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Abstract - The antioxidant properties of selenium (Se) an
its usage to mitigate oxidative stress in plants ar widely
investigated and wellestablished. Whether here are othe
non-antioxidant effects of Se that contribute to its sess-
mitigating effects is poorly-inderstood. The aim of the
current study was to explore the norantioxidant effects of
selenium (Se) on wheat plantsubjected to drought stress. Ii
was hypothesized that Se could caus®mplementary effects
to its antioxidant effects which may protect whet plants
from drought stress effects andimprove yield under such
stressful conditions. What grains were soaked in ther
distilled water or 5 or 10 mgL® Se. Plants raised from S-
soaked grains were either well irrigated (WI) or wder
stressed (WS) throudp withholding irrigation from 50 -70
days after sowing (DAS). Treatments effects were evated
through determining growth, yield as well as -certair
biochemical constituents. Results indicated that Se
supplementation restored growth and enhanced yielavhich
were depressed in WS plants. Seduced restoration of
growth and yield of WS plants was accompanied witt
increased leaf photosynthetic pigmen, relative water
content, flavonoids and anthoyanins contents. On the othe
hand, total phenols and silicon contents/ere decreased in Se-
pretreated WSPlants. In conclusion, pre-soaking with Se
could lead to metabolic adjustmentswhich complement its
antioxidant effects thatalleviate the adverse effect of drough
stress on growth and yield of wheat.

Keywords — Wheat, Triticumaestivum; Selenium; Drought
stress.

|. INTRODUCTION

Global warming and water scarcity could increase
likelihood of plants being affected by drought stre
Drought stress is detrimental plant growtl, development
and yield.Increasing plant tolerance to drought stres
pivotal undertaking toovercome vyield losses due
drought. Enhancing plant drought tolerance could
achieved through costly and higgehnolog-demanded
transgenic or omransgenic approaches of bioteclogy,
which are not affordable in mostases in developin
countries. Alternatively, a lessstly approach could t
employed through pretreatment with abiotic si-
alleviating agents. Selenium (Séhough not considere

tolerance to cold stress [3)V-B stress [4, 5] and drought
stress [2, 6, 7, 8, 9].

The beneficial effect of Se on plant stress tolegwas
attributed principally to its antioxidant effec[2, 10, 11,
12]. Besides,it was reported to increase chloropt
content [5, 13, 14hs well as effective quantum yield
photosystem 1l (PSIl) and stomatal conductai[15].
Plant water relations were also reported to betipest
affected by Se addition manifested mainly by a éi
relative water content [6, 9].

Flavonoid and phendicompounds have the abilito
scavenge free radicals hentleey are reported to prote
against membrane lipid peroxidation in plants erpo®
UV-f3 stress [4, 16]Nevertheles, their role under drought
stress as well as the effeof Se application n their
contents under such conditions were less stu
In the process of ameliorating plant stress throtlggh
addition of Sejt was mostly added as a foliar spi[5, 9,
11, 12, 15, 17]or added to the growth mediL[2, 3, 4, 6,
7, 14, 18], wherea#is effectiveness as a s«+soaking,
which facilitate cost-effectiviarge-scale applications, was
less-adopted and neetsbe affirmed

The aim of the present study was to test non-
antioxidant effects of Se applied as a seed soa
treatment on wreg plants growing under drought stri
conditions. | Ilypothesize that Se couldcause
complementary effects to its antioxidant effectsotigh
affecting plant water content as well @modulaing
phenols, flavonoids, anthoyamsiand Si contents that may
lead to mitigation of drought stress effects on wr
plants.

[I. M ATERIALS AND METHODS

2.1 Plant materials, cultivation conditions and
experimental design

The experiment wa conducted in the experimen
Farmwhereas the biochemical analyses were perfoiin
the Labs. of the Agric.Bot. Dept., Fac. of Agric.,
Mansoura Univ. during the two going seas2011/2012
and 2012/2013Main physical and chemical properties
the experimental soil are shown in Table Grains of

as an essential element to higher plaittwas reported to \yheat cv.Giza 168 were disinfest by immersion in 2.5%

not only promote plant growth and developn, but also
increased plant tolerance to stressful environn[l, 2].
With respect to wheat Se was reported to enhareet

solution of sodium hypochloride for 10 min and wed
four times with distilled water and wn on November 5
and 8 during the two growing seasc2011/2012 and
2012/2013, respectively.
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Table (1). Mechanical and chemical analysis of the used soil.

CS% FS% S% C9%CacQ% OM% TN% APppmEKppm TSS% />0
98 287 271 344 25 22 015 18 226 018 _ 0.42

*CS, Coarse sand; FS, Fine sand; S, SiltClay; OM, Organic matter; TN, total N; ARyailable P; El, exchangeable K; TSS, total

soluble solutes; ASe, available selenium

Experiment was designed as a split plot with f
replications; irrigation schemes in the main platsereas
subplots were assigned to Se treatmeFie experimental
unit was 2 x 3 m containing 12 ro, 25 cm-apart.
Drought stress was imposed (wastressed plants; W
plants) by withholding irrigation from 5-70 days after
sowing (DAS) in coincidence with late tillering ®&arly
flowering growth stages. Control gt (well-irrigated
plants; WI plants) were irrigateslery 10 day. At
the end of irrigation deprivation peripsbil water content
was 23.2% in droughted plots \&0.6% incontrol plots.
Se treatments were applied by pekin¢ grains in
sodium selenite (Sigma chemical comp.) at either 30
mgL* for six h. Control seeds were soaked in dc-
distiled water. On 71 DASflag leaf samples wel
collected to determineleaf photosynthetic pigmer,
relative water content, totalphenol, flavonoids,
anthocyanins, and Si contentdn additior, growth
parameters were recorded
2.2 Egtimation of growth parameters as well as yield
and its components

Plant dry weight and leaf area planwere recorded at
71 DAS and re-estimated ongeek later to calculal
relative growth rate (RGR) and net assimilatione
(NAR) according to equations of Radf, 1967 [19].
RGR was calculated as : (lo@/,-loge W,) / t,-t; whereas
NAR was calculated as [(3WW1)(logeAs-10gA)] / [(A,-
A (t-t)] where W , A; and W, A, are dry weight an
leaf area at time 1 and time r2spectivel. At harvesting,
yield and its components was determined. In adti, Se
content in mature grains was estimated. Each pdea
was estimated using 5 different planfrom each
replication.

2.3 Determination of leaf biochemical constituents
Leaf photosynthetic pigments:

Weight of 0.5 gleaf tissues was grounded in 8l
acetone and leaf pigments watetermined according -
Lichtenthaler, 1987 [20].

Relative water content (RWQ)he method of Smart ar
Bingham, 1974 [21]was followed forestimation of
RWC and calculated as

Fresh weight — dry weight
RWC = & Y & 100

" turgid weight — dry weightX

Total soluble sugars (TSS)SS were extractt in 80%
ethanol and determined according to Honet al., 1992
[22] by mixing 0.1 mL of the ethmolic extract with 3.0 m

freshlyprepared anthrone (150 mg anthrone in 10C
72% HSQO,) and boiling the mixture in water bath for
min. After cooling, absor/mnce of samples was recordes
620 nm.

Total phenols, flavonoids and anthocyars: were
extracted from leaves in acidified methanol (HC-OH,
1:99 v/v). Absorbance of the extract was recorde?igg,
300,and 530 nm for determination of pher, flavonoids
and anthoyanins, respectivedgcording to the methods
Nogues and Baker, 20QB3] anc Penget al., 2006 [24].

Si determination:For Si estimatio, powder of dry
samples wasligested in a mixture of 3 ml of 62% (wh
HNO;, 3 ml of 30% (w/v) HO, and 2 ml of 96% (w/w)
hydrofluoric acid. The digested sample was theuted to
100 ml with 4% (w/v) boric acid and Si concentratim
the solution was determined according to et al., 2002
[25] by the colorimetric molybdenum blue method at
nm.

Se determinatioSe contentin harvested grains was
determined as described WByoiettiet al., 2013 [12]. A
weight of 1.0 g grains powder was digested withixume
of HNO; and HO, (9:1 v/v),and Se concentration in t
digested material was estimated using an at
absorption spectrophotometry.

Satistical analysis:

Data of the two growing seasons were subjecte
combined analysis of variance using MST-C software.
Significant differences between treatments means \
compared with Duncan multif's range test.

lll. R ESULTS

3.1 Growth parameters as well as yield and its
components
3.1.1 Growth parameters:

Drought stress decreased all growth charactersheft
plants. Seapplied to control plants increased RGR
NAR only at 5 mgl* but didn't affect other growt
parameters (Table 2). In drou-stressed plants treated
with Se, growth attributes were increased compared °
drought-stressed only plantdut still below those in
unstressed plants. Generallge at 5 mgl* was more
efficient in this respect. RGR and NAR in drougtnessec
plants were increased by 45% and -, respectively when
treated with Se at 5 mgL
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Table (2).Effects of selenium on growth parameters of dro-stressed wheat plar

Plant height Leaf Plantfresh  Plantdry Leafarea Tillers no. RGR NAR
Treatments () No. weigh(g)  weight(g) cn?plantt  /plant (mg ¢'d?)  (mgenfdy)
Cont 93.147.8° 5.4+0.3 22.7+2.3 2.12+0.16 35.8+4.3° 3.2+0.4 342456 1.38+0.18
Se 5mgl* 102.0+6.8 5.0+0.3° 23.1+3.Ff 2.24+0.18 38.2+6.0 3.0+2.6° 41.%7.00 1.5+0.26
Se 10 mgl!  100.0+7.6° 5.0+0.%% 24.0+1.8 2.1620.16 40.6+5.2 3.3:0.7 38.%+3.8 1.41+0.26
DS 67.3x4.8 3.7+0.4 12.8+1.5 1.67#0.17 18.9+3.0 1.7+0.5 19.13.0" 0.72+0.16
DS+Se 5mgl! 84.5+5.9 4.5+0.4° 183+1.2 1.90+0.1% 30.4+4.f° 2608 27.1+3.6 1.02+0.28
2?_?9 10 756488 4.0:0.%° 18.8+3.0° 1.85:0.24° 182472 27204 26.46.0° 0.96+0.12

Values are means +SD of four replicataffedent lettersin each columindicate significant differences at P<0.

3.1.2. Yield parameters and grains Se content:

Se treatments to wellrigated plants didn’t affect yiel
and its componentsyhereas increased Se content in
grains (Table 3 ). Drought stress led to a decrea:
spikelets no. / spikeno of grains of spik, 100-grains
weight and grain yields plant. Se contenthe grains did

not affected in drouglgtressed plants not treated with
In waterstressed plants treated with, grains yield/ plant
was increased substantiated with increased no
spikelets/spikeno of grains/ main spike and J-grain
weight (Table3). Grains Se content was increased in
plants treated with Se.

Table (3). Effects of Se on yield and its components as @a&lbn grains selenium content of drorstressed wheat

plants.
Spikelets Grains 100 seed Grain yield Grain’s Se conter

No./main spik ~ No./main spike  weight (g)  gplant* ug g* D. Wt.
Treatments
treatment
Cont 18.0+0.9" 49.7+3.2 4.3+0.3 11.4+0.9 0.062+0.004
Se 5mgL? 19.2+0.6 56.0+4.6 4.5+0.3 13.6+1.6 0.17(+0.009
Se 10 mgt* 19.0+0.9 54.845.3°  4.4+0.4 12.4+1.3° 0.18440.01C
DS 13.6+0.5% 32.6+3.7 2.8+0.2 4.9+0.8 0.0570.00%
DS+Se 5mglt  17.2+0.6" 42.0+4.0° 3.620.% 8.410.7 0.152+£0.008"
DS+Se 10 mglt  16.0+0.8 38.246.6 3.810.4 8.9+0.6 0.1640.006'

" Values are meansSb of four replicates; different letters in the saoolumn indicate significant differences at P<(

3.2. Leaf biochemical constituents
3.2.1. Leaf photosynthetic pigments:

In WS plants, chlorophyll a (@ a), Chl b, total
chlorophylls(tchls),total carotenoids (tcarots) as well
chl a/b and tchls/tcarots ratiwere decreas: (Fig 1). Se
increased tchls and tcarots conterdsly at 10 mg™.
Both Se levels decreased tchis/tcanatte whereas didn

affect chla/b ratio. In drougtgtressed plants trted with
Se, chl a, chl b, tchiscaros as well as chl a/b and
tchis/tcarots ratio were increased compared wittugini-
stressed only plants. No significant difference
recorded between the effect of k Se levels, though the
values tend to be higher at 10 n'.
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3.2.2. Other leaf biochemical constituents:

Trestmets
Fig (1): Chlorophyll a (a),Chlorophyll b(b, total chlorophylls (c),chlorophyll a/b ratio (¢, carotenoids (e), and total
chlorophylls/carotenoids ratio (f) in watstressewheat leaves as affected by Se. Mea®O{} of four replicates. Bars with differe
letters are significantly different at p < 0.05.
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biochemical constituents. When droi-stressed plants

Se applied to Wiplants didn’'t affect relativewater Wwere treated with SERWC was increased whereas tc
content (RWC)total soluble sugars (TS, total phenols, phenolsand Si contents were decre: On the other hand,
flavonoids, anthocyanins and &ntent(Fig 2). Drought TSS, total flavonoids and anthocyanins contents v
stress decreased RWC, whereaseased other tested le  further increased in droughktresse, Se-treated plants.
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Fig (2): Relative water content (aptal soluble sugars(, total flavonoids (c), total phenols (@nthocyanins (e) and Si (f) content:
waterstressed wheat leaves as affected by Se. Mean @SDUir replicate: Bars with different letters are significantly difést at

< 0.05.
IV. DISCUSSION

The current study test the hypothesis that Se
complementary effects to its antioxidant effectsicll
contribute to its mitigating affect odrought stress whic
could contribute to enhancing yield of wheat ple
subjectedto drought stress. In the present investigs,
drought stress decreased RWC (Fi2) and leaf
photosynthetic pigments (Fig.) lleading to reduce
growth traits (Table 2)sawell as yield (Tabl3); and Se
counteracted theseffects. In accordance with the
findings, Se was reported to mitigate abiotic st-
induced depressing effect on chlorophyll cont[2, 5,
14]. Seinduced chls content under abiotic str
conditions could be attributed to its OS-Scavenging
effect that could otherwise destroy the photosytt
pigments. ROS-scavenging effexft Se may be due to its
enhancing effect orenzymatic antioxidantsg1], non-
enzymatic antioxidants [26] or both [1®7]. In addition, a
possible regulatory role of Se in chls biosyntheses
suggested by its interaction with aBrinolevulnic acid
dehydratase and porphobilinogen deamin[28]. Se-
improved integrity of cellular organelles and the
membrane systems in leaf cells [2@ly also contribute t
its effect on enhancing photosynthetic pigmentseu
drought stress conditions.

Results indicated that Se partially restored drt-

induced decreasem RWC. Similar effect was previous
reported [6, 9]. Sénduced RWC undedrought stress
conditions may be due to its enhang effect on water
uptake capacity of the root systg], or to decreasing

water loss from watestressed plants through -
dependent decreases in stomatal conductance
transpiration rate [18].

Under drought stress, sugar flux may act as a sig!
for metabolic regulation [30]n the current stu¢, drought
stress increased TSS concentrawhich further increased
in response to Se treatments. Enhanced TSS acdiont
in abiotic stresgffected plants in response to
supplementation was reportf®] 31, 32]. This effect may
be due to an enhanced amylase acti[33] or to an
increased chloropfi content (Fig 1).

Accumulation of phenolsflavonoids and anthocyars
in droughtstressed plants arexacerbation of flavonoids
and anthocyanins due to Se treatmentsrecorded in the
present investigation (FI 2). Flavonoids and
anthocyanins are miportant low molecular weigl
antioxidant compounds in plan{34], which play an
important role in stress defeng[3]. These results
substantiatehe hypothesis of the study. Similar resi
were reported when Saipplemented wheat plants wi
subjectedd low temperature stre[3] and enhanced UV-
B stress [4] The recorded decrease intal phenols
content in droughstressed plants when treated with
may reflect a Sénduced general alleviative effedo
which plants respond by slowing down their ctive
mechanism.

The present study revealed elevated Si contenfaintg
affected by drought stressyhich may be an adapti
mechanism enabling plants to cope with droughtss
conditions [35] Their results suggest that silicon may
involved in metablic or physiological activities in highe
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plants under drought. In drougsitressed plants treat

with Se, Si content was reduced compared ' WS, Se-

untreated plants. This may be due t-induced recovery
response which reduce drought stressen on plants and
its associated adaptive mechani, including Si-

dependent responses.
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