). within 
1 min as described by Aebi. (1983). The 3 ml 
reaction solution contained 15 mM H20 2, 50 mM 
phosphate buffer (pH 7.0) The reaction w ..s 
initiated by adding enzyme extract. GR activity 
was measured by following the change in 340 nm 
as oxidized glutathione (GSSG)-dependellt 
oxidation of NADPH, according to Carlberg and 
Mannervik (1985). GPx activity was determined 
according to the method of Paglia and Valentine 
(1967). GPx catalyses the oxidation of glutathione 
by cumene hydroperoxide in the presence of 
glutathione reductase and NADPH. The oxidized 
glutathione is immediately converted to reduced 
form with a concomitant oxidation of NADPH to 
NAD+. The decrease in absorbance at 340 nm was 
measured at 37°C. 
2.3. Ascorbate levels 

Ascorbate level was determined using. the 
method described by Foyer et al. (1983) .Washed 
fresh leaves (l g) were homogenizt.:d in 5 ml of 
trichloroacetic ac:d (TCA) then the homogenate 
was centnfuged 'il. ] 5,000 g for 20 min at 4 DC and 
the supernatant was immediately used for the 
determination OJ ascorbate content. A 0.5 g 
aliquGt of kavls was homogenized in 1.0 ml of 
ice-cold 2.5 N perchloric acid (HCI04) • The 
homogenate was filtered through three layers of 
cheesecloth (Miracloth) and then centrifuged at 
15,000 g for 5 min. For measuring of total 
ascorbate, 300 m! of neutralized extract were 
added to 1.2 ml of a reaction mixture containing 
20 mM dithiothreitol (JTT) in 50 mM Hepes­
KOH, pH 7.0. After incubation for 10 min at 25DC 
in a water bath, 100 ml of 0.5 M N­
ethy!rnaleimidc were added to remove DTT. The 
reaction was started with the addition of five units 
of ascorbate oxidase. 
2.4. Nitric oxide content 

Nitric o":ide content was determined using the 
method described by Hu et al. (2003) with slight 
modifications as follows, leaf samples (0.6 g) 
were ground in a morlar and pestle in 3 m! of 50 
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mM acetic acid buffer (pH 3.6, contall1l11g 4% 
zinc diacetate). The homogenates were 
centrifuged at lOOOO g for 15 min at 4°C. The 
supernatant was collected. The pellet was washed 
with 1ml of extraction buffer and centrifuged as 
before. The two supernatants were combined and 
0.1 g of charcoal was added. After vortex and 
filtration, the filtrate was leached and collected. 
The mixture of 1 ml of filtrate and 1 m! of the 
Greiss reagent was incubated at room temperature 
for 30 min. Absorbance was determined at 540 
nm. NO content was calculated by comparison to 
a standard curve of NaN02• 

2.5. Chlorophyll contents 
Chlorophyll contents in a leaf sample was 

determined according to the method of 
Wintermans and De Mots (1965). 
2.6. Leaf osmolality 

For the determining of leaf osmolality, leaf 
extracts were prepared from the 3"1 leaf by using 
Jones and Turner (]978) method. The osmolality 
was determined by using a cryoscopic osmometer 
(Osmomat 030 - Germany). 
2.7. Statistical analysis 

Statistical analysis of the data was performcl 
using Statistica Programme. Dun~an's Multipk 
Range Test was used to delcrmine signifi,;,m 
differences or the means at a 5'YrJ level. Differu1l 
letters (a-d) indicated significant differences at P 
:'S 0.05 level among treatments according ~() 

Duncan's multiple range test. 

3. RESULTS 
Activities of antioxidant enzymes of maize 
hybrids and inbreds after 14 and 18 DAS 

In the present investigation, all data with 
rewatering 14 and 18 DAS are relative to the 
control result (10 days) Effect of exogenous NO 
on antioxidant enzymes activities (GR, GPx, CAT 
and SOD) of seven hybrids and seven inbreds 
presoaked with SNP and rewatering after 14 and 
18 days is shown in Tables (1,2,3, and 4). 
3.1.	 Antioxidant enzymes of hybrids (after 14 

DAS). 
Effect of exogenous NO on antioxidant 

enzymes activities of seven hybrids presoaked 
with SNP and rewatering after 14 DAS is shown 
in Table (1). The results show that the activities 
of CAT, GR and GPx were significantly increased 
in all three locations after treatment with SNP 
compared to the control, but the activity of SOD 
was not affected. Also, it was observed that lhe 
activities of GR, GPx, and CAT in T2, T3 were 
higher than their activities in 1'1 location. These 
results showed that the activity of SOD remained 
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enzyme acllvltles of hybrids presoaked with 
Table 0): Effect of SNP presoaking on antioxidant enzyme SNP and rewatered 18 DAS is shown in Table 

activities of hybrids of maize leaves (14 days, (3). The results show that the activities of 
relative to 10 days) 

three enzymes (GR, GPx and CAT) were
SNP·Treatment 

significantly increased after treatment with SNPEnzyme Control L.S.D
 
Activity
 in both T2 and T3 locations but SOD activityT1 1'2 1'3 
( VII) was not affected compared with the control. The 

GR 138c 151b 442a 449a 9.9 results show that GR activity increased in all 
three locations while the higher activities of 

GPx 77d 122c 150b 162a 11 
GPX and CAT were in T3 location. Also from 

CAT 65d 146b 284a 130c 9.8 these results, it is noticed that the activity of 

SOD	 71a 61b 66a 70a 4.4 

11: BeRl-Swlel locatIOn ,1'2 EL-Behara locatIOn .1'3 Giza 

unchanged with SNP treatment in all three 
locations (Table 1). 
3.2. Antioxidant enzyme	 of inbreds (after 14 

DAS) 
Effect of exogenous NO on antioxidant 

enzymes activities of seven inbreds presoaked 
with SNP and rewatering 14 DAS was studied. 
The results in (Table 2) show that the activities 
of the three enzymes (GR, GPx, and CAT) were 
increased after treatment with SNP in all locations 
but SOD activity was not affected compared to the 
control. The results indicate that the highest 
activities of GR and CAT were found in EL­
Behara (T2) while the highest activity of GPx was 
in Beni-Swief location. It was also noticed that 
the activity of SOD remained unchanged with 
SNP treatment in all three locations (Table 2). 

Table (2):	 Effect of SNP presoaking on antioxidant 
enzyme activities of inbred of maize 
leaves (14 days, relative to 10 days). 

Enzyme SNP·Treatment 
activity Control L.S.D 

(VII) T1 1'2 1'3 

I 
GR 96c 207h 335a 212b 17 

GPx 38c 128a 70b 124a 10
 

CAT 66c 140b 190a 183a 9
 

SOD 71a 72a 63a 71a 8
 

Tl: Beni-Swief location ,T2 EL-Behara locatIOn .n Giza. 

3.3. Antioxidant enzyme of hybrids (after 
18 DAS) 

Effect of exogenous NO on antioxidant 

SOD remained unchanged with SNP trt::atmcnt 

I Table (3): Effect of SNP presoaking on antioxidant 
enzyme activities of hybrids of maize 
Ieaves (18 days, re a Ive 0 )1ft 10 days. 

Enzyme
Activity

( VII) Control Tl

GR IH7d 434a

GPx 90c 109b

CAT 97c 260b

SNP·Treatment 
LSD 

1'1'2 i 1'3 I 
387 25()c 10.7 

105 145a 12 

102 2HIla 10 

I SOD 72a 6th 71la 70a 6.8 
L...::::-::,.--:-=--;-::-,,-----,---==-=--=--:-----,-------,----ccc..-::-=------.1

'1'1: Beni-Swief location ,'1'2 EL-Bchara local ion :n Giza.
 

in all three locations (Table 3).
 

3.4. Antioxidant enzymes of inbred maize (after 
18 DAS) 

Effect of exogenous NO on antioxitlant
 
enzyme activities of seven inbreds presoaked
 
with SNP and rewatered after ]8 days was stutlicd
 
and the results are shown in (Table 4). The data
 
clarify that the activities of the three enzymes
 
(GR, GPx, and CAT) were increased after
 
presoaking with SNP in all locations but SOD
 
activity was not affected. It can be conclutled that
 
the higher activities of GR and CAT were in T2
 
but the higher activity of GPx was found in Tl
 
and T3. It was also observed that the activity of
 
SOD remained unchanged with SNP treatment in
 
all hybrids and inbrcds in alllocatiuns (Table 4).
 
3.5. Nitric oxide content 

Endogenous mtnc oxide content was
 
determined in all hybrids and inbn:ds (Table 5 ).
 
The effect of SNP treatment on endogenous nitric
 
oxide content of all hybrids and inbreds has been
 
detected. The results show that nitric oxitle
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Table (4): EITect of' SNP presoaking on antioxidant
 
enzyme activities of inbred maize
 
leaves (18 days relative to 10 days ).
 

SNP-Treatment 
Enzyme Control Tl 1'2 1'3 

LSD 
(U/J) 

GR l38c 234b 242b 389a 13 

GPx 86c 148a l00b 97b 10 

CAT 73d 471a 135c 193b 10 

SOD 72a 723 61b 70a 7 
1'1: Bem-Swlet location ,1'2 EL-Behara locatIon. r3 : GIza .. 

content increased in SNP-treated kaves compan...l 
to the untreated leaves ill all locations (Tl,T2 a1ld 
T3) and all inbreds at 14 and18 DAS . There was 
an increase in nitric oxide content in all hyhrids 
except in T2 (14 days). 

n .n n. n' n '" . 

leaves of both hybrids and inbreds in the three 
locations (Tl,T2 and T3). In hybrids the highest 
level of asworbate content was detected in T3 
location while the highest concentration of 
ascorbate in the inbreds was in T2 and T3 
locations. 
3.7. Osmolality 

Leaf osmolality concentration (IlM Osmol! Kg) 
was determined in all hybrids and inbreds of 
maize (Table 7) as physiological indicators. The 
osmolality in hybrids 14 DAS was increased in 
SNP-treatment in T2 by 25% compared to the 
control, and T3 by 37'Ni but it remained 
unchanged in T1. There was a slight increase in 
osmolality in the hybrids with 18 DAS except at 
T2 ( increase by 19%). The treatment with SNP 
prevented the decrease in osmolality caused by 
drought stress especially in hybrids of TJ location. 
The available data of inbreds were only detected 
in T1 where, SNP effect on osmolality was not 
significant compared to the control . However, 

Table (5) Effect of SNP presoaking on endogenous nitric oxide content in leaves of both hybrids and inbred of maize It·aves. 
I Endogenous nitric oxide content ( Ilmol/ L)1- Hybri," (14 daY')1 Hybdd, (18 d.y,) Inb..... (14 d.y,) Inb"'" (18 d.y,' 

I 

I C 1'1 T2 T3 C Tl 1'2 1'3 C Tl 1'2 1'3 C T1 1'2 1'3 

lOa 43c 67b 77a 20d 53c 79b 91a 27d 53c 74b 92a 211c 311c 53b 115a 

C: Control 1'1: Bcni-Swlef location ,1'2 EL-Behara locat ion. 1'3 Gizao., LSD ( Hybrids 14 day) = 8
 
LSD ( Hybrids 18 day) ='1, um ( Inbreds 14 day) = 11 LSD ( Inbreds 18 day) =12
 

Table (6): Ellect of SNP presoaking on ascorbate content in leaves of both hybrids and inbreds of maize leaves. 

c T1 T2 T3 c T1 T2 T3 C T1 T2 T3 c T1 T2 T3 

23 66 37 72 19 55 42 73 19 40 76 58 32 54 46 58 
b a b a c b b a d c a b b c c c 

C : Control. 1'1: Beni-Swief location ,1'2 EL-Bchara location 1'3 Giza. LSD ( Hybrids 14 day) = I:;0 

LSD (Hybrids 18 day) =1.1. LSD (Inbreds 14 day) =15 LSD (inbreds III day) =12 

3.6. Ascorbate content there was slight increase with SNP treatment in 
Ascorbate content was determined in all inbreds. All results in the present research arc 

hybrids and inhrcds (Table 6). The results refer presented as mean values for inlm:ds and hybrids. 
that there was an increase in ascorbate content in 3.8. Chlorophyll content 
SNP-treated leaves compared to the untreated 
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Total chlorophyll content was determined in and over expression of ROS in maize leaves 
the leaves of all hybrids and inbreds of maize which in turn caused exacerbation of lipid 
(Table 8). The results show that there was no peroxidation and depression of photosynthesis. 
increase in chlorophyll content after treatment Application of SNP (NO donor) suppressed 
with SNP compared to the control in all inbreds. decline in GR, GPx and CAT activities and 
In the hyhrids there was a significant increase in increase in 0 2. production under drought stress 
chlorophyll content in Tl location and a decrease (Tables 1, 2, 3 and 4). Therefore, lipid 
in T2 at 14 and18 DAS. peroxidation was evidently inhibited. 

Table (7) : ElleclofSNP presoaking on osmo a Ily I r In eaves 0 fbolh h Iy'b 'd rJ sand'Inbredsof maize 
Osmolality (Jtmol osmol/kg) 

i 

Hybrids (18 days)Hybrids (14 days) Inbreds (14 Inbreds (18 days) 

C Tl T2 T3 C T1 T2 T3 C Tl C T1 

1.63	 1.6a 2a 2.2a 1.6a 1.8a 2.1a 1.7a 1.6a 2a 1.6a I.9a
 
, .. ,.


C : Control, Tl: Bcm-Swlet locatIOn, f2: EL-Behara location .13 : GIza.
 
LSD ( all Hybrids and Inbrcds) ~ 0.7 U;D ( all Hybrids and Inbreds) = 0.7
 

Table (8): Effect of SNP presoaking on Chlorophyll content in both hybrids and inbreds of maize leaves. 
Chlorophyll content ( mg/m2 

) 

Hybrids (14 days) I Hybrids (18 days) I Inbreds (14 days) I inbreds (18 days) 

r--------------'-----------~.~-~-.--~----.-L---.. .------ ­

C T1 T2 TI C T1 T2 D C T1 C TI 

324b 373a 288c 325b 365a 364a· 287c 326b 366a 335a 3243 333a 
C : Control, Tl: Benl-Swlef IDeatiOn ,T2: EL-Behara locatIOn ."1'3 Giza. LSD (Ilylmds 14 day) = 15 
,LSD (Hybrids 18 day) =22 U;o ( Inbreds 14 day) =33 ,LSD ( Inhreds 'H day) =22 

4. DISCUSSION 
Reactive chemical intermediates derived from 

various substances have heen invoked as causative 
agents in many toxicological mechanisms. 
Reactive oxygen species (ROS) are important in 
biological systems, due to their abundance and 
interconvertibility (Beligni and Lamattina, 1999 ). 
As an important member of ROS, 0- has been 
shown to cause direct damage by reacting with 
proteins containing Fe-S clusters, heme groups or 
S-S bonds and oxidize them (Thompson et al., 
1987). In this sense, 0-2 is devastating to electron 
transfer in photosynthesis. Furthermore, Rubisco, 
a key enzyme in carbon assimilation in the stroma 
of plant chloroplasts is very sensitive to oxidative 
stress. Oxidative stress causes cross-linking of 
large suhunits of the enzyme by S-S (Mehta et ai., 
1992). In accord with many other studies, the 
results from this work indicate that drought stress 
induced a decrease in GR, GPx and CAT activities 

The results of this study indicate that the 
activity of SOD remained suhstantially unchanged 
with SNP-treatment in leaves of both hybrids and 
inbreds of maize (Tables 1, 2, 3 and 4). These 
results are in agreement with Unyayar and Cekic 
(2005) who reported that SOD activity remainecJ 
substantially unchanged with drought and/or ABA 
treatments in young leaves of Laurus flobilL\' L. 
Other researchers also reported that ABA 
treatment or drought increased the activity of SOD 
in tobacco cell culture (Bueno et at., 19()8), 
mature leaves of Arabidopsis (J ung , 2004), as 
well as leaves of wheat (Keleb and Once!, 2002; 
Tan et al., 20(8), maize (Jiang and Zhang, 20(2), 
and sunflower (Kelch and Onyayar, 2(04). 

In the investigation, it was observed that 
exogenous NO strongly enhanced some 
antioxidant enzyme activities (GR, GPx, amI 
CAT) whereas SOD activity did not change in 
SNP-treated leaves of hybrids and inbreds studied. 
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It has been observed in many other plant species 
that NO stimulates antioxidant enzymes. The 
inducible effect of the NO donor on the activity of 
SOD, CAT and APX was observed in rice 
seedlings (Uchida et al., 2002), and wheat 
seedling (Tan et al., 2008). The NO donor 
increased SOD activity in rice under osmotic 
stress (Cheng et al., 2002) and increased the 
activities of SOD and CAT in wheat under 
oxidized stress by paraquat treatment (Hung et al., 
2002). Ascorbate, glutathione and nitric oxide 
decrease under drought stressed leaves of maize, 
whereas SNP- treatment increased their contents. 
These results arc in agreement with those of other 
researchers who showed that the GSH 
hiosynthetic pathway is stimulated in response 0 

NO in Medicago tnlflcatula root (Innocenti et 
al., 2007). Also Sofo et al. (2005) found evidence 
of changes in antioxidant compounds such as 
ascorbate and glutathione pools in protecting 
cellular apparatus during water deficit conditions. 
When most plants including halophytes arc faced 
with environmental stresses like drought and salt 
stress, they accumulate low molecular weights of 
organic substances such as proline «:il:;ek and 
Cakirlar 2002, Christopher and Tony 2008). The 
accumulation of compatible solutes may heIp to 
maintain the relatively high waler content 
necessary for growth and cellular function. It was 
found that presoaking with SNP causes an 
increase in osmolality in hybrids at 14 andl8 days 
after sowing. The highel percentage of osmolality 
was in T3 (14 days) and T2 (18 days) . Also, 
there was a non significant increase in osmolality 
in inbreds in Tl. (14 and 18 day). 

Parrish et al., (2006) reported that sunllower 
seedlings under water stress had lower 
chlorophyll, soluhle protein and total polar lipid 
content compared to controls. In the present study 
it was observed that SNP-presoaking caused an 
increase in the total chlorophyll in hybrids in T1 
and prevented the decrease in chlorophyll in 
inbreds in Tl. 

The present results highlight the capacity of 
maize hybrids and inbreds to withstand drought 
conditions by regulating the ascorbate-glutathione 
cycle. The results obtained underline the important 
role of some antioxidant enzymes and compounds 
in protecting cellular apparatus during water 
deficit conditions. In conclusion, experimental 
evidence obtained indicates that exogenous NO is 
involved in alleviation of drought stress-induced 
oxidative damage and ~timulation of antioxidant 
enzymes and antioxidant compounds 
accumulation in maize kaves under drought 
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stress. Also, exogenous NO can simulate and 
increase osmolality in leaves of maize and prevent 
decrease in chlorophyll contenl. 

It could be suggested that the hybrids of maize 
are more drought tolerant than inbreds. 
Rewatering afler 14 days is better than after 18 
days in all hybrids and inbreds. The best locations 
for maize cultivation arc T2 and T3 in both 
hybrids and inbreds. The best location for 
cultivation at 18 days was T3 in all hybrids and 
inbreds. Owing to the ability of NO to reduce 
oxidative damage and simulate antioxidant 
compounds accumulation in order to get an insight 
into the function of NO in alleviating damage 
caused by drought stress, further research is 
needed to focus on the role of molecular biology 
approach to show the diHen::nces between inbn::d 
and hybrids of maize in n::sponsc to drought and 
SNP treatmenl. 
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