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Abstract | An experiment was conducted to study the effect of foliar application of CaCl, on alleviation
of the adverse effects of water stress on maize (CV. Azam). The experiment was conducted in completely
randomized design (CRD) using pots in a glass house and comprised of 2 irrigations (irrigated and water
stress) and three concentrations of CaCl, (5, 10 and 15 mM CaCl,.2H,0) as foliar spray on maize seed-
lings 20 days after emergence (DAE). Water was sprayed as untreated control on maize seedlings 20 DAE.
After foliar application, the plants were regularly irrigated upto one week and water stress was imposed
by withholding water from half of the pots for 20 days. Data were recorded on the relative water content
(RWC), proline, sugar content and transcripts abundance of LAcb2 gene in the selected leaves. Application
of CaCl, increased the RWC, proline and sugar content as well as the LAcb2 expression in the leaves un-
der both irrigation conditions; however, the effect was more prominent under water stress. In the control
plants, water stress decreased RWC (-57%) and LAcb2 transcript abundance (-44.37%) but increased pro-
line (9.02 fold) and sugar content (3.42 fold) after 20 days. Significantly higher RWC (82.00 and 55.67%),
proline (4.13 and 13.29 nmol'g? FW) and sugar content (51.19 and 102.00 mg-g" FW) under irrigat-
ed and water stressed conditions, respectively, was noted when 10 mM CaCl, was applied as foliar spray.
Furthermore, 10 mM CaCl, application enhanced the LAc42 transcripts by 18 and 62% under irrigated
and water stress conditions, respectively. These results demonstrate the importance of CaCl, foliar appli-
cation on the improvement in the water relations and biochemical adaptation, resulting in improvement
in the performance of plants under water deficit conditions. These results also demonstrated that senes-
cence, which is a type of cell death program that could be inappropriately activated during drought, was also
delayed in the supplemented seedlings as highlighted by a high RWC and expression of the LAcb2 gene.
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Introduction ways i.e. either plants are incapable to uptake wa-
ter by roots or when rate of transpiration is higher

Water stress is one of the major abiotic stress and these situations frequently overlap in arid- and
affecting plant development and growth in  semi-arid environments. The plants ability to tolerate
Pakistan. Plants experience water stress in different ~water stress is observed in almost all species of plants
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to variable degree (Ashraf et al., 2015). Plants expe-
rience various changes in morphology, biochemistry
and gene expression to adapt to water stressed envi-
ronments (Suralta and Yamauchi, 2008). Calcium is
known as a second messenger molecule in plant signa-
ling processes and its application improves water con-
servation and increases the hydrophobicity of cellular
membrane under drought stress (Bush, 1995). Cal-
cium seems to have a vital role in numerous defense
mechanisms induced by drought, and calcium signal-
ing is involved in the attainment of drought tolerance
(Cousson, 2009). CaCl, has been revealed to mitigate
the detrimental effects of water stress on plants (Xu
et al., 2013). Improved tolerance in plants to abiotic
stress has been reported by the use of CaCl, as foliar
spray. Maize is considered as an important crop in
Pakistan where population is rapidly increasing and
has already experienced the shortage of the available
food supplies (Afzal et al., 2013). Water stress is the
problem in maize cultivating areas as it is much prone
to drought stress. This experiment was planned in a
way that whether foliar application of CaCl,, before
the imposition of water stress, could ameliorate the
negative effects on maize seedlings. Plant water rela-
tions, proline, sugar content and LAcb2 gene expres-
sion were taken into consideration to determine the
response of maize seedlings to water stress.

Materials and Methods

Plant material and experimental plan

To evaluate the water stress tolerance of Zea mays
seedlings (CV Azam) primed with different concen-
trations of Ca** (as CaCl)), a research was performed
in glasshouse at the Institute of Biotechnology and
Genetic Engineering, The University of Agriculture
Peshawar, Pakistan during 2012-2014. The experi-
ment was arranged according to completely rand-
omized design with three replicates for each treat-
ment and each replication had five pots. Seeds were
planted in plastic pots (diameter 22.86 cm and depth
19.0 cm) filled with 5.5 kg of clay loam soil from New
Development Farm, Malakandher, The University of
Agriculture Peshawar and FYM (Farm Yard Manure
(1:1 w/w mixture). Thinning was done 10 days after
emergence and three seedlings of uniform size were
maintained in each pot. The seedlings were regularly
irrigated for 10 days. Twenty days old seedlings were
applied with foliar spray of distilled water or 5, 10,
15mM CaCl, in two doses at 2 days interval. The
seedlings were then washed with tap water after two

days and regularly irrigated with 2L of tap water upto
one week. Water stress was imposed on 31 days old
seedlings by withholding water for 20 days from half
of the pots. The third and fourth leaf from the top of
the plant at the start of the experiment were selected
and used for analysis. Data was collected after 0, 10
and 20 days of stress imposition from irrigated and
drought stressed seedlings.

Relative water content (RWC)

Leaf samples from irrigated and water stressed seed-
lings were taken and weighed with analytical balance
to determine fresh weight (FW). Then samples were
submerged in ddH,O and were kept for 24 hours in
dark at 4 C. The leaf samples were blotted dry on fil-
ter paper and were weighed to determine the turgid
weight (TW). The samples were kept at 70 C in oven
for 48 hours, and then dry weight (DW) was calculat-
ed. RWC (Relative water content) was calculated using
the following formula (Barz and Weatherley, 1962).

RWC = [(FW—-DW)/(TW - DW)] x 100

Proline content

Proline content was determined by a method recom-
mended by Bates et al. (1973) with minor modifica-
tions from irrigated and water stressed seedlings. Fro-
zen plant material (~20 mg) was homogenized in 1ml
of 3 % aqueous sulpho-salicylic acid. Then it was cen-
trifuged at 9,000 rpm for 5 min to remove the debris.
Glacial acetic acid (1 ml) was added to 250 pl extract
and 750 pl (Methanol 67: distilled water 33) in a test
tube. Afterward, 1 ml of acid ninhydrin solution was
added to it and the mixture was kept in water bath
at 100 'C for 45 min. Dark pink color appeared and
the reaction was ended in an ice bath. Lastly, to the
reaction mixture, 5ml toluene was added and was vor-
texed for 2 min each. Absorbance was measured by
spectrophotometer at 520 nm. From a standard curve
the amount of proline was measured in the range of

0.3-1 uM of L-proline.

Sugar content

Total sugar concentration in the irrigated and water
stressed maize seedlings was measured by the method
of Dubious et al. (1956). Plant material (20 mg) was
homogenized in 4ml extraction bufter (Methanol 12:
Chloroform5: distilled water 1) and centrifuged to re-
move the debris at 9000 rpm for 5 min. Supernatant
was taken and the pellet was re-extracted with 4 ml
extraction buffer using the above mentioned proce-
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dure. The supernatant was pooled into fresh test tube.
Chloroform (2 ml) and distilled water (3 ml) were
added to supernatant to get two layers. Then 1ml
sample was taken from upper layer of sample tube and
1 ml 5% phenol was added to it. Then, 5 ml H SO,
(conc) was mixed to the sample tube and was shaken
for 10 minutes. By spectrophotometer, optical density
was measured at 490 nm. From standard curve the
amount of sugar was with standards of D-Glucose (0,

0.1,0.5,1,5,10 pM).

RNA extraction and PCR analysis of Lhcb2 expression

Semi-quantitative Reverse Transcriptase — Polymer-
ase Chain Reaction (RT-PCR) analysis were used to
estimate the expression of Lhcb2 gene (Gen Bank ac-
cession number X68682) under control and drought
stress condition after CaCl,.2H,O application. Total
RNA was extracted from leaves (3* and 4®) of Zea
mays seedlings under both irrigated and water stress
conditions by RNA extraction kit (Promega Corpo-
ration, USA). The cDNA first strand was synthesized
using the OligodT20 primer and the Moloney Mu-
rine Leukemia Virus, reverse transcriptase (MMLV
reverse transcriptase) with 5 pg total RNA as tem-
plate according to manufacturer’s protocol (Thermo
Scientific”). These products were used as templates
for subsequent PCR reactions using gene specific
5-ATGCGCCGCACCGTCAAGAG-3* forward
and 5-GCAAGGCCGTACATGTGTACTAC-3’
reverse primers. The PCR conditions were 95 C for
3min, 94 C,55C and 72°C for 1 minute each and final
elongation at 72'C for 10 minutes. The PCR products
(~720 bp) were separated by 1% agarose gel electro-
phoresis and the bands were quantified by comparing
the intensities of B-actin with respective gene under
each treatment. The data was recorded thrice and
data was presented as mean with standard deviation.
Actin-2 with sequence 5'-GAGCTCTCCAGAAC-
CGAA- 3’ forward and 5" -ATCAAGGGCAACG-
TAGGCA- 3' reverse primers was used as a loading

control.

Statistical analysis
Obtained data was exposed to analysis of variance ac-
cording to CRD (completely randomized design) and
by attaining significant differences, LSD (least signif-
icant difference) test was applied for comparison of
treatment means.
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Figure 1: Mean RWC of the selected leaves of maize
seedlings supplemented with tap water () or 5 (m), 10
(®) and 15 mM (A ) of CaCl, after 0, 10 and 20 days of

irrigation (A) or water stress (B) conditions.
Results and Discussion

Relative water content (RWGC) of maize seedlings under
dﬁr@m‘ treatments
Wiater stress caused a marked decrease in relative wa-
ter content of the non-supplemented maize seedlings
from 90.37 to 39.11% (57% decrease). Under simi-
lar supplementation, the RWC of the well irrigated
seedlings decreased by only 17% after 20 days (Figure
1). At the start of the experiment, the RWC (relative
water content) of the maize seedlings ranged between
85.67-91.67% and there was no significant effect of
Ca*application (Figure 1). There was a decrease in
RWC of the seedlings regularly irrigated or exposed
to water stress, after 10 days of treatments (Figure
1). Moreover, Ca?* as foliar spray had no significant
effect on the RWC under irrigated conditions, but
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Table 1: Proline content (nmol. g’f Fw) of maize seedlings on day 0, 1 0" and 20° under irrigated and water stressed
conditions supplemented with different concentrations OJFCQC/J.ZI_[QO.

Treatment Proline content (Irrigated) Proline content (Water Stressed)

Day 0 Day 10 Day 20 Day 0 Day 10 Day 20
NS 0.961 k 1.331 jk 2.831gh 0.985 k 5.741d 8.841 c
5mM CaCl, 1.371 ijk 1.551 ijk 3.341 fg 1.431 ijjk 5.191 de 18.691 a
10mM CaCl, 1.631 ijk 2.181 hij 4311 ef 2.051 h-k 6.141d 13.291b
15mM CaCl, 2.340 g-j 3.421 fg 5.751d 2.451 ghi 8.571c 9.121 ¢

Mean values followed by at least one similar alphabet are not different statistically at 1% level of probability (« , ,); NS: Non-supplemented.
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Figure 2: Agarose gel analysis of Lhcb2 gene transcripts
under irrigated and water stress conditions in maize af-
ter application of CaCl,2H O (A). Relative expression
of Lhcb2 gene with respect to control seedlings under ir-
rigated (white bars) and drought stress (grey bars) con-
ditions (B).

the applied seedlings sustained significantly higher
relative water content under water stressed condi-
tions. The maximum RWC after days under irrigat-
ed and water stressed conditions (86.25+3.29 and
78.63+2.97%, respectively) was maintained by the
seedlings supplemented with 10mM CaCl, (Fig-
ure 1). The decrease in RWC of the maize seedlings
was more marked under both conditions on day 20
(Figure 1). Likewise, Ca** application as foliar spray
significantly increased the relative water content of
the maize seedlings under both irrigated and water
stressed conditions. Additionally, high relative water
content under both irrigated and water stressed con-

ditions (76.25+3.24 and 56.15+2.94%, respectively)
was obtained in maize seedlings applied with 10mM
CaCl, on day 20. Therefore, maize seedlings supple-
mented with 10mM CaCl, as foliar spray had approx-
imately 1% and 44% increase in the RWC under the
irrigated and water stressed conditions, respectively
(Figure 1).

Proline content of maize seedlings under different treat-
ments

Data showing proline content in maize seedlings un-
der irrigated and water stressed conditions is shown
in Table 1. In the non-supplemented seedlings, mean
values of proline content under irrigated condition
were 0.96, 1.33 and 2.83 nmol.g”! FW on day 0, 10
and 20, respectively. When maize seedlings were ex-
posed to water stress, significant increase in proline
content was noted. Consequently, the proline content
was 0.98,5.74 and 8.84 nmol.g"' FW on day 0, 10 and
20 respectively, in water stressed condition. Thus in
the non-supplemented seedlings, an increase of 2.95
and 9.02 fold was noticed in the proline content af-
ter 20 days in irrigated and water stressed conditions,
respectively (Figure 2). Maximum proline content
was recorded in seedlings applied with 15mM CaCl,
(2.34, 3.42 and 5.75 nmol. g FW on day 0, 10 and
20, respectively) under irrigated condition. Maximum
mean value of proline content under drought stress
was observed in 15mM CaCl, (2.45 and 8.57 nmol.
g? FW on day 0 and 10, respectively), and 5mM
CaCl, (18.69 nmol. g FW on day 20). There was an
increase of approximately 19.07,13.56 and 9.31 folds
proline content in 5,10 and 15mM CaCl,, respective-
ly, under water stressed condition (Table 1).

Sugar content of maize seedlings under different treat-
ments

Wiater stress imposition increased the sugar content
in the non-supplemented seedlings to 14.66, 58.21
and 62.51 mg.g? FW on day 0, 10 and 20, respec
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Table 2: Sugar content (mg.g™) of maize seedlings on day 0, 10 and 20 under irrigated and water stressed conditions
supplemented with different concentrations (5, 10, 15mM) of CaCl,. 2H 0.

Treatment Sugar content (Irrigated) Sugar content (Water Stressed)

Day 0 Day 10 Day 20 Day 0 Day 10 Day 20
NS 12.93 k 22.18j 35.76f ¢ 14.66 jk 58.21 cde 62.51 cd
5mM CaCl, 13.93 jk 24.90 hi 41.08 f 12.95 k 64.53 c 116.62 a
10mM CaCl, 14.13 jk 32.05 gh 50.32 ¢ 11.72 k 66.45 ¢ 107.19 b
15mM CaCl, 11.65 k 51.67 ¢ 54.85 de 11.80 k 51.63 ¢ 66.19 ¢

Mean values followed by atleast one similar alphabet are not different statistically at 1% level of probability (a

tively, compared with 12.93, 22.18 and 35.76 mg.g™
FW on day 0, 10 and 20, respectively, when regu
larly irrigated. Thus, sugar content was increased by
appro-ximately 176.57 % in irrigated and 326.40 %
under water stressed condition (Table 2). A signif-
icant increase in sugar content was observed under
water stress as compared to irrigated condition when
seedlings were applied with different concentration of
CaCl, before water stress imposition. Increase in sug-
ar content was noticed under irrigated condition, and
maximum sugar content was 51.67 and 54.85 mg.g™!
FW in seedlings supplemented with 15mM CaCl,,
on day 10 and 20, respectively. Likewise, an increase
in sugar content was noticed with the increase of wa-
ter stress duration. Maximum mean values of sugar
content were noted on day 20, which were 116.62 and
107.19 mg.g' FW when seedlings were sprayed with
5and 10 mM CaCl,, respectively, under water stressed
condition. On day 10, maximum sugar content (66.45

mg.g"' FW) was observed in maize seedlings primed
with 10 mM CaCl, (Table 2).

Response of Lhcb2 expression to drought and Ca** appli-
cation

Light harvesting chlorophyll a/b binding protein
(LHCP) family in plants plays essential role in light
capture and photo-protection in the photosystem.
Lhcb2 is one of the major proteins of the LHCP
complex in the photosystem-II. Exposure to drought
stress resulted in approximately 50% reduction in the
transcripts of this gene (Figure 2). There was an in-
crease in the expression of this gene with the appli-
cation of CaCl, under both the watering conditions.
Furthermore, this increase in the transcripts of Lhcb2
gene after CaCl, application was more pronounced
under water stress conditions. Maximum 16 and 62%
increase in the expression of LAcb2 with respect to
the control seedlings was noted after application of
10mM CaCl, under both control and drought stress

conditions, respectively. However, further increasing

)i NS: Non-supplemented.

0.0r

the concentration of CaCl, resulted in down-regula-
tion of the expression of LAcb2 under both the condi-
tions (Figure 2).

Sustained agricultural production is risking due to
the scarcity of water resulting from less precipitation
and increased evapo-transpiration. Drought stress af-
tects the water status, metabolism, growth and devel-
opment, free proline accumulation and sugar content
in tissues (Nayek et al., 1983). Water deficit also re-
sult in a decrease in uptake of mineral elements and
therefore, nutrient management is an important and
essential component of improved production under
water scarcity conditions. Further, plants can remobi-
lize mineral sequestered in cellular stores or older tis-
sues. During this experiment, the results demonstrat-
ed that foliar spray of CaCl, prior to imposition of
drought stress partially alleviated the adverse effects.

Osmotic adjustment is mechanism of plant tolerance
to drought and heat stress (Ludlow et al., 1990). The
foliar spray of Ca?* was more effective in enhancing
the water status of the plants at both the vegetative
and reproductive stage (Nayek et al., 1983). The foliar
spray of 10 mM CaCl, increased relative water con-
tent (RWC) and other parameters in both tall fescue
and Kentucky bluegrass under heat stress indicating
heat tolerance (Jiang and Huang, 2000). In the pres-
ent study, 10 mM CaCl, pre-treated maize seedlings
showed maximum RWC under both control and wa-
ter stressed conditions, indicating enhanced water re-
lations under water stress conditions.

Under water stress conditions, free proline accumu-
lation in the leaves has significance in plant adapta-
tion during stress. Significant increase in free proline
content was more pronounced in drought stressed
plants during plant development. Ca* pre-treatment
in stressed plants, inhibited the increase in free pro-
line (Nayek et al., 1983). The drought tolerance of
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Zoysia grass was enhanced to some degree by the
supplementation of 5 and 10 mM CaCl, under wa-
ter stress conditions, indicated by decrease in proline
content (Xu et al., 2013). Our data indicates the same
that proline content increased in irrigated and water
stressed conditions but it was more pronounced un-
der water stressed condition. Pretreatment with 5 and
15 mM CaCl, decreased the proline content under
water stress conditions, on day 10 and 20, respective-
ly. This might be due to increase in the amount of
proline degrading enzyme and decrease the proline
synthesizing enzyme (Jaleel et al., 2007).

Increase in sugar content plays a role in the regulation
of inner osmolarity and defence to the biomolecules
and membranes (Sinniah et al.; 1998). Proline and sol-
uble sugar levels were increased in potato leaves under
water stress conditions (Farhad et al., 2011). In this
experiment, similar results were obtained. Increase in
sugar content was noticed in seedlings supplemented
with 5 and 10 mM CaCl, under water stress condi-
tions on different days which is due to its regulation
of osmotic potential and osmotic adjustment. Sugar
and proline content act as compatible solutes or os-
mo-protectants which permit osmotic adjustment of
plant cells when exposed to drought stress, free rad-
ical scavenging, defense from photo-inhibition and
metabolic detoxification (Orthen et al., 1994). Foliar
application of CaCl, increased the RWC, proline and
sugars accumulation may have a contribution in the
mitigation of water stress.

The light harvesting chlorophyll a/b binding (LAcb)
protein is the major chloroplast proteins in plants,
which plays pivotal role in photosynthesis and ad-
aptation to environmental stresses (Anderson et al.,
2003). During this experiment, there was a decrease
in the LAcb2 expression in the irrigated seedlings with
age after exposure to drought stress. Reduced Ca?** ac-
cumulation in the leaves resulted in early senescence
phenotypes (Ma and Berkowitz, 2011). During se-
nescence the content of different photosynthetic
enzymes decreases, carbohydrates accumulates and
proteolytic activities increases which is followed by
chlorophyll degradation (Parrott et al., 2005). The de-
graded products of different macromolecules like nu-
cleic acids, proteins and chlorophyll macromolecules
in the senescent leaves are remobilized to support
the growth of younger leaves and fruits (Cao et al,,
2003). Similarly, there is a decrease in antioxidants
with age as well as after exposure to stresses, resulting

in an increase in ROS production that also induces
senescence (Zimmermann and Zentgraf, 2005). De-
layed leaf senescence is a manifestation of enhanced
capacity of the plants to survive drought stress condi-
tions. Further, significant increase in LAcb2 transcripts
were noted after Ca®* foliar spray under both water
stress and irrigated conditions as well as with age in
leaves. This proved the key role of exogenous Ca** in
delaying senescence and improvement of the photo-
synthetic performance under both irrigated and water
stress conditions. These results suggested that foliar
spray of Ca* delayed senescence and ameliorated the
adverse effects of water stress in maize seedlings un-
der both conditions.
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