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ABSTRACT

Xeriscaping focus on the use of drought tolerantiggeof plants for environmental sustainabilitydieey

to the conservation of natural resources. We nedaiok for drought tolerant, water efficient plapesies.
Present research was aimed to assess the waterficEney§ of Leucophyllum frutescens (silvery) for its
adaptability and potential as xerophyte. In thiglgt seven treatments were applied were 100% figldaa
ity was considered as control while 8580%, 55%, 40%, 25% and 5% field capacities werentasedif-
ferent drought levels. Effect of drought commenaed0% field capacity and lower drought treatmests a
decrease in shoot and root fresh and dry weight, lemgth, leaf area and leaf area index and leafdfi
percentage increased with severity of drought coethés 100% field capacity. Physiological parameters
including water use efficiency (A/E), leaf water pdiah(yieaf), stomatal conductancgs), photosynthesis
rate, cell membrane stability and total chloropleglhtents proved that this plant species can t@leevere
drought conditions. Positive correlation was foumsbag most of the attributes but leaf temperature was
negatively correlated with leaf water potential, gisyhthesis rate, cell membrane stability, and chlor
phyll contents. Moreover, regression analysis betwesgious morphological and physiological attritaute
showed the predictive power of the model yieldingiigant results for leaf area and cell membrame st
bility (R”= 0.74), root length and photosynthesis rate<(B.65), leaf temperature and chlorophyll contents
(R*=0.43) and leaf area and leaf water potentialaf) (R°= 0.93).

Key words: cell membrane stability; field capacity; leaf aredex; Leucophyllum frutescens, photosynthe-
sis rate; stomatal conductance; water potential

INTRODUCTION

Leucophylum frutescens locally known as silvery is up to 1-2 m in height with a spread of about 0.5+-1
one of the perennial bedding plant belongs to fami[Hilliard 1983]. Silvery is attractive ornamentalapt
Scrophulariaceae. It is native to Texas, USA aoevgr with its compact shape and grey foliage can be ased
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ornamental plant and provide positive physical suwater stress to test the hypothesis that this spezin
roundings [Younis et al. 2002, Khan et al. 2006le4 be used in drought tolerant landscape.
quires less water than other annual and perenlaiasp
and is quite tolerant of summer heat but it does nMATERIALS AND METHODS
tolerate frost. In urban landscape, this plantisgeman
be used for rock gardening, as ground covers, borde The experiment was conducted during 2010-2011
plant and on slopes; it can spread rapidly andditsew at floriculture research area, Institute of Hottietal
mostly in early and late summer. Multipurpose usagiSciences, University of Agriculture, FaisalabadkiPa
of silvery make it important to use this plant amdl- stan, latitude 31°26'N, longitude 73°06'E, adtiu
scape and xeriscape. With the extensive awaretiess214 m. The climate of Faisalabad conscripted as sem
water conservation and environment friendly prastic arid (BwWh) in Kdppen Geiger classification system
drought tolerant plants usage has been increachaving very hot humid summer and dry cool winter.
worldwide [Nadeem et al. 2012]. The average maximum temperature during study period
Artificial irrigation is becoming crucial for the was in the month of June (40.5°C), while, the ayera
suburban and urban landscape of tropical and stminimum temperature was in October (17.5°C).
tropical areas, although availability of fresh waite A pot experiment in the open lit green house was
becoming limiting factor. On the other hand, use cconducted to evaluate the effect of drought stogss
municipal supply water becomes scarce for housthe growth and development bf frutescens. Seven
hold purpose as most of its proportion is used fdrought levels were maintained viz. control witf010
irrigation of landscape premises due to less raih f percent field capacity, 85, 70, 55, 40, 25 and &3¢l f
and high temperature during the summer seasas. licapacity during the month of April to October.
assessed that every year large amount of irrigation Healthy seedlings of one year were transplanted in
water is being wasted and that may have pesticid¢pots (24 cm diameter and 28 cm depth) contain-
fertilizers and other hazardous chemicals that aing ~1.25 kg mixture of sand, silt and leaf compost
used in maintenance of landscape [Riaz et al. 2013](1 : 1 : 1) as growth medium having a bulk densfty
For efficient use of irrigation water, it is recom-1.1g cnt. These seedlings were kept to re-establish
mended to select only those plant species that &or 25 days before application of water deficitatre
suitable for any designated landscape area [Regnoments. Length of the seedlings was maintained to
2006]. The demand for the ornamental plants wita height of 10 inches. Seven treatments containing
minimum water requirement is very high, particularl a control and six drought levels were maintained
in dry climate regions. The sustainability of landthroughout the experiment (April to October). listh
scape in dry hot areas is fully dependent on jodiEi experiment, 100 percent field capacity was taken as
plant selection [Younis et al. 2010]. To our knowl-control (T0) while 85% (), 70% (T2), 55% (T3),
edge, the significant screening of bedding plamt&t 40% (T4), 25% (T5) and 5% (B) field capacity were
place, but screening on landscape plants liku- the different drought levels used in this experitnen
tescens was not conducted. Therefore, research The experiment was laid out in Completely Random-
desired regarding performance evaluation of thized Design (CRD) having three replications.
plant species under drought stress to estimatelits
erance level therefore able to recommend it undPhysical and chemical characteristics of growing
optimum landscape settings. On the other handt plemedia
materials, soil and growing condition have changed Physical and chemical characteristics of the grow-
greatly over the time intervening years justifyimew  ing media (pH 7.92) used as media (sand, silt eafl |
look at tolerance in commonly grown floweringcompost) for the experiment were calculated in the
plants to combat with drought problem. In this workform of media saturation paste in which soil was
we characterized the growth and physiological resoaked with distilled water and allowed to stand
sponse ot.. frutescens exposed to different levels of over-night. To calculate saturation percentage (SP)
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a 50 g weight of saturated paste was dried in ovaweight of shoots and root, root-shoot ratio wasneed
and saturation percentage was calculated by usifollowing the methods of Mahmood et al. [2008].
method [Method 27a, United States Salinity Labora-

tory Staff, 1954]. Physiological attributes
_ Lossin weightonovendrying(g) The physiologk_:al :_alttributes were determined after
SP= *x100 30 days from application of treatments. The waser u

Ovendried soil weight
gnt (@) efficiency (A/E) was calculated by dividing photo-

For the determination of field capacity, samples csynthetic rate [net C£assimilation rate (A)] by tran-
100 g of each of the media were taken at the tifne spiration rate (E). For leaf water potential thfely
filling pots. These samples were incubated at 105°expanded flag leaves wesampled per replicate from
for 24 hours. This oven dried soil was weighed areach treatment between 1100 and 1300 hours. It was
average for the determination of total moisture-cormeasured usingressure chamber (Model OSK2710,
tents of the soil at the time of transplanting &ilv =~ OGAWA Seiki Japan). Measurement of photosynthe-

Field capacity was calculated by the formula: tic rate (A), stomatal conductances)(gtranspiration
_ Saturatiorpercentage rate (E), and sub-stomatal €€oncentration/Internal
FC= 2 CO> conc. (G were measured at 11:00 a.m. to

12:00 p.m. from a full expanded“dZIeaf of every
plant through portable infrared gas analyzer (IRGA)
(Model LCA-4 ADC, Analytical Development Com-
pany, Hoddesdon, England). Membrane stability
(electrolyte leakage) was measured by method
ECe= 1.4118 adopted by Blum et al. [1988]. Six leaf pieces of
ECof 0.INKCI uniform size were immersed in DD water for 12 h to
ECe = 6.83 ds Mdried at 105°C to a constant Weightmeasure electrical conductivity_ (Eﬁb_y using EC
meter. Samples were then kept in boiling waterfor
and then let it cooled down to room temperature.
The electrical conductivity (ES of these tissues was
ers/plant and number of lateral branches were edun1again recorded. Membrane stability was determined
as the ratio between E@nd EC. Leaf temperature

manu_ally at every 10 days’ interval during th?.\mOlwas taken by using IRGA. Temperature of 5 attached
experiment and average was computed. Leaf firimg pe

. .~ ' leaves was taken from each plant and mean was cal-
centage was estimated as the total percentagelefich culated. For chlorophyll determination leaf sample
leaf area. Percentaae of leaf firina was visuadseased ' bhy

. ; 0 .
every 4d day [Beard and Sifers 1998] at 11:00 aerO.S g was grinded in 5 mL of 80% acetone. Poured it

throughout the experiment period by a gauge of 0 !Svcuvettes ﬁnd read ab\? i%o?)nd 6|45 OD’s usugg
100% (0% with no leaf firing and 100% with complete,. -Spectrophotometer (UV- ) values were sub-
leaf firing). Leaf area index (LAIl) was calculatatter stituted in the following formula below:

30 days by a leaf area meter (LI-COR, Model 3100, , _ [{0.0127(CD663)-0.00269(0B45)}x100] _
USA) as the ratio of leaf area to land area. Rjaatity - 0.t -
is a composite of several characters includingingilt _mg
burning or discoloring stress sign, insect pestatgo T g
plant, etc. Plant quality was rated in number using

a scale ranging from 1 to 6 with 1 as dead or yostl A = [{0.0229(@665)- 0.00468(0BE3)}x100] _
dead plants, 6 as excellent good plant growth with 0.5

sign of stress and or disease. On the compilatfon o _mng
experiment plants were taken out of pots; freshdagd

Electrical conductivity (ECe) of saturation extrac
was noted with conductivity meter (Jenway Model
4070) after calibrating it with 0.01 N KCI soluti®n
and cell constant was calculated:

Morphological attributes
The total number of leaves/plant, number of flow

of freshweight

of freshweight
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Statistical analysis In the present study, silvery showed similar re-
Data pertaining to various morphological ancsults of root length at control and 85% field capac
physiological attributes were analyzed usinResults obtained for number of lateral branches
ANOVA techniques [Steel et al. 1997]. The meanshowed that number also decreased with increasing
values were compared with least significance diffedrought level and 100% field capacity gave maxi-

ence test (LSD) at 5% level of probability. mum number of branches compared to other drought
levels as presented in the Figure 1.
RESULTS Results regarding plant height depicted that

maximum plant height was obtained with 100% field

Results obtained on weight of different plant paicapacity it gradually decreased with severity of
depicted that at 100 percent field capacity (cdntrodrought. Minimum plant height (25.98 cm) was ob-
plant gained the maximum biomass compared wiiserved in most severe drought treatment (at 5% fiel
other treatments. Treatment means were highly sicapacity). As far as number of flower per plant was
nificant with each other. For shoot fresh weighiconcerned, no significant decrease was observed up-
maximum weight was obtained at minimum drougtto 40% field capacity and it remained almost camista
levels (85-40%) as well as fresh weight of shoddbut after that a significant decrease in number of
severely decreased from 25 to 5% drought levflowers were recorded (fig. 1).
(tab. 1). Results obtained for dry weight of shoot Results regarding flower quality revealed that
showed that it also decreased with increasing droucflowers maintained their quality up to 40% field-ca
levels and minimum drought level gave maximunpacity drought stress and no significant decrease i
dry weight of shoot. Results regarding fresh weigtflower quality was envisaged. Flowers tend to dete-
of rootdepicted that maximum root fresh weight wariorate with severity of drought and plants grown a
obtained with 100% field capacity while minimum25 and 5% field capacity led to produce flowers of
root fresh weight was obtained with maximum levesmall size and of inferior quality. For leaf pardens,
of drought. Field capacity at 100% level yieldecsimilar trend was observed in this study. The value
highest dry weight of roots compared with othethese characteristics decreased with increase in
treatments (tab. 1). Maximum root length was okdrought stress except leaf temperature and laagfir
tained with minimum drought and the length of rootpercentage value of which increased with seveffity o
tends to decrease with severity of drought (fig. 1)  drought (tab. 2). While the value of number of keslv

Table 1. Effect of drought levels on fresh and dry weightaift and shoot df. frutescens

Field capacity Shoot fresh weight (g) Shoot dryghei(g) Root fresh weight (g) Root dry weight (g)

Control 35.52a 12.78a 2.83a 1.29a
85% 35.52a 11.99b 2.77a 1.28a
70% 34.68a 11.93b 2.57a 1.17b
55% 32.98a 10.20b 2.26b 1.10b
40% 31.86a 9.65c 2.15b 1.02b
25% 24.56b 8.78¢ 1.76¢ 0.83c
5% 14.25c 8.12c 1.12d 0.79¢c
LSD Value 1.0983 0.3652 0.0884 0.0312
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Fig. 1. Effect of drought on different morphological chagatstics ofL. frutescens: A) plant height, B) number of lateral
branches, C) number of flowers, D) size of flowersfl&@yer quality and F) root length
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Table 2. Effect of drought levels on different leaf charaistics ofL. frutescens

Field capacit No. Leaf area Leaf thickness Leaf firing Leaf area Leaf
pacity of leaves/plant (cn?) () (%) index temperature (°C)
Control 475.00a 2.09a 340.42a 6.33a 2.18a 18.33d
85% 454.00a 2.07a 338.36a 9.66a 2.08a 19.66d
70% 448.33a 2.06a 323.76b 14.33a 1.92a 23.00c
55% 441.00a 1.89a 313.41b 17.33b 1.80b 24.33c
40% 413.00b 1.66b 288.01c 23.00b 1.72b 28.66b
25% 323.33c 1.08c 223.51d 48.66¢ 1.12c 30.76a
5% 188.66d 0.89d 201.08e 80.23d 0.92d 30.89a
LSD Value 23.809 0.067 11.231 8.190 0.122 1.050
Table 3. Effect of drought levels on different physiologiestributes oL. frutescens
) Water use Leaf water  Photosynthesis Cell Total chlorophyll Stomatal
Field - .
capacit efficiency (A/E) potential rate membrane contents conductancegs)
pactty (mmol KO- mmot?) (Mpa) (umol m2 s stability (%) mg g* (mol m%sY
Control 4.13a 0.21a 60.0a 61.05a 1.65a 0.55a
85% 4.04a 0.18a 58.0a 60.66a 1.59a 0.53a
70% 3.32a 0.13a 51.0b 58.01a 1.54a 0.50a
55% 2.42b 0.10b 48.0b 51.33b 1.43b 0.47b
40% 2.33b 0.09c 46.0b 48.66b 1.38b 0.39b
25% 1.21c 0.07c 35.0c 31.33c 1.09c 0.21c
5% 0.32d 0.03d 22.0d 23.66d 0.87c 0.15d
LSD Value 0.1598 0.0092 3.3546 4.5299 0.0611 0.0192
Table 4. Correlation of morphological and physiological ittites inL. frutescens
Physiological attributes
Water use Leaf water Photosynthesis Cell Total
efficiency(A/E) potential rate membrane chlorophyll
(mmol H,O- mmot?) (Mpa) (umol m2 s stability contents
0.053 0.123 0.222 0.112 0.023
Fresh wt. of shoot
(0.00)** (0.03)* (0.002)** (0.01)** (0.02)**
0.012 0.022 0.0034 0.231 0.034
Root length
(0.002)** (0.001)** (0.00)** (0.023)* (0.00)**
0.014 0.142 0.125 0.042 0.345
Leaf area
(0.0042)* (0.000)** (0.00)** (0.000)** (0.002)**
0.0056 —0.042 —0.245 -0.214 —-0.347
Leaf temperature
(0.000)** (0.001)** (0.001)** (0.00)** (0.032)*

*P<0.01,*P<0.05
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Fig. 2. Regression analysis of A) leaf area and cell mengbsability, B) root length and photosynthesis ,r&g leaf
temperature and chlorophyll contents and D) lead ared leaf water potential bf frutescens

plant (475), leaf area (2.09 8)nand leaf area in- Data regarding relation of various morphological
dex (2.18) was highest at 100% field capacitparameters with morphological traits of silveryaals
(control) followed by the output at 85% of fieldshowed significant results. Positive correlationswa
capacity. In case of different physiological attrib exhibited among most of the attributes but leaf-tem
utes, present data showed better results at 10(perature was negatively correlated with leaf water
field capacity as compared to other water deficpotential, photosynthesis rate, cell membrane Igtgbi
treatments. Minimum values of all physiologicaland chlorophyll contents (tab. 4). Moreover, regies
parameters were obtained as level of drought ilanalysis between various morphological and physio-
creased (tab. 3). When the field capacity was mailogical attributes showed the predictive power haf t
tained at 100% there were maximum results fcmodel Sianificant results were obtained for leafaar
water use efficiency (4.13 mmol/mmp@&), leaf and cell membrane stabilitv fR 0.7484). root lenath
water potential (0.21 Mpa), photosynthesis ratand photosvnthesis rate ¥R 0.6532). leaf tempera-
(60.00), cell membrane stability and total chloroture and chloroohvll contents #R 0.432) and leaf
phyll contents (1.65). Minimum rate of these attribarea and leaf water potentialz(R 0.9319) as demon-
utes was achieved at field capacity of 5%. strated in the Figure 2.
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DISCUSSION As in present trial, decrease in plant height was
observed under severe water deficit conditions whic
For ornamental plants, the scarcity of water iwere also recorded by [Kanwal et al. 2012]. Inustr
a severe constraint which effects its utilization iseedlings, 25% reduction in the plant height was
landscape [Riaz et al. 2010, Riaz et al. 2013].eVatrecorded under water deficit conditions [Wu et al.
stress caused the morphological and physiologic2008]. Significant decrease in plant height under
modifications inL. frutescens plants. It is important drought conditions was reported lreucophyllum
to state that different stress conditions in planispecies [Stabler and Martin 200gonocarpus spe-
brought different structural and functional changecies [El-Juhany and Aref 2005, Riaz et al. 2016] an
for their better adoptability in these settings fidam lady’s finger @Abelmoschus esculentus) [Sankar and
et al. 2012, Younis et al. 2013]. ReductiorLinfru- Jaleel 2008]. In present experiment, short plaighie
tescens plant growth, height and spread were rewas also recorded that may be attributed due to low
vealed under present experimental conditions whicurgor pressure which suppresses cell growth atd ce
are similar with findings of different researchersexpansion greatly. It is important that osmoticspre
Tsialtas et al. [2001] observed one-third reduction sure regulates the cell turgor that is essentrgblant
plant fresh weight of th&iziphus rotundifolia under under severe water stress [Shao et al. 2008, Y@nis
drought conditions. al. 2014]. Other possible reason for low plant heig
Higher field capacity levels stimulated to in-under water stress is related with more leaf senes-
crease root dry weight and decrease in root dcence and decline in the cell enlargement [Bhatt an
weight was recorded under severe drought streRao 2005].
[Wullschleger et al. 2005]. Nadeem et al. [2012] Decrease in leaf area index which in turns lowers
reported the reduction in the growth of the rootthe photosynthesis and photosynthetic active rladiat
due to low water supply. It corresponds with thwnder prolong drought conditions [Fleisher et 80&.
findings of Wang and Yamauchi [2006] who arguedurthermore, expansion in leaf area largely reléted
that root growth is retarded in dry soil conditipnsleaf turgor, plant temperature and as well as ads$im
but these conditions will not affect shoot growtting supply for growth [Youssefi et al. 2011]. Burider
whereas irPopulus species drought stress increasedrought leaf area gets shorter so that less leaf ex-
the root length. It shows the competitive behavicposure to sun which reduces the transpiration aod p
of the bushes for the survival as Schuppler et etosynthesis rate. One of the reasons for redudtion
[1998] pointed out that the amount of moisture iphotosynthesis rate was explained by Pospisilowz et
generally higher in the deep layer of soil this ma[2000]. They stated that extreme water deficiency
leads to extension of the roots for water absonptiocauses reduction in photosynthetic activity in meso
because of changes in cell wall in the apical part phyll cells that result reduction in electron tiaos
the root making it more extensible. On the othechain and carboxylation processes, and induces- ultr
hand, penetration of the roots hindered with thstructural modifications in chloroplast. Water @ft-
increasing dryness in the upper layers. Other argciency ofL. frutescens was found significantly higher
ment is that under high water stress conditionl, ceas compared tdpireaea vanhouteii and Viburnum
elongation may be suppressed due to water flotinus. Prolonged water deficit adversely influences the
interruption from the xylem to elongating cells inwater contents in leaf, water-use efficiency andtgh
higher plants. Similar results were explained bsynthesis [Egilla et al. 2005]The extreme drought
Riaz et al. [2016] where they report significanstress adversely affects photosynthesis activity in
decrease in lateral branches with higher levels mesophyll cells and result reduction in electramgr
drought stress. El-Juhany and Aref [2005] alsport chain and carboxylation processes and asasell
observed reduction in the number of leaves makes ultra-structural modifications in chloroplesis
Conocarpus species under drought stress. [Pospisilova et al. 2000, Mansoor et al. 2015].
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In addition to above mentioned effects of drought Cynodon and Zoysia species. Int. Turfgrass Soc. Res.
there is also destructive effect of drought onscell J., 8, 603-610.
which causes loss of turgor pressure and cell expa#hatt, R.M., Rao, N.K.S. (2005). Influence of podido
sion resulting to the production of Reactive Oxygen response of okra to water stress. Indian J. Plant
Species (ROS) during oxidation stress. ROS cause Physiol., 10, 54-59.
the denaturing of structural and vital organellés ddlum, A. (2005). Drought resistance, water-use efficie
plants and biochemical compounds necessary for the and yield potentialare they compatible, dissonant,
life process of the plants [Karthikeyan et al. 2007  mutually exclusive. Aust. J. Agricul. Res., 56, 1359
Blum [2005] stated that in crop plants droughtitole ~ 1168.
ance showed that genotype diversity in plant reatie Blum, A., Mayer, J., Golan, G. (1988). The effect adig
after long dryness, as a degree of tolerance, @as r number (sink size) on source activity and its water-
corded positive correlated with water status within relations in wheat. J. Exp. Bot., 39, 106-114.
plant. In the present study, negative correlatien bEl-Juhany, I, Aref, M.I. (2005). Growth and dry matte
tween leaf temperature and other traits was exfubit ~ Partitioning ofLenceana leucocephala trees as affected
One of the possible reasons for a negative asgwciat .by water stre§s. Alexandria J. Agri. Res., 44, 237-259
between drought resistance and yield potentiabean E9/12. J.N., Davies, J.F.T., Boutton, T.W. (2005)olght
due to high yield and a large sink create a buiden stress influences _Igaf wate_r _content, photos_ynthess
shoots for its turgor maintenance and water stagus "¢ Water-use efficiency dflibiscus rosa-sinensis at
reported in cereals [Blum et al. 1988]. In another three potassium concentrations. Photosynthesis, 43,
study, Tahir and Mehid [2001] found that in sun-, -5 140

.. Fleisher, D.H., Timlin, D.J., Reddy, V.R. (2008). I@ter
flower water deficiency reduced not only the head
tive effects of CQ and water stress on potato canopy

diameter but also achene weight and vyield/plant. growth and development. Agron. J., 100, 711-719
Negative relationship be?ween head diameter, Shqgﬁliard, 0. (1983). The classification é)f so,me Auttma
Welghf[ _and fresh r.OOt weight was observed, \_Nhereas’ species currently included ilipterum and Helichry-
a positive correlation between shoot dry weight and sum (Asteraceae: Gnaphalieae): part 3 Anemocarpa and

number of achene/plant was recorded. Argentipallium, two new genera from Australia. Nuyt-
sia J., 8, 447-460.

Kanwal, H., Hameed, M., Nawaz, T., Ahmad, M.S.A.,

. o . Younis, A. (2012). Structural adaptations for adaiptab
This study highlights the potential use laffru- ity in some exotic and naturalized species of Agava-

tescens under different water regimes in urban land- o0 pak. J. Bot., 44, 129-134.

scape. This species tolerates drought conditiorns UPKarthikeyan, B., Jaleel, C.A., Gopi, R., Deiveekasrach,

40 percent field capacity and no significant chainge . (2007). Alterations in seedling vigour and antiox
morphological characteristics were observed but gant enzyme activities i€Catharanthus roseus under

und(?r severe water st.ress conditions plant_andefloyv seed priming with native diazotrophs. J. Zhejiang.Uni
quality start decreasing. The plant of this species sgj. g8 453-457.

remains alive and produces flowers even at 25 aR@lan, M.A., Younis, A., Arshad, M.N. (2005). Impact of

CONCLUSION

5 percent field capacity. Hence, frutescens proved well planned landscape on producing quality environ-
to be a potential plant species for urban planéind ment for prisoners. J. Agri. Social Sci., 1, 69-70.
landscape compared with other landscape plants dughmood, A., Ather, M., Qadri, R., Mahmood, N. (2008).
to its low water requirement. Effect of NaCl salinity on growth, nodulation andato
nitrogen content irBesbania sesban. Agri. Conspectus
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