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Abstract
Salinity stress and the absence of light negatively impact growth and development of the plants. Morpho-physiological 
and biochemical attributes of maize (Zea mays L.) get severely affected by salt stress and subdue light. Therefore, a pot 
experiment was conducted under the prevailing environmental conditions of Turbat, Balochistan, to explore etiola-
tion and the de-etiolation response of maize hybrid (SP-17S23) to salinity stress under exogenous application of plant 
growth regulators (PGRs). Maize seedlings in three sets, i.e., non-etiolated, etiolated, de-etiolated, subjected to salinity 
stress (120 mM NaCl) after 15 days of seed germination. After a week, the seedlings were sprayed with optimized lev-
els of different PGRs, including thiourea (TU; 10 mM), salicylic acid (SA; 250 µM), and kinetin (KIN; 3 µM). Salinity stress 
hampered plant growth and affected morpho-physiological attributes. However, PGRs foliar treatment proved effective, 
thus ameliorating the impact of salinity and etiolation on maize seedlings. Growth attributes (root/shoot length, leaf 
area, root/shoot fresh and dry weight), photosynthetic pigments (Chl a, b and carotenoids) were significantly enhanced 
under the foliar treatment of PGRs, especially under TU and KIN treatments. However, the oxidative damage parameters, 
i.e., malondialdehyde (MDA) and hydrogen peroxide  (H2O2), decreased under the treatment of PGRs, thereby protecting 
seedlings under salinity and etiolated conditions. Overall, PGRs enhanced tolerance potential of plants under salinity 
stress with the consideration of light variations remain the key concern for developing healthy and vigor seedling strands.
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1 Introduction

Plants growth and development are directly influenced by light which directly or indirectly affects their growth and devel-
opment; whereas proper red and blue light is required for plant growth [1]. Phytochrome and cytochrome are photorecep-
tors that detect lights and regulate physiological responses [2]. Etiolation and de-etiolation are influenced by light which 
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plays an important role in plant growth and development [3]. During etiolation (dark) and de-etiolation (light) processes, 
plants show numerous alterations and variations in morpho-physiological and biochemical attributes [4]. Many changes 
occur in plant shift from etiolation to de-etiolation phase, such as stimulation of cotyledon, the greening of leaf, reduction 
of hypocotyl, opening of apical hook, synthesis of anthocyanin, and formation of chloroplast from etioplastic [5].

Salinity is a major problem worldwide, which affects crop productivity. Salt stress alters the morpho-physiological 
processes like reduction in gas exchange, change in protein synthesis, alteration in antioxidant activity, and disruption 
of membrane integrity [6–9]. Moreover, it affects ions accumulation in the root area, cell turgor pressure, and enzyme 
activity [9, 10]. Particularly, salt stress affects plant’s growth in two phases; first, it decreases the soil water potential, and 
second, it causes salt injury to leaves. Accumulation of salt in older leaves reduces carbohydrates accumulation, trans-
location of growth hormones, and eventually death [9, 11, 12].

Plant growth regulators (PGRs) are molecules that regulate plants growth. PGRs are natural and synthetic compounds 
that play an important role in plant growth and development [13–16]. PGRs regulate physiological and biochemical pro-
cesses in plants, such as transduction of signal, water uptake, respiration, transport of ions, gas exchanges, and regulation 
of proteinase inhibitor genes [10, 16–18]. Light and PGRs have an overlapping role; however, both act independently and 
improve plant growth and development [19]. Growth of etiolated plants can be controlled by the supplementation of 
various PGRs. Many studies showed that PGRs control the transitional processes between etiolation and de-etiolation [20]. 
Salt toxicity decreases plant dry biomass and nutrients availability,however, application of PGRs increases dry biomass, 
nutrients uptake contents, and ameliorates toxicity of sodium chloride in plants [10, 21].

Maize (Zea mays L.) is the most important cereal crop [22, 23], which is considered a staple food for greater than 200 
million people, and it can be expected that the global population will be eight billion in 2025 [24–26]. Salinity affects 
the physiological processes of maize plants, such as photosynthesis, respiration, transpiration, water retention, seed 
dormancy, seed germination, hormonal function, and stomatal process. Moreover, under salt stress, seed germination of 
maize gets hampered [11, 27, 28]. The present study was performed to explore the possible bio-regulatory role of foliar 
spray of optimized levels of various PGRs including salicylic acid (SA), thiourea (TU), and kinetin (KIN) in the etiolated and 
de-etiolated maize seedlings under salinity stress based on an array of growth and physiological attributes.

2  Materials and methods

2.1  Experimental layout

A pot experiment was conducted in the prevailing environmental conditions of Turbat Balochistan, Pakistan, to evalu-
ate the etiolation/de-etiolation response of maize hybrid “SP-17S23” under salinity stress and explore the possible role 
of exogenously applied PGRs in alleviating salinity in etiolated seedlings (Figure S1). Maize hybrid seeds (SP-17S23) 
were provided by the NIAB, Faisalabad, Pakistan. Pots of 32 cm diameter were filled with 10 kg of soil. The soil ratio was 
70:20:10., i.e., soil, sand, and manure, respectively. Prior to sowing soil was analyzed for its pH, EC (electrical conductivity) 
and OM (organic matter) (Table. 1). Ten seeds were sown per pot at 1 inch depth. The design was completely randomized 
design (CRD) under factorial with 3 replicates. Two complete sets, i.e., etiolation (devoid of sunlight) and de-etiolation 
(etiolated seedlings when shifted to sunlight), were generated in comparison to non-etiolated (normal growing plants 
under sunlight). Etiolation pots were covered with a black sheet because etiolation seedlings should be devoid of sun-
light. Moreover, these three combinations of etiolation were placed in two separate sets, i.e., control (Con = no salinity 
stress) and salinity stress (SS). Thus, a total of 72 pots were used. After 15 days of seed germination, NaCl (120 mM) was 
applied as soil medium supplementation to create saline environment. After 1 week of salinity stress, plants were foli-
arly sprayed with optimized levels of PGRs, i.e., thiourea (TU; 10 mM), salicylic acid (SA; 250 µM) and kinetin (KIN; 3 µM). 
Concentration levels were selected on preliminary trials (data not shown), and thus one best level was selected for 
the present study. After 1 week of PGRs treatment, plants were harvested and were taken to the laboratory for various 
morpho-physiological analysis (Table 2). 

Table 1  Turbat (experimental 
site soil) electric conductivity, 
pH and organic matter

% (dS/m)

O.M pH EC

0.192 7.81 9.04
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2.2  Morphological and physiological determination

Plants were removed from pots carefully and thoroughly washed with tap water. Shoot and root length as noted using 
a scale in cm (plants were carefully cut to separate and measure the shoot and root length). Shoot and root fresh/dry 
weight was recorded using electric balance. The number of leaves and leaf area were also noted for each treatment.

2.2.1  Photosynthetic pigments analysis

To measure the photosynthetic pigments, 0.1 g of leaves were taken for analysis that was ground in 1–2 ml of 80% 
acetone, and final volume was maintained up to 10 mL using 80% acetone. Then the absorbance at 663 and 645 nm were 
taken against 80% acetone as blank. The chlorophyll contents were estimated using the formula described by Arnon [29].

While carotenoid was analyzed by using the formula described by Kirk and Allen [30].

where A480, A645, and A663 were the absorbances of the acetone extract at 480 nm, 645 nm, and 663 nm, respectively.
V = Volume of acetone extract (mL).

W = Weight of leaf (fresh weight in gram).

2.2.2  Oxidative damage measurement

2.2.2.1 Hydrogen peroxide  (H2O2) content Velikova, Yordanov [31] method was used to determine the  H2O2 concentra-
tion. Briefly, 0.1 g of fresh shoot and roots were homogenized in 1 mL of 0.1% (W/V) Trichloroacetic acid (TCA) in an ice 
bath. A 0.5 mL of supernatant was taken and added 0.5 mL of the phosphate buffer (pH 7.0) and 1 mL of 1 M potassium 
iodide (KI). Vortexed the mixture, and absorbance was measured at 390 nm. Distilled water was used as blank.

2.2.2.2 Malondialdehyde Malondialdehyde (MDA) was determined by the Heath [32] method. Briefly, 0.1 g of shoot and 
roots was ground in 1 mL of (1% w/v) TCA. Then, 1 mL of supernatant was taken and mixed with 1 mL of 0.5% thiobarbi-
turic acid (TBA) in 20% TCA [0.5% in 20% (w/v) TCA] and kept in a water bath preheated at 95 oC for 50 min. This material 
was cooled in an ice bath. Absorbance was measured at 532 nm and 600 nm, and1% TCA was used as blank.

2.3  Statistical analysis

The data was statistically analyzed using STATISTIX 8.1 software (Tallahassee, FL, USA) for ANOVA of CRD under facto-
rial with three biological replications. Furthermore, LSD (least significant difference) was used and the labels/alphabets 
were added to graph bars of statistically significant attributes (P < 0.05) The graphs, mean, and standard deviation were 
calculated using “MS EXCEL”.

3  Result

3.1  Morphological/growth attributes

3.1.1  Shoot length

Data recorded for shoot length (SL) showed statistically significant (P < 0.05) results under salinity stress in response to 
etiolation and de-etiolation regarding the foliar treatment of different PGRs. The result revealed that shoot length was 
higher under the foliar spray of TU in response to etiolation condition. In contrast, the lowest shoot length was noted 
under salinity (etiolation) condition with no foliar spray (NFS) (Fig. 1A). In etiolated seedlings (control conditions/no 

Chlorophyll a = (12.7 × A663 −2.69 × A645) × V∕1000 × W.

Chlorophyll b = (22.9 × A645 − 4.68 × A663) × V∕1000 × W.

Carotenoids = (A480 + 0.114 × A663) − 0.638(A645∕2500) × 1000,
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Table 2  Impact of PGRs on various plant attributes under salinity stress in response to non-etiolated, etiolated and de-etioalated maize 
seedlings

Parameters/ Attributes Plant part Maize seedlings condition 
with respect to light

Best treatment under 
salinity stress

Impact/Effect

MDA Shoot Non-etiolated TU MDA concentration decreased
Etiolated KIN MDA concentration decreased
De-etiolated SA MDA concentration decreased

Root Non-etiolated TU MDA concentration decreased
Etiolated TU MDA concentration decreased
De-etiolated SA MDA concentration decreased

H2O2 Shoot Non-etiolated KIN H2O2 concentration decreased
Etiolated KIN H2O2 concentration decreased
De-etiolated KIN H2O2 concentration decreased

Root Non-etiolated SA H2O2 concentration decreased
Etiolated SA H2O2 concentration decreased
De-etiolated TU H2O2 concentration decreased

Shoot length (SL) Shoot Non-etiolated KIN SL increased
Etiolated KIN SL increased
De-etiolated KIN SL increased

Root length (RL) Root Non-etiolated SA RL increased
Etiolated TU RL increased
De-etiolated KIN RL increased

Shoot fresh weight (SFW) Shoot Non-etiolated KIN SFW improved
Etiolated TU SFW improved
De-etiolated KIN SFW improved

Shoot dry weight (SDW) Shoot Non-etiolated KIN SDW improved
Etiolated SA SDW improved
De-etiolated SA SDW improved

Root fresh weight (RFW) Root Non-etiolated SA RFW improved
Etiolated KIN RFW improved
De-etiolated SA RFW improved

Root dry weight (RDW) Root Non-etiolated KIN RDW improved
Etiolated SA RDW improved
De-etiolated TU RDW improved

Number of leaves/plant (NOL) Leaves Non-etiolated KIN NOL increased
Etiolated TU NOL increased
De-etiolated KIN NOL increased

Leaf area (LA) Leaves Non-etiolated KIN LA increased
Etiolated SA LA increased
De-etiolated KIN LA increased

Chlorophyll a (Chl a) Leaves Non-etiolated SA Chl a content improved
Etiolated SA Chl a content improved
De-etiolated KIN Chl a content improved

Chlorophyll b (Chl b) Leaves Non-etiolated TU Chl b content improved
Etiolated SA Chl b content improved
De-etiolated SA Chl b content improved

Carotenoids (CARO) Leaves Non-etiolated TU CARO content improved
Etiolated TU CARO content improved
De-etiolated TU CARO content improved
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salinity stress) TU was the most effective treatment, enhanced SL by 148.39%, while under SS KIN treatment proved effec-
tive with an increase of about 100% in SL. Moreover, in de-etiolated seedling SA (115.38%) and KIN (12.81%) improved 
SL in control and SS seedlings, respectively.

Overall, the data revealed that the PGRs enhanced shoot length; and notably, the foliar spray of TU and KIN under 
salinity condition were most effective, which significantly enhanced the shoot length, thereby ameliorating the negative 
impacts of salinity (Fig. 1A).

3.1.2  Root length

Data observed for root length (RL) of reported statistically significant (P < 0.05) differences under salinity stress in response 
to etiolation and de-etiolation and with respect to the foliar treatment of different PGRs. The data further revealed that 
the highest root length was observed in KIN foliar spray under salinity (De-Etiolation) condition (Fig. 1B). In contrast, 
the lowest root length was recorded in KIN foliar treatment under etiolation. The result signifies that under un-etiolated 
seedlings, the maximum length of maize root was observed with SA foliar spray under salinity stress. In the etiolated 
seedlings, NFS had the longest roots. Hence, under de-etiolation conditions, root length increased with KIN foliar spray 
under saline conditions while control with minimum root length (Fig. 1B).

In a nutshell, root length under etiolation decreased about 15.38–57.85%. However, under de-etiolation (no salinity 
stress), RL improved 10.62–33.63% with KIN to be the most effective treatment. KIN further to be the best foliar treatment 
under de-etiolation (salinity stress).

3.1.3  Shoot fresh weight

Data obtained for shoot fresh weight (SFW) of maize plants under salinity stress by applying PGRs treatments reported 
statistically non-significant (P > 0.05) results. Data revealed that maximum shoot fresh weight (1.41 g) was observed in 
non-etiolated seedlings under control while the minimum shoot fresh weight (0.19 g) was observed under etiolation 
with foliar spray of KIN (Fig. 1C).
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Fig. 1  Effect of salinity stress on the growth parameters (A = shoot length, B = root length, C = shoot fresh weight, D = shoot dry weight) of 
maize hybrid under non-etiolated, etiolated, and de-etiolated conditions in response to PGRs. Same letters on graphs represent statistically 
similar effect (P < 0.05). Note: red highlighted bars are the best foliar treatment under non-etiolated, etiolated, and de-etiolated conditions
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In non-etiolated seedlings, SA improved SFW upto 96.79%. However, under salinity stress, a decrease of about 
16.27–25% was observed. In etiolated seedlings, TU was the most effective treatment; it increased SF about 86.78% and 
118.37% in control and salinity stress, respectively. However, in de-etiolated seedlings, TU (44.80%) and KIN (25.59%) 
under control and salinity was the most effective treatment to improve SFW, respectively.

3.1.4  Shoot dry weight

Data recorded for shoot dry weight (SDW) of maize grown under salinity stress in response to etiolation de-etiolation by 
applying PGRs reported statistically non-significant (P > 0.05) results. Data further revealed that in non-etiolated seedlings 
KIN spray under salinity stress was best treatment that enhanced SDW substantially (0.15 g) while etiolated seedlings 
under KIN foliar spray and salinity stress had the least SDW (0.33 g) (Fig. 1D).

In etiolated seedlings, TU was the most effective treatment improved SDW by 50%, while salinity decreased SDW by 
12.50–37.50%. However, in de-etiolated seedlings KIN (42.31%) and SA (19.23%) was the most effective treatment under 
control and salinity, respectively.

3.1.5  Root fresh weight

Data recorded for root fresh weight (RFW) of maize grown under salinity in response to etiolation and de-etiolation 
with PGRs treatments showed statistically significant (P > 0.05) results. Data revealed that maximum fresh weight of root 
(0.67 g) was reported in non-etiolated seedlings under salinity stress with the foliar application of SA while the minimum 
RFW (0.06 g) was observed in etiolated seedlings under KIN spray (Fig. 2C). The root fresh weight of seedlings of maize 
further illustrated that under non-etiolated and de-etiolation conditions, all foliar spray treatments were observed to 
enhance but particularly the spray of SA under both salinity and control conditions displayed maximum root fresh 
weight (Fig. 1).

In a nutshell, the above results revealed that SA foliar spray was the best and most effective treatment as compared 
to other PGRs.

3.1.6  Root dry weight

Data recorded for root dry weight (RDW) of maize plants grown non-etiolated, etiolated, and de-etiolated seedlings 
under salinity stress statistically demonstrated non-significant (P > 0.05) results. Results revealed that the maximum 
root dry weight (0.133 g) was observed with foliar spray of KIN under salinity stress, while in Etiolated and de-etiolated 
seedlings under salinity and NFS had minimum root dry weights (0.33 g) (Fig. 2D). Further, results indicated that in con-
trol etiolated seedlings, NFS was effective treatment. However, in control de-etiolated seedlings, foliar treatment of KIN 
and TU was quite effective (Fig. 2D).

3.1.7  Number of leaves per plant

Results obtained for number of leaves per plant in maize grown under salinity stress by the application of PGRs showed 
statistically non-significant (P > 0.05) results. Data further demonstrated that KIN foliar treatment produced plants with 
maximum leaves under both control and salinity stress in non-etiolated plants. Under etiolation conditions, a greater 
leaf number was observed with TU spray under stress, and the lowest number of leaves were noted with KIN spray while 
under de-etiolation conditions, an enhancement was reported in NFS under salinity stress and least number of leaves 
under TU treatment of salinity stress (Fig. 2A).

Considering overall results for the parameter such as number of leaves counted for maize seedlings reported having 
increased by applying PGRs and suppressing the effects of salinity in maize seedlings. Particularly KIN, along with TU 
spray, was observed to increase the number of leaves/plant (Fig. 2A).

Furthermore, in etiolated seedlings under control and salinity stress, a decrease in the number of leaves was observed 
under all PGRs about 6.67–26.67%, and 7.69–15.28%, respectively. However, de-etiolated seedlings also showed a reduc-
tion in the number of leaves under control (8.33–16.67%) and salinity stress (3.57–50%).
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3.1.8  Leaf area per plant

Data obtained for leaf area (LA) of Zea mays L. grown under salinity stress in three conditions, i.e., non-etiolated, etio-
lated, and de-etiolated, statistically showed non-significant (P > 0.05) results. Data revealed that the maximum leaf area 
was noted in non-etiolated seedlings under control conditions with TU spray. In contrast, the minimum leaf area was 
observed in etiolated seedlings under control condition with foliar spray of KIN (Fig. 2B).

3.2  Physio‑biochemical attributes

3.2.1  Photosynthetic pigments

3.2.1.1 Chlorophyll a 

Data obtained for Chl a under salinity stress statistically showed significant (P < 0.05) differences in non-etiolation, etiola-
tion, and de-etiolation conditions under the application of PGRs treatments (Fig. 3 A). The result indicated that the highest 
Chl a content was noted in non-etiolated seedlings, especially salt-treated. The highest Chl a was noted in salt-treated seed-
lings with no foliar treatment (NFS), while the minimum was also in NFS but in non-salt stressed seedlings. Etiolated seed-
lings had the minimum Chl a content as compared to non-etiolated and de-etiolated seedlings, thus providing evidence 
of the absence of light hampers chlorophyll development. Furthermore, in de- etiolated seedling Chl a content as highest 
in salt-treated seedlings with KIN foliar treatment and with a minimum in control plants, i.e., without salinity stress (Fig. 3A).

Etiolation causes a severe reduction in Chl a content in both control and salt-stressed seedlings even under foliar 
treatment of PGRs. A reduction of about 55.29–81.84% was observed in control seedlings, and 24.29–29.05% decrease 
was observed in salt-stressed seedlings. However, detiolation causes rapid synthesis of Chl, thereby enhancing Chl a 
content by 61.05–63.12% and 25.22–54.13% in control and salt-stressed seedlings, respectively. Considering the above 
results, it can be concluded that under and under etiolation, the biosynthesis of Chl gets hampered, thus manifesting 
that for healthy seedling growth, light plays a pivotal role (Fig. 3A).
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Fig. 2  Effect of salinity stress on the growth parameters (A = number of leaves  plant−1, B = leaf area,  C= root fresh weight, D = root dry 
weight) of maize hybrid under non-etiolated, etiolated, and de-etiolated conditions in response to PGRs. Same letters on graphs represent 
statistically similar effect (P < 0.05). Note: red highlighted bars are the best foliar treatment under non-etiolated, etiolated, and de-etiolated 
conditions.
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3.2.1.2 Chlorophyll b 

Statistical analysis of data obtained for Chl b showed significant (P < 0.05) differences under salinity stress in non-etio-
lated, etiolated, and de-etiolated seedlings under the exogenous application of different PGRs. Data revealed that Chl 
b content was higher in non-etiolated seedlings as compared to etiolated and de-etiolated maize seedlings. TU foliar 
treated seedlings showed the highest Chl b content while the least content was observed in KIN supplied seedlings 
under salinity stress. Etiolated seedlings foliar treated with SA and KIN showed maximum Chl b content as compared to 
other PGR treatments in both control and salinity-treated plants. However, in de-etiolated seedlings, maximum Chl b 
content was recorded with foliar spray of SA under salinity stress, and minimum content was observed under the foliar 
spray of KIN (Fig. 3B).

In a nutshell, it has been indicated from the results that among all PGRs, TU and SA were highly significant in enhanc-
ing the Chl b content in maize seedlings (Fig. 3).

3.2.1.3 Carotenoids 

Data recorded for carotenoids of maize seedlings grown under salinity stress in non-etiolated, etiolated, and de-etio-
lated showed statistically significant (P < 0.05) differences among the application of various PGRs. Data revealed that 
carotenoid contents enhanced under salinity stress, especially in non-etiolated seedlings. However, de-etiolated seed-
lings had the least carotenoid contents (Fig. 3C).

Overall results suggest that the carotenoid increased under stress conditions. The photosynthetic pigments are con-
sidered to be the main part of plant nourishment, growth, and development. Under saline conditions, foliar spray of 
PGRs, i.e., TU, KIN, and SA, significantly enhanced carotenoid contents in maize seedlings (Fig. 3).

Fig. 3  Effect of salinity stress 
on the photosynthetic pig-
ments (A = chlorophyll a, B 
= chlorophyll b, C = carot-
enoids) of maize hybrid 
under control non-etiolated, 
etiolated, and de-etiolated 
conditions in response to 
PGRs. Same letters on graphs 
represent a statistically similar 
effect (P < 0.05). Note: red 
highlighted bars are the 
best foliar treatment under 
non-etiolated, etiolated, and 
de-etiolated conditions
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3.2.1.4 Evaluation of oxidative damage 

Hydrogen peroxide (H2O2): Results obtained for  H2O2 content in shoot and root showed statistically significant (P < 0.05) 
results in Zea mays L. in non-etiolation, etiolation, and de-etiolation response, with foliar spray of different PGRs under 
salinity stress (Fig. 4A, B). Results revealed that foliar spray of KIN under salinity conditions in non-etiolated, etiolated and 
de-etiolated seedlings, reduced the  H2O2 content in the maize shoot (Fig. 4A).

Likewise, data for root  H2O2 content also showed significant (P < 0.05) results with foliar spray of different PGRs. Data 
further revealed that the highest root  H2O2 content was noted in etiolated seedlings under control with SA foliar treat-
ment. The lowest root  H2O2 content was observed in de-etiolated seedlings with spray of TU under control conditions 
(Fig. 4B).

Considering etioaled seedlings root and shoot under control conditions, it was observed that the concentration of 
 H2O2 gets elevated 20.21–44.41% (root) and 2.91–13.98% (shoot). However, in salt-stressed seedlings, it increased about 
5 folds in both shoot and root. Furthermore, when the seedlings were shifted back to light, i.e., under de-etiolation, a 
decrease in  H2O2 content was observed about 8–27% in root and 5–9% in shoot under PGR application.

Malondialdehyde (MDA): Results obtained for MDA content in shoot and root showed statistically significant (P < 0.05) 
results in Zea mays L. in non-etiolated, etiolated, and de-etiolated under salinity stress conditions (Fig. 4C, D). Results 
revealed that NFS under control condition had maximum shoot MDA content (25.48 mmol/g) while spray of SA under 
salinity of de-etiolation condition had the minimum shoot MDA (8.97) content. In etiolated seedling, reduction of shoot 
MDA content was observed under KIN treatment under salinity. However, in de-etiolated seedlings, minimum shoot 
MDA was noticed in SA spray under salinity conditions (Fig. 4C).

Meanwhile, the results obtained for root MDA showed that in non-etiolated seedlings, reduction of root MDA content 
was noted in TU spray under salinity condition vice versa; an increase was observed with the same foliar treatment, i.e., 
TU under control conditions. SA foliar treatment in etiolated and de-etiolated seedlings under salinity stress helped to 
reduce MDA content in root, thus reducing the oxidative stress (Fig. 4D).
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Fig. 4  Effect of salinity stress on the oxidative stress parameters (A, B = hydrogen peroxide and C, D = malondialdehyde) of maize hybrid 
under non-etiolated, etiolated, and de-etiolated conditions in response to PGRs. Same letters on graphs represent statistically similar effect 
(P < 0.05). Note: red highlighted bars are the best foliar treatment under non-etiolated, etiolated, and de-etiolated conditions
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Etiolattion enhanced the concentration of MDA in both shoot and root of maize seedlings under control as well as 
under salt stress. An increase of 33.08% (root) and 4% (shoot) was observed under control. On the other hand, in salt-
stressed plants, under etiolation showed an increase of 6.85% root and 3.33% shoot; however, foliar treatment of PGRs 
tend to restrict the enhancement of MDA in plant tissues.

4  Discussion

Salinity stress is a major abiotic stress that affects plant growth and productivity [9, 33]. It affects plant’s morphological, 
physiological and anatomical attributes. Major impacts include reduction in gas exchange, effect on protein synthesis, 
altered the activities of antioxidants and damage membrane integrity [6–9]. Plant growth regulators (PGRs) are molecules 
that regulate plants growth. PGRs are natural and synthetic compounds that play an important role in plant growth and 
development [13, 14, 16, 18, 34]. The present research showed that foliar spray of PGRs improved various morphological 
attributes of maize grown under salinity stress and etiolation phenomenon (Figs. 1, 2). Zahra, Raza [27] reported that 
Zea mays L. is most susceptible to salt stress than other crops; saline stress reduced the shoot length. However, when 
plants are transferred from de-etiolation to etiolation, enzymes become active, stem and shoot length get reduced [35].

It has been reported by the study of Taiz, Zeiger [5] that an optimum amount of light is required for increasing biomass, 
growth, and development for plant. Exogenous application of gibberellin  (GA3) or KIN increased fresh and dry matter of 
shoot of salt-stressed maize, wheat, and cotton plants as compared to control plants. This stimulatory effect was more 
pronounced at lower and moderate salinization levels. However, spraying with any of the two hormones  (GA3 or Kinetin) 
resulted in more or less comparable values with those of control in the shoot [36]. Our results are in good consideration 
with the literature that plant growth regulators help plants in enhancing the Morpho-physiological attributes; however, 
the present study suggests that under saline conditions, KIN foliar spray under non-etiolated conditions enhanced the 
shoot dry weight (Fig. 1D). However, the described results report a gradual and severe reduction in the shoot dry weight 
of etiolated seedlings. An important consequence of etiolation is the production of weak seedlings, which means that 
leaf photosynthesis is severely retarded, since this process requires light to convert the etioplast into chloroplasts and 
support the seedling growth [37]. High biomass production of a plant is associated with the leaf photosynthetic rate 
that ultimately depends upon the stomatal conductance and quantity of leaf photosynthetic pigments such as Chl a 
and b [38]. It was observed that shoot fresh weight was higher with spray of thiourea (Fig. 1C). Stress, although reduced 
the shoot fresh weight in maize, TU reduced the damaging effect of heat stress and increased shoot fresh weight under 
both control and stress conditions. The findings of the present study are in agreement with [38] which demonstrate 
that the maximum shoot fresh weight was noted in non-etiolated seedlings under control and without any foliar spray. 
Minimum fresh weight was observed under etiolation with spray of KIN. There was observed a reduction in the shoot 
fresh weight by the spray of KIN in etiolated seedling as compared to non-etiolated and de-etiolated that means that 
light is required to increase the biomass of plants (Fig. 1C).

Exogenous application of PGRs effectively enhances crop growth and productivity under optimal and sub-optimal 
conditions [16] with light being the key factor. In the present research, the data suggested maximum root dry weight 
under salinity with KIN spray, while under etiolated conditions, salinity without a foliar spray of PGRs was reported to 
minimize the dry weight of root (Fig. 2D). Light and PGRs have an overlapping role; both act independently to affect 
plants’ growth and development [19]. The salt-induced adverse effects on plants are mainly in the form of osmotic stress, 
production of oxidants, membrane damage, deficiency of essential nutrients, etc. Root dry mass of the maize plants 
decreased under salinity conditions compared to the control plants. The foliar application of Mannitol or TU under salinity 
maize plants caused a significant increase in plant dry weight. The effect of Mannitol was slightly higher than the TU in 
increasing dry weights of the salt-stressed maize plants. However,salinity treatment significantly reduced leaf root dry 
weight compared to that in the control plants. Foliar application of Mannitol or thiourea significantly improved root dry 
weight in salt-stressed maize plants [38]. Salt stress significantly reduced root dry weight by 20% and 53%. On the other 
hand, thiourea significantly improved this attribute by 54% and 64% of root dry weight when treated with (400 μM) 
thiourea, 27% better under stressed conditions and 18% better than the control condition [39].

Noreen and Ashraf [40] reported that foliar spray of SA decreases the salinity and increases the biomass of plants, ion 
accumulation, and photosynthesis process. The etiolated plants show long hypocotyls, weak cell walls, and extensive 
loss of photosynthetic pigments due to these characters etiolated plants having the lowest fresh weight compared to 
control (non-etiolated) and de-etiolated plants [41]. In comparison, the data reported in this research revealed that under 
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salinity conditions, higher fresh weight was noted with SA application in maize plant by the effective supplementation 
of SA that enhanced the fresh weight of root while lowest fresh weight was reported under an etiolated condition with 
KIN spray (Fig. 2C). Sanaullah, Wahid [39] documented that salinity reduces leaf area. In this study, it was reported that 
TU effectively reduced salinity toxicity in maize seedlings (Fig. 3). According to the present data, light and PGRs were 
effective in enhancing the said attribute of maize seedling. The leaf area of unsprayed plants, excessively decreased 
under salinization (Fig. 3B). Exogenous application of gibberellin or Kinetin under saline conditions increased leaf area 
and reduced effects of salinity stress [36]. Salt stress reduced the growth of salt-sensitive plants such as maize, while the 
cultivation of salt-resistant maize varieties might help to reduce the yield losses [42].

Light absorption improved the photosynthetic pigment content followed by foliar spray. High salt concentration 
decreased the chlorophyll formation [11]. In the present study it was observed that maximum Chl a content was under 
salinity stress with no foliar spray. While minimal Chl a was noted with KIN spray under control (etiolated) condition. Foliar 
spray of KIN was effective in increasing Chl a content in de-etiolation conditions followed by foliar spray of SA (Fig. 3A). 
However, the etiolated plants have an elongated and weak stem with light yellow to off white seedling color displaying 
minimum chlorophyll content [43]. KIN is considered a natural plant growth regulator which enhances Chl a content [44]. It 
was observed that light is essential for the biosynthesis of Chl a, while the absence of light (etiolation) chloroplast synthesis 
does not occur from protochlorophyllide, which is present in etiolated seedling [45, 46]. Furthermore, highest Chl b content 
was noted with TU spray under control condition while minimum Chl b was observed with KIN spray under control (de-
etiolation) condition, which illustrates that KIN and TU foliar spray were reported to enhance the photosynthetic pigments 
such as, i.e., Chl b (Fig. 3B). Etiolation substantially reduced chlorophyll b content (Fig. 3). It was noted that foliar spray of SA 
in maize plants significantly increased Chl b contents compared to untreated plants [47]. Chl b contents were significantly 
lower in plants grown under NaCl stress than those in the control plants. However, exogenously applied TU increased Chl 
content in the salt-stressed plants as compared to those of the salt-stressed plants that were not applied with TU [48]. 
Additionally, it is indicated that light is an important requirement for the biosynthesis of carotenoids, while in the absence 
of light, the production of carotenoid hampers [45, 46]. The results of the present study indicated that highest carotenoids 
content was observed under salinity condition with no spray while the lowest carotenoid was observed under etiolation 
condition with no spray by showing the foliar spray of PGRs was poorly effective in improving carotenoids pigment under 
etiolation condition. However, in the de-etiolated seedling, foliar spray of TU under stress enhanced the carotenoid pig-
ment (Fig. 3C). It was reported that salinity reduced the carotenoid content in maize seedlings. At the same time, exogenous 
application of SA ameliorated the adverse effect of salinity by increasing carotenoid contents as well as Chl a and Chl b [49].

Hydrogen peroxide is an important ROS that regulates various developmental and defensive mechanisms in plants 
by acting as a secondary messenger in cell signaling [50]. The salinity-induced  H2O2 contents increases in plant shoots 
which resulted in the generation of various reactive oxygen species (ROS) [39]. Enhanced production of ROS, damages the 
photosystem and biological membrane when produced in the organelles like chloroplast, mitochondria, and peroxisome; 
salt stress enhances the  H2O2 concentration [10]. Studies have shown that an exogenous supply of various stress alleviat-
ing agents is beneficial for reducing the stress effects [13]. The data recorded in the present study signify that foliar spray 
of KIN under salinity conditions reduced the  H2O2 content in shoot of maize seedlings. In etiolation and de-etiolation, 
KIN was more effective and reduced the  H2O2 concentration. It was important to note that medium supplementation of 
Thiourea and Kinetin reduced the production of ROS in both shoot and root (Fig. 4A, B). Kaya, Sonmez [38] reported that 
Salinity stress resulted in a significant increase in  H2O2 accumulation with reference to the control (non-saline) plants. 
However, exogenously applied Mannitol or Thiourea to the salinized plants reduced the levels of  H2O2 compared to the 
salt-stressed maize plants that received no treatment of mannitol or thiourea. Hydrogen peroxide contents increased 
by increasing the concentration of salt in all plant organs of maize. Sanaullah, Wahid [39] documented that medium 
supplementation of thiourea reduced ROS production with elevation in the activity of SOD, followed by CAT and POD. It 
was concluded that the medium supplementation of thiourea could partially alleviate the salinity-induced production 
of ROS in maize. In addition, salt-stressed conditions, the MDA content has been reported to increase. MDA is an impor-
tant indicator of oxidative damage in the plant cell, under salt stress conditions it increases membrane permeability and 
electrolytic leakage [13]. The present study results revealed that no spray under control conditions increased the shoot 
MDA content while under salinity foliar spray of SA reduced the MDA content in shoot of maize seedlings. It indicated 
that all PGRs were effective especially SA and KIN that reduced the MDA content in the maize seedlings. (Fig. 4C, D). It 
has been reported that salt stress causes enhanced accumulation in root MDA; however,foliar spray of TU decreased 
root MDA contents [39]. Further, sulfur application lowers the MDA contents at all salinity levels. It can be noted that 
sulfur is an important constituent of various antioxidants that help in decreasing the toxic effects of salinity on plants. 
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Application of sulfur at 40 mM level significantly lowered the MDA contents in maize seedlings [51] while exogenous 
use of PGRs were successful in reducing the oxidative damage [10]. Thus, the present study recommends the exogenous 
supplementation of PGRs to enhance the salinity tolerance potential of maize seedlings especially in response to etiola-
tion and de-etiolation.

5  Conclusion

Subdue light limits seedlings’ growth and development, especially under saline soil conditions. Application of PGRs 
induces salt tolerance in plants by improving morpho-physiological attributes (Fig. 5). Salinity enhanced oxidative stress 
parameters, i.e.,  (H2O2 and MDA) in maize seedlings. However, foliar treatment of different PGRs helped ameliorate the 
harmful impacts of salinity in maize seedlings (Fig. 5). The present study gives insights to unveil and explore the impacts 
of etiolation in response to various PGRs in plants growing under various environmental stresses especially in medicinal 
plants with reference to their metabolite profile and its impact on their pharmaceutical properties.
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