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ABSTRACT

Climate change as a global phenomenon manifestadynthrough global warming and water scarcity in
the world. Using of native drought resistant plantshie urban landscape of arid and semi-arid regians
help water resources management. We conducted amirmgnt to investigate drought resistance of a na-
tive plant (itraria schoberi) in Iran by three irrigation intervals (each 2add 6 days). Data collection was
performed in three stages. Our results indicatetliigation intervals did not affect significanttize chlo-
rophyll a and b content and ratio of chlorophyb.aGenerally with increasing in irrigation intervatsro-
tenoid, proline and sugar content and also RWC \wereased in during experiment. It is concluded tha
due to increase of proline and sugar content withegsing of irrigation intervalNitraria schoberi is

a drought tolerant plant which can be used in uthadscape of arid and semi-arid regions.
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INTRODUCTION

Water scarcity is a critical issue that affects enor2005]. In arid and semi-arid areas to reduce water
than 40 per cent of the global population and @& prconsumption in urban landscape and also for devel-
jected to rise. The world’s most water stressetbreg oping it, some researchers have suggested thefuse o
is the Middle East with averages of 1200 cubic menative ornamental plants in urban planting design
ters of water per person [Tropp and Jagerskog 200[Simmons et al. 2011, Baltzoi et al. 2015].
Desertification, urban growth, and economic restruc Drought is a major abiotic stress affecting the
turing are making water increasingly scarce and wimajority of the world’s plants. Drought-resistant
ter access increasingly inequitable in cities adotine  plants can survive extended periods with little-pre
world. cipitation or irrigation, but this does not meamyth

Landscape is a vital component of the urban enwcan provide acceptable landscape function and per-
ronment that can provide environmental, humaformance with little water. Plants respond to suevi
health, psycho-social and economic benefits [Frarunder water-deficit conditions via a series of pbys
2003]; it is also a large user of water [Lazarovale logical, cellular, and molecular processes culminat
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ing in stress tolerance [Shinozaki and Yamaghuctunder different irrigation intervals. Relative wate
-Shinozaki 2007]. content, proline level, sugar and chlorophyll conte
During water deficit, many physiological and bio-were measured to evaluate the changes that take
chemical processes are disturbed Drought-toleraplace in plants exposed to drought condition and
plants in comparison with the drought-sensitivwhether these changes lead to drought resistance in
plants often accumulate the high proline anthe plant.
malondialdehyde levels [Sun et al. 2013, Chaitatya
al. 2009] and the low chlorophyll and sugar corsenMETHODS AND MATERIALS
[Sofo et al. 2004, Parida et al. 2007, Romero et al
2013]. Relative water content (RWC) is an importarPlant material and experimental conditions
indicator of water status in plants; it reflecte thal- The plant seeds were provided from Pakan Bazr
ance between water supply to the leaf tissue amd tr that is a reputable seed company in the field &f co
spiration rate [Lugojan and Ciulca 2011]. Watelection and production of native and pasture séeds
stress can induce significant changes in relatiggew Iran-Isfahan. Before sowing, the seeds were dudtif
content [Zlatko Stoyanov 2005, Ganiji et al. 2012]. (4 weeks in 4°C). Seedlings about 40 days old (5 cm
Using native plants can be a smart option in lanteight), were transplanted into the fields. Plar#cs
scape design because native plants are adaptecing was 1.5 m between rows and between plants in
local soils and climate conditions, they generallthe row. This study was carried out at the Research
require less watering and fertilizing than nonvedi Center for Plant Sciences, Ferdowsi University of
Natives are often more resistant to insects arehdes Mashhad, during 2015 summer season.
as well, and so are less likely to need pesticitkss.
ing native plants helps preserve the balance aExperimental design and treatments
beauty of natural ecosystems [Britt et al. 2003JeD  The plants were regularly irrigated with tap water
to exposure to scarce and saline water resourcfor 10 days. Then the following three irrigationern
native plants in arid and desert areas are mosvals were applied during summer (three months):
drought resistant. Some studies show that in the ievery 3 days, every 6 days and every 9 days (Wwéh t
gions, native plants compare with the non-nativesame water quantity 2 liters per plant). The experi
requires minimal watering [Garcia-Navarro et alment was conducted in completely randomized de-
2004, Simmons et al. 2011]. sign (3 treatments x 5 replications).
Recent trends in landscaping and gardening under
semi-arid conditions include the use of droughiRecorded data
adapted trees and shrubs in low water-use landscapeThe data were recorded three times (three stages)
designs [Franco et al. 2006]. To manage of drougwith one month interval (except RWC which was
stress in landscape plants, the adoption of waiss-w only measured during the third month at the end of
cultivation such as deficit irrigation or reducedga- the experiment). The following parameters measured
tion water augmented with drought-tolerant crops tand calculated were relative water content (RWC),
cope with escalating water scarcity problems [Alvaproline and chlorophyll content and also total carb
rez and Sanchez-Blanco 2011, 2013]. hydrates. In order to calculate RWC, leaf fresh
Nitraria schoberi L. is an evergreen shrub thatweight (FW) samples were weighed, then they placed
called Ghar-e-Dagh in Persian that belongs to famiin distilled water at 4°C in the dark for 24 h &hy-
Nitrariaceae Nitraria schoberi is widely distributed drate and the turgid weight (TW) measured. Finally
all over Middle East like arid and semi-arid arefis were direct at 75°C for 24 h and the dry weight (DW
Iran. As Nitraria schoberi grows in arid areas it determined. The RWC was calculated using the fol-
seems to be a drought-resistant shrub [Naseri 201lowing formula [Silveira et al. 2003]:
The purpose of this work was to study the drought
resistant oNitraria schoberi as a native plant in Iran RWC = (FW - DW)/(TW — DW) x 100.
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To calculate of chlorophyll and carotenoid, 50 mdower, while in the second stage (second month)
of fresh leaf was extracted in 10 ml 80% acetorie. Airrigation interval of every 4 day was significantl
sorbance values were determined on a spectroplhigher. In the first and third months and alsohie t
tometer (UV-VIS, Optima SP-3000 Plus, Bratislavaaverage of stages, chlorophyll (b) was signifioantl
Slovakia) at 663, 645 and 470 nm, for chlorophylb a lower in irrigation interval of every 4 day compdre
and carotenoid [Arnon 1946]. Chlorophylls and carcto every 2 and 6 days. In the first month, ratio of
tenoid were calculated using the following equation chlorophyll a/b was not significantly different angp

N _ of irrigation intervals. Chlorophyll a/b ratio, irriga-
Chlorophylla big-ml™) = 12.7 (As3) — 2.69 (Asas) tion interval of every 4 day showed a significant
Chlorophyll b (1ig-mI™") = 22.9 (Aus) —4.68 (As  increase than irrigation interval of every 2 anda§'s
Carotenoidey(g- mr) = ior:ctsr:ggsee;cond and third stages and also in theageer
= 1000 A470-1.82 chl a-85.02 chl b/198 Chlorophyll a, b and a/b ratio of leaves are widely

To determine the proline content was used trused to determine the general state of the photosyn
Troll and Lindsley [1955] technique, modified bythetic system [Dai et al. 2009]. fogSome studies-in
Dreier and Goring [1974]. 100 mg of fresh leaf matecated that chlorophyll content was decreased in the
rial was homogenized in 2 ml of 40% methanol, androught stress conditions [Kuroda et al. 1990joum
then heated in a water bath at 85°C for 60 min. Alstudy irrigation intervals had not a strong effeat
sorbance values at wavelength 528 nm using a spthe chlorophyll content. This may indicate that the
trophotometer (UV-VIS, Optima SP-3000 Plus, Braintervals between irrigation (minimum 2 days and
tislava, Slovakia). Total carbohydrates were meamaximum 4 days) have not been adequate to change
ured in 100 mg of powder of dried leaves, whiclthe chlorophyll content.
were soaked in 80% (v/v) ethanol for 24 h was de- In the second stage and also in the average of
termined by the method of Shields and Burnestages, the carotenoide value significantly was in-
[1960]. The absorbance was measured at 585 nmcreased in irrigation intervals of every 4 daysntha
a spectrophotometer (UV-VIS, Optima SP-3000 Pluevery 2 and 6 days. In the first and second stages,
Bratislava, Slovakia). Concentration of Chlorophyllisignificant decrease in carotenoide was obtained in
carotenoid, proline and sugar were given as mg pirrigation interval of every 2 day while in the rithi
gram dry weights (mg/g DW). The data were sutstage it was observed in irrigation interval of rve
jected to Analysis of variance (ANOVA-One Way)6 day (fig. 2). Carotenoids as pigments in platay p
and mean values were compared with Duncan’s miseveral roles in photosynthesis and also in the
tiple range test (p < 0.05) using Minitab 17 sofeva mechanisms of stress tolerance [Gill and Tuteja

2010]. The high level of carotenoids in drought-con

RESULTS AND DISCUSSION dition has been reported by Abbasi et al. [2014],
Deng et al. [2003]. The findings of the presentgtu
Chlorophyll content indicated that almost with increasing in the irtiga

As can be seen in the Figure 1, the trend of chlinterval, carotenoid level was increased.
rophyll a and b changes in irrigation intervals 42,
and 6 days) and during the three stages was irs&zonProline content
tent. The analysis of chlorophyll (a) in the leaves The results indicated that in the second and third
showed averagely no significant differences amorstages and also in the average of stages, withdeer
irrigation intervals during three stages (three thej  ing of irrigation interval, proline content was sifi-
In the first stage (first month), irrigation intedvof cantly increased. In the first stage, no signiftcan
every 4 day and in the third stage (third month) ir differences were found between irrigation intervfl
gation interval of every 6 day were significantlyevery 2 and 4 day while the highest proline teon
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Fig. 1. The effects of irrigation intervals (each 2, 4 &days) on the chlorophyll a, b and a/b duringetsiage
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Fig. 2. The effects of irrigation intervals (each 2, 4 émthys) on the carotenoid, proline and sugar codtemg three stages

www.hortorumcultus.actapol.net 85



Karimian, Z., Samiei, L., Nabati, J. (2017). Evaluation of drought resistance in Nitraria schoberi as a native plant by irrigation
intervals for applying in arid urban landscape. Acta Sci. Pol. Hortorum Cultus, 16(6), 81-88. DOI: 10.24326/asphc.2017.6.7

was obtained in irrigation interval of every 6 dayprotectants such as sugar. The drought tolerance in
(fig. 2). Some studies show that drought-tolerarplants is strongly correlated to the accumulatién o
plants than the drought-sensitive, accumulate tlsoluble sugars [Parida et al. 2007, Romero et al.
more level of proline [Chaitanya et al. 2009, Stin €2013]. In our study, the increase of irrigationeint

al. 2013]. In this study, increase of irrigatioriein  vals was nearly associated with the increase of
val had a major effect in increasing the prolinsugar content. Therefore, it seems that the sugar
content.The accumulation of proline plays an adajaccumulation was correlated with drought tolerance
tive role [Verbruggen and Hermans 2008] and thand our results were consistent with the mentioned
main strategy of plants for avoiding detrimentastudies.

effects. Itis the key adaptations for successful

growth under acute water stress [Akram et aRelative water content (RWC)

2007]. Proline can also protect cells damage due to Increasing irrigation interval from each 2 and
low water potential of cells [Krazsenky and Jonal4 day to each 6 day had significant increase on
2012]. In the present study we found tiMtraria RWC. The relative water content (RWC) parameter
schoberi accumulated high proline levels in re-can be used to screen of plants drought tolerance

sponse to water stress. (fig. 3).
RWC as an important indicator of the degree of
Sugar content cell and tissue hydration plays a key role for rmptin

As depicted in Figure 2, in all stages the highephysiological functioning and growth processes.
sugar content was obtained in irrigation intervafls There are conflicting results regarding the effefct
every 6 day. In the second stage with increasing water stress on the RWC. Some studies indicated tha
irrigation interval, the sugar content was sigmrifily  drought-tolerant plant species keep high RWC com-
raised but it was affected only by irrigation imMals pared with drought-sensitive species [Marcelo et al
of every 6 day in the first stage. In the thirdgeta 2007]. In the present study, in the longest irigat
sugar content was significantly decreased in ifrigdnterval (each 6 days) RWC was increased that the
tion intervals of every 6 day. results almost are in agreement with those reported

One of the mechanisms for tolerance to wateby Colom and Vazzana [2003] and also by Marcelo
deficit stress in plants is the accumulation of osm et al. [2007].

80

RWC (%)
(=,
Lh

2d 4d 6d

Irrigation Interval

Fig. 3. The effects of irrigation intervals (each 2, 4 &ndiays) on RWC (%) during third stage
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Drought stress triggers various plant reactionAlvarez, S., Sanchez-Blanco, M.J. (2013). Changes in
ranging from cellular metabolism to changes in growth rate, root morphology and water use efficiency
growth rates and the biochemical and physiological of pottedCallistemon citrinus plants in response to dif-
responses. Increase in proline and sugar level and ferent levels of water deficit. Sci. Hortic., 156, 52.
relative water content and decrease of chlorophyll DO!: 10.1016/j.scienta.2013.03.024.
concentration are considered as drought toleranAlvarez, S., Navarro, A., Nicolas, E., Sanchez-Blanco,
mechanisms [Colom and Vazzana 2003, Parida et al. M-J- (2011). Transpiration, photosynthetic respense
2007, Krazsenky and Jonak 2012]. In the present t.issue water relatio.ns and dry mass.partitionirl@.ziam
study due to increase of proline and sugar content iStemon plants during drought conditions. Sci. titor
with increasing of irrigation interval, it can baig 129, 306—-312. DOI: 10.1016/j.scienta.2011.03.031.

thatNitraria schoberi is a drought tolerant plant. Arnon, D.I. (1949). Copper enzymes in 'So!ated SiH0ro
plasts. Polyphenoloxidase imBeta vulgaris. Plant

Physiol., 24, 1-15.
Baltzoi, P., Fotia, K., Kyrkas, D., Nikolaou, K.,

. Paraskevopoulou, A.T., Accogli A.R., Karras, G.12pD
In the present study that the irrigation interaéss Low water—demand plants for landscaping and agricul

Investlgated during the early growth §tag_eNmfar_|a . tural cultivations — A review regarding local sp=ciof
SC_hObe”’ _Can be said tha_t nearl_y with increasing in Epirus/Greece and Apulia/ltaly. Agric. Agric. SEiroc.,
irrigation interval, carotenoid, proline and sugantent 4, 250-260. DOI: 10.1016/j.aaspro.2015.03.029.

and also RWC were increased. It show that incrieasegyiy;, £.S., Reshetiloff, K., Zwicker, S.M. (2003)ative
value of proline and sugar in response to inCrgasin pjants for wildlife habitat and conservation langsca
irrigation intervals can be considered as a meshani  ing: Chesapeake Bay Watershed. U.S. Fish & Wildlife
of drought resistance amitraria schoberi is a drought Service, Chesapeake Bay Field Office, Annapolis, MD.
tolerant plant. The plant was able to control traew 82 pp.

deficit stress by stimulating proline productiondanChaitanya, K.V., Rasineni, G.K., Reddy, A.R. (2009).
sugar accumulation. Since the chlorophyll content Biochemical responses to drought stress in mulberry
averagely was not affected by irrigation intenvaifsl (Morus alba L.): evaluation of proline, glycine betaine
also RWC was increased (third stage) during the ex- and abscisic acid accumulation in five cultivarstaAc
periment, may be claimed that with increasing @rig ~ Physiol. Plant, 31(3), 437-443. DOI: 10.1007/s11738-
tion interval to 6 days in the early growth stagethe 008-0251-6.

plant, greenery and freshness of the plant haglinot Colom, M.R., Vazzana, C. (2003). Photosynthesisri
minished. It is concluded thaitraria schoberi can functionality of drought-resistant and drought-stve

apply in the landscape of arid and semi-arid regjion weeping lovegrass plants. Environ. Exp. Bot., 49(2),
such as Mashhad and most cities of Iran. 135-144. DOI: 10.1016/S0098-8472(02)00065-5.

Dai, Y.J., Shen, Z.G., Liu, Y., Wang, L.L., Hannaway, D.,
Lu, H.F. (2009). Effects of shade treatments on the
photosynthetic capacity, chlorophyll fluorescenaed
chlorophyll content offetrastigma hemsleyanum Diels

CONCLUSION
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