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In order to study the effect of water deficit stress and different nitrogen

levels on flower yield, yield components and water use efficiency of Calendula
officinalis L., an experiment was conducted as split plot based on randomized

complete block design with three replications, at research field of Islamic Azad

University, Birjand branch in 2009. In this experiment, irrigation treatments (ir-

rigation after 60, 120 and 180 mm cumulative evaporation from pan class A)

set as main plots and nitrogen rates (0, 60,120 and 180 kg N ha-1) set as sub

plots. The results showed that increasing irrigation interval from 60 to 180 mm

cumulative evaporation reduced flower number per m-2, biomass yield and

plant height 65.6, 69.3 and 8.3%, respectively. Also in comparison with control,

irrigation after 120 and 180 mm evaporation reduced flower dry yield 16.2 and

72%, respectively. However, the highest WUE was related to irrigation after

120 mm evaporation (0.161 and 0.788 kg m-3 for dry flower and biomass, re-

spectively). Nitrogen fertilizer utilization significantly increased flower yield,

flower number, biological yield, WUE and plant height, but there was not any

significant difference between 120 and 180 kg N ha-1 treatments. Interaction of

irrigation and nitrogen on all traits was not significant. Totally, the results

indicated that treatment of irrigation after 120 mm evaporation with 120 kg N ha-1

application is suitable for marigold cultivation in Birjand. 

Abstract
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INTRODUCTION

Iran is considered as an arid and semi-arid region in the world. Therefore, efficient water

use and understanding the influential factors such as N fertilization, and identifying drought-tol-

erant plants are crucially important. The diverse climate with a great temperature difference (over

50°C) of Iran and coastal, mountainous and desert lands (Javadzadeh, 1997) provides favorable

conditions for the cultivation of most drought-tolerant medicinal herbs.

Marigold (Calendula officinalis L.) is an annual to perennial plant belonging to the family

of Asteraceae. It needs high solar radiation during growing period and is able to well tolerate

drought. It is, however, susceptible to high soil moisture. Hence, it can be considered for cultivation

in such regions as Southern Khorasan, Iran. Marigold is known as blood purifier, energizer and

anti-convulsion. It heals nausea, liver disorders, peptic ulcer disease, skin wounds, burns and blood

cholesterol. It acts as skin softener, too. Marigold is used in production of toothpaste, shampoo

and infant lotions (Omidbeigi, 2005., Zargari, 1982). The results of some studies show that essential

oil of marigold counteracts HIV (Kalvatchev et al., 1997).

In their study on marigold, Shubhra et al. (2004) found that drought stress considerably de-

creased the number of flowers per plant. Raesi et al. (2010) in a study on the effect of different

manure levels and drought stress on roselle, stated that the delay in irrigation from 50 to 200 mm

accumulative evaporation from evaporation pan significantly decreased sepal yield and the number

of fruits per area unit. Arazmjo et al. (2009) studied the effect of drought stress on German

chamomile and reported reduction in dry flower yield, single-plant biomass, plant height and num-

ber of flowers under drought stress conditions. Moosavi et al. (1988) indicated that both high and

low irrigation levels decreased water use efficiency (WUE) of soybean compared with moderate

irrigation level. Also, in a study on the effect of irrigation levels on WUE for seed and biological

yield, Khajoenejad et al. (2005) revealed that the highest WUE was obtained under moderate water

deficit stress.

In another experiment on chamomile, the effect of irrigation treatments (irrigation after 25,

50, 75 and 100 mm accumulative evaporation) on the plant was evaluated. The results showed that

the highest capitulum yield per plant and per area unit and the highest number of capitulum per

plant was obtained under the treatment of irrigation after 50 mm accumulative evaporation. On

the other hand, significant increase in chamomile capitulum and seed harvest index was reported

with the increase in water deficit stress. Also, the treatments of irrigation after 50 and 75 mm ac-

cumulative evaporation had significantly higher WUE for capitulum and seed production as com-

pared with other treatments (Pirzad, 2007).

In a study on the effect of different N fertilization levels on flower yield of marigold, it was

reported that the highest dry flower yield (102.86 g m-2) was obtained by the application of 150 kg

N ha-1 (Ameri and Nasiriemahalati, 2008). Arganosa et al. (1998) reported the highest biological

yield of marigold at N fertilization level of 80 kg ha-1. 

In other study on German chamomile, different N levels were shown to have significant

effects on the number of flowers per plant and flower fresh and dry yield per plant and per ha In

the experiment increase in N level significantly affected these traits (Hamzeie et al., 2004).

This experiment was carried out to study the effect of irrigation and N fertilization levels

on yield and yield components of marigold in Birjand, Iran.

MATERIALS AND METHODS

This experiment was conducted at the Agricultural Research Station of Islamic Azad Uni-

versity, Birjand branch, Iran (latitude: 32°52’; longitude: 59°13' and 1400 m above sea level) in

2009. The soil texture was loam with pH 8.21, organic matter 0.29%, total nitrogen 0.015% and

EC 4.33 ms/cm.

The average long-time minimum and maximum temperature in Birjand are 4.6 and 27.5°C
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with average annual precipitation of 169 mm and average minimum and maximum relative hu-

midity of 23.5 and 59.6%, respectively. The regional climate is warm and arid.

Given the results of soil analysis, the field was fertilized with 150 kg triple super phosphate

per ha and 100 kg potassium sulfate per ha All phosphorus and potash fertilizer were applied at

field surface at planting time. However, N fertilizer was applied at two phases (half after thinning

and other half before start of flowering) with irrigation water in closed furrows. The seeds were

planted in 20 April at the depth of 2-3 cm. 

In this research, water deficit stress set as main factor with three levels (irrigation after 60,

120 and 180 mm cumulative evaporation from pan class A) and nitrogen set as sub factor with

four levels (0, 60, 120 and 180 kg N ha-1 from urea source). 

The studied traits included the number of flowers per m2, flower fresh and dry yield, bio-

logical yield, harvest index, single-plant weight, WUE for flower and biomass production, plant

height and flower diameter. For this purpose given the unsimultaneous ripening of flowers, the

ripened flowers were harvested from two middle rows of each experimental plot from an area of

3 m2 twenty times during growth period. Then, they were counted to have the number of flowers

per m2 and flower yield which was the total flower weight harvested at different stages. The mean

single-flower weight was calculated by dividing flower dry yield by the number of flowers per

area unit. The division of flower yield by biological yield multiplied by 100 resulted flower harvest

index. In addition, WUE for flower and biomass production (in terms of kg m-3) was measured

through dividing flower dry yield by the amount of applied water and through dividing biological

yield (biomass) by the amount of applied water, respectively. In order to measure plant height, 10

plants were randomly selected from two middle rows of experimental plots and their means were

recorded as plant height. The flower diameter was measured out of the diameter of 20 flowers at

each flower harvesting step.

The data were analyzed by software MSTAT-C and the means were compared by Multiple

Range Duncan Test at 5% probability level.

RESULTS AND DISCUSSION

Yield and yield components of flower

Analysis of variance showed that irrigation and N fertilization significantly affected the

number of flowers per m2 and flower fresh and dry weight (p<0.01), but single-flower dry weight

was affected only by irrigation levels (Table 1). The number of flowers per m2 was 2.58 times

greater in the treatment of irrigation after 120 mm accumulative evaporation than in the treatment

of irrigation after 180 mm, but it showed an 11.2% loss compared with the treatment of irrigation

after 60 mm accumulative evaporation (Table 2). Probably the loss of the number of flowers per

C.V. df

Means of squares

Flower number 

per m2

Single-flower

dry weight 

Flower fresh 

yield

Flower dry

yield

Biological 

yield

Harvest 

index

Replication

Irrigation (A)

Error a

Nitrogen rate (B)

A × B

Error b

CV (%)

2

2

4

3

6

18

-

101963.14*

139611**

12545.82

68415.48**

12891.48 ns

5291.81

11.13

0.0001ns

0.003**

0.0001

0.0001 ns

0.0001ns

0.0001

1.72

6234955.45 ns

104713138.8**

922421.57

5386648.11**

1107872.43ns

454253.76

12.61

207474.35ns

3353845**

26023.59

173498.09**

34024.26 ns

14027.19

11.99

6323723.22*

69896139.9**

796955.25

2778626.88**

535532.52 ns

314431.17

11.81

2.12 ns

9.612*

1.142

1.1**

0.256 ns

0.149

1.88

Table 1. Results of analysis of variance for yield and yield components of marigold as affected by different levels

of irrigation and nitrogen.

ns Non Significant at 0.05 probability level and *, ** Significant at 0.05 and 0.01 probability levels, respectively.
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m2 with the increase in water deficit stress can be related to the loss of leaf area and their shedding

and the resulting loss of assimilates, the decrease in the activities of photosynthesis-affecting en-

zymes and the disruption of pollination.

Means comparison revealed that although there was no significant difference in single-

flower dry weight between the treatments of irrigation after 60 and 120 mm accumulative evapo-

ration at 5% level, the increase in irrigation interval and drought stress up to the treatment of

irrigation after 180 mm accumulative evaporation decrease of single flower weight by 13.3 and

18.2% at the treatments of irrigation after 120 and 60 mm accumulative evaporation, respectively

(Table 2). Seemingly, shortened flowering period and the adverse effect of water deficit stress on

the existing photosynthesis and the loss of assimilates translocation into flowers were the main

causes of the significant decrease in single-flower dry weight under severe water deficit stress.

The treatments of irrigation after 120 and 180 mm accumulative evaporation resulted in

18.7 and 73.6% loss of flower fresh yield and 16.2 and 72% loss of flower dry yield compared

with the treatment of irrigation after 60 mm accumulative evaporation, respectively (Table 2). To

be able to bear flowers, plants need suitable vegetative growth and must produce constituting parts

of the flowers at different vegetative and reproductive growth stages. The effect of water deficit

stress on every yield component can finally change the number of flowers. Therefore, it can be

said that the loss of current photosynthesis as well as the coincidence of flowering with high tem-

peratures and the increase in embryo abortion under water deficit conditions can lead to the loss

of flower fresh and dry yield through reducing the number of flowers per m2 and single-flower

weight. Also, Mohamadkhani and Heydari (2007) stated that the loss of leaf area resulted in the

loss of light interception and the resulting loss of total photosynthesis capacity and obviously, the

limitation of assimilate production under water deficit conditions led to the stunted growth of the

plants and finally decreased their yield. The decrease in flower yield with the increase in water

deficit stress has been reported for marigold (Shubhra et al., 2004) and chamomile (Arazmjo et
al., 2009), too.

Means comparison showed that the increase in N fertilization rate from 0 to 180 kg N ha-1

increased the number of flowers per m2 by 33.7% (Table 2). Soil fertility deeply influences the

flowering. Higher levels of N fertilization induces vegetative growth, increases leaf area index and

duration and increases assimilate availability and flowering potential per area unit through increas-

ing photosynthesis duration.  In addition, N increases flower formation percentage by supplying

the protein needed by pollens to move through stigma and reach to ovule, by increasing effective

pollination time and helping the formation of stronger embryo sac (Rahemi, 2004). Therefore, the

increase in N rate can justifiably increase the number of flowers per m2. Also, some researchers

Treatment

Flower

number

per m2

Single-

flower dry

weight (gr)

Flower 

fresh yield

(kg ha-1)

Flower 

dry yield

(kg ha-1)

Biological 

yield 

(kg ha-1)

Harvest

index

(%)

Irrigation (mm accumulative evaporation)

60

120

180

Nitrogen rate (kg N ha-1)

0

60

120

180

878.27 a

779.91 a

302.17 b

562.19 b

600.98 b

698.54 a

751.98 a

0.159 a

0.150 a

0.130 b

0.146 a

0.146 a

0.146 a

0.148 a

7719.78 a

6274.49 b

2036.12 c

4581.34 b

4846.83 b

5676.83 a

6269.06 a

1399.12 a

1172.26 b

391.34 c

850.40 b

897.30 b

1051.31 a

1151.30 a

6499.53 a

5752.28 a

1996.1 b

4180.36 b

4408.75 b

5012.97 a

5395.12 a

21.47 a

20.44 ab

19.68 b

20.12 b

20.27 b

20.71 a

20.93 a

Table 2. Means comparison for yield and yield components of marigold as affected by different levels of irrigation

and nitrogen

Means followed by the same letters in each column-according to Duncan’s multiple range test are not significantly (p<0.05)
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have revealed that higher N fertilization levels increase shoot growth and the number of flowers

in chamomile (Zeinali et al., 2008, Hamzeie et al., 2004, Letchmo, 1993). 

Means comparison for flower fresh and dry yield of marigold at various N rates indicated

that although the increase in N rate from 0 to 180 kg N ha-1 significantly increased flower fresh

and dry yield by 36.8 and 35.4%, respectively, no significant differences in these traits were ob-

served between N rates of 0 and 60 kg N ha-1 and between N rates of 120 and 180 kg N ha-1 (Table

2). Since N application increased leaf area index and green area duration through which it positively

influenced photosynthesis, light use efficiency, plant growth period duration, dry matter accumu-

lation in shoots and flower bearing potential per area unit, it expectedly increased flower fresh and

dry yield, too. In addition, given statistically non-significant difference in single-flower dry weight

means of marigold (Table 2) and significant difference in flower yield at different N fertilization

levels, it can be concluded that N fertilization enhanced flower yield mainly through increasing

the number of flowers per area unit. Ameri and Nasiriemahalati (2008) reported the increase in light

use efficiency for flower bearing in marigold with the increase in N rate from 0 to 150 kg N ha-1

and Al-Badavi et al. (1995) reported the positive impact of various nitrogenous fertilizers on veg-

etative growth, the concentration of photosynthesizing pigments and the flowering of marigold com-

pared with no-N fertilization treatment which could be the possible reasons for higher flower yield

under abundant N levels. Higher flower yield at higher N fertilization levels has been reported by

Ameri and Nasiriemahalati (2008) and Pop et al. (2007) for marigold and Rahmati et al. (2009) and

Hamzeie et al. (2004) for chamomile as well which is in agreement with our findings.

Biological yield and harvest index

Irrigation and N rate significantly affected biological yield and harvest (Table 1). Biological

yield at the treatment of irrigation after 120 mm accumulative evaporation was decreased by 11.5%

as compared with that at the treatment of irrigation after 60 mm accumulative evaporation, while

the increase in irrigation interval up to 180 mm accumulative evaporation reduced biological yield

by 69.3%. The loss of biomass production by drought stress can be associated with the loss of plant

height, the loss of leaf area and the increase in the partitioning of assimilates to roots vs. shoots. In

total, it can be drawn that drought stress significantly decreased economical and biological yield of

marigold by shortening growth period and consequent loss of photosynthesis rate, shortening as-

similation period and decreasing the mobilization of assimilates (Black and Squire, 1979).

N application increased dry matter production of marigold, so that biological yield was in-

creased by 5.5, 19.9 and 29.1% with the application of 60, 120 and 180 kg N ha-1 compared with

no-N application, respectively and the application of 180 kg N ha-1 gave rise to the highest biolog-

ical yield with mean dry matter of 5395.12 kg ha-1 (Table 2). It seems that N deficiency decreased

leaf area and duration which resulted in lower light interception rate, light use efficiency and pho-

Sources of 

variation df

Means of squares

Plant height Flower diameter WUE for flower WUE for biomass

Replication

Irrigation (A)

Error a

Nitrogen rate (B)

A × B

Error b

CV (%)

2

2

4

3

6

18

-

20.514 ns

211.286**

6.444

14.911**

1.359 ns

1.56

6.41

7.83 ns

163.99**

1.577

0.314 ns

0.09 ns

0.394

2.21

0.004 ns

0.016**

0.001

0.002**

0.0001ns

0.0001

10.18

0.121ns

0.386**

0.021

0.038**

0.007 ns

0.003

10.02

Table 3. Results of analysis of variance for plant height, flower diameter and water use efficiency  for 

flower and biomass production of marigold as affected by different levels of irrigation and nitrogen

ns Non Significant at 0.05 probability level and *, ** Significant at 0.05 and 0.01 probability levels, respectively.
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tosynthesis rate of canopy. Consequently, N deficiency led to the loss of biological yield. The stud-

ies conducted by Rahmani et al. (2008) on marigold and by Alizadeh Sahzabi et al. (2007) on sa-

vory showed significantly higher biological yield at higher N fertilization rate, too.

The results revealed that water deficit stress negatively affected harvest index of marigold,

so that this index in treatments of irrigation after 180 and 60 mm accumulative evaporation was

19.7 and 21.5%, respectively. Moreover, means comparison showed that the increase in N fertiliza-

tion rate from 0 to 180 kg N ha-1 increased flower harvest index from 20.12 to 20.92% (Table 2).

In other words, water and nitrogen deficit stress disrupted the mobilization of assimilates

to reproductive organs. Thus, it decreased potential flower yield more than biological yield. The

results of the study of Ansarinia (2010) indicated that water deficit stress significantly decreased

harvest index of sunflower. Also, Aboomardani et al. (2010) on canola and Ansarinia (2010) on

sunflower reported that harvest index increased with the increase in rate of N application. 

Plant height and flower diameter

Considering the results of analysis of variance, plant height and flower diameter were sig-

nificantly affected by irrigation treatment (p<0.01), but the effect of N rate was significant only

on plant height (Table 3). The non-significant effect of N fertilization on flower diameter has been

reported in chamomile, too (Rahmati et al., 2009). As irrigation interval was increased from 60 to

180 mm accumulative evaporation, plant height and flower diameter were significantly decreased

by 39.4 and 22.5%, respectively. Means comparison for plant height and flower diameter indicated

classification of irrigation levels in distinct groups (Table 4). Some likely causes of plant height

and flower diameter loss under water deficit conditions are the decrease in cell vigor and cellular

growth and the resulting loss of leaf area, stomatal closure (Safarnejad, 2003) and photosynthesis

limitation (Hassani and Omidbeigi, 2002). The loss of plant height with the increase in water deficit

stress has been reported in basil (Hassani and Omidbeigi, 2002), chamomile (Arazmjo et al., 2009)

and isabgol (Najafi and Rezvanimoghadam, 2002), too.

Means comparison for plant height and flower diameter showed that although different

rates of N application had no significant effect on increasing flower diameter, it significantly af-

fected plant height, so that 180 kg N ha-1 application had 6.3, 8.3 and 17.5% higher plant height

than N rates of 120, 60 and 0 kg N ha-1, respectively (Table 4). It is likely that higher N fertilization

levels paved the way for longitudinal growth of stem by extending vegetative growth period and

supplying the required assimilates. Moreover, it has been reported that N deficiency decreased

plant height by inhibiting the formation of parenchyma and sclerenchyma and N application im-

proved plant height by increasing the division of meristem cells and the turgidity of these cells

(Mengel, 1988). Also, Najafpoorenavaei (2002) found the application of N fertilizer important in

Treatment
Plant 

height (cm)

Flower diameter

(mm)

WUE for flower

(kg m-2)

WUE for biomass

(kg m-2)

Irrigation (mm accumulative evaporation)

60

120

180

Nitrogen rate (kg N ha-1)

0

60

120

180

23.80 a

19.21 b

14.42 c

17.84 c

19.37 b

19.72 b

20.97 a

31.26 a

29.74 b

24.23 c

28.21 a

28.43 a

28.34 a

28.66 a

0.108 b

0.161 a

0.090 b

0.102 b

0.111 b

0.128 a

0.137 a

0.501 b

0.788 a

0.459 b

0.508 b

0.555 b

0.618 a

0.651 a

Table 4. Means comparison for plant height, flower diameter and  water use efficiency for flower 

and biomass production of marigold as affected by different levels of irrigation and nitrogen.

Means followed by the same letters in each column-according to Duncan’s multiple range test are not significantly (p<0.05)
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improving the growth of borage. The increasing effect of N fertilization on plant height has been

reported in savory (Alizadeh Sahzabi et al., 2007) and Tanacetum parathenium (Hassani Malayer

et al., 2004), too. The results of the current study regarding the effect of water and N deficiency

on plant height are consistent with the reports of Ram et al. (1995) and Mishra and Srivastava

(2000) about mint, Mirshekari et al. (2007) about chamomile and Hassani and Omidbeigi (2002)

about basil.

WUE for flower and biomass production

The results of analysis of variance showed that the effects of irrigation and N were signif-

icant on WUE for flower and biomass production at 1% level (Table 3). Means comparison indi-

cated that the delay in irrigation until reaching to 120 mm accumulative evaporation significantly

increased these traits as compared with two other irrigation levels; that is, at this irrigation treatment

(moderate stress) more flower and biomass yield per each m-3 applied water were produced. The

highest WUE for flower and biomass production (on average, 0.161 and 0.788 kg m-3, respectively)

was obtained at the treatment of irrigation after 120 mm accumulative evaporation which was 78.9

and 71.7% higher than those obtained at the treatment of irrigation after 180 mm accumulative

evaporation (Table 4).

Higher WUE for flower and biomass production under moderate water deficit stress can

be related to greater loss of water by evapotranspiration and deeper penetration at optimum irriga-

tion treatment. On the other hand, the disruption of photosynthesis due to stomatal closure, the

loss of leaf area and finally, the loss of biomass and flower yield at severe water deficit stress treat-

ment. Nissanka et al. (1997) stated that the loss of WUE at severe moisture stress was caused by

greater loss of photosynthesis vs. respiration. They related it to the injuries to leaf mesophyl under

moisture stress. In addition, it can be said that increase in mesophyl and stomatal resistance under

severe water stress decreased the entrance of CO2 into plants which in turn, reduced net photosyn-

thesis rate. Therefore, biomass was decreased under water stress. Higher WUE under moderate

water deficit stress than under severe or no stress had been reported for chamomile (Pirzad, 2007),

soybean (Moosavi et al., 1998) and rape (Vafabaksh et al., 2009), too which is in agreement with

the results of the current study.

As N fertilization rate was increased from 0 to 180 kg N ha-1, WUE for flower and dry mat-

ter production improved. Means comparison for these traits showed that although N application

rate of 180 kg N ha-1 by producing 0.137 kg flower and 0.651 kg biomass per m3 applied water

had the highest WUE, the treatments of 120 and 180 kg N ha-1 were ranked in the same statistical

group for these traits (Table 4). Given that the same amount of water was used at all fertilization

rates, higher WUE for flower and biomass production at higher N rates can be related to the in-

crease in flower and biomass yield. The increase in N application rate enhanced biomass weight

by increasing net photosynthesis. Under the conditions of the current study, although higher N

rates probably increased transpiration, they finally resulted in higher WUE due to higher flower

yield. The increase in WUE with the increase in N fertilization rate has been reported in spinach

(Sadegipoor Marvi, 2010), too.

CONCLUSION

Generally it can be concluded that given the prevailing water deficit in Southern Kho-

rasan, Iran, the treatment of irrigation after 120 mm accumulative evaporation was superior over

the treatment of irrigation after 60 mm accumulative evaporation because of its 51% higher

WUE in spite of its 16% lower dry flower yield. Also, it is recommended to use N rate of 120

kg N ha-1 owing to its statistically non-significant difference with N rate of 180 kg N ha-1, pre-

venting environmental problems, avoiding redundant costs of fertilization and realizing optimum

yield of marigold.



Journal of Ornamental Plants, Volume 4, Number 3: 153-162, September, 2014160

ACKNOWLEDGEMENT

The authors are grateful to Research Department of Islamic Azad University, Birjand

Branch, Iran for their financial support of the experiment.

Litrature Cited

Aboomardani, Y., Faraghi, A., Asadi, M., Atrakchali, A. and Mhafi, R. 2010. Study of different nitrogen 

and plant density levels on yield and harvest index of canola. Proceedings of 3rd International 

Conference on Oilseeds and Edible Seeds, Tehran, Iran, Dec. 22-23. [In Persian]

Al-Badawy, A.A., Abdalla, N.M. and El-Sayed, A.A. 1995. Response of Calendula officinalis L.  

plants to different nitrogenous fertilizers.  Horticultural Science. 30:195-914.

Alizade Sahzabi, A., Sharifi Ashorabadi, A., Shiranirad, A.H. and Abaszadeh, B. 2007. Effect of 

rates and application methods of nitrogen fertilizer on some quantitative and qualitative

traits of Satureja hortensis L. Iranian Journal of Medicinal and Aromatic Plants. 23(3): 416-

431. [In Persian]

Ameri, A.A. and Nasiriemahalati, M. 2008. Effects of different nitrogen and plant density levels 

on flower and essential oil yield and light use efficiency in marigold (Calendula officinalis
L.). Journal of Pajoohesh and Sazandegi. 81:133-144. [In Persian]

Ansarinia, E. 2010. Effect of irrigation and nitrogen levels on agronomic traits and quantitative 

and qualitative yield. M.Sc. Thesis, Department of Agriculture, Islamic Azad University, 

Birjand Branch, Birjand, Iran. [In Persian]

Arazmjo, A.M., Heydari H. and Ahmadian, A. 2009. Effect drought stress on quantitative traits 

and essential oil yield of chamomile. Proceeding of Congress of Water Crisis in Agriculture 

and Natural Resources, November, Islamic Azad University, Share-rey Branch, Share-rey, 

Iran. [In Persian].

Arganosa, G.C., Sosulski, F.W. and Slikard, A.E. 1998. Effect of nitrogen levels and harvesting 

management on quality of oil in Calendula officinalis. Indian Perfumer. 33(3):182-195.

Black, C.R. and Squire, G.R. 1979. Effects of atmospheric saturation defficit on the stomatal conductance

of pearl millet (Pennisetum typhoides) and groundnut (Arachis hypogea L.). Journal of 

Experimental Botany. 30:935-945.

Hamzeie, R., Majnonhoseyni, N., Sharifi Ashorabadi, A. and Tavakolafshari, R. 2004. Study of 

plant density and nitrogen levels on quantitative and qualitative yield of german chamomile. 

Proceeding of 8th Iranian Crop Science Congress.  [In Persian]

Hassani, A. and Omidbeigi, R. 2002. Effect of drought stress on some morphological, physiological 

traits and metabolites of basil. Iranian Journal of Agricultural Sciences. 3(12):47-59. [In Persian] 

Hassani Malayer, S., Omidbaigi R. and Sefidkon, F. 2004. Effect of N-fertilizer and plant density 

on growth, development, herb yield and active substance of feverfew (Tanacetum parthenium) 

medicinal plant. 2nd International Congress on Traditional Medicine and Materia Medica, 

Tehran, Iran. [In Persian]

Javadzadeh, S.M. 1997. Effect of sowing methods, nitrogen rates and plant densities on qualitative 

and quantitative of Borago officinalis L. M.Sc. Thesis, Department of Agriculture, Islamic 

Azad University, Jiroft Branch, Jiroft, Iran. [In Persian]

Kalvatchev, Z., Walder, R. and Garzaro, D. 1997. Anti-HIV activity of extracts from calendula. 

Biomedicine and Pharmacotherapy. 51(4):176-180.

Khajoeinejad, G., Kazemi, H., Javanshir, H. and Arvin, M.J. 2005. Effect irrigation regimes and 

plant density on yield, WUE and seed quality of three varieties of soybean in Kerman, Iran 

conditions. J. of Sci. and Technol. of Journal of Sciences and Technology of Agriculture and 

Natural Resources. 9(4):137-151. [In Persian]

Letchmo, W. 1993. Nitrogen application affects on yield and content of active substances in chamomile 

genotypes. In: Janick, J., Simon, E., (Eds.), New Crops. Willey. New York. pp 636-639.



Journal of Ornamental Plants, Volume 4, Number 3: 153-162, September, 2014 161

Mengel, K. 1988. Nutrition and metabolism of plants. Translated by Hakparast, M.R., Publication 

of Islamic Azad University, Rasht Branch, Rasht, Iran.

Mirshekari, B., Darbandi, S. and Ejlali, L. 2007. Effect of irrigation intervals, rate and split of nitrogen 

fertilizer on essential oil of chamomile. 2(9):142-156. [In Persian]

Mishra, A. and Srivastava, N.K. 2000. Influence of water stress on Japanese mint. Journal of 

Herbs, Spices and Medicinal Plants. 7:51-58.

Mohamadkhani, N. and Heydari, R. 2007. Effects of water stress on respiration, photosynthetic 

pigments and water content in two maize cultivar. Pakistan Pakistan Journal of Biological 

Sciences. 10 (22): 4022-4028. 

Moosavi, F., Karimi, M. and Kodamebash, M. 1998. Effect of irrigation regimes on water use efficiency

of soybean. Journal of Agricultural Science and Technology, 2(2):13-23. [In Persian]

Najafi, F. and Rezvanimoghadam, P. 2002. Effect of different irrigation regimes and planting densities 

on yield and agronomical traits of Plantago ovata. Agricultural Science and Technology 

Journal, 16(2):59-65. [In Persian]

Najafpoorenavaei, M. 2002. Effect chemical fertilizers of nitrogen and phosphorus on seed yield 

of borago. Iranian Journal of Medicinal and Aromatic Plants. 13:41-50. [In Persian]

Nissanka, S.P., Dixon, M.A. and Tollennar, M. 1997. Canopy gas exchange response to moisture 

stress in old and new maize hybrid. Crop Sciences . 37:172-181.

Omidbeigi, R. 2005. Medicinal herbs production and processing approaches. Vol. 2, Tarrahan-e 

Nashr Pub. House, Tehran, Iran, pp. 424. [In Persian]

Pirzad, A. 2007. Effects of irrigation and plant density on some physiological traits and essence of 

Matricaria chamomile L. Ph.D. Thesis, Department of Agriculture, University of Tabriz, Tabriz, 

Iran. [In Persian]

Pop, G., Pirsan, P., Mateoc-sirb, N. and Mateo, T. 2007. Influence of technological elements on 

yield quantity and quality in marigold (Calendula officinalis L.) cultivated in cultural conditions 

of Timisoara. 1th International Scientific Conference on Medicinal, Aromatic and Spice plant: 

Nitra, 20-23.

Raesi, M., Galavi, M., Afsharmanesh, G. and ramrod, M. 2010. Study of manure and drought stress 

levels on yield of roselle. Proceeding of 11th Iranian Crop Science Congress. Tehran, Shahid 

Beheshti University, 24-26 July. [In Persian]

Rahmani, N., Valadabadi, S.A., Daneshian, J. and Bigdeli, M. 2008. The effects of water deficit 

stress and nitrogen on oil yield of Calendula officinalis L. Iranian Journal of Medicinal and 

Aromatic Plants. 24(1):101-108. [In Persian]

Rahemi, M. 2004. Pollination and fruit formation. Publication of Shiraz University. [In Persian]

Rahmati, M., Azizi, M., Hasanzadeh Khayyat, M. and Neamati, H. 2009. The effects of different 

level of nitrogen and plant density on the agro-morphological characters, yield and essential 

oils content of improved chamomile (Matricaria chamomilla) cultivar "Bodegold". Journal

of Horticultural Science. 23:27-35. [In Persian]

Ram, M., Ram, D. and Singh, M.M. 1995. Irrigation and nitrogen requirement of bergamot mint 

on a sandy loam soil under sub-tropical conditions. J. of Hort. Sci. 27:45-54.

Sadegipoor Marvi, M. 2010. Study of nitrogen use efficiency in Spinach. Journal of Horticultural 

Science. 24 (2): 244-253. [In Persian]

Safarnejad, A. 2003. Study of different methods of better selection for drought-tolerance. Journal. 

of Arid and Drought. 13:7-14.

Shubhra, K., Dayal, J., Goswami, C.L. and Munjal, R. 2004. Effects of water deficit on oil of Calendula 
aerial parts. Biologia Plantarum. 48(3):445-448.

Vafabaksh, J., Nasiriemahalati, M., Koochaki, A. and Azizi, M. 2009. Effect of drought on water 

use efficiency and yield of canola varieties. Iranian Journal. of Field Crops Research. 1(7): 

295-302. [In Persian]



Journal of Ornamental Plants, Volume 4, Number 3: 153-162, September, 2014162

Zargari, A. 1982. Medicinal herbs. Vol. 3, University of Tehran Press, Tehran. [In Persian]

Zeinali, H., Bagheriekholenjani, M., Golparvar, M.R., Jafarpoor, M. and Shiranirad, A.H. 2008. 

Effect sowing date and nitrogen rates on flower yield and it components in chamomile. 

Iranian Journal of  Crop Science. 3(10):220-230. [In Persian]


