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A B S T R A C T   

Exogenously applied trehalose is effective for improving plant tolerance to some abiotic stresses, but whether it 
has function in alleviating maize (Zea mays) tolerance to chromium (Cr) stress is unknown. This study investi
gated the effects of exogenous application of trehalose (0, 25 and 50 mM) on the growth, physiological pa
rameters and oxidative defense systems of maize seedlings exposed to chromium (Cr) stress at the rate of 100 and 
500 µM. Our results depicted that Cr stress reduced plant growth, biomass, leaf chlorophyll contents, transpi
ration rate, photosynthetic properties, stomatal conductance and antioxidant enzymes. The Cr-induced increase 
was observed in oxidative defense system, malondialdehyde, hydrogen peroxide contents and membrane 
leakage. Although, activities of POD, SOD and CAT enzymes, total phenolics and proline concentrations 
increased at 100 µM Cr but were significantly diminished at 500 µM compared to non-Cr plants. However, the 
negative impacts of Cr on plant growth and physiological traits were reduced by the foliar application of 
trehalose. Trehalose significantly enhanced plant biomass, improved photosynthetic apparatus and antioxidants 
in addition to ascorbic acid, free proline, GB and total phenolic compounds. The application of trehalose 
diminished the exudation of organic acids and indicator of oxidative stress in roots and shoots by decreasing Cr 
retention in plant parts. The findings suggest that 50 mM trehalose spray efficiently mitigated the Cr toxicity in 
maize plants as compared to 25 m trehalose spray. However, the exogenous application of trehalose alleviated Cr 
toxicity by regulating Cr uptake in plant tissues by enhancing the antioxidative defense system.   

1. Introduction 

Metals are elements that have moderately high density as compared 
to water (Wang et al., 2017). During the last few decades, metal accu
mulation in soil has been increasing dramatically as well as alarming for 
human health due to the environmental contamination with these 
metals (Rizwan et al., 2017). Human exposed to these metals have 
mounted intensely in response to the increase consumption in numerous 
domestic, technological, industrial, and agricultural uses. Cadmium, 
chromium, copper and lead are the major toxic heavy metals, particu
larly in areas which face a high anthropogenic pressure. Heavy metals 
depositions in soil constitute a significant problem for the agricultural 
productivity owing to their negative influence on safety of food and food 
products, marketability and health of soil organisms (Ali et al., 2019). 

Plants growing in metal contaminated soils exhibit changes in meta
bolism (physiological and biochemical) which reduced plant growth, 
yield and metal accumulation (Yang et al., 2014; Adrees et al., 2015b; 
Yang et al., 2021). 

Chromium (Cr) as a metal and pollutant found in water, soil and 
residues due to its wide-ranging industrial usage resulting in various 
environmental problems. Cr exists in two stable oxidation states in na
ture, e.g. trivalent (Cr3+) and hexavalent (Cr6+). Both Cr states are un
like in availability as well toxicity. Cr hexavalent is found to be more 
poisonous due to its higher toxicity than Cr trivalent (Shanker et al., 
2009). There is no uptake system for chromium in plants. Its uptake is 
done together with necessary elements such as sulfate and sulfate 
transporter. Hexavalent forms of Cr, chromate and dichromate are 
readily dissolved in water. Chromium trivalent, on the other hand, has 
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less solubility in water. Plants growing under Cr stress exhibit substan
tial toxicity concerning reduced growth, yield and structural changes. It 
also constrains photosynthetic and respirational routes, and water and 
mineral uptake systems. Cr toxicity inhibited enzymatic activities either 
by direct interaction with enzymes or by increasing the amount of 
reactive oxygen radicals (ROS). It also triggers oxidative injury via 
influencing lipid membrane and DNA (Singh et al., 2013). The hex
avalent (Cr6+) is vigorously absorbed by plants and can easily get down 
to the plasma membrane and affects the cellular functions of plants 
(Sharma et al., 2020; Wakeel et al., 2020). Once Cr enters into plant 
system, it generates a variety of cytotoxic effects which may lead to plant 
death (Rizvi and Khan, 2019). Previous reports indicate that Cr toxicity 
critically inhibits plant growth and production, chlorophyll pigments, 
photosynthetic attributes as well as enzymatic antioxidant defense sys
tem, but induces the intensification in malondialdehyde, electrolyte 
leakage (EL) and hydrogen peroxide (H2O2) in plants e.g., rice (Basit 
et al., 2022; AbdElgawad et al., 2022), sunflower (Mallhi et al., 2020), 
cauliflower (Ahmad et al., 2020) and soybean (Basit et al., 2023). 

Maize is an economically important, extensively cultivated in erratic 
soils as well as under environmental disorders worldwide. It has a great 
value for human and animal nutrition (Rosas-Castor et al., 2014). It is 
also known as a crop of industry due to its usage in ethanol preparation. 
Both China and United State are chief aspirants for maize intake as 
compared to other countries (Gale et al., 2014). It is also a proficient 
plant for accumulation of heavy metals from soil with better phytoex
traction prospective and high discharge rate (Wuana and Okieimen, 
2010). The present yield of maize is almost 0.250 billion tons/year. Its 
estimated yield reached to 0.29 billion tons/year in the East and South 
Asia in 2020 (Rosegrant et al., 2001). Being a C4 plant, maize has the 
ability to survive under water scarcity and oxidative stress. As per re
ports, the production of maize is reduced due to the negative impacts of 
several abiotic factors such as increased concentration of salts, changing 
temperature regime, water scarcity and metal toxicity (Boyer, 1970). 
Moreover, maize is considered as a hyper accumulator plant for heavy 
metals (Shanker et al., 2005). About thirty-five metals are present in 
nature. Out of which twenty-five are known to be heavy metals (Zubair 
et al., 2016). These metals cause hazardous effects on plants and human 
health if present in food chains. Cr stress also inhibits seed germination, 
transpiration rate and mineral nutrition (Zou et al., 2009). The delete
rious impact of Cr on maize growth and biomass were also reported by 
Shanker et al. (2005). 

Trehalose is a type of sugars, found in plants. It protects plant 
structures from aridity and other damages (Jain and Roy, 2010). 
Trehalose induces osmoprotection in response to stress conditions in 
plants. It supports the maintenance of membrane and stabilization of the 
biological macromolecules such as proteins. Similar to glycine betaine 
and proline, trehalose protects plants against harsh environmental 
stresses (Fernandez et al., 2010). Its concentration is low in plants but it 
is necessary for various metabolic stresses (Ponnu et al., 2011). The 
exogenous spray of trehalose enhances the defense role of proteins in 
plants (Redillas et al., 2012). Previous study indicates that application of 
trehalose is readily taken from soil and its translocation from plant roots 
to aerial plant parts (Luo et al., 2010). Thus, the main intentions of this 
study were to observe the ameliorative effects of trehalose on maize 
plants biomass, yield, oxidative stress and Cr concentration under Cr 
toxicity. 

2. Material and methods 

2.1. Soil analysis 

Soil was collected from Faisalabad, Pakistan and sieved through a 2 
mm sieve. Initial characterization was measured by hydrometer such as 
particle size. The electrical conductivity (EC) of soil was 2.92 dS m− 1 

measured by EC meter. The pH of the soil was 7.65 (1:25 in water). The 
type of soil used in the current study was sandy clay loam. The soil was 

composed of 46, 32 and 22 % of sand, clay and silt particles, respec
tively. The soil was concentrated with 6.59 mmol/L, 3.8 mmol/L, 0.07 
mmol/L, 0.30 mg kg− 1, 0.18 mg kg− 1 of SO4

2-, Na+, K+, Cu2+ and Cr2+, 
respectively. 

2.2. Pot experiment 

An experimentation was planned to alleviate the toxic impact of Cr 
stress in maize plants by foliar application of trehalose. Seeds of the 
maize cultivar ‘Malka 2016′ were used in this experiment conducted 
during February to June 2019. Five seeds were sown in pots filled with 8 
kg of the sandy clay loam soil. After sprouting, plant thinning was per
formed. Three plants were kept in each pot. After two weeks of germi
nation, the NPK (nitrogen-phosphorous-potassium) fertilizers were 
applied with water. The NPK was used at a rate of 120:50:20 kg ha− 1, 
correspondingly. 

After four weeks of germination, two levels of Cr stress (100 µM and 
500 µM) were added in the soil medium along with control after 
sprouting of seeds. The 500 mL of prepared solution applied in each pot. 
Each pot flooded with 500 mL of Cr solution. Every time when irrigation 
needed after first application of Cr solution, plants irrigated with Cr 
solution about three times with the regular interval of 3 weeks. After 
three weeks of chromium stress, two different levels of trehalose 25 and 
50 mM along with control were applied foliarly to plant leaves. Treha
lose was applied four times during the whole trial. The first foliar 
application was completed after 7 weeks of sprouting, 2nd, 3rd and 4th 
sprays were done after 9, 11 and 13 weeks of sowing respectively. Plants 
were accessed 16 weeks after sowing. 

2.3. Morphological attributes 

Two maize plants were uprooted after 16 weeks from each potted 
medium and soil particles were removed using a double deionized 
water. The plant shoot and root heights, total leaf area and total number 
of leaves/plants, were determined. The plant samples oven dried for 
three days at 65 ◦C to obtain the dry weight (DW). 

2.4. Estimation of chlorophyll contents 

Fresh leaf (500 mg) was homogenized into 80 % acetone solution at 
4 ◦C overnight. The filtrate was centrifuged for 5 min and the absorbance 
was spectrophotometrically recorded at 480, 645 and 663 nm (Arnon, 
1949). 

2.5. Determination of proline and glycinebetaine (GB) contents 

Proline contents in the leaves were determined by a method pro
posed by Bates et al. (1973). The fresh leaf was extracted in sulfosalicylic 
acid (10 mL; 3 %) and filtered. Then, 2 mL acid ninhydrin, 2 mL filtrate 
and 2 mL glacial acetic acid were mixed in the test tubes and incubated 
at 95 ◦C for 60 min. The filtrate was cooled in ice bath and 4 mL toluene 
was added and shaken. The absorbance of the reaction mixture was 
taken at 520 nm. 

The GB contents in fresh leaf were calculated following the meth
odology of Grieve and Grattan (1983). The absorbance of the lower layer 
was noted spectrophotometrically at 365 nm. 

2.6. Estimation of electrolyte leakage, H2O2 and malondialdehyde 
(MDA) content 

The leaf EL was calculated following Dionisio-Sese and Tobita 
(1998). The method of Velikova et al. (2005) was employed for esti
mation of hydrogen peroxide (H2O2). The OD was spectrophotometri
cally noted at 390 nm. 

Lipid peroxidation (MDA) was calculated following Cakmak and 
Horst (1991). Fresh plant material (500 mg) was ground in solution 
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containing trichloroacetic acid (TCA). The 4 mL filtrate was mixed with 
4 mL of thiobarbituric acid (TBA) solution and OD was noted read at 532 
as well as 600 nm. 

2.7. Phenolics estimation 

Shoot and root phenolics were analyzed following the procedure of 
Julkunen-Tiitto (1985). In which 0.1 g fresh leaf and root material was 
ground in 80 % (5 mL) acetone. The obtained mixture was centrifuged 
and 0.1 mL of the supernatant was mixed into deionized water (2 mL) as 
well as Folin Ciocalteu’s phenol reagent (1 mL). The absorbance value of 
the supernatant was taken at 750 nm. 

2.8. Determination of antioxidant enzymes activities 

Fresh 0.5 g leaf or root samples were extracted in phosphate buffer 
(5 mL). Following Giannopolitis and Ries (1977), the superoxide dis
mutase (SOD) enzyme activity was noted at absorbance value of 560 nm. 
The method of Chance and Maehly (1955) was used for the determi
nation of enzyme activities of catalase (CAT) at 240 nm absorbance 
while peroxidase (POD) was taken at 470 nm absorbance. 

2.9. Determination of ascorbic acid (AsA) 

Following Mukherjee and Choudhuri (1983), plant samples of fresh 

weight 0.25 g were ground in TCA solution to this extract (4 mL) were 
added into 2 mL dinitrophenyl hydrazine solution. Then 0.5 mL of 
thiourea was then mixed and the solution was then heated up for 15 min. 
After cooling the reaction mixture, 80 % H2SO4 were mixed and OD was 
noted at 530 nm. 

2.10. Gas exchange attributes 

The physiological parameters rate of photosynthesis (A), stomatal 
conductance (gs) and rate of transpiration (E) were determined 
following Shakoor et al. (2014) by the use of Infra-Red Gas Analyzer 
(IRGA). The data were recorded at a maximum light intensity between 
10.00 and 12.00 a.m. 

2.11. Measurement of Cr content in plant tissues 

Plant sample (0.5 g) were digested by adding 15 mL of nitric acid 
(concentrated) in a 100 mL flask. After this, mixture was placed on hot 
plate until yellow fumes appeared. When fumes quantity becomes very 
low then H2O2 added until fumes were disappeared. Then flasks were 
removed from hot plate and the volume of solution made up to 25 mL by 
adding DW. Then, reaction mixture used for measuring the determina
tion of Cr contents in both root and shoot tissues by the method of 
Rehman et al. (2015). The Cr contents were determined using atomic 
absorption spectrophotometer. 

Fig. 1. Shoot dry weight (A), root dry weight (B), shoot length (C), root length (D), leaf area (E) and number of leaves (F) of maize (Zea mays L.) plant subjected to 
foliarly applied varying levels of trehalose under different concentrations of chromium (Cr) stress (Mean ± S.D.). 
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2.12. Statistical analysis 

The data were analyzed to determine the significance of variance at 
0.05 level with the help of SPSS software. 

3. Results 

3.1. Plant growth 

The observed impact of trehalose on the plant growth of maize 
cultivar Malka 2016 raised under chromium stress were recorded. Re
sults showed that root dry weights, height of plants, and total leaf area/ 
plant enhanced upon the treatment with trehalose. Under chromium 
stress (100 and 500 µM), the foliar application of trehalose (25 and 50 
mM) enhanced the plant height, root dry weight and total leaf area than 
control ones (Fig. 1). 

3.2. Impacts of trehalose on chlorophyll contents and gas exchange 
parameters 

Chlorophyll (a, b) contents of plant leaves were improved by foliar 
spray of trehalose under chromium toxicity. The higher contents were 
observed at the maximum concentration of trehalose application and 
lowest were found in control plants (Fig. 2). 

The results also indicated that the gas exchange attributes were 
expressively improved by the foliar applied trehalose under Cr stress 
than control plants. The best results for photosynthetic attributes were 
noticed at 50 mM trehalose treatment, while, the minimum values were 
recorded in untreated plants. At 50 mM trehalose, the (gs), rate of 
photosynthetic (A) and transpiration (E) were considerably enhanced as 
compared to control plants (Fig. 3). 

3.3. Impact of trehalose on EL, MDA and H2O2 

Chromium stress increased levels of EL, H2O2 and MDA contents in 

shoots and roots of plants under study (Fig. 4). While as the foliar spray 
of trehalose suppressed the levels of these oxidative markers in maize 
plants grown under Cr stress. The maximum reductions in the levels of 
EL, H2O2 and MDA were recorded at 50 mM trehalose (Fig. 4). 

3.4. Impact of trehalose on activities of antioxidant enzymes 

The foliar spray of trehalose improved the activities SOD, POD and 
CAT enzymes in the leaf and root of Cr-treated maize plants in com
parison to the control plants (Fig. 5). The maximum increase in leaf and 
root activities of these enzymes were recorded at 50 mM trehalose 
(Fig. 5). 

3.5. Effect of trehalose in proline, GB, phenolics and ascorbic acid 
contents 

The foliar spray of trehalose induced the contents of GB, proline, 
phenolics, and AsA in maize leaves and roots raised under Cr stress than 
control plants (Figs. 6 & 7). Moreover, 50 mM trehalose treatment 
exhibited the highest contents of GB, proline, phenolics and AsA in 
maize leaves and roots (Figs. 6 & 7). 

3.6. Chromium accumulation in roots and leaves 

Chromium concentration in maize tissues were increased with the 
increasing concentration of dipotassium chromate used as a source of Cr. 
However, the root tissues maintained higher Cr concentration that the 
shoot parts. On the other hand, the foliar spray of trehalose significantly 
reduced concentration of Cr in maize leaves and roots under all levels of 
chromium stress (Fig. 8). Moreover, 50 mM trehalose treatment 
exhibited the lowest concentration of Cr in maize leaves and roots. 

4. Discussion 

Chromium (Cr) toxicity affects the plant growth, biomass and yield 

Fig. 2. Chlorophyll a (A), chlorophyll b (B), total chlorophyll (C) and chlorophyll a/b ratio (D) of maize (Zea mays L.) plant subjected to foliarly applied varying 
levels of trehalose under different concentrations of chromium (Cr) stress (Mean ± S.D.). 
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severely. Toxicity symptoms vary based on the concentration and 
duration of application of Cr. Higher Cr concentration expressively de
clines the nutrient uptake, resulting in stunted plant growth (Tauqeer 
et al., 2016). In the current work, the growth inhibition under Cr stress 
in comparison to control. Similar findings are previously recorded and 
indicated that Cr causes the inhibition of transpiration rate, stomatal 
conductance and carbon dioxide assimilation via the limitation of 
photosynthetic rate and chlorophyll contents (Atta et al., 2013). Sun
flower biomass was also decreased under Cr (50 ppm) toxicity (Saleem 
et al., 2015). This inhibition might be due to the resulting changes in cell 
size, shape and cell wall permeability (Antoniadis et al., 2017). To sta
bilize such challenges, plants have a tendency to adopt a variety of 
defensive mechanisms. Conversely, cellular osmoregulation in trans
genic tobacco plants exhibits a significant role to cope this effect 
(Holmström et al., 2000). Previous reports revealed that the foliar spray 
of osmoregulators is a promising method for minimizing the damages of 
stress conditions on plants (Mahmood et al., 2009; Farooq et al., 2010). 
Trehalose as an osmoregulator could alleviate the destructive properties 
of Cr on proteins and lipid membranes and protects plant structures from 
such damaging effects (Garg et al., 2002). In the present work, the 
exogenous introduction of trehalose increases the growth attributes of 
maize plants grown under chromium stress. Current observations are in 
accordance to previous findings which indicated that externally applied 
trehalose could augment the growth of maize (Zeid, 2009), Triticum 
(Ibrahim and Abdellatif, 2016), and Raphanus sativus (Akram et al., 
2016) plants grown under stress conditions. Similar findings of previous 
studies indicated the enhanced growth of Sinorhizobium saheli L. under 
salt stress due to the foliar spray of trehalose (Gouffi et al., 1999). 

Cr toxicity reduced the photosynthetic parameters in maize plants. 

These results coincide the previous findings (Atta et al., 2013; Anjum 
et al., 2016) which showed that Cr considerably reduced photosynthetic 
pigments (chl. a and b) in sunflower and maize plants. Reduction in 
photosynthetic contents were also noticed in wheat, Brassica and mung 
bean plants subjected to metal toxicity (Yang et al., 2014; Afshan et al., 
2015; Jabeen et al., 2016). In contrast, carotenoids and photosynthetic 
pigments were enhanced in Pisum sativum in relation to Cr stress 
(Rodriguez et al., 2012). Like chromium toxicity, metals like Cu, Cd and 
Ni also show declines in gas exchange parameters (Farooq et al., 2016). 
The decreasing concentration of photosynthetic pigments might be 
owing to the ultrastructure changes in chloroplast (Najeeb et al., 2011). 
In the current study, the decline in pigments might be due to the 
increasing oxidative stress due to Cr toxicity. The increased concentra
tion observed at the maximum level of growth regulator might be owing 
to the ameliorative role of trehalose under Cr stress in contrast to con
trol. The present results were in accordance with that reported in maize 
plants treated with trehalose as a foliar spray under salinity stress (Zeid, 
2009). Similarly, improvements in chlorophyll contents were recorded 
in Brassica napus plants grown under varied metals stress (Afshan et al., 
2015). Moreover, it has been found that the exogenous applied trehalose 
showed positive effects on various plants such as drumstick tree (Anwar 
et al., 2006), sunflower (Akram et al., 2011) and cotton (Ahmad et al., 
2008) subjected to stresses. 

In this study, maize plants produced ROS which induces the elec
trolyte leakage due to the resulting oxidative damage under chromium 
stress e.g., likewise reported previously (Ahmad et al., 2017). The 
oxidative injury and induced electrolyte leakage levels were reported in 
barley and wheat seedlings when exposed to Cr toxicity (Adrees et al., 
2015a). Metal stress also induces oxidative damage in plants (Noman 

Fig. 3. Photosynthetic rate (A), transpiration rate (B) and stomatal conductance (C) of maize (Zea mays L.) plant subjected to foliarly applied varying levels of 
trehalose under different concentrations of chromium (Cr) stress (Mean ± S.D.). 
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et al., 2015; Arshad et al., 2016; Pereira et al., 2018). In this study, 
trehalose application expressively declined the levels of ROS and EL in- 
maize plants exposed to Cr stress via increasing antioxidants levels. 
Antioxidants play a considerable role in decreasing ROS (Islam et al., 
2016). The neutralizing/scavenging influence of growth regulators 
recorded in different plants (Aravind et al., 2016; Habiba et al., 2019) 
stress was studied. The uptake of water from plant root to stem as well as 
the stomatal conductance due to stomatal closure are affected by Cr 
which further causes declines in rate of photosynthesis and transpiration 
(Wahid et al., 2007). The destruction of gas exchange reduced plant 
growth as well as development (Saleem et al., 2015). Likewise, such 
findings were already recorded in wheat and Brassica grown under 

chromium stress (Afshan et al., 2015). Disturbing water balance also 
leads to disturbing the functions of gas exchange system (Demirevska 
et al., 2010; Rapacz et al., 2010). However, the foliar spray of trehalose 
plays an important ameliorative role under stress conditions as previ
ously reported (Zeid, 2009). In this study, foliar-applied trehalose sup
pressed the effects of Cr stress on maize plants. Similar findings were 
previously reported (Habiba et al., 2019). The current study also indi
cated that the sprayed application of trehalose improved the activities of 
different antioxidants in maize plants subjected to Cr stress. Similarly, 
earlier reports indicated that trehalose foliar spray remarkably 
enhanced the activities of different antioxidant enzymes in Brassica 
(Alam et al., 2014), maize (Ali and Ashraf, 2011b) and wheat 

Fig. 4. Leaf malondialdehyde (MDA) (A), root MDA (B), leaf hydrogen peroxide (H2O2) (C), root H2O2 (D), leaf electrolyte leakage (EL) (E) and root EL (F) of maize 
(Zea mays L.) plant subjected to foliarly applied varying levels of trehalose under different concentrations of chromium (Cr) stress (Mean ± S.D.). 
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(Aldesuquy and Ghanem, 2015) under water deficit stress. Furthermore, 
the results indicated that the foliar spray of trehalose upregulates the 
antioxidant defense system and ultimately leads to scavenging ROS 
besides enhanced growth and progress of stressed maize seedlings. 

Stress conditions induces ROS formation and oxidative damage in 
maize plants (El-Esawi et al., 2018; El-Esawi et al., 2019; El-Esawi and 
Alayafi, 2019; Abdelaal et al., 2020; Ali et al., 2020; El-Esawi et al., 
2020; Imran et al., 2020; Naveed et al., 2020; Zafar-ul-Hye et al., 2020). 
Metabolites and genetic diversity technology are important in cells 

exposed to stress conditions (El-Esawi et al., 2015; El-Esawi et al., 2016). 
Phenolics and ascorbic acid have antioxidative roles in decreasing ROS 
in plant tissues (Posmyk et al., 2009). In this trial, the phenolics and 
ascorbic acid contents were induced under chromium toxicity. The 
current results are in association with previous findings observed in 
wheat (Sečenji et al., 2010). Moreover, increases in AsA contents were 
previously reported under drought stress (Reddy et al., 2004). The foliar 
spray of trehalose increased the secondary metabolites under Cr stress 
conditions. Similarly, increases in phenolics and AsA contents due to the 

Fig. 5. Root superoxide dismutase (SOD) (A), leaf SOD (B), root peroxidase (POD) (C), leaf POD (D), root catalase (CAT) (E) and leaf CAT (F) of maize (Zea mays L.) 
plant subjected to foliarly applied varying levels of trehalose under different concentrations of chromium (Cr) stress (Mean ± S.D.). 
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foliar spray of trehalose have been reported earlier in radish (Akram 
et al., 2016) and maize (Ali and Ashraf, 2011a) grown under stress 
conditions. It is prospective that phenolic composites enhanced the plant 
growth through upregulating the antioxidant defense systems. The 
osmoprotectants such as GB and proline plays a pivotal protective role in 
plants subjected to stress conditions (Anjum et al., 2011). In current 
work, the proline and GB enhanced in maize plants grown under 
stressful Cr conditions, which were in agreement with the previously 
reported findings in rapeseed (Razaji et al., 2014). However, trehalose 
spray enhanced the concentration of proline in maize plants treated 
under toxic Cr conditions. Present results were in concordance with the 
previously observed conditions which showed significant increases in 
proline concentration in trehalose-treated Brassica plants grown under 
water deficient environmental settings (Wahid et al., 2007). Trehalose 
acts as a regulatory and signaling molecule for plant adaptation under 
chromium toxicity (Zeid, 2009). In this work, concentration of higher Cr 
in medium of growth induced Cr uptake and deposition of Cr in un
derground and aerial parts of maize plants roots. The present observa
tions are in association with those previously reported findings in maize 
plants (Anjum et al., 2016; Bukhari et al., 2016). However, maize roots 
maintained higher Cr concentrations than leaf tissues. On the other 
hand, the foliar-applied trehalose considerably condensed the higher Cr 
translocation and storage from below to upper ground plant parts. This 
decrease in Cr translocation might be due to the ameliorative role of the 
exogenously applied trehalose against adverse environmental condi
tions. Moreover, citric acid application enhanced the metal accretion 
and translocation in maize plants (Farid et al., 2017). 

5. Conclusion 

Chromium stress remarkably suppressed the plant morphological, 
physiological and biochemical characteristics of maize seedlings. Metal 
uptake and accumulation were increased with an increase in soil Cr 
content. Foliar-applied trehalose showed great potential for enhancing 
maize tolerance to Cr stress via increasing gas exchange attributes, 
chlorophyll pigments, secondary metabolites, osmoprotectants and 
antioxidant activities of enzymes. Exogenous application of trehalose 
also reduced the concentration of Cr in shoot and root tissues. Taken 
together, maize growth was greatly improved in response to trehalose 
spray by suppressing the levels of MDA, H2O2, and EL in Cr-stressed 
plants of maize. These findings suggested that the use of trehalose has 
the potential to be advantageous for enhancing overall plant growth, 
irrespective of stress conditions. So, the capacity of trehalose to boost 
stress tolerance in crop plants holds promising benefits for farmers, 
particularly those grappling with Cr stress conditions. 
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Fig. 7. Root total phenolics (A), leaf total phenolics (B), root ascorbic acid (AsA) (C) and leaf AsA (D) of maize (Zea mays L.) plant subjected to foliarly applied 
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