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ABSTRACT

To evaluate effect of water deficit stress on some physiological and
morphological characters of Calendula officinalisL., an experiment was
conducted as split plot at the Research Farm of Faculty of Agriculture
UrmiaUniversity (latitude 37.53°N, 45.08°E, and 1320 m above sea level),
Urmia-lranin 2011. Treatmentswereirrigation (irrigation after 30, 60, 90
and 120 mm evaporation from class A pan) as main plotsand gradual rise
intensification of water deficit (increasing the irrigation intervals after
first irrigation cycle amounted 0, 5, 10 and 15 mm evaporation) as sub
plots. Dataanalysisof variance showed the significant interaction between
irrigation and stress strength on single leaf area, leaf width, length and
weight,, the number of leaves per plant, leaf areaindex (LAI), specific leaf
area (SLA) and leaf arearatio (LAR). Means comparison indicated that
themaximum singleleaf area, leaf width, length, dry weight, the number of
leaves per plant, LAI, SLA and LAR (38.14 cn?, 3.32cm, 13.24 cm, 0.22 g,
13.24, 3.26, 85.82 cm?/g, 19.37 cm?/g, respectively) were obtained from
irrigation after 30 mm and control treatment of water deficit strength (0 mm
evaporation). The maximum proline (0.01 mg/l) and soluble carbohydrate
(0.52 mg/l) were obtained fromirrigation after 120 mm evaporation asthe
most sever water deficit stress. © 2012 Trade ScienceInc. - INDIA
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Limited water supply isalso another major envi-

Marigold (Calendula officinalisL.) belonged to
Asteraceafamily and nativeto M editerranean region,
isanannud herbwith pinnatdly divided leavesand flow-
erswhich areused asadecorativeplant in horticultural
industry; Calendulagrowsup to 60 cmin height and
produceslargeyellow or orangeflowers. Theflowers
arethepart of the herb used medicinallyt2234,

ronmental constraint in productivity of crop and me-
dicind plants. Moisturedeficiency inducesvariousphys-
ologica and metabolic responses|ike stomatd closure
and declineingrowth rateand photosynthesis?. Drought
stressis considered to be one of the most important
abioticfactorslimiting plant growth and yield in many
areas?. Drought impactsincludegrowth, yield, osmotic
adjustment water relations, and photosynthetic activ-
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ityt228, Against this stress, plants adapt themselvesby
different mechanismsincluding changein morphologi-
cad and developmentd pattern aswell asphysiological
and biochemical processes. Adaptationtothisstressis
associated with metabolic adjustmentsthat lead to the
accumulation of severd organic soluteslikesugars, be-
tainesand praing'®1¥1, Bjosynthesisof proline, awdl-
known osmo-protectant, istriggered by drought stress
andtheexpressionlevd of thegeneencoding pyrroline-
5-carboxylate synthetase (PSCS), acomponent of pro-
linesynthetic pathway, isd soincreased*3, Theother
ability tores s drought and copewith arid environments
through conserving water can be achieved either by
decreasing water loss or by increasing water absorp-
tion and themorphol ogical and physiological adapta-
tionsarethetoolsby which plant can achievethistask.
Reducing leaf arealeadsto limiting water lossthrough
transpiration rate fromthe plant. Leaf areamay bere-
duced dueto drought throughinhibiting leef initiation 42
or decreasing leaf sizé*®. Reddy et a.[ reported that
low yiel ding genotypes showed theleast reductionin
leaf areaper plant and total dry matter production due
to moisture stress. The main amsof the present study
wereto find out the effect of irrigation regime on the
amountsof legf traits, prolineand total solublecarbo-
hydratein Calendula officinalis|eaves.

MATERIALSAND METHODS

Experimental site

Toinvestigatetheeffect of irrigationintervasand
increasing water deficit stress on leaf morpho-physi-
ologicd characterigticsof Calendula officinalis, afied
experiment was carried out as split plot based on com-
pleteblocksdesign with threereplications. Theexperi-
ment was conducted at Research Farm of UrmiaUni-
versity (latitude of 37.53°N, 45.08°E and 1320 m
abovesealevel) in 2011. Experimental unitsin each
replication composed of 8lineof 2 mlong. Inter-row
and inter-plant spacing was 0.3 and 0.05 m, respec-
tively. Water stressapplied onthe4-5 leaf stage of plant
growth. Thefield was kept weed free by hand weed-
ing. Trestmentswereirrigation regimes(irrigation after
30, 60, 90 and 120 mm evaporation from classA pan)
asmainfactor dlocatedtomainplotsand (0, 5, 10and

15 mm evaporation from classA pan) increasetomain
factorsassub factor, allocated to subplots.

M easur ements

Osmolytes(prolineand total solublecar bohydr ate)

Tomeasureleaf prolineand total soluble carbohy-
drate, 0.5 g of completeleaveswere groundin 5 ml
95% ethanol followed by 70% ethanol. Then, upper
zone of this extract centrifuged at 3500 rpm for 10
min{*¥ and measured by spectrophotometer at 515 nm
wavelengthsfor praind?1 and at 625 nmwavelengths
for total soluble carbohydrate™.

Physiological characteristicsof |eaf

Thesingleleaf area(in four nodal of steam) was
determined by |leaf areameter (AreaUeter AM 200).
Leaf areaindex (LAI) was measured by LAI meter
(model LP-80). Specificleaf area(SLA) and leaf area
ratio (LAR) were calculated using thefollowing rela-
tionships:

SLA (cm?g) = Total leaf area (cm?) / leaf dry weight
LAR =total leaf area/ total dry weight.

Satistical analysis

Analysisof variance (ANOVA) of datawas per-
formed using the general linear modedl (GLM) proce-
dureinthe SAS9.1 software®. The student-Neuman
Keul’s test (SNK) was applied to compare treatments
means using the M STAT C software package.

RESULTS

Resultsof andysisof variance (ANOVA) showed
the significant effect of irrigation on the proline and
soluble carbohydrates (P<0.01), and significant effect
of stress strength on the proline (P<0.01). However,
therewas significant interaction effect betweenirriga-
tion and increasing stress strength on singleleaf area,
leef width, lesf length, leaf wel ght, thenumber of leaves,
leaf areaindex (LAI), specificleaf area(SLA) and |eaf
arearatio (LAR) (P<0.01) (TABLEZ).

M eans comparison indicated that the maximum
singleleaf area(38.14 cnm?) was obtained from plants
grown under irrigation after 30 mm and control treat-
ment of water deficit strength (O mm evaporation). The
minimum singlelesf area(8.48 cm?) wasobtained from
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TABLE 1: Analysisof variancefor effectsof irrigation and increasing severity of drought stresson physiological and
mor phological characteristicsof Marigold (CalendulaofficinalisL.) leaves.

Mean square (Ms)

Source of variation df  Singleleaf | ¢idth  Leaflength Leafweight -4 &€
area index (LAI)
Replication 2 5.34 0.014 0.29 0.0003 0.02850625
Irrigation (A) 3 1080.27** 6.61** 114.12** 0.036** 13.98875764**
Error 6 0.73 0.0022 0.02 0.0002 0.00665347
Stress strength (B) 3 88.82** 0.118** 4,105** 0.0029** 0.50671875**
A xB 9 3.39** 0.016** 0.29** 0.0005** 0.05149282**
Error 24 0.34 0.0004 0.00998 0.00008 0.00221389
Coefficient of variance (%) 2.68 4.69 1.13 9.41 3.196738
Mean square (Ms)
Sour ce of variation df  Specific leaf leaf area Number of Proline Soluble
area(SLA) ratio (LAR) leaves car bohydrates
Replication 2 21.90216 1.138502 0.013 0.00000002 17.824827
Irrigation (A) 3  7717.80328**  343.920389** 128.83** 0.0000478**  716.182852**
Error 6 3.33876 0.167833 0.001 0.00000003 18.994494
Stress strength (B) 3 324.11655** 16.601039** 0.55** 0.0000011** 10.903591™
A xB 9 18.01115** 0.936883* * 0.03** 0.00000003™ 17.583434™
Error 24 1.59244 0.074064 0.001 0.00000007 20.698544
Coefficient of variance (%) 2.914646 2.686764 0.40 341 14.36

* and ** Significant at P<0.05, P<0.01, respectively; df, degree of freedom.

irrigation after 120 mmand 15 mm additiveevapora-  obtained fromirrigation after 120 mm and 15 mm addi-
tion per eachirrigation cycle (Figure 1). tiveevaporation per echirrigation cycle(Figure3).
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Thewidest leaf (3.32cm) wasobsarved atirrigation 2 1o ] Ds
after 30mmand control trestment of water deficitstrength 2 <] Ty
(Ommeveporation). Theminimumlesf width(1.39cm)  — ;] ._H mo,
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Thegreatest Sngleleaf dry weight (0.22 g) be onged
toirrigation after 30 mmand control trestment of water
deficit strength (O mm evaporation) and the smallest
singleleaf dry weight (0.03 g) belongedtoirrigation
after 120 mmand 15 mm additiveevaporation per each
irrigation cycle(Figure4).
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Figure 4 : Means comparison of leaf weight in Calendula
officinalisL. under different irrigation regime. The same
letter sshow non significant differ ences.

Leaf weight (gr)

The maximum leaf areaindex values (3.36) be-
longedtoirrigation after 30 mm and control treatment
of water deficit strength (O mm evaporation). Themini-
mum leaf areaindex values(0.29) belonged toirriga-
tion after 120 mm and 15 mm additive evaporation per
eachirrigation cycle, that had no significant difference
withirrigation after 120 mm and 10 mm additiveevapo-
ration per eachirrigation cycle (Figure5).
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Figure5: Means comparison of leaf area index (LAI) in
CalendulaofficinalisL . under different irrigation regime.
Thesameletter sshow non significant differences.

Themaximum specificleaf area(85.82cm?/g) be-
longed toirrigation after 30 mm and control treatment
of water deficit strength (O mm evaporation). Themini-
mum specificleaf area(13.31cm?/g) belonged toiirri-
gation after 120 mmand 15 mm additive evaporation
per eachirrigation cycle, that had no significant differ-

encewithirrigation after 120 mmand 10 mm additive
evaporation per eachirrigation cycle (Figure6).
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Figure6: Meanscomparison of specificleaf area (SLA) in
CalendulaofficinalisL. under differentirrigation regime.
Thesameletter sshow non significant differences.

Themaximum | eef arearatio (19.37cm?/g) be onged
toirrigation after 30 mmand control trestment of water
deficit strength (O mm evaporation). Theminimum | eaf
arearatio (3.77cm?/g) belonged toirrigation after 120
mm and 5 mm additive evaporation per eachirrigation
cycle, that had no significant differencewithirrigation
after 120 mmand 15 mm additiveevaporation per each
irrigation cycle(Figure7).
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Figure 7 : Means comparison of leaf arearate (LAR) in
CalendulaofficinalisL. under differentirrigation regime.
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The maximum numbers of leaves per plant (13.2)
was obtained from irrigation after 30 mm and control
treatment of water deficit strength (0 mm evapora-
tion), that had no significant differencewithirrigation
after 30 mm and 5 and 10 mm additive evaporation
per eachirrigation cycle. The minimum numbers of
leaves per plant (5.19) was obtained from irrigation
after 120 mm and 15 mm additive evaporation per
eachirrigation cycle (Figure 8).
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Figure 8 : M eans comparison of the number of leavesin
CalendulaofficinalisL. under different irrigation regime.
Thesameletter sshow non significant differences.

Thehighest leaf proline content (0.01 mg/l) was
obtained fromirrigation after 120 mm and thelowest
leaf proline (0.005 mg/l) was obtained fromirrigation
after 30 mm. The highest leaf proline content (0.008
mg/l) was occurred at plantsirrigated after 15 mm
additive evaporation per eachirrigation cycle. The
minimum vaueof leaf praline (0.0072 mg/l) wasob-
served at plantsof control treatment (O mm evapora-

tion) (Figure9).
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Themaximum tota solublecarbohydrate (0.52 mg/
|) was obtained from irrigation after 120 mm evapora-
tion from pan, and the minimum one (0.31 mg/l) was
obtained from plantsirrigated after 30 mm evaporation
(Figure 10).
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Figure 10: M eanscomparison of soluble carbohydratesin
CalendulaofficinalisL. under differentirrigation regime.
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DISCUSSION

Themaximumsinglelesf area, leaf width, lesf length,
leaf weight, thenumber of leaves, leaf areaindex (LALI),
specificleaf area(SLA) and leaf arearatio (LAR) were
observed at plantsirrigated after 30 mm and control
treatment of water deficit strength (O mm evaporation).
The maximum prolineand tota solublecarbohydrates
wereobserved at irrigation after 120 mm evaporation.
Resultsindicated that the severe water deficit stress
decreased singleleaf area, leaf width, leaf length, |eaf
weight, thenumber of leaves, leaf areaindex (LAI),
specificleaf area(SLA) and leef arearatio (LAR). But
water deficit stress caused to rai se up amounts of |eaf
prolineandtota solublecarbohydrates. Cell growthis
the most important process and is affected by water
stress. Plant sizeisindicated by adecreasein height or
smaller size of leaveswhen thereisadecreasein the
growth of cellg*¥. Whenleaf sizeissmdller, the capac-
ity totrap light decreasestoo and the capacity of total
photosynthesis decreases, i.e. Photosynthesisisre-
drictedinwater shortage conditions, with asubsequent
reductionin plant growth and performance®3. Plant size,
likeareaand weight of leaf, length and width of lesf, is
in accordancewith leavessizé?. Leaf dry weight was
increased significantly by increasing the availability of
soil moisture, and water stressal so reduced leaf ared®.
Tollenaar™ foundthat LAl valuesgeneraly rangefrom
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210 6 in maize under water stress conditions. Other
studies suggest that awater shortage during the grow-
ing period reducestheleaf ared*'#%l, Pandey et al .[>°
reported that the highest corn LAI was obtained under
well-irrigated conditions. Thelowering LAR under water
stresswasfacilitated by the reduction of total |eaf area
and leaf thickness. Because a decreased LAR com-
monly associated with ahigh tissue density and total
non-structural carbohydrate content in leaves under
drought conditiong®. In our study theleaf thickness
decrease was a so accompanied by increased SLA.
Small cellscan withstand turgor pressure better than
large cells, and can contribute to turgor maintenance
moreeffectively under drought conditiong®*2. Growth
arrest, aswould be caused by the water deficit treat-
ments, isapossibility to preserve carbohydratesfor
sugtai ned metabolism, prolonged energy supply, and for
better recovery after stressrdliefli2192331, Hendawy and
Khalid*? showed that sugars and proline contents
showed apronounced increased by increasingthewa:
ter stresslevelsof SalviaofficinalisL. plants. These
resultsagreewith those of Samaet a.*¥ and Blumand
Ebercon®, whoindicated that prolineisregarded asa
source of energy, carbon, and nitrogen for recovering
tissuesunder water deficit.
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