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ABSTRACT

Drought stress is one of the major abiotic stresses in arid and semi-arid land of
agriculture worldwide. This study was performed to evaluation of Drought stress on
vegetative and reproductive characteristics of Zinnia elegans . Experimental design was
CRD with 3 replication, At elongation stage, the plants were provided different degrees
of drought stress: (1) mild drought with 65-70 % of the soil water capacity; (2) moderate
drought with 45-65 % of the soil water content; (3) severe drought with 20-30 % of soil
water capacity and; (4) control with 70 % of soil water capacity. Studied traits included:
height, number of branches, stem diameter, leaf number, shoot fresh weight, shoot dry
weight, root fresh weight, root dry weight, proline, total chlorophyll. Totally, our results
showed that drought stress reduced all studied traits except proline, and by increasing of
stress, reduction was increased but this trend was different for proline. Severe stress
showed 54, 40, 40, 46, 48, 64, 34, 66 and 53% reduction for height, number of branches,
stem diameter, leaf number, shoot fresh weight, shoot dry weight, root fresh weight, root

dry weight and total chlorophyll in compare to control, respectively.

Introduction

Drought stress is one of the major abiotic stresses in
agriculture worldwide. Drought, a period of abnormally dry
weather, results in soil-water deficit and subsequently plant-
water deficit. The lack of water in the environment constitutes
a stress when it induces an injury in the plant. Water deficit in
the plant disrupts many cellular and whole plant functions,
having a negative impact on plant growth and reproduction.
Plant growth is controlled by several factors, of which water
plays a vital role. A small decrease in the availability of water
to a growing plant immediately reduces its metabolic and
physiological functions. Water stress induced a significant
decrease in metabolic factors such as the decrease in
chlorophyll contents and an increase accumulation of proline
in plants (Sakova et al. 1995; Gibon et al. 2000) Variations in
the chlorophyll contents are often measured, because its loss is
often assumed to be a symptom of stress injury (Majumdar et
al. 1991).Tester and Bacic (2005) reported that one of the
main effects of water deficit was the decrease in leaf
expansion and leaf number. Although leaf plays an important
role in photosynthesis, high leaf expansion rate can adversely
affect plant usable water. At the commencement of water
stress, cell growth inhibition decreases leaf expansion. Lower
leaf area leads to absorption of less water from soil and the
decrease in transpiration. Therefore, with the decrease in leaf
area, the plant constructs its first defense system against
drought.Response, mechanism and characteristics of plants to
face drought stress have become a crucial environmental
research topic in drought-prone regions.

Zinnia (Zinnia elegans) is the most prominent summer
flower of the family Asteraceae, usually grown in beds,
borders, containers, cottage garden landscapes or as
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background plants. However, its use as cut flowers cannot be
denied as it is one of the most valued annual love flowers
(Khan, 2004). Zinnia requires appropriate irrigation for its
proper growth and development to be sufficiently green,
vigorous and produce abundant flowers of adequate size and
color intensity with good lasting qualities (Joiner and Gruis,
1961). The aim of this study was Evaluation of Drought stress
on vegetative and reproductive characteristics of Zinnia
elegans.
Material and methods

This study was performed to Evaluation of Drought stress
on vegetative and reproductive characteristics of Zinnia
elegans, The used seeds in this experiment were prepared by
the gene bank Research Institute of Forests and Rangelands,
and then the seeds were disinfected with fungicides Vitavax,
experimental design was CRD with 3 replication, At
elongation stage, the plants were provided different degrees of
drought stress: (1) mild drought with 65-70 % of the soil
water capacity; (2) moderate drought with 45-65 % of the soil
water content; (3) severe drought with 20-30 % of soil water
capacity and; (4) control with 70 % of soil water capacity. Soil
composition included garden soil (two parts), fine sand (one
part), completely rotted manure (one part), studied traits
included: height, number of branches, stem diameter, leaf
number, shoot fresh weight, shoot dry weight, root fresh
weight, root dry weight, proline, total chlorophyll. Data
analysis was performed with SAS software and Duncan test
was used to compare the average of 5%.
Result and discussion
Height

According to analysis of variance, drought stress had
significant effect on height at 1% statistical significant level,
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height was reduced by drought stress and application of mild,
moderate and severe stress levels led to 11, 33 and 54 %
reduction in compare to control, respectively. Highest means
(44.2 cm) was observed by control. Carter and Sheaffer (1983)
reported 48% decrease in internode length under drought
stress. Sengul (2002) reported the decrease in internode length
with the increase in moisture stress.
Number of branches

According to analysis of variance, drought stress had
significant effect on number of branches at 1% statistical
significant level, number of branches was reduced by drought
stress and application of mild, moderate and severe stress
levels led to 9, 25 and 40 % reduction in compare to control,
respectively. Highest means (3.2) was observed by control.
Stem diameter: According to analysis of variance, drought
stress had significant effect on stem diameter at 1% statistical
significant level, stem diameter was reduced by drought stress
and application of mild, moderate and severe stress levels led
to 4, 24 and 40 % reduction in compare to control,
respectively.  Highest means (2.5 cm) was observed by
control.
Leaf number

According to analysis of variance, drought stress had
significant effect on leaf number at 5% statistical significant
level, leaf number was reduced by drought stress and
application of mild, moderate and severe stress levels led to
13, 26 and 46 % reduction in compare to control, respectively.
Highest means (41) was observed by control. Deblonde et al .,
(2001) reported that drought reduced the number of green
leaves, drought also induced significant length reductions in
potato.
Shoot fresh weight

According to analysis of variance, drought stress had
significant effect on shoot fresh weight at 5% statistical
significant level, shoot fresh weight was reduced by drought
stress and application of mild, moderate and severe stress
levels led to 13, 38 and 48 % reduction in compare to control,
respectively. Highest means (39.2 g) was observed by control.
Similar to these results was mentioned by Okgu et al., (2005).
Shoot dry weight

According to analysis of variance, drought stress had
significant effect on shoot dry weight at 1% statistical
significant level, shoot dry weight was reduced by drought
stress and application of mild, moderate and severe stress
levels led to 29, 55 and 64 % reduction in compare to control,
respectively. Highest means (23.1 g) was observed by control.
Root fresh weight

According to analysis of variance, drought stress had
significant effect on root fresh weight at 1% statistical
significant level, root fresh weight was reduced by drought
stress and application of mild, moderate and severe stress
levels led to 17, 20 and 34 % reduction in compare to control,
respectively. Highest means (2.9 g) was observed by control.
Lee and Mudge reported that water deficit decreased root
growth, but unaffected shoot growth of American ginseng.
Also, foliar chlorophyll content was also decreased in the
water deficit treatments.
Root dry weight

According to analysis of variance, drought stress had
significant effect on root dry weight at 1% statistical
significant level, root dry weight was reduced by drought
stress and application of mild, moderate and severe stress
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levels led to 27, 50 and 66 % reduction in compare to control,
respectively. Highest means (1.8 g) was observed by control.
Proline

According to analysis of variance, drought stress had
significant effect on proline at 5% statistical significant level,
proline was increased by drought stress and application of
mild, moderate and severe stress levels led to 1.44, 2 and 2.14
fold in compare to control, respectively. Highest means (7.3
mg/g fresh weight) was observed by severe stress. Proline
accumulates in a variety of plant species in response to
stresses such as drought, salinity and extreme temperatures.
Although its role in plant osmotolerance remains
controversial, proline is thought to contribute to osmotic
adjustment, detoxification of reactive oxygen species and
protection of membrane integrity (Molinari et al., 2007).
Manivannan et al., 2007 reported that the root length, shoot
length, total leaf area, fresh and dry weight, chlorophyll a, b,
total chlorophyll and carotenoid in Helianthus annuus were
significantly reduced under water stress treatments. Water
stress increased the proline, free amino acid and
glycinebetaine contents along with increased activity of y-
glutamyl kinase but the activity of proline oxidase reduced as
a consequence of water stress. Mathur, et al. (1995) found that
metabolic factors such as free proline contents in leaves
increased significantly under severe drought stress. Kundu and
Paul (1997) also observed higher proline accumulation in the
Brassica leaves at reproductive growth stages by water stress.
Vartanian, et al. (1992) observed high proline accumulation
through water shortage, reaching up to 4.6% of total dry
matter. Proline accumulation during drought stress is an
adaptive response that enhances survival and tissue water
status (Chu et al. 1974).
Total chlorophyll

According to analysis of variance, drought stress had
significant effect on total chlorophyll at 5% statistical
significant level, total chlorophyll was reduced by drought
stress and application of mild, moderate and severe stress
levels led to 12, 34 and 53 % reduction in compare to control,
respectively. Highest means (9.59 mg/g fresh weight) was
observed by control. Mafakheri et al (2010) reported that all
physiological parameters were affected by drought stress.
Drought stress imposed during vegetative growth or anthesis
significantly decreased chlorophyll a, chlorophyll b and total
chlorophyll content in chickpea. Kundu and Paul, (1997)
observed decreased in chlorophyll a and b contents in rape
under water stress at flowering but not at pod filling growth
stage. Din, et al. (2011) observed that water stress reduced
chlorophyll a and b contents by 38% compared with the
adequately watered plants. Totally, our results showed that
drought stress reduced all studied traits except proline, and by
increasing of stress, reduction was increased but this trend was
different for proline. Also, Severe stress showed 54, 40, 40,
46, 48, 64, 34, 66 and 53% reduction for height, number of
branches, stem diameter, leaf number, shoot fresh weight,
shoot dry weight, root fresh weight, root dry weight and total
chlorophyll in compare to control, respectively.
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Table 1. Analysis of variances for studied characteristics.
Height Branch Stem Leaf Shoot Shoot dry Root Root Poiline Total
number diameter number fresh weight fresh dry chlorophyll
weight weight weight
drought 216.5** 3.12** 2.68** 425.901* 195.88* 157.57** 0.58** 0.89** 6.93* 11.12*
error 143 0.34 0.33 59.65 33.2 12.98 0.0521 0.0981 1.13 2.165
CV 9 23 26 24 19 25 9 27 21 21
Table 2. comparison of characteristic means in response to drought stress.
Height Number of Stem Leaf Shoot fresh weight | Shoot dry weight
(cm) branches diameter number/plant (@ (9)
Control 44.2 a |32 a 2.5 a 41 a 39.2 a 23.1 a
Mild drought 39.2 b |29 b 24 a 35.6 b 34 b 16.2 b
Moderate drought 29.3 c |24 c 1.9 b 30.2 c 24 c 10.2 c
Severe drought 20.3 d [19 d 15 c 21.9 d 20.1 d 8.3 c
Root fresh weight (g) | Root dry weight | Proline (mg/g fresh weight) | Total chlorophyll (mg/g fresh weight)
Control 2.9 a 1.8 a 3.4 c 9.59 a
Mild drought 2.4 b 1.3 b 4.9 b 8.43 b
Moderate drought | 2.3 b 0.9 c 7.1 a 6.3 c
Severe drought 1.9 c 0.6 d 7.3 a 4.5 d
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