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Abstract 
 

In this study, the effects of NO (nitric oxide) on senescence occurring in the cotyledons of 
Helianthus annuus L. (sunflower) seedlings, were examined. Following germination of the 
sunflower the seedlings were grown in perlit for 10 days and then transferred into hydroponic 
culture containing ¼ Hoagland solution. At day 23 approximately when senescence started 
occurring, 0.1, 1, 10, 100 and 400 μM concentrations of Sodium nitroprusside prepared in ¼ 
Hoagland solution used as NO donor were applied to the seedlings. The cotyledons of both control 
and experimental groups were harvested when the avarage green area in the control group reached 
50%. Effects of NO in senescence process were determinated by measuring parameters such as 
Peroxidase activity, amount of chlorophyll and total soluble protein. 

When compared with the control cotyledons, senescence was observed to be delayed 
at lower SNP concentrations, especially at 0.1 μM. As SNP concentrations were elevated 
chlorophyll amount gradually decreased, being under the control value at 400 μM SNP, 
while total soluble protein reached a maximum at 10 μM SNP and Peroxidase activity 
showed an increase parallel to increment concentrations. It would suggest that 
exogenously applied SNP may play a role in regulating senescence process in Helianthus 
annuus seedlings, depending on concentration.  
 
Introduction 
 

Nitric oxide (NO) is an atom small colorless gaseous, molecule that is formed by the 
union of a nitrogen and an oxygen atom and may be dissolved both in water and in oils. 
The fact that it has an unshared electron in its outer orbit both gives it the radical property 
and allows it to diffuse easily through membranes (Lancaster, 1997; Stöhr & Ullrich, 
2002). It has been detected that NO is produced in cytosol, nucleus, peroxisome matrix 
and chloroplast. There are two main metabolic pathways involving in NO synthesis: As 
enzymatic and non–enzymatic. It is known that, in enzymatic way some enzymes such as 
nitric oxide synthesis  (NOS), nitrate reductase (NR), xanthine oxidoreductase (XOR), 
Peroxidase and cytocrom P450 play a role (Delledonne et al., 1998; Durner et al., 1998; 
Yamasaki & Sakihama, 2000; Beligni & Lamattina, 2001; Corpas et al., 2002; Rockel et 
al., 2002; Lamattina et al., 2003; Del Rio et al., 2004). However, in non enzymatic way, 
NO is synthesized by the reduction of nitrite by carotenoids at low pH or in the presence 
of light (Cooney et al., 1994; Henry et al., 1997; Horemans et al., 2000; Beligni et al.., 
2002; Stöhr & Ullrich, 2002). Two of the most important non-enzymatic NO production 
processes are nitrification and denitrification (Bollmann et al., 1999). Also, NO is non 
enzymaticly produced when NO donors like Sodium nitroprusside (SNP) and S-nitroso-
N-acetylpenicillamine (SNAP) are exogenously applied (Leshem, 1996). Exogenous NO 
affects several aspects of plant growth and development (Ribeiro et al., 1999), and can 
affect the responses of plants to pathogens (Durner et al., 1998), light (Beligni & 
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Lamattina, 2000), gravity (Pedroso & Durzan, 2000) and oxidative stress (Beligni & 
Lamattina, 1999). Also possible roles of NO in inhibition of catalase, ascorbate 
Peroxidase and aconitase enzymes in plants (Clark et al., 2000), lignification of cell wall 
(Ferrer & Ros Barcelo, 1999), arrangement of ion channels in guard cells (Garcia Mata et 
al., 2003), functions of chloroplasts and mitochondria (Yamasaki et al., 2001), cell death 
(Pedroso et al., 2000a), senescence (Leshem, 1996; Leshem & Haramaty, 1996; Hung & 
Kao, 2003) and wound signal were revealed.  

The senescence that takes place in cell, tissue, organ and the whole plant during the 
normal growth process of the plant includes very complicated catabolic reactions at 
molecular level and is dependent on energy input (Taiz & Zeiger, 2002). The complex 
interaction of both internal and environmental factors is seen in senescence process in the 
plants (Nam, 1997; Noodén et al., 1997). While internal factors include plant growth 
regulators (phytohormones) and age, stress factors such as excess temperature changes, 
darkness, lack of minerals, high light, aridity and pathogen infections are environmental 
factors (Hensel et al., 1993). The genetic factors are also one of the most important 
internal factors. A lot of special genes (SAGs: senescence-associated genes) that play a 
role in the arrangement of senescence have been defined recently (Buchanan-Wollaston, 
1997; Weaver et al., 1997; Quirino et al., 2000). Senescence, as we all know, is a death 
state in which so many well organized facts play a role. During this process changes at 
structural, biochemical and molecular level occur in all organs of the plant including 
cotyledons. Butler (1967) who explored the structural changes during senescence has 
stated that chloroplasts get damaged at first, then the number of free ribosomes is 
reduced, the tonoplast becomes permeable, plasma and nucleus membranes are damaged 
and endoplasmic reticulum loses its functions. 

The first sign of senescence is the increased level of photosynthesis and the 
decreased respiration level. Although photosynthesis gradually slows down and finally 
stops, mitochondria and nucleus remain functional and respiration continues until the end 
of the senescence (Wareing & Phillips, 1973; Mondall et al., 1978; Srivastava, 2002), 
which is not in fact a totally demolishing process. An important amount of protein is 
synthesized along with secondary products during senescence (Srivastava, 2002). 

NO is an endogen factor that regulates maturation and senescence process in higher 
plants (Leshem et al., 1998). It has been observed that NO delays senescence in pea 
leaves (Beligni & Lamattina, 2000; Leshem & Haramaty, 1996). It has been detected that 
NO concentration is lower in ripe fruits than green fruits and in senescencing flowers 
than younger ones. NO was reported to extend life span after the harvest and delay 
senescence when applied exogenously to flowers, fruits and vegetables (Leshem et al., 
1998). The occurrence or delay of senescence in various plants is probably related with 
the production of free ethylene or the negative correlation between ethylene and NO 
(Leshem et al., 1998; Magalhães et al., 2000). NO is produced more than ethylene in the 
developmental process of plant organs from anthesis to senescence (Magalhães et al., 
2000). The younger plants and tissues produce more NO than ethylene not only under 
stress conditions, but also under normal conditions (Leshem et al., 1998). Under the light 
of this information it is stated that NO is a senescence delaying agent in plants. However, 
in spite of all these data, the role of NO in senescence process has not been completely 
understood yet. Further research is needed to determine how and at what stages NO 
affects senescence.  

The aim of the present study is to clarify the effects of NO molecule, on which 
scientists have focussed in recent years, on sunflower plant (Helianthus annuus L.) which 
is of economical importance in Turkish agriculture.  
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Materials and Methods 
 
Plant material: Sunflower (Helianthus annuus L.) seedlings which belong to 
Compositae (Asteraceae) family were purchased from MAY seed company (AS 6310) 
and used as experimental material. The reasons for choosing this plant are that it shows 
monocarpic senescence, it becomes experimental material in short terms, it exhibits 
epigeic germination, it may be grown in water culture (hydroponic culture) and it has 
previously been used in studies about both NO and senescence.  
 
Plant growth conditions: The seeds that have been left under running tap water for 24 
hours were germinated in 9 cm diameter Petri dishes containing 5 ml distilled water (for 
48 hours at 25˚C). After germination, they were planted in perlite and watered with ½ 
Hoagland (nutrient solvent) every other day for 10 days. Then they were transferred into 
¼ Hoagland water culture containers. The germinated seeds were grown in a growth 
chamber (12 hours of light period, 6000 lux illumination and 25±2°C room temperature).  
 
NO treatments: Sodyum nitropurissid (SNP) which is a NO donor was used to apply to 
the plants (in the experiments). The H. annuus seeds that were grown in perlite were 
transferred to water culture containers that contain ¼ Hoagland solutions when they were 
10 days old. After the beginning of senescence in the cotyledons (app. 23 days) the 
control group plants were placed in the containers containing ¼ Hoagland, while the 
experimental group plants were transferred into the containers including different SNP 
concentrations prepared with ¼ Hoagland (0.1, 1, 10, 100 and 400 μM SNP). When 50% 
senescence was observed in the control group, the cotyledons were harvested and the 
experiments were performed.  
 
Detection of senescence degree: The degree of senescence was determined by 
“Plastocron Index” method which was developed by Lindoo & Noodén (1976) for 
soybean. With this method which was commonly used by several researchers (Sağlam, 
1989; Lohman et al., 1994) senescence was visually observed without interfering the 
plant or the cotyledons.  In the “Plastocron Index” method the senescence degree of the 
cotyledons of a plant was determined by taking the ratio of the green area of cotyledons 
into consideration. The equation given below was used for calculating the senescence 
degree of the cotyledons of the plants that make up the experiment and control groups in 
terms of average green area (Sağlam, 1989): 
 

(n1 x 1.00) + (n2 x 0.75) + (n3 x 0.50) + (n4 x 0.25) + (n5 x 0.00) AGA  %  = Σ n 
 
where         
AGA = average of green area of the cotyledons, 
n1 = the number of cotyledons the whole of which is green, 
n2 = the number of cotyledons of which 75 % is green (25 % yellow), 
n3 = the number of cotyledons of which 50 % is green (50 % yellow), 
n4 = the number of cotyledons of which 25 % is green (75 % yellow), 
n5 = the number of cotyledons of which 0 % is green (dried in appearance), 
Σn = the total number of cotyledons (n1 + n2 + n3 + n4 + n5 ). 
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Determination of chlorophyll amount: Total chlorophyll was determined according to 
Arnon (1949). After the fresh weights of the cotyledons that were harvested at the day 
that 50% senescence was observed in the control group were recorded the cotyledons 
were extracted in a mortar containing 3 ml 80 % acetone and CaCO3. After centrifugation 
at 3000 g, +4˚C for 10 minutes the supernatant was measured for the volume. Then 
supernatants were spectrophotometrically measured at 645 and 663 nm absorption values 
were put in their places in the Arnon formula and total chlorophyll amount in 1 milliliter 
was calculated as mg. 
 
Arnon Formula 
 

Total chlorophyll (C) = 20,2 x D645 + 8,02 x D663 
 
Determination of total soluble protein amount: For the quantitative determination of 
total soluble protein amount Bradford’ s (1976) Dye-binding method was employed. The 
cotyledons fresh weights were recorded and extracted in 3 ml 0.1 M Sodium phosphate 
buffer (pH 7.0) +4˚C in a cold mortar. Homogenate was centrifuged at 13.000 rpm, +4˚C 
for 30 minutes. Bio-Rad previously prepared with Comassie Brillant Blue G-250 was 
diluted at ¼ ratio and 0.1 supernatant was added in to 5 ml of it. Distilled water 0.1 ml 
was added to 5 ml buffer to use as blank. The samples and blank were kept in dark at 
room temperature for 20 minutes. Then they were measured at 595 nm with a 
spectrophotometer. The obtained absorption values were calculated according to bovine 
serum albumin (BSA) protein standard which has been previously prepared and the 
amount of total protein was estimated as μg/ml.  
 
Spectrophotometric determination of peroxidase activity: The method developed by 
Birecka et al. (1973) was used in the experiments to determine Peroxidase activity. The 
cotyledons fresh weights were recorded were extracted in 3 ml 0.1 M Sodium phosphate 
buffer (pH 7.0) +4 ˚C in a cold mortar. Homogenate was centrifuged at 13.000 rpm, +4 
˚C for 30 minutes. Fresh buffer was prepared by adding 5 mM H2O2 and 15 mM guaiacol 
to 0.1 M Sodium phosphate buffer. 60 µl supernatant was put into 1 ml of this buffer. 
Measurements were made at 470 nm wavelength at 15 sec intervals for 2 minutes (with 
the spectrophotometer). The Peroxidase enzyme activity was stated as ∆A / g fresh 
weight / minute.   
 
Statistical calculations: Standard errors indicated by bars in the graphics and standard 
deviation were calculated with the following formulas.  
 

Standard error = σ / √ n                 σ = √∑(xi-x )2 / n 
 
σ: Standard deviation. 
xi: Values of the variants from the first to n  
x: Mean of the variants from the first to n  
∑(xi-x )2: Total of the squares of the difference of the values from the first to n from the mean. 
n: Number of the samples. 
 

As the number of the samples was more than 30, total of the squares of the 
differences of the variants from the mean was divided by the number of samples (n) for 
the calculation of standard deviation.    
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Results 
 

Cotyledon senescence was delayed in seedlings that were grown at 0.1, 1 and 10 μM 
SNP concentrations compared to the control group showing 50% cotyledon senescence 
(Fig. 1). 100 μM SNP concentration exhibited more or less the same senescence level 
with the control group, whereas 400 μM SNP concentration senescence was observed to 
be faster.   

While 30% increase was observed in the chlorophyll amount of 0.1 μM SNP group,  
3% increase was seen in the chlorophyll amount of 1 μM SNP applied cotyledons when 
compared to the chlorophyll amount of  the control group. Contrary to the 0.1 ve 1 μM 
SNP groups, 8% decrease was observed in the chlorophyll amount of 10 μM SNP group, 
while 17% decrease in 100 μM SNP group and 22% decrease in 400 μM SNP group 
when compared to the chlorophyll amount of in the control group. 

As seen in the accompanying Fig. 3 when the total soluble protein amounts of the 
experimental and control group cotyledons were compared increases of  2, 9 and 25% 
were observed at 0.1, 1 and 10 μM SNP concentrations, respectively, whereas 5% 
decrease at 100 μM SNP and 7% at 400 μM SNP were found.   

When the experimental series were compared with the control group for Peroxidase  
enzyme activity a decrease of 12% was found in 0.1 μM SNP group while 1% increase at  
10 μM SNP, 4% at 100 μM SNP and 10% at 400 μM SNP concentrations were observed.   

Variations in the chlorophyll and total soluble protein amount and Peroxidase 
enzyme activity of the cotyledons were time to time compatible with plastocron index 
while they were incompatible at other times.  
 
Discussion and Conclusions 
 

The cotyledons of sunflower seeds undergo senescence gradually, turn yellow and 
finally die. During this process changes at biochemical level take place in cotyledons as 
well as morphological and anatomical changes. In this study, the effects of different SNP 
concentrations that were applied exogenously to sunflower seeds, tosenescence process 
were evaluated on the basis of various parameters such as chlorophyll content, total 
soluble protein amount and Peroxidase enzyme activity.  

It has been determined from the results of Plastocron index that senescence begins on 
day 23. Some researchers have reported that senescence begin on the 19th, 20th and 22nd 
day in sunflower seeds (Sağlam, 1989; Cevahir, 1992). This fact reveals that the degree 
of senescence is related to environmental factors including conditions of growth chamber 
as well as internal factors. No information is available in the relation between cotyledon 
senescence in sunflower seeds and NO, many data about the relation between senescence 
process and some plant growth regulators exist (Taiz & Zeiger, 2002; Srivastava, 2002; 
Noodén, 1988; Grbic & Bleecker, 1995; Arteca, 1996; Creelman & Mullet, 1997; 
Kappers et al., 1998; Zavalet-Mancera, 1999). This study provided evidence that NO, 
which we think it may be a growth regulator, delays the cotyledon senescence in 
sunflower at lower concentrations (0.1, 1 ve 10 µM), and induces it at higher 
concentrations (100 ve 400 µM). 
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Determination of the senescence degree: 
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Fig. 1. The comparison of the percentages of the average green areas of the cotyledons of the 
control and experimental groups (0.1, 1, 10, 100 and 400 μM SNP). 
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Fig. 2. The comparison of the chlorophyll amount of the cotyledons of the control and experimental 
groups (0.1, 1, 10, 100 and 400 μM SNP) plants that were harvested at the day of 50% senescence 
(p<0,05).  
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Total soluble protein content: 
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Fig. 3. The comparison of the total soluble protein amount of the cotyledons of the control and 
experimental groups (0.1, 1, 10, 100 and 400 μM SNP) plants that were harvested at the day of 
50% senescence (p<0,05). 
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Fig. 4. The comparison of Peroxidase  activity of the cotyledons of the control and experimental 
groups (0.1, 1, 10, 100 and 400 μM SNP) plants that were harvested at the day of 50% senescence 
(p<0,05). 
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Plastocron index:  
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Fig. 5. The comparison of plastocron index showing (various phases of senescence of the control of 
the cotyledons and experimental groups (0.1, 1, 10, 100 and 400 μM SNP) plants that were 
harvested at the day of 50% senescence, amount of chlorophyll and total soluble protein and 
Peroxidase activity. 
 

From the observations of chlorophyll amounts of the cotyledons of the sunflower 
seeds subjected to SNP, application of 0.1 µM SNP is the most effective concentration 
giving rise to increased chlorophyll content by 30%. Although a very slight increase 
similar to the control has been observed with 1 µM SNP concentration, the chlorophyll 
amount is less than the control (at other concentrations). Because senescence is induced 
by 100 and 400 µM SNP applications, decrease in the chlorophyll amount at these 
concentrations may be explained with chlorophyll destruction, according to Plastocron 
index results, senescence is delayed at 10 µM SNP concentration. This is confirmed by 
chlorophyll amount which is decreased by 8% although it is not as much as with 100 and 
400 µM.  

However, this fact is not parallel to the information that chlorophyll destruction 
begins in the senescence at first, making us think that 10 µM SNP concentration affects 
pigment content of chloroplasts by a different mechanism. Laxalt et al., (1997) suggested 
that NO that serves as a protective molecule in potato leaves infected with Phyptophthora 
infestans prevents loss of chlorophyll by either protecting chloroplast membranes against 
toxicity of reactive oxygen species or affecting any step in chlorophyll synthesis and 
destruction process. While chlorophyll amount at lower (0.1 and 1 µM SNP) and higher 
(100 and 400 µM SNP) concentrations are coherent with the findings of the above 
mentioned studies, decreased chlorophyll content at 10 µM SNP supports our hypothesis 
that this concentration affects different processes.  

When the total soluble protein amounts of the cotyledons are taken into account, 
protein amount seems to increase in parallel with increasing of concentrations, by 
reaching a peak at 10 µM SNP, and to suddenly decline below the control at 100 µM 
SNP, by gradually decreasing at 400 µM SNP. While some proteins are degraded during 
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senescence new protein are synthesized, as stated by Lohman et al., (1994). Increased 
protein amount at 0.1, 1 and 10 μM SNP concentrations that delay senescence according 
to Plastocron index is probably due to synthesis of new proteins and slowed or arrested 
protein degradation. Affected regulation of senescence by changes in total soluble protein 
amount is supported by current literature. In the light of these data, we may say that NO 
is effective in protein amount during senescence process either alone or with other 
factors. Decreased protein amount (at 100 and 400 μM SNP concentrations) may be 
result of a decrease in the present protein amount and slower synthesis of new proteins as 
senescence develops. Or, it may be because of NO which elevates its concentration by 
combining with some substances such as proteins including Fe when it occurs at high 
concentrations in the cell. Sankhla et al., (2003) reported that NO decreases ethylene 
production which delays senescence, by interacting with proteins, which include metal 
and thiol, such as signal proteins, receptors, enzymes and transcription factors since it is a 
highly active molecule.  

As to Peroxidase activity, a 12% decrease was observed at only 0.1 μM SNP 
concentration while a gradual increase was seen at other concentrations. Changes in 
Peroxidase enzyme activity are accepted as a parameter of senescence (Parish, 1968; 
Grover & Sinha, 1985; Mukherjee & Rao, 1993). However Patra & Mishra (1979) and 
Yanova et al., (2001) oppose that they cannot be senescence indicator. The facts that 
senescence is delayed at 0.1 μM SNP concentration with lower POD activity, and POD 
activity is increased at higher concentrations, depending on senescence may render this 
anti oxidant enzyme a senescence indicator.  

Effects of NO on senescence process were studied by a limited number of 
researchers. The common point resulted from the current studies is that exogenous SNP 
application may delay senescence. Results of the present study are in accordance with the 
studies by Leshem & Haramaty (1996), Beligni & Lamattina (2000), Leshem et al., 
(1998) stating that senescence may be delayed by exogenous NO applications. However, 
delay of senescence is directly related to concentration of SNP which is exogenously 
applied. The present study reveals that duration of delay increases as SNP concentrations 
are lowered.  

As a result, it may be stated that exogenously applied NO plays a role in cotyledon 
senescence that takes place during normal development period of sunflower, and lower 
concentrations (0.1, 1 ve 10 μM SNP) delay senescence while higher concentrations (100 
ve 400 μM SNP) induce it. In the light of the result of the present study, one may say that 
NO regulates senescence process by interacting with other plant growth substances on the 
basis of NO-ethylene relationship rather than affecting senescence signal receptor system.  
 
Acknowledgements 
 

This work was supported by Research Fund of the Istanbul University. Project 
number T-328/03112003. 
 
References 
 
Arnon, D.I. 1949. Copper enzymes in isolated chloroplast. polyphenoloxidase in Beta vulgaris, 

Plant Physiol., 24: 1-15. 
Arteca, R. 1996. Plant growth substances, Principles and applications. Chapman and Hall, New 

York, USA.  



EROL, Ç. SELÇUKCAN & ÖZ, G. CEVAHİR 2002 

Beligni, M.V. and L. Lamattina. 1999. Nitric oxide counteracts cytotoxic processes mediated by 
reactive oxygen species in plant tissues, Planta, 208: 337-344.  

Beligni, M.V. and L. Lamattina. 2000. Nitric oxide stimulates seed germination and de-etiolation and 
inhibits hypocotyl elongation, three light inducible responses in plants, Planta, 210: 215-221. 

Beligni, M.V. and L. Lamattina. 2001. Nitric oxide: a non-traditional regulator of plant growth, 
Trends Plant Sci., 6(11): 508-509. 

Beligni, M.V., A. Fath, P.C. Bethke, L. Lamattina and R.L. Jones.  2002. Nitric oxide acts as an 
antioxidant and delays programmed cell death in barley aleurone layers. Plant Physiol., 
129(4): 1642-1650. 

Birecka, H., K.A. Briber and J.L. Catalfamo. 1973. Comparative studies on tobacco pit and sweet 
potato root isoPeroxidases in relation to injury, indolacetic acid and ethylene effects. Plant 
Physiol., 52: 43-49. 

Bollmann, A., M. Koschorreck, K. Meuser and R. Conrad. 1999. Comparison of two different 
methods to measure nitric oxide turnover in soils. Biol. Fertil. Soils, 29: 104-110. 

Bradford, M. 1976. Rapid and sensitive method for the quantification of microgram quantities of 
protein utilizing the principle of protein Dye-binding, Anal. Biochem., 72: 248-254. 

Buchanan-Wollaston, V. 1997. The molecular biology of leaf senescence, J. Exp. Bot., 48: 181-199. 
Butler, R.D. 1967. The fine structure of senescing cotyledons of cucumber, J. Exp. Bot., 18: 535-543. 
Cevahir, G. 1992. The relationship between salt stress and senescence in Helianthus annuus 

seedlings. University of İstanbul Faculty of Science. The Journal of Biology, 56: 35-56. 
Clark, D., J. Durner, D.A. Navarre and D.F. Klessig. 2000. Nitric oxide inhibition of tobacco 

catalase and ascorbate Peroxidase, Mol. Plant Microbe Interact., 13: 1380-1384. 
Cooney, R.V., P.J. Harwood, L.J. Custer and A.A. Franke. 1994. Light-mediated conversion of nitrogen 

dioxide to nitric oxide by carotenoids, Environmental Health Perspectives, 102: 460-462. 
Corpas, F.J., J.B. Barroso, F.J. Esteban, M.C. Romero-Puertas, R. Valderrama, A. Carreras, M. 

Quirós, A.M. León, J.M. Palma, L.M. Sandalio and L.A. Del Río. 2002. Peroxisomes as a 
source of nitric oxide in plant cells, Free Radical Biol. Med., 33(S1): 187. 

Creelman, R.A. and J.E. Mullet. 1997. Biosynthesis and action of jasmonates in plants. Annu. Rev. 
Plant Physiol. Plant Mol. Biol., 48: 355-381. 

Del Rio, L.A., F.J. Corpas and J.B. Barroso. 2004. Nitric oxide and nitric oxide synthase activity in 
plants, Phytochemistry, 65(7): 783-792.  

Delledonne, M., Y. Xia, R.A. Dixon and C. Lamb. 1998. Nitric oxide functions as a signal in plant 
disease resistance, Nature, 394: 585-588. 

Durner, J., D. Wendehenne and D.F. Klessig. 1998. Defense gene induction in tobacco by nitric 
oxide, cyclic GMP, and cyclic ADP-ribose, Proceedings of the National Academy of Sciences 
USA., 95: 10328-10333. 

Ferrer, M.A. and A. Ros Barcelo. 1999. Differential effects of nitric oxide on Peroxidase and H2O2 
production by the xylem of Zinnia elegans, Plant, Cell and Environment, 22: 891-897. 

Garcia Mata, C., R. Gay,  S. Sokolovski, A. Hills, L. Lamattina and M.R. Blatt. 2003. Nitric oxide 
regulates K+ and Cl− channels in guard cells through a subset of abscisic acid-evoked signaling 
pathways, Proc. Natl. Acad. Sci. U.S.A., 100: 11116-11121. 

Grbic, V. and A.B. Bleecker. 1995. Ethylene regulates the timing of leaf senescence in 
Arabidopsis. Plant J., 8: 595-602. 

Grover, A. And S.K. Sinha. 1985. Senescence of detached leaves in pigeon pea and chick pea: 
regulation by developing pods. Physiol. Plant., 65: 368-507. 

Henry, Y.A., B. Ducastel and A. Guissani. 1997. Basic chemistry of nitric oxide and related 
nitrogen oxides, Nitric Oxide Research from Chemistry to Biology Landes Co. Biomed. Publ, 
Austin, USA, 15-46. 

Hensel, L.L., V. Grbic, D.A. Baumgarten and A.B. Bleecker. 1993.  Developmental and age-related 
processes that influence the longevity and senescence of photosynthetic tissues in Arabidopsis. 
Plant Cell., 5: 553-564. 

Horemans, N., C.H. Foyer and H. Asard. 2000. Transport and action of ascorbate at the plasma 
membrane. Trends Plant Sci., 5: 263-267. 



RELATIONSHIP BETWEEN SENESCENCE AND NITRIC OXIDE IN SUNFLOWER  2003 

Hung, K.T. and C.H. Kao. 2003. Nitric oxide counteracts the senescence of rice leaves induced by 
abscisic acid. J. Plant Physiol., 160(8): 871-879. 

Kappers, I.F., W. Jordi, F.M. Maas, G.M. Stoopen, L.H.W. Van Der Plas. 1998. Gibberellin and 
phytochrome control senescence in Alstroemeria leaves independently. Physiol Plant., 103: 
91-98. 

Lamattina, L., C. García Mata, M. Graziano and G. Pagnussat. 2003. Nitric oxide: the versatility of 
an extensive signal molecule. Annu. Rev. Plant Biol., 54: 109-136. 

Lancaster, J.R. 1997. A tutorial on the diffusibility and reactivity of free nitric oxide. Nitric Oxide: 
Biology and Chemistry, 1: 18-30. 

Laxalt, A.M., M.V. Beligni and L. Lamattina. 1997. Nitric oxide preserves the level of chlorophyll 
in potato leaves infected by Phytophthora infestans. Eur. J. Plant Pathol., 73: 643-651. 

Leshem, Y.Y. 1996. Nitric oxide in biological systems. Plant Growth Regulation, 18: 155-169. 
Leshem, Y.Y. and E. Haramaty. 1996. The characterization and contrasting effects of the nitric 

oxide free radical in vegetative stress and senescence of Pisum sativum L. foliage. Journal of 
Plant Physiology, 148: 258-263. 

Leshem, Y.Y., R.B.H. Wills and V.V. Ku. 1998. Evidence for the function of the free radical gas 
nitric oxide (NO•) as an endogenous maturation and senescence regulating factor in higher 
plants. Plant Physiol. Biochem., 36: 825-833. 

Lindoo, S.S. and L.D. Nooden. 1976. The interrelation of fruit development and leaf senescence in 
Anoka soybeans. Bot. Gaz., 137: 218-223. 

Lohman, K.N., S. Gan, C.M. John and R. Amasino. 1994. Molecular analysis of natural leaf 
senescence in Arabidopsis thaliana. Physiol. Plant., 92: 322-328. 

Magalhães, J.R., D.C. Monte and D. Durzan. 2000. Nitric oxide and ethylene emission in 
Arabidopsis thaliana. Physiology and Molecular Biology of Plants, 6: 117-127. 

Mondall, M.H., W.A. Brun and M.L. Brenner. 1978. Effects of sink removal on photosynthesis and 
senescence in leaves of soybean (Gylcine max. L.) plants. Plant Physiol., 61: 394-397. 

Mukherjee, D. and K.V.M. Rao.  1993. Alteration patterns of hill activity, Peroxidase activity and 
sugars of pigeon pea during maturation and senescence. Indian J. Plant Physiol., 36: 13-16. 

Nam, H.G. 1997. The molecular genetic analysis of leaf senescence. Curr. Opin. Biotech., 8: 200-207. 
Noodén, L.D. 1988. Abscisic acid, auxin, and other regulators of senescence. In: Senescence and 

aging in plants, (Eds.): L. Noodén, A. Leopold. Academic Press San Diego, 329-368. 
Noodén, L.D. 1997. Guiamet JJ, John I. Senescence Mechanism. Physiol. Plant., 101: 746-753. 
Parish, R.W. 1968. Studies on senescing tobacco leaf discs with special reference to Peroxidase. I. 

The effects of cutting and of inhibition of nucleic acid and protein synthesis, Planta, 82: 1-13. 
Patra, H.K. and D. Mishra. 1979. Pyrophosphatase, Peroxidase and polyphenoloxidase activities 

during leaf development and senescence. Plant Physiol., 63: 318-323. 
Pedroso, M.C. and D.J. Durzan. 2000. Effect of different gravity environments on DNA 

fragmentation and cell death in Kalanchoë leaves. Ann. Bot., 86: 983-994. 
Pedroso, M.C., J.R. Magalhaes and D.J. Durzan. 2000a. A nitric oxide burst precedes apoptosis in 

angiosperm and gymnosperm callus cells and foliar tissues. J. Exptl. Bot., 51: 1027-1036. 
Quirino, B.F., Y.S. Noh, E. Himelblau and R.M. Amasino. 2000. Molecular aspects of leaf 

senescence, Trends in Plant Science, 5: 278-282. 
Ribeiro, E.A., F.Q. Cunha, W.M.S.C. Tamashiro and I.S. Martins. 1999. Growth phase-dependent 

subcellular localization of nitric oxide synthase in maize cells. FEBS Letters, 445: 283-286. 
Rockel, P., F. Strube, A. Rockel, J. Wildt and J.M. Kaiser. 2002. Regulation of nitric oxide (NO) 

production by plant nitrate reductase in vivo and in vitro. J. Exp. Bot., 53: 103-110. 
Sağlam, S. 1989. Helianthus annuus L., fidelerinde sekuensiyel senesensin incelenmesi. Master’s 

Thesis, İstanbul University.  
Sankhla, N., W.A. Mackay and T.D. Davis. 2003. Effect of nitric oxide on postharvest performance of 

perennial phlox cut inflorescences, XXVI International Horticultural Congress: Issues and Advances 
in Postharvest Horticulture, ISBN: 9066054786, http://www.actahort.org/books/628/index.htm. 

Srivastava, L.M. 2002. Plant growth and development hormones and environment. Academic Press 
California, 0-12-660570-X. 



EROL, Ç. SELÇUKCAN & ÖZ, G. CEVAHİR 2004 

Stöhr, C. and W.R. Ullrich. 2002. Generation and possible roles of NO in plant roots and their 
apoplastic space. J. Exp. Bot., 53: 2293-2303. 

Taiz, L. and E. Zeiger. 2002. Plant physiology, 3rd ed., Sinauer Associates, U.S.A., 0-87893-823-0.  
Wareing, P.F. and I.D.J. Phillips. 1973. The control of growth and differentiation in plants. 

Pergamon Press, Oxford. 
Weaver, L.M., E. Himelblau and R.M. Amasino. 1997. Leaf senescence: gene expression and 

regulation. Genet. Eng., 19: 215-234. 
Yamasaki, H. and Y. Sakihama. 2000. Simultaneous production of nitric oxide and peroxynitrite by plant 

nitrate reductase: in vitro evidence for the NR-dependent formation. FEBS Lett., 468: 89-92. 
Yamasaki, H., H. Shimoji, Y. Ohshiro and Y. Sakihama. 2001. Inhibitory effects of nitric oxide on 

oxidative phosphorylation in plant mitochondria. Nitric Oxide Biol. Chem., 5: 261–270. 
Yanova, P., E. Guleva, E. Zozikova and E. Kotseva. 2001. Senescence-dependent changes in some 

metabolic processes affected by 1,11-polymetylenebis (3-aryl-substituted) ureas in barley 
(Hordeum vulgare L.) leaf segments. Bulg. J. Plant Physiol., 27: 54-71. 

Zavalet-Mancera, H.A., B.J. Thomas, H. Thomas and I.M. Scott. 1999. Regreening of senescent 
Nicotiana leaves. II. Redifferentiation of plastids. J. Exp Bot., 50: 1683-1689.  

 
(Received for pulication 5 January 2008) 


