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Abstract

The current findings concluded the reverse impacts of arsenic (As) stress on ten contrasting maize
varieties (Malika 2016, Sahiwal 2002, Agaitti 2002, Pearl, Akbar, Pak Afghoi, Neelum, Pioneer,
Sadaf, MMRI-Yellow). A pot experiment was designed to screen out the tolerant and susceptible maize
varieties at Government College University Faisalabad. Genetic variability among the maize varieties
explodes their individual coping traits either tolerant or sensitive against As accumulation. The exposure
to different levels of As (50, 100 mg/kg) stress were examined. Application of As stress substantially
decreased the growth attributes in all maize varieties. Arsenic also induced a significant decline in
chlorophyll contents in all maize varieties, especially in sensitive varieties. Remarkable decrease was
observed in growth and chlorophyll attributes, while increase was recorded in malondialdehyde (MDA),
hydrogen peroxide (H,0,), ascorbic acid (ASA), superoxide dismutase (SOD), peroxidase (POD) and
catalase (CAT) activities. Results of current study show that variety Pearl of maize was more tolerant
with minimum decrease in growth, while Akbar variety was more sensitive with maximum decrease
in all growth attributes against As stress. Furthermore, maize varieties namely Neelum, Sahiwal,
Poineer and Pak Afghoi also presented as tolerant varieties, while Sadaf, MMRI and Malika proved
as moderately sensitive against As stress. The higher As tolerance of Pearl variety was associated with
persistency to maintain higher growth and chlorophyll contents under As stress as compared to the
other varieties.
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Introduction

Maize (Zea mays L.) is one of the most important
cultivated cereal crops all over the world [1]. Maize
production increase every year in Pakistan, but it is very
low as compared to other corn producing countries.
Being important as well as prime industrial crops, it
is not only consumed and commercially marketed as
feed and fodder crop but also utilized as raw material
in ethanol production. A massive consumption of
heavy metals and metalloids results in polluted soil
and improper release of waste water from tanneries
and industries which caused water and soil pollution by
putting food conservation into risk [2, 3]. Arsenic has
retained its place as the 1% toxic hazardous pollutant
[4], due to its enormous toxic perspectives. Arsenic
(As) is major heavy metalloid, which is scarcely
harmful for human and plant health [5]. As stress
leads to limit the oxidation of biological membranes,
which resulted in limitation of growth, reduced shoot
and root growth leading to minimal increase in yield
[6]. As is an important environmental pollutant and
recently, its inclusion in soil is evaluated between
52,000-112,000 tons year-1 because of additionally
utilized anthropogenic activities [7]. These toxic
elements are easily transported to aerated parts of
plants from soil and cause significant modifications
and malfunctions in morphological, physiological,
and biochemical attributes of plants only at low
concentration [8]. Concentration of As for drinking
in well water in Pakistan is found about 12-488 ug/L
[9]. At higher concentration As is lethal for plant
growth [10]. A major focus of researchers has attained
major attention on arsenic related hazardous threats
[11, 12, 13]. Improper and frequent industrial and
irregular agricultural utilization impacts have elevated
its concentration into environment [14, 15]. Heavy
metals interrupted with metabolic system which leads
to constraint the plant growth and reduced yield [16].
Arsenic along with Zn enhances its uptake both in
leaves and fronds [17]. The As interruption may alter
many metabolic pathways and processes and limited
plant growth and maturity in a lot of plant species
[18]. Accumulated As contents causes a reduction in
branched roots elongation and, also resulted in chlorosis
and the shrinkage leading to necrosis of the aerial parts
of plants [19]. Reduction in root and shoot biomass about
25 and 20.62% was found in wheat under As stress
[20]. Moreover, massive findings also demonstrated
same results in growth as well as yield reduction under
As stress in Pteris vittata [21], in tomato [22] and in
wheat [23]. Such toxic elements lead to disarrangement
in photosynthetic systems by degrading chlorophyll
contents in the leaves to restrict photosynthesis [24].
Reverse effects has also been illustrated to growth
retardation, chlorophyll diminishing, and curtailing
the photosynthetic activity [25]. Stomata closure due
to As causes deprivation of CO,; thus it takes over
C-assimilation in photosynthetic process and also lower

the transpiration rate [26]. Similar trend was perceived
in wheat when a tremendous reversed impact was
observed in wheat in chlorophyll @, and chlorophyll b
contents as the As concentration increased [27]. They
also corroborated that As limited the chlorophyll
contents as it assembles in the leaves and massive
accumulation in specified fragments, and strap with
-SH base of protein and burst up the constructive shape
and functionality of chloroplast. Up to date, very few
pieces of investigations are accessible about such eco-
toxic hazardous effects of heavy metalloid. Arsenic
toxicity on growth, oxidative stress, non oxidative
enzymatic stress and chlorophyll contents of all these
maize varieties in our experiment were examined to
choose the more tolerable varieties that can grow better
under As stressed conditions. Therefore, the current
study was carried out to investigate the influence of As
on ten different maize varieties to calculate the negative
impacts of arsenic and quantification of sensitive
and tolerant varieties after measuring maize growth,
chlorophyll contents, enzymatic and non-enzymatic
antioxidants.

Experimental

Seeds of ten different maize varieties (Malika 2016,
Sahiwal 2002, Agaitti 2002, Pearl, Akbar, Pak Afghoi,
Neelum, pioneer, Sadaf, MMRI-Yellow) were collected
from the Ayub Agricultural Research Institute (AARI)
Faisalabad and Maize & Millets Research Institute
(MMRI)Yusafwala Sahiwal. The seeds were sown
in sand filled plastic pots arranged in a completely
randomized design (CRD). After germination, the seven
days old plants were subjected to arsenic (As) stress
with three levels (0, 50, 100 mg/kg) along with full
strength Hoagland’s nutrient solution. After the arsenic
treatments, the data of four week old plants for the
various attributes were recorded.

Two plants per pot were taken for measuring growth
attributes, fresh weights and lengths (shoots and roots)
of the maize plants individually. Then these plants were
air dried and placed in oven bearing temperature 65°C
for 3 days for dry weights (shoots and roots).

Fresh leaf (0.5 g) was grinded in 10 mL of acetone
(80%, v/v). The aliquot was read at 663 and 645 nm
for determining the chlorophyll ¢ and b contents as
described by Arnon [28].

Ascorbic acid was measured by using method of
Mukherjee and Choudhuri [29]. Plant material (0.25 g)
was grinded in 10 mL of trichloro acetic acid (TCA
(6%); MP Biomedicals, de Kaysersberg Illkirch,
France). After mixing 4 mL material with 2 mL
dinitrophenyl hydrazine, 10% thiourea was added (one
drop) for each. Then transfer the reaction mixture into
a water bath at 100°C for 15 min. and then cooled at
room temperature for adding 5 mL of H,SO, (80%,
v/v; Merck, Germany). After shaking the mixture, its
absorbance was noted at 530 nm.
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Fresh sample of leaf material (0.25 g) was grinded
in 3 mL (5%; w/v) of TCA and after centrifugation at
12,000 x g for 15 min, 4 ml of thiobarbituric (0.5%,
w/v; mol. wt. 144.5; Sigma- Aldrich Chemie GmbH,
Steinheim, Germany) acid in 1 mL of supernatant. After
incubation at 95°C and then cooled in chilled water, the
absorption was read at 532 and 600 nm [30].

Hydrogen peroxide was calculated by using the
method of Velikova [31]. Fresh leaf tissue 0.5 g was
grounded with trichloro acetic acid (TCA 5 ml of 0.1%
w/v) and centrifuged for 15 minutes at 12,000 x g after
that addition of 0.5 mL phosphate buffer with pH 7.0
and 1ml potassium iodide was made. Absorbance will
be taken at 390 nm.

Into a prechilled pestle and mortar, fresh leaf material
(0.5g) was ground in 5 mL of 50 mM sodium phosphate
buffer (pH 7.8). The homogenate was centrifuged at
15,000 x g for 15 min at 4°C. The supernatant was
separated and used for the determination of activities of
the enzymes.

Superoxide dismutase activity was measured as
described in the method of Giannopolitis and Ries [32]
and absorbance was measured at 560 nm. Following
the protocol of Chance and Machly [33], the enzyme
extract was treated step-wise and the activity of
catalase enzyme was measured at 240 nm. Adopting
the protocol of Chance and Macehly [33] the reaction
mixture was prepared and absorbance was recorded
at 470 nm. All the data were analyzed by analysis
of variance (ANOVA) and significant differences of
arsenic stress were determined with the least significant
differences (LSD) test at P<0.05 level.

Results and Discussion

Analysis cleared that not only shoot and root
fresh biomasses but also dry biomass of all varieties
of maize (Malika 2016, Sahiwal 2002, Agaitti
2002, Pearl, Akbar, Pak Afghoi, Neelum, Pioneer,
Sadaf, MMRI yellow) were reduced under varying
(50 and 100 mg/kg) arsenic (As) stress conditions
(Figs 1,2 a-b). However dissimilarity of decrease
in reduction was recorded in genetically different
varieties. Akbar variety showed remarkable decrease in
shoot fresh and dry weight, while pearl variety showed
minimum reduction in shoot fresh and dry weight
when compared with other maize varieties. Maximum
decrease was observed in Akbar variety, while minimal
decrease was observed in Pearl, Agaiti 2002, Poineer
and Malika 2016 maize varieties. Root and shoot
lengths significantly decreased (P<0.001) with increase
in As stress levels. Noticeable decrease was observed in
all maize varieties and maximal decrease was observed
in Akbar, Pak Afghoi and Sadaf maize varieties in all
growth attributes. However, the significant decrease
was observed in all growth attributes in Akbar, Sadaf,
Malika, MMRI-Yellow maize varieties, while the
varieties Pearl, MMRI-Yellow, Neelum and Poineer

exhibited tolerance against As stress. Retardation in
growth might be related to reduced photosynthesis due
to the apparatus that involved in light absorption and
oxidative stress disturbance to the metabolic process
[34]. In current findings, it was determined that As
stress induced more negative effects on variety Akbar
and was more deleterious to all sensitive maize varieties
as compared to variety Pearl. Several researchers find
out the individual outcomes of negative impacts of As
stress on maize and other plants [35, 36]. As-uptake
from root to shoot transported through xylem tissue
and distributed in different plant parts into cells of
plant [37]. Arsenite is detoxified when it form complex
with thiol rich peptide and these complexes stored
in the vacuoles of root cells and its efflux carried out
at the very low concentration [38]. Uptake of arsenic,
negatively affected the metabolism and growth of
plant which resulted in overall productivity reduction
[39]. It was reported that higher As levels caused
stunted growth in different plants such as Oryza
sativa and Cicer arietinum L. [40]. Arsenic stress
caused retarded growth of root and shoot by reducing
the number of leaves, area of leaf and fresh and dry
mass of plants [41]. Arsenic concentration in soil and
water disturbed normal metabolic and biochemical
pathways by disturbing the nutrients uptake, absorption
of nutrients, functioning of photosynthetic system and
essential ions replacement with adenosine triphosphate
[42]. At present, As stress was correlated with minimal
leaf photosynthetic operation and malfunctioning of
light capturing structure in the leaves. Furthermore,
proteins are denaturized by the heavy metalloids
(As) after splitting up the hydrogen-sulfur linkage,
which leads to stunted growth and enlargement
in plants [43]. Similar findings have been reported
by As induced plants as reported [44] that As stress
tremendously retarded the maize growth as compared
to non-stressed plants. Current conclusions are
matched with previous investigations in maize [45] and
demonstrated in many other plant species such as turnip
[46] and rice [47]. Accumulation of As in plants resulted
in various toxic reactions and affected the growth,
morphological and physiological processes of the
plant [48]. This caused reduction in the rate of
photosynthesis, which led to reduction in root and
shoot growth and grain yield [49]. Chlorophyll a and
b contents declined significantly under As stressed
conditions in all maize varieties. Arsenic stress
had pronounced consequences on chlorophyll ¢ and
especially in chlorophyll b (Fig. 2 g-h). However,
remarkable decline in Chlorophyll » was observed
in Akbar, Agaiti 2002, Sadaf and MMRI-Yellow
maize varieties. This decline was also observed by
[50] in hydrophytes and wheat under cadmium stress.
However, more decrease in chlorophyll @ was observed
by [26] under As stress. Current results indicated
more decrease in Chlorophyll » indicate sensitivity
of certain varieties under As stress. High sensitivity
was proved under heavy metal stress was observed
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Fig. 1. Root length, shoot length, root fresh weight, shoot fresh weight of arsenic-stressed and non-stressed plants of ten varieties of

maize (Zea mays L.).
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Table 1. Mean squares from analysis of variance of the data for various growth attributes, photosynthetic pigments, MDA, H,O., ascorbic

272

acid contents and activities of catalase, peroxidase, superoxide dismutase enzymes of maize (Zea mays L.) varieties under arsenic stress

and non-stress conditions.

Source of variation Var (var) Stress (S) Var x S Error
Shoot fresh wt 0.174%%%* 0.611%** 0.019%%** 0.004
Root fresh wt 0.43 %% 1.869%** 0.042%* 0.016

Shoot dry weight 0.001*** 0.017%%** 2.646* 1.277
Root dry weight 0.006%** 0.017%*** 5.085%%*%* 1.235
Shoot length 335.061%** 383.555%#* 5.866%** 1.511
Root length 143.508%#* 282.084%** 8.251%%** 1.377
Chla 0.345%%% 0.184%#%* 0.086%** 0.001
Chl b 0.172%%%* 0.719%*%* 0.018%** 0.001
MDA 123.376%** 1528.945%%** 86.335%** 0.679
H,0, 55.444%%* 144.16%** 5.692%** 0.419
Ascorbic acid 617.501%** 3132.238%** 96.927%** 0.652
Catalase 67.800%** 54.726%** 7.705%%%* 0.063
Peroxidase 236.361%** 641.096%** 16.465%** 0.954
SOD 741.820%** 1395.7324#%* 20.677%%* 6.211

Df 9 2 18 60

* *% and *** = significant at 0.05, 0.01, and 0.001 levels, respectively; df = degrees of freedom; ns = non-significant;
wt = weight; chl = chlorophyll; MDA = malondialdehyde; SOD = superoxide dismutase; H,O, = hydrogen peroxide

in photosynthetic pigments and thus proved as
definitive indicators to ascertain the contradicting
impacts of heavy metal stress specifically in Chl b.
Photosynthetic systems are prominently damaged
when exposed to high concentrations of As stress
and disturbing the whole photosynthetic process [51].
The several abiotic stresses have massive impact on
photosynthetic process which linked with abundant
reactive oxygen species (ROS) production [52].
Similarly, heavy metal stress also negatively affected
the chlorophyll contents and gas exchange attributes
[53]. Increasing soil As levels curtailed the growth
and development of rice plants by causing oxidative
stress and reduction in photosynthetic activity [54]. It
is already documented that relatively high levels of As
hindered the growth of roots and minimize the biomass
of rice (Oryza sativa L.) [55].

This massive diminishing trend in the production
of chlorophyll was accredited to abrupt lamellar bodies
in chlorophyll comprising proteins. While investigating
on soybean, the reduced chlorophyll contents impaired
with destructive thylakoid membranes under As stress
[56]. It could also interfere with the amalgamation
of chlorophyll molecules into photosystems to form
pigment-protein complexes [57]. Response exhibited
by Pearl ascribed to development of more chlorophyll
pigments and enhanced as observed in present study.
Data analysis of ascorbic acid contents showed a
remarkable increase under As stress in all maize

varieties (Fig. 3K). It has already determined that
ascorbate-glutothione (ASA-GSH cycle) being as the
main pathway which is the scavenging mechanism for
the ROS successfully in plants for competing under
abiotic and biotic stress [58]. Maximum increase was
observed in Akbar, Agaiti 2002, while minimal increase
was observed in Neelum maize variety under arsenic
stress. Malondialdehyde (MDA) contents remarkably
increased under As stress in all maize varieties
(Fig. 3i). The reason behind is lipid peroxidation due
to heavy metal toxicity leading to increased MDA
contents, which is a biomarker of lipid peroxidation
in the plants [59, 60]. It can damage the membrane
properties, which is estimated from the increased
MDA contents. Similar findings have been concluded
in Arabdopsis thaliana exposed to As stress [61].
Malondialdehyde (MDA) is an indicator of occurrence
of lipid peroxidation due to oxidative damage, which is
detected in spinach leaves when grown in presence of
As [62]. As stress leads to remarkable reduction in plant
growth and photosynthesis but enhanced in H,0,, main
antioxidant enzymes, MDA, root and shoot As contents
[63]. Biotic and abiotic stress in plants cause oxidative
damage by the production of reactive oxygen species
(ROS), which resulted in degradation of biomolecules,
membrane and structural damages [64]. As stressed
conditions depicted enhancements in all the activities
in H O,, CAT, POD, and SOD contents in all maize

272

varieties (Fig. 3J, Fig. 4L-M). Superoxide dismutase
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maize (Zea mays L.).

(SOD) can eliminate O*, decrease peroxidation of
membrane lipids and cell membrane integrity is intact
to the levels of stability, and POD decomposes H,O,
[65]. Most of the As remains in plant roots that is
beneficial for the heavy metalloid detoxification while
oxidative stress and anti oxidative parameters induced

oxidative damage because of contamination of As in
cell wall [66]. Plants have an efficient defense system
to combat with the harmful effects of ROS [67]. Present
and other studies verified that the activities of POD
remarkably increased and having interactive role with
heavy metal stress which is proved as that plants coping
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(Zea mays L.).

capability with negative impacts introduced through
heavy metals for the retention of membrane stability
[68]. The augmented activity of antioxidant enzymes
scavenges excessive ROS production. SOD detoxifies
O* to H,0, and CAT converts H,O, to both O, and
H,0,, while POD plays a vital role in the catalysis of

H,0, [69]. Arsenic accumulation imparts a significant
change in the activities of CAT and of POD, whereas
on the other hand, the comparative less increase was
observed in activity of SOD. The marked enhancement
in the activity of CAT and POD was more obvious than
the SOD. On the contrary, the minute increase in SOD
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activity was due to the enhancement in rate of ROS
scavenging by the some other antioxidant enzymes,
and increased H,O, due to the inactivation of SOD may
function in oxidative stress leading to the induction of
peroxidase antioxidant systems [70].

Conclusions

Limitations in growth attributes of all ten maize
varieties under arsenic stress was due to its toxic
nature that caused degrading chlorophyll contents,
oxidative stress and scavenging of ROS. Of all maize
varieties Pearl, Neelum, Sahiwal, Pioneer and Pak
Afgoi showed better growth under arsenic stress, while
Akbar and Sadaf proved sensitive against arsenic stress.
The As-tolerant maize varicties exhibited relatively
less reduction in all growth attributes. Increasing
CAT activity has protective effect on growth and
photosynthesis capability of maize to cope with As
originated oxidative stress. Overall, As stress created
marked differences in the activities of CAT, POD, SOD
and all growth parameters in tolerant maize varieties as
compared to susceptible maize varieties concluding that
maize varieties having different lineage and pedigrees
differed in some specified and strategic mechanisms of
As stress tolerance.
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