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ABSTRACT: In order to evaluate the effect of ammonium nitrate on dry weight, sodium and potassium
concentrations of French marigold in salinity stress conditions was conducted an experiment as factorial
arrangement in completely randomized design with salinity factor (0.49, 2.0, 4.0, 6.0 and 8.0 mmos/cm)
and ammonium nitrate (AN) factor (0, 15 and 30 g/L) at four replicates. Results demonstrated that
different levels of ammonium nitrate had significant influence on root dry weight and amount of
potassium and sodium so that increasing ammonium nitrate led to reduction root dry weight and
potassium and enhancement sodium concentration in the shoot. By increasing salinity concentration,
sodium and potassium amounts increased and root and dry weight decreased. Enhancement potassium
ion in marigold flower, after salinity stress is indicative to resistance against salinity but in the all salinity
levels was not observed impressive changes in relation to this ion.
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INTRODUCTION

French marigold (Tageta patula) belongs to Asteracease family (Hassani, 1998), which is used as cut or pot
flower and margining in landscape. Nowadays, marigold are grown as commercial for extraction of Carotene
pigments especially Xanthophylls. The leaves of marigold are containing especial aromatic oils. Marigold oil has
therapeutic applications as well as is insect repulsive. Marigold cultivation is useful to reduction of nematode
population in the soil. Application of marigold in cultivation rotation can be a replacement for nematicides to reduce
population of scabies-agent nematode (Meloiclogyne spp.). Regards to the utilization of marigold as summer-flower
in the parks and cities landscape especially in southern regions with saline soil, investigation on reaction of this
plant to salinity can be useful. Physiological reaction of the plants against stressor agents are two cases: in the one
case the plant resist and with this mechanism to encounter with slight stresses maintain itself metabolic activities in
high level (similar when there is no stress) and encounter with sever stresses decrease itself metabolic activities.
Other case is avoidance, which the plant is avoiding from stress by reducing itself metabolic activities and
dormancy. In agriculture by using plant breeding methods, mechanism of avoidance from stress has been
encouraged. In the nature, result of both mechanisms is same between different plants. Salinity and drought have
especial station between stresses and have been considered more than others (Alizadeh, 2005). Salinity in the
agriculture sciences is one of the soil or water properties, which is due to excessive presence of the ions. Saline
soils are the soils having EC>4.0 mmos/cm, exchangeable sodium percentage (ESP) less than 15 and pH<8.5.
These soils are entitled ‘White alkali’ and in Russia ‘Solonchak’ and according to the new American taxonomy
procedure ‘Solarthia’ (Baybordi and Koohestani, 2004). Salinity stress lead to reduction of transpiration trend and
consequently delaying to plant growth and yield reduction. Generally, salinity stress could be defined as the
general effects of salts on plant growth (Hasheminia et al., 1997). On the whole, the results of investigations show
that the influence of salinity on plant growth and metabolism is resulting from reduction of osmotic potential arising
from salt accumulation (Levitt, 1980) and ions toxicity (Winggans and Gardner, 1989). Salinity stress affects
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various aspects of plant growth and metabolism. In this connection, photosynthesis (Staples and Toenniessen,
1984), nitrate reduction (Polard and Wynjones, 1979) and internal unbalancing of plant growth regulators (Shah
and Loomis, 1965) are the most important cases that have been evaluated by researchers. Also in the saline
media, high concentration of the ions in root medium affects nutrient elements uptake by the root (Birendra et al.,
1996), which these effects have been attributed to presence of high concentrations of chloride and sodium (Abo-
Kaseam et al., 1995). Reduction of potassium uptake (Nasseri, 1979), reduction of calcium and magnesium uptake
(Al-Harbi, 1995) and reduction of ammonium and nitrate uptake (Soliman et al., 1994) also are among examples of
negative effects of salinity stress in relation to nutrient elements uptake. Potassium has the role in stomata
conductivity and enzymes activity and transportation within plant. Study on the yield of especial crops has been
indicated that different plant can be revealed very different tolerance to salinity. Marigold is very tolerant to salinity
based on relative height, relative dry weight and relative flower size but according to the relative flower number is
very sensitive (Decital and Morris, 1987). The presence ions in soil or water act as simulator, inhibitor or
counteractive in germination stage. Salinity stress affects on the plant in all growth stages but in a majority of cases
one stage is more sensitive than other stage. In the saline soils, uptake of some elements such as calcium,
magnesium and potassium reduce due to sodium competition (Yeo and Flowers, 1986). Increasing sodium is
leading to reduce other cations and cation unbalancing in the plant. This enhancement also is causing to reduce
calcium, magnesium and potassium in the plant (Lauchi and Epsetin, 1984). In barley, excessive NaCl is leading to
prevent calcium uptake and in fact sodium is causing to deficit calcium (Brown and Hayward, 1970). It has been
reported that in salinity conditions, nutritive inhibitors such as sodium chloride is competing to nutritive ions and
growth reduction is occurring. So even when osmotic stress has been resolved, the growth of bean, pea and sweet
orange has been reduced arising salinity stress, which this reduction has been obtained due to prevalence on
potassium (Hassan-shahi et al., 2008). Potassium deficiency has been observed in below parts of squash and
sweet clover plants by influenced salinity derived NaCl. Therefore, the main reason of growth prevention by NacCl
refers to non-uptake of other minerals in competition to sodium. Low concentrations of sodium may be increase
potassium uptake, although high concentrations of sodium decrease potassium uptake. In high concentrations of
sodium, calcium uptake decrease (Mormohammadi-Meibodi and Ghareyazi, 2002).

Nitrogen plays key role in plant nutrition. In fact, plant life is not possible without this element. Green plants
affect the presence or absence of nitrogen more than each other element. Contrary to other elements, nitrogen not
available in mother soil materials and it add to soil via rain water or atmosphere by biological agents such as
fixative nitrogen bacteria. In addition to nitrogen uptake by plant, amount of this element lose via leaching, erosion,
ammonia sublimation and elemental nitrogen (Ghazan-shahi, 1999). Usually increasing uptake and accumulation
of CI" is associated with reduction of NOj3 in plant shoot. Many researchers attribute this subject to antagonism
effect of CI' on uptake of NO3 (Kafkafi et al., 1982). While some others said this reaction is due to influence of
salinity on reduction of water absorption (Lehle et al., 1992). It has been reported that in saline condition, uptake of
nitrate and ammonium ions reduce and finally the plant involve to nitrogen deficiency. It is causing to reduce amino
acids and protein synthesis. Also, under salinity stress, nitrate reduction in the root is confused (Odegbaro and
Smith, 1969).

MATERIALS AND METHODS

In order to examine the effect of ammonium nitrate on dry weight, sodium and potassium amount of French
marigolds (Tageta patula) under salinity stress conditions was done an experiment as factorial arrangement in
completely randomized design (CRD) in Jahrom city. The fist factor was different concentrations of ammonium
nitrate including 0, 15 and 30 g/L and the second factor was different levels of salinity causing by NaCl including
the solutions with electrical conductivity 0.49 (ambient water as control treatment), 2.0, 4.0, 6.0 and 8.0 mmos/cm
with four replicates. Marigold seed was provided from a seed production center in Esfahan and was disinfected by
Benomyl and 3 seeds were cultured in the 10-liters pots containing manure, sand and agricultural soil (1:1:1) and
was daily irrigated by above solutions. Then the characteristics of root dry weight and shoot dry weight and amount
of sodium and potassium were measured. In order to measure sodium and potassium amounts, the shoot samples
were dried in oven 70 °C for 24 hours. Then 0.2 g the powdered sample was placed in 550 °C for 5 hours until
whitening samples. Then the plant extracts were prepared by using 2 cc HCI and boiling water and 50 cc distilled
water. Sodium and potassium concentration were measured by Flame photometer device (Ghanavati et al., 2006).
The obtained data was analyzed by MSTAT-C software and the means were compared by using Duncan’s multiple
range test (DMRT).
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RESULTS AND DISCUSSION

The irrigated plants by solution of 8.0 mmos/cm died after germination stage, so this salinity level was deleted
from analysis.

Root dry weight (RDW)

Based on the results of analysis of variance (Table 1), Salinity levels had significant influence (p<0.01) on
RDW but there was no significant effect in application of different levels of ammonium nitrate. Interaction between
both factors was significant (p<0.01).

Table 1. Data analysis of variance in relation to the evaluated traits
SV DE Mean Square (MS)

Root Dry weight (RDW)  Shoot Dry weight (SDW) Na K
Ammonium nitrate (A) 2 0.022"° 0.014" 0.431° 0.896
Salinity (B) 3 0.589" 5.727" 4.099" 0.025"
Interaction AB 6 0.040" 0.54" 0.747" 0.080"
Error 36 0.012 0.098 0.004  0.003
CV% 15.14 16.61 8.05 3.81

" not significant; , significant p<0.05 and p<0.01 respectively.
In evaluation salinity effects, the highest RDW was observed in control treatment (0.59 g) and the lowest in
salinity 6.0 mmos/cm (0.12 g) (Table 2). In comparison of ammonium nitrate levels, RDW in AN 0 g/L significantly
was more than AN 15 or AN 30 g/L. RDW decreased by increasing ammonium nitrate concentration (Table 2).

Table 2. Single effects and interaction between ammonium nitrate and salinity on root dry weight (g)

Ammonium nitrate 0 15 30
L Salinity mean
Salinity (mmos/cm) 9
0.49 (Control) ¥0.74% 056° 0.49° T0.59"
2 0.34°  040° 031° 035°
4 0.25" 015 0.14" 0.18°
6 0.20° 0.07° 008 0.12°

Ammonium nitrate mean  70.38*  0.29° 0.25°
*Means, having minuscule (interaction), with similar letters are not significantly different (p<0.05) according to DMRT

*Means in the right column and below row, having capital (single effects), with similar letters are not
significantly different (p<0.05) according to DMRT.

In evaluation interaction between both factors, the highest RDW was observed in 0 g/L ammonium nitrate and
control treatment of salinity (0.74). RDW decreased by increasing ammonium nitrate levels in each salinity level. In
the all ammonium nitrate concentrations, by enhancement salinity level, RDW decreased (Table 2). Root is an
organ that it performs the duty of water and nutrients uptake and salinity stress mainly damages to the plant toward
root. Root is the organ that is confronting to salinity stress and regards to osmotic regulation and avoiding
mechanism that performs to reduce salinity effect (Carla et al., 2009), a lot of the received energy from shoots is
spending to compare salinity stress. This operation leads to reduction of root efficiency to provide water and
nutrients for other organs. These agents may be decrease root dry weight (Safarnejad et al., 2005). The obtained
results in the present study also are confirmer to above investigations.

Shoot dry weight (SDW)

Salinity levels had significant influence (p<0.01) on SDW but ammonium nitrate had no significant effect on
SDW. Interaction between both factors was significant (p<0.05) (Table 1). In comparison salinity effect, the greatest
SDW was observed in control treatment (1.79 g). Salinity significantly caused to reduce SDW (Table 3). Evaluation
the influence ammonium nitrate on SDW showed the highest SDW was relative to AN 0 and AN 15 g/L. SDW
significantly decreased by enhancement ammonium nitrate from 15 to 30 g/L (Table 3). Interaction between salinity
and ammonium nitrate indicated that the greatest SDW obtained in control salinity treatment and AN 15 g/L (1.86
g), which had no significant difference to AN 0 and AN 30 g/L in same this salinity level. In application 15 g/L
ammonium nitrate, SDW reduction showed slower trend in salinity 2.0 to 6.0 mmos/cm (Table 3). Shanon (1986)
reported that salinity in water and soil cause to reduce shoot and stem growth and affect plant yield. It has been
reported that in many soils nitrogen deficiency is one of the main restrictive nutrition agents for plant growth.
Therefore, apart from soil salinity, nitrogen application is leading to develop plant growth and yield enhancement.
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Under salinity condition, reduction nitrogen uptake is one of the decrescent plant growth agents (Al-Rawahy et al.,
1992). Chloride has inhibitor effect on uptake and metabolism of nitrate (Bar et al., 1997). Therefore, under salinity
stress the need of plant to nitrogen is more than non-saline conditions (Grattan and Grieve, 1999).

Table 3. Single effects and interaction between ammonium nitrate and salinity on shoot dry weight (g)

Ammonium nitrate 0 15 30
gl Salinity mean
Salinity (mmos/cm)
0.49 (Control) 1788 1.86° 1720 T1.79"
2 1.06° 100 1.11° 1.05°
4 0.62° 052 046" 053°
6 0.23° 0.31% 013 037°

Ammonium nitrate mean  10.92* 0.92* 0.85"
*Means, having minuscule (interaction), with similar letters are not significantly different (p<0.05) according to DMRT

*Means in the right column and below row, having capital (single effects), with similar letters are not
significantly different (p<0.05) according to DMRT.

Sodium (Na)

Salinity and ammonium nitrate levels had significant influence (p<0.01) on Na amount. Interaction between
both factors was significant (p<0.01) (Table 1). In comparison salinity effect, Na amount was 0.04% in control
treatment but by increasing salinity level Na amount significantly increased so that the greatest Na amount was
observed in salinity 6.0 mmos/cm (1.4%) (Table 4). Evaluation the effect ammonium nitrate on Na amount
indicated Na in the shoot enhanced by increasing ammonium nitrate concentration. The highest amount of Na
(0.87%) was observed in 30 g/L ammonium nitrate (Table 4).

Table 4. Single effects and interaction between ammonium nitrate and salinity on shoot Na amount (%)

Ammonium nitrate 0 15 30
gl Salinity mean
Salinity (mmos/cm)
0.49 (Control) %0.04"  0.04" 0.04 T0.04°
2 0.09° 057" 0.80° 0.49°
4 066 076° 099" 077°
6 1.19° 1.37° 164 14"

Ammonium nitrate mean  70.49°  0.68® 0.87"
*Means, having minuscule (interaction), with similar letters are not significantly different (p<0.05) according to DMRT

*Means in the right column and below row, having capital (single effects), with similar letters are not
significantly different (p<0.05) according to DMRT.

Interaction between salinity and ammonium nitrate demonstrated that the greatest Na amount was observed in
6.0 mmos/cm salinity treatment and AN 30 g/L (1.64 g). Application ammonium nitrate had no influence on
reduction Na in the shoot (Table 4). Based on above results can be said French marigold easily moves Na from
root to shoot. Also application ammonium nitrate led to increasing Na in the shoot.

Potassium (K)

Salinity and ammonium nitrate levels had significant influence (p<0.01) on K amount. Interaction between both
factors was significant (p<0.01) (Table 1). In assessment salinity effect, the highest K amount was observed in 6.0
mmos/cm salinity treatment (1.51%). Amount of shoot K in control salinity treatment to salinity of 4.0 mmos/cm
were in the same statistical level (Table 5). Evaluation the effect ammonium nitrate on K amount showed the
highest K in the shoot was relative to AN 0 g/L (1.62%) and the lowest at AN 15 g/L (1.32%). Amount of K at AN 30
g/L was more than AN 15 g/L but both were lower level than AN 0 g/L (Table 5).

Interaction between salinity and ammonium nitrate demonstrated that the greatest K amount was observed in
6.0 mmos/cm salinity treatment and AN O g/L (1.75 g). Amount of K in the shoot decreased by increasing
ammonium nitrate levels in control salinity and salinity 4.0 and 6.0 mmos/cm (Table 5). Investigations show in
many plants potassium ion concentration decreased when salinity increase by the form Na ion or K/Na ratio
(Grainfenberg et al., 1995). In contrast, in some plants were observed that potassium in the leaves enhanced by
increasing salinity (Cachorro et al., 1993). In the present study, reduction K amount by increasing salinity levels is
not according to the findings of Gregorio et al. (1998) but is conformable to the results of Ruiz et al. (1997). In fact,
ammonium nitrate could not been increased K uptake in high salinity concentration.
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Table 5. Single effects and interaction between ammonium nitrate and salinity on shoot K amount (%)

Ammonium nitrate 0 15 30
giL Salinity mean
Salinity (mmos/cm)
0.49 (Control) ¥1.66° 1277 128 T1.40°
2 1.46°  1.31° 1.46° 1.41°
4 1.62°°  1.29° 139" 1.43"®
6 175 141 139" 151°

Ammonium nitrate mean  '0.62*  1.32° 1.38°
*Means, having minuscule (interaction), with similar letters are not significantly different (p<0.05) according to DMRT

*Means in the right column and below row, having capital (single effects), with similar letters are not
significantly different (p<0.05) according to DMRT.

CONCULSION

Different concentrations of ammonium nitrate had no significant influence on shoot dry weight. Different levels
of ammonium nitrate had significant influence on root dry weight and amount of potassium and sodium so that
increasing ammonium nitrate led to reduction root dry weight and potassium and enhancement sodium
concentration in the shoot. Various salinity concentrations had significant influence on the all evaluated
characteristics so that by increasing salinity concentration, sodium and potassium amounts increased and root and
dry weight decreased. Enhancement potassium ion in marigold flower, after salinity stress is indicative to
resistance against salinity but in the all salinity levels was not observed impressive changes in relation to this ion.
In saline soils because of high levels of Na and Cl ions in soil solution and ion unbalancing, in spite of presence
micro elements in the soil solution there is not possibility to transfer these elements to shoot and consequently lead
to deficiency appearance and damage to plant.

REFERENCES

Abo-Kaseam E, Sharaf-Eldin A, Foda EA. 1995. Synergistic effect of cadmium and NaCl on growth, photosynthesis and ion
content in wheat. Plants. Biol. Plantarum, 37:241-249.

Al-Harbi AR. 1995. Growth and nutrient composition of tomato and cucumber seedlings as affected by sodium chloride salinity
and supplemental calcium. J. Plant Nutr., 18:1403-1416.

Alizadeh A. 2005. Relation of water, soil and plant. Astaneh Ghodse Razavi Press, Iran. (In Persian)

Al-Rawahy SA, Stroehlein JL, Pessarakly M. 1992. Dry-matter yield and nitrogen-15, Na', ClI" and K" content of tomatoes under
sodium chloride stress. J. Plant Nutr., 15:341-358.

Bar Y, Apelbaum A, Kafkafi U, Goren R. 1997. Relationship between chloride and nitrate and its effect on growth and mineral
composition of Avocado and Citrus plants. J. Plant Nutr., 20:715-731.

Baybordi M, Koohestani A. 2004. Soil, Formation and taxonomy. Tehran University Press, Iran. (In Persian)

Birendra K, Bijendra S, Kumar B, Singh B. 1996. Effect of plant hormones on growth and yield of wheat irrigation with saline
water. Ann. Agr. Res., 17: 209-212.

Brown JW, Hayward HE. 1970. Salt tolerance of alfalfa varieties. Agron. J., 63:18-20.

Cachorro P, Oritiz A, Cerda A. 1993. Growth, water relations, and solute composition of Phaseolus vulgaris L. under saline
conditions. Plant Sci., 95: 23-29.

Carla C, Leonardi C, Timothy J. Flowers A. 2009. The effects of sodium chloride on ornamental shrubs. Sci. Hort., 122: 586-
593.

Decital DA, Morris RL. 1987. Morphological response to annual flowering to salinity. J. Amer. Soc. Hort. Sci., 112: 951-955.

Ghazan-Shahi J. 1999. Soil and its relations in agriculture. Karno Press. (In Persian)

Graifenberg A, Giustiniani L, Temperini O, Lipucci DiPaola M. 1995. Allocation of Na, Cl, K and Ca within plant tissues in globe
artichoke under saline-sodic conditions. Sci. Hort., 63: 1-10.

Grattan SR, Grieve CM. 1999. Salinity-mineral nutrient relations in horticultural crops. Sci. Hort., 78:127-157.

Gregorio FB, Vicente M, Ruiz D, Cerda A. 1998. Changes in inorganic and organic solutes in citrus growing under saline
stresses. J. Plant.

Hasheminia M, Koocheki A, Ghahreman N. 1997. Revenue saline waters in stable agriculture. Jahad-Daneshgahi of Mashhad
Press. (In Persian)

Hassani HS. 1998. Development and molecular cyto-genetic studies of a new salt tolerant cereal. Tritipyrum UK, the University
of Reading. Ph.D. Thesis.

Hassan-shahi H, Heidari F, Abdollahi H, Niazi JA. 2008. Soil, obsolete alchemy, looking at the agricultural soils of Fars province.
Mostafavi Press, p. 119. (In Persian)

839



J Nov . Appl Sci., 2 (S): 835-840, 2013

Kafkafi U, Valras N, Letey J. 1982. Chloride interaction with nitrate and phosphate nutrition in tomato (Lycopersicon esculentum
L.). J. Plant Nutr., 5: 1369-1385.

Lauchi A, Epsetin E. 1984. "Mechanism of salt tolerance in plants”. Calif. Agric., 38:18-21.

Lehle FR, Chen F, Wendt KR. 1992. Enhancement of NaCl tolerance in Arabidopsis thaliana by exogenous L-asparagines and
D-asparagines. Physiol. Plant, 84:223-228.

Levitt J. 1980. Response of plants to environmental stresses, water, radiation, salt and other stresses. Academic Press. 2: New
York.

Mirmohammadi-Meibodi SAM, Ghareyazi B. 2002. Physiological aspects and breeding salinity stress of agronomic plants.
Esfahan Industrial University Press. (In Persian)

Nassery H. 1979. Salt induced loss of potassium from plant roots. New Phytol., 83: 27-28.

Odegbaro OA, Smith OE. 1969. Effect of kinetin, salt concentration and temperature on germination and early seedling growth
of Lactuca sativa L. J. Amer. Soc. Hort. Sci., 94: 167-170.

Polard A, Wynjones RG. 1979. Enzyme activities in concentrated solution of glycine-betain and other solutes. Planta, 144: 291-
298.

Ruiz D, Marines V, Cerada A. 1997. Citrus response to salinity: Growth and nutrient uptake. Tree physiol., 17:141-150.

Safarnejad A, Salami MR, Hamidi H. 2005. Evaluation morphology of Fleawort (Plantago ovata and Plantago psyllium) under
salinity stress. Journal of Research and Constructive in Natural Resources, 75: 152-160. (In Persian)

Shah CB, Loomis RS. 1965. Ribonucleic acid and protein metabolism in sugar beet during drought. Physiol. Plant, 18: 240-254.

Shannon MC. 1998. Adaptation of plants to salinity. Adv. Agron., 60:75-120. 1998.

Soliman MS, Shatabi HG, Campbell WF. 1994. Interaction of salinity, nitrogen and phosphorus fertilization on wheat. J. Plant
Nutr., 17:1163-1173.

Staples RC, Toenniessen GH. 1984. Salinity tolerance in plant. Strategies for crop improvement. John Wiely and Sons, New
York, 365p.

Wiggans SC, Gardner FP. 1989. Effectiveness of various solutions for simulating drought conditions as measured by
germination and seedling growth. Agron. J., 51: 315-318.

Yeo A, Flowers TJ. 1986. lon transport in Sueda maritime: its relation to growth and implications for the pathway of radial
transport of ions across the root. J. Exp. Bot., 37: 143-149.

840



