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Abstract The present experiment was set-up to appraise

protective role of ALA in sunflower cultivars (FH-1581

and FH-1572) under water scarcity stress. The ameliora-

tive role of ALA in sunflower under water stress is not

fully understood. Results showed significant decline in

growth parameters, ascorbic acid and chlorophyll but

marked increase in MDA, H2O2, total soluble proteins,

flavonoids, proline, phenolics, total free amino acids as

well as enzymes activities namely CAT, POD and SOD in

plants under water scarcity. ALA application reduced

oxidative damage by lowering H2O2 and MDA contents.

ALA application differentially affected two cultivars under

stress. Higher biomass accumulation was manifested in cv.

FH-1581, while cv. FH-1572 was inferior in this context.

Greater drought tolerance in cv. FH-1581 was related to

higher cellular levels of proline, total free amino acids and

efficient antioxidant system.

Keywords Secondary metabolite � Phenolics � Ascorbic
acid � Flavonoids � Oxidative damage � Photosynthetic
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Abbreviations

POD Peroxidase

H2O2 Hydrogen peroxide

SOD Superoxide dismutase

ALA 5-Aminolevulinic acid

CAT Catalase

MDA Malondialdehyde

Introduction

Drought occurs in different regions around the globe (Li

et al. 2011) and it causes substantial decline in growth and

yield related attributes in plant (Mao et al. 2003). Conse-

quently, plant scientists are studying important physiolog-

ical and biochemical mechanisms conferring water stress

tolerance in plants (Yordanov et al. 2000). Plants face

drought more frequently owing to shortage of water

resources and warm climates (Jury and Vaux 2005).

Resultantly, the incidence of longer drought periods is the

major set-back for farmers, particularly in arid and semi-

arid parts (Shao et al. 2008). Water is major limiting aspect

affecting several metabolic, biochemical, physiological,

morphological, proteomics and transcriptomics processes

that principally govern plant development, survival and

yield production (Alam et al. 2017). Effective strategies are

required to counteract the undesirable effects of warm

climates. The response of plant to drought stress varies

with plant organ and therefore, research dealing with whole

plant is mandatory in spite of studying the response of

individual plant organ (Chaves et al. 2003). Plants display

active osmotic adjustments in response to osmotic stress.

Plants accumulate many compatible solutes and inorganic

ions to sustain turgor pressure since loss of turgor leads to

plant death (Dutta et al. 2018). Plants spend large sum of

energy to synthesize organic osmolytes. The buildup and

translocation of organic osmolytes intervene important

metabolic events and ultimately enhance plant growth and

yield (Sun et al. 2015).
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Drought increases reactive oxygen species (ROS) gen-

eration such as hydrogen peroxide H2O2 and O2
�- (super-

oxide radical) (Mahawar et al. 2018a, b; Nguyen et al.

2019). The accumulation of ROS affects normal func-

tioning of cells through damage to proteins and lipids

thereby resulting in cell death (Hussain et al. 2019). Plants

contain well-defined antioxidant system for the detoxifi-

cation of ROS. Ascorbic acid, anthocyanins, phenolics and

flavonoids detoxify ROS non-enzymatically whereas SOD,

POD, APX and CAT carry out enzymatic detoxification of

ROS (Shekhawat et al. 2008; Li et al. 2011; Mahawar and

Shekhawat 2019).

Drought stress is known to induce substantial accumula-

tion of proline, an important organic osmolyte for improving

plant stress tolerance. The biosynthesis of ALA and proline

share the same precursor, glutamic acid. Exogenous appli-

cation of ALA may increase cellular levels of ALA and the

precursor is then consumed for proline biosynthesis. Proline

buffers cytosolic pH, protects subcellular compartments and

scavenges ROS (Averina et al. 2010). 5-Aminolevulinic acid

(ALA) functions as essential precursors for the biosynthesis of

various tetrapyrroles such as chlorophyll, heme, billins and

vitamin B12 (Li et al. 2011). ALA supplementation has sig-

nificant potential in agriculture sector as ALA enhances abi-

otic stress tolerance of plants (Sun et al. 2009). The

supplementation of ALA improves photosynthesis, chloro-

phyll contents, growth and crop yield under abiotic stresses

(Hotta et al. 1997). Addition of ALA as foliar applications

improves oxidative defense and plant tolerance to abiotic

stress (Memon et al. 2008; Akram et al. 2012; Kosar et al.

2015). Lowdoses ofALA enhanced oxidative defense system

and drought tolerance in oilseed rape (Liu et al. 2011). ALA

increased performance ofBrassica under salinity (Wang et al.

2005), chilling tolerance in maize (Wang et al. 2018), water

stress in Brassica napus (Naeem et al. 2011), heat stress in

cucumber (Zhang et al. 2012), herbicide toxicity in Brassica

(Zhang et al. 2008), and lead toxicity in Brassica (Ali et al.

2014). Sunflower plants when supplied with foliar ALA

improved salinity tolerance (Akram et al. 2012). In this con-

text, very few reports are available on protective role of ALA

in sunflower plants under water limited conditions.

Sunflower is considered an important oilseed crop

throughout the world. Besides, its use as oil source, sun-

flower is used in the preparation of textile dyes, rubber,

latex and serves as rich source of proteins. Moreover,

sunflower plants also bear important medicinal properties

(Akram et al. 2012). Approximately, 0.323 Mha area is

under sunflower cultivation with 0.407 million tons of

production (Akram et al. 2012). The growth and production

of sunflower is significantly affected by drought stress

(Hussain et al. 2018). Therefore, the present research was

organized to investigate whether or not exogenous ALA

could enhance the growth and development of sunflower

plants under drought, and decrease the degree of oxidative

injury by the increasing antioxidant enzyme activities as

well as secondary metabolites accumulation.

Materials and methods

Seeds of sunflower cultivars (FH-1581 and FH-1572) were

obtained from Ayub Agricultural Research Institute

(AARI), Faisalabad, Pakistan. A completely randomized

three factorial pot experiment was performed with six

replications of each treatment. The climatic conditions

during experiment were as average day and night temper-

ature 29.5 ± 6.2 and 17.5 ± 6.7, respectively, average

relative humidity 32.11 ± 3.84 and 10 h photoperiod.

Plastic pots were filled with 8 kg of sandy-loam soil. Eight

seeds were sown in each pot. After 1 week of germination,

two plants per pot were left by hand hoeing of other plants.

Two weeks after germination, plants were given two dif-

ferent water levels, i-e., 100% field capacity (control) and

70% field capacity (water stress). Three weeks after the

onset of water deficit conditions, plants were sprayed with

different levels of 5-aminolevulinic acid (ALA), i.e.,

untreated control (NT), water spray (WS), 10, 20 and

30 mg/L of ALA. Distilled water containing 0.1% Tween-

20 was used to make different concentrations of ALA.

Plants were harvested 2 weeks after foliar spray of ALA

and changes in growth and key biochemical attributes were

recorded. Plant fresh and dry weights were measured. For

dry weights, plants were put in an oven at 65 �C for

1 week.

Chlorophyll and carotenoids

Chlorophyll and carotenoids contents were measured from

fresh leaf material following the protocol of Arnon (1949).

Fresh leaf tissue (0.25 g) was ground in 5 mL of 80%

aqueous acetone. The supernatant was used to measure the

absorbance at 663, 645, and 480 nm.

Non-enzymatic antioxidants

Fresh leaf material was used for the determination of

anthocyanin following the procedure of Kubo et al. (1999).

Leaf total phenolics were measured with the help of Folin

Ciocalteu reagent (Wolfe et al. 2003). The leaf phenolic

levels were expressed in mg g-1 where standard curve for

phenolics was made with gallic acid. The ascorbic acid

levels of fresh leaf material were determined following the

protocol described earlier (Mukherjee and Choudhuri 1983).

Flavonoids levels of fresh leaf material was estimated with

the help of method described by Marinova et al. (2005).

490 Physiol Mol Biol Plants (March 2020) 26(3):489–499

123



Antioxidant enzyme assays

Fresh leaf material was ground in 10 mL of 50 mM chilled

potassium phosphate buffer (pH 7.5). The ground material

was centrifuged at 10,0009g for 20 min to collect super-

natant. This supernatant was used to measure enzyme

activities. CAT and POD activities weremeasured following

the earlier described procedure (Chance and Maehly 1955).

The activity of SOD was measured following the protocol

described by Van Rossum et al. (1997). The activities of

antioxidant enzymes were expressed in Units mg g-1

proteins.

Total soluble proteins and total free amino acids

Total soluble proteins were determined from fresh leaf

material ground in chilled buffer (50 mM potassium phos-

phate with pH 7.5). The procedure earlier described

(Hamilton et al. 1943) was used to determine total free

amino acids from fresh leaf material. One mL of the sample

(the one used for total soluble proteins) is reacted with 1 mL

of 10% pyridine and the mixture was heated in water bath at

95 �C for 30 min. Distilled water was used to make volume

to 7.5 mL. The absorbance was read at 570 nm.

Proline

Plant material 0.25 g (fresh leaf) was crushed in 5 mL

sulfosalicylic acid (3%) and the homogenate was then fil-

tered. The filtrate (1 mL) was reacted with equal volume of

glacial acetic acid and acid ninhydrin. The reaction mixture

was heated in water bath at 95 �C for 50 min. After cooling

the mixture, toluene (2 mL) was added to the reaction. The

reading of absorbance was measured at 520 nm using

spectrophotometer (Bates et al. 1973).

Hydrogen peroxide (H2O2) determination

Fresh leaf tissue (0.5 g) was homogenized in chilled TCA

(0.1%). After centrifugation, supernatant 0.5 mL was

reacted with 0.5 mL of potassium phosphate buffer (pH

7.0; 50 mM) and 1 mL of potassium iodide (KI; 1 M). The

samples were incubated for 30 min at room temperature

and absorbance of the sample was recorded at 390 nm

(Velikova et al. 2000).

Malondialdehyde (MDA) determination

Fresh leaf tissue (0.5 g) was homogenized in chilled TCA

(5%). After centrifugation of the sample, 0.5 mL of the

supernatant was added to thiobarbituric acid (0.5%; 2 mL).

The reaction mixture was incubated at 95 �C for 45 min,

and immediately put on ice bath. The reading of the

mixture was taken at 600 and 532 nm with the help of a

spectrophotometer (Heath and Packer 1968).

Statistical analysis

Experiment was conducted in completely randomized three

factor factorial design with six replications of each treat-

ment. Analysis of variance (ANOVA) of data was com-

puted with the help of statistical software (Costat windows

version 6.2, CoHort, Monterey, CA, USA). The difference

among means was compared with least significant differ-

ence test at 5% probability (P B 0.05).

Results

Growth characteristics

Water deficit stress significantly (P B 0.001) decreased

shoot and root fresh and dry masses in two sunflower

cultivars. Drought-induced reduction in different growth

attributes was maximal in cv. FH-1572 than that of cv. FH-

1582. Foliar-applied ALA (30 mg/L) improved (P

B 0.001) growth attributes under water stress. We found a

- 58.57 and - 61.80% decrease in shoot fresh weight in

non-treated plants (NT) and water spray plants (WS),

respectively in cv. FH-1581 under drought. The application

of foliar ALA (30 mg/L) improved shoot fresh weight as

- 46.06% decrease was seen under drought. Similarly,

drought-mediated decrease in shoot fresh weight in cv. FH-

1572 was 59.90, 63.70 and 44.35% in NT, WS and ALA

(30 mg/L) treatments, respectively. The decrease in shoot

dry of cv. FH-1581 was - 67.73, - 61.84 and - 42.25%

in NT, WS and ALA (30 mg/L) treatments, respectively,

under water deficit conditions. In cv. FH-1572, drought

resulted in - 65.95, - 72.83 and - 50.25% decrease in

shoot dry weight in NT, WS and ALA (30 mg/L) treat-

ments, respectively. Drought decreased root fresh weight

by - 41.02, - 56.50 and - 63.48% in NT, WS and ALA

(30 mg/L) treatments, respectively, in cv. FH-1581. The

cv. FH-1572 manifested - 49.15% (NT), - 59.50% (WS)

and 68.88% (30 mg/L ALA) decrease in root fresh weight

under drought. The plants of cv. FH-1581 had - 41.02%

(NT), - 59.50% (WS) and - 62.63% (30 mg/L ALA)

decrease in root dry weight under water deficit conditions.

The drought resulted in - 40.11% (NT), 57.33% (WS) and

59.89% (30 mg/L ALA) decrease in root dry weight cv.

FH-1572 (Fig. 1; Table 1S).

Photosynthetic pigments

When two sunflower cultivars were subjected towater deficit

stress, a significant reduction (P B 0.001) in both types of
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chlorophyll (a and b) and total chlorophyll was recorded.We

found higher values of Chl. a and b as well as total chloro-

phyll in cv. FH-1581 over cv. FH-1572 under water deficit

conditions. Addition of ALA (30 mg/L) markedly enhanced

(P B 0.001) chlorophyll under water deficit environment.

The decrease in Chl. awas- 42.17% (NT),- 54.63% (WS)

and - 57.69% (30 mg/L ALA) in cv. FH-1581 under

drought. The cv. FH-1572 manifested a decrease by
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Fig. 1 Effect of 5-aminolevulinic acid on growth characteristics,

photosynthetic pigments and phenolics in two sunflower cultivars

under water deficit stress (n = 6; means ± SE). ALA

5-aminolevulinic acid, ns non-significant. Mean sum of squares of

ANOVA with significance at P B 0.05 (*); P B 0.01 (**); P B 0.001
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- 44.23% (NT), - 58.69% (WS) and - 60.71% (30 mg/L

ALA) under water deficit conditions. The decline in Chl.

b contents was - 43.18% (NT), - 53.61% (WS) and

- 59.11% (30 mg/L ALA) in cv. FH-1581 under water

deficit conditions. The drought caused - 44.50% (NT),

- 55.61% (WS) and- 61.11% (30 mg/L ALA) decrease in

this variable in cv. FH-1572. The total chlorophyll contents

decreased by - 41.21% (NT), - 53.51% (WS) and

- 58.72% (30 mg/L ALA) in cv. FH-1581 under drought.

By contrast, cv. FH-1572 exhibited a decrease by- 44.21%

(NT), 55.51% (WS) and 60.11% (30 mg/L ALA) in this

variable under water deficit conditions (Fig. 1; Table 1S).

Non-enzymatic antioxidants

Anthocyanins

Anthocyanins levels remained unaffected under water

deficit stress. Cultivar FH-1581 exhibited higher antho-

cyanin contents than cv. FH-1572. Increase in anthocyanin

contents in response to foliar-applied ALA (30 mg/L) was

significant under water deficit stress. The non-significant

effect of drought is reflected in the form of decrease in

anthocyanins by nearly - 6% in different treatments in

both the cultivars (Fig. 1; Table 1S).

Carotenoids

Increase in carotenoids (P B 0.001) contents was recorded

in sunflower cultivars under water deficit conditions. Cul-

tivar FH-1581 had higher endogenous levels of carotenoids

than that of cv. FH-1572. Addition of ALA as foliar spray

induced concentration dependent increase in this variable

in response to water stress. The drought caused an increase

of 12.74% (NT), 10.25% (WS) and 19.12% (30 mg/L

ALA) in cv. FH-1581. The increase of 13.37% (WS) and

19.84% (30 mg/L ALA) was seen in cv. FH-1572 under

drought except for a decrease by - 12.49% in untreated

control (NT) (Fig. 1; Table 1S).

Leaf total phenolics

Exposure of sunflower plants to stressful conditions

increased (P B 0.001) phenolics contents. However, this

increase was seen in plants treated with 30 mg/L ALA in

both cultivars. Higher phenolic contents were recorded in

cv. FH-1581, while cv. FH-1572 was inferior in this con-

text. The influence of foliar spray of varying doses of ALA

was significant (P B 0.001) for this variable. Phenolics

contents increased by 11.17% (NT), 15.78% (WS) and

258.56% (30 mg/L ALA) in cv. FH-1581 under drought.

The cv. FH-1572 manifested an increase of 12.11% (NT),

14.71% (WS) and 244.66% (30 mg/L ALA) under water

deficit conditions (Fig. 1; Table 1S).

Flavonoids

Water deficit conditions resulted in significant increase in

flavonoids levels in sunflower cultivars. The increase in

flavonoids contents was different in two cultivars under

water stress. Higher flavonoid contents were present in cv.

FH-1581 under water deficit stress. Foliar spray of ALA

significantly enhanced (P B 0.001) flavonoids in plants

under water deficit stress and this increase in flavonoids

was maximal in plants treated with 30 mg/L of ALA. The

drought resulted in a 400% increase (NT), 500% (WS) and

900% (30 mg/L ALA) in cv. FH-1581. In cv. FH-1572, an

increase of 380% (NT), 489% (WS) and 869% (30 mg/L

ALA) was recorded under water deficit conditions (Fig. 2;

Table 1S).

Ascorbic acid

The ascorbic acid level was different in two sunflower cul-

tivars. Greater ascorbic acid contents were present in cv. FH-

1572 than that of cv. 1581. Water deficit stress caused

decline in ascorbic acid contents. ALA application signifi-

cantly enhanced ascorbic acid levels in cv. FH-1572 under

water deficit conditions. Drought mediated the decrease of

- 54.33% (NT), - 54.21% (WS) and - 54.11% (30 mg/L

ALA) in cv. FH-1581. The cv. FH-1572 exhibited a decrease

of- 54.44% (NT),- 54.31% (WS) and- 53.11% (30 mg/

L ALA) under drought (Fig. 2; Table 1S).

Activities of antioxidant enzymes

SOD activity

Drought-induced increase (P B 0.001) was seen in SOD

activity in sunflower plants. Cultivar FH-1581 showed

higher SOD activity, while cv. FH-1572 was inferior in this

regard. Exogenous application of ALA markedly (P

B 0.001) enhanced SOD activity in both cultivars and

ALA-induced increase in this variable was maximal in

plants treated with 30 mg/L concentration of ALA. SOD

activity increased by 150.05% (NT), 241.15% (WS) and

292.04% (30 mg/L ALA) in cv. FH-1581 under drought.

The increase in this variable was as 137.13% (NT),

238.29% (WS), and 271.13% (30 mg/L ALA) in cv. FH-

1572 under drought (Fig. 2; Table 1S).

POD activity

Higher POD activity (P B 0.001) was evident in plants

under water deficit conditions. Cultivar FH-1581 had higher
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POD activity than that of cv. FH-1572 under water deficit

stress. ALA application markedly raised (P B 0.001) POD

activity and higher POD activity was seen in plants treated

with 30 mg/L ALA. The drought increased POD activity by

145.11% (NT), 239.12% (WS) and 269.14% (30 mg/L

ALA) in cv. FH-1581. The cv. FH-1572 had an increase of

130.11% (NT), 225.19% (WS) and 277.13% (30 mg/L

ALA) under drought (Fig. 2; Table 1S).

0

15

30

45

60
M

D
A

 c
on

te
nt

s (
µm

ol
 g

-1
 F

W
) Control

Drought
Cultivars   3947.10***
ALA           373.57***
Drought     16676.51***

0

40

80

120

160

H
2O

2
(µ

m
ol

 g
-1

 F
W

) Control
Drought

Cultivars   34948.98***
ALA           3763.42***
Drought     113339.31***

0

10

20

30

40

Pr
ol

in
e 

(µ
m

ol
 g

-1
 F

W
) Cultivars   988.70*** 

ALA           647.82***
Drought     3306.79***

0

7

14

21

28

35

FH-1572FH-1581FH-1572

To
ta

l s
ol

ub
le

 p
ro

te
in

 (m
g 

g-
1  

FW
)

FH-1581

Cultivars   567.57***
ALA           412.24***
Drought     2770.24***

0

12

24

36

48

60

SO
D

 (u
ni

ts
 m

g-
1  

pr
ot

ei
n)

Cultivars   5705.28***
ALA           424.52***
Drought     13834.27***

0

4

8

12

16

20

24

PO
D

 (u
ni

ts
 m

g-
1  

pr
ot

ei
n) Cultivars    918.07*** 

ALA            68.31***
Drought      2226.16***

0

4

8

12

16

20

Fl
av

on
oi

ds
 (µ

g 
g-

1  
FW

)

Cultivars   463.42***
ALA           36.65***
Drought     1904.29***

NT WS 10 20 30 NT WS 10 20 30
0

3

6

9

12

15

A
sc

or
bi

c 
ac

id
 (µ

g 
g-

1  
FW

)

Cultivars   286.57***
ALA           24.01***
Drought     807.54***

NT WS 10 20 30 NT WS 10 20 30
0

8

16

24

32

40

To
ta

l f
re

e 
am

in
o 

ac
id

s (
m

g 
g-

1  
FW

)

Cultivars    1436.42***
ALA            363.38***
Drought      4189.57***

0.0

0.5

1.0

1.5

2.0

C
A

T 
(u

ni
ts

 m
g-

1  
pr

ot
ei

n)

Cultivars    9.18***
ALA            0.683***
Drought      22.26***
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CAT activity

Water deficit environment induced marked (P B 0.001)

increase in CAT activity in two sunflower cultivars. The

increase in CAT activity was more in cv. FH-1581 than

that in cv. FH-1572 under water stress. ALA application

induced dose-dependent increase in CAT activity and

plants treated with 30 mg/L ALA displayed greater

increase in CAT activity under water deficit conditions.

The increase of 131.14% (NT), 210.29% (WS) and

250.24% (30 mg/L ALA) was present in cv. FH-1581

under drought. The cv. FH-1572 manifested an increase of

129.13% (NT), 201.39% (WS) and 279.11% (30 mg/L

ALA) under drought (Fig. 2; Table 1S).

Oxidative stress markers

Sunflower plants grown in limited water conditions showed

significant increase (P B 0.001) in MDA and H2O2 con-

tents. Higher cellular levels of MDA and H2O2 were present

in cv. FH-1572 than that in cv. FH-1581. Decline in H2O2

and MDA in response to ALA was significant (P B 0.001)

and maximal decline in these variables were seen in plants

treated with 30 mg/L ALA. The intensity of lipid peroxi-

dation was seen as the percentage increase of 738.11% (NT),

799.13% (WS) and 369% (30 mg/L ALA) in cv. FH-1581

under drought. The increase in lipid peroxidation in cv. FH-

1572 in response to different treatments under drought was

as 701.15% (NT), 750% (WS) and 380% (30 mg/L ALA).

H2O2 production was also many folds higher in drought-

stressed-plants reflected as an increase of 412.49% (NT),

758.91% (WS) and 188.37% (30 mg/L ALA) in cv. FH-

1581. The drought resulted in 419.14% (NT), 770.11% (WS)

and 210.31% (30 mg/L ALA) increase in H2O2 contents in

cv. FH-1572. (Fig. 2; Table 1S).

Secondary metabolites accumulation

Leaf free proline

Sunflower plants accumulated significant (P B 0.001)

amount of proline under water deficit conditions. There

existed marked differences in two sunflower cultivars for

this variable. Higher proline contents were present in cv.

FH-1581, whereas cv. FH-1572 displayed lower endoge-

nous levels of proline. ALA enhanced (P B 0.001) proline

contents and plants given 30 mg/L ALA exhibited maxi-

mal accumulation of proline under water deficit conditions.

The drought increased proline contents by 254.86% (NT),

217.61% (WS) and 710.45% (30 mg/L ALA) in cv. FH-

1581. The increase of 250.86% (NT), 225.15% (WS) and

699.13% (30 mg/L ALA) was recorded in cv. FH-1572

under water deficit conditions (Fig. 2; Table 1S).

Total soluble proteins

Plants under water deficit stress showed significant increase

(P B 0.001) in total soluble proteins. The increase in total

soluble proteins was not the same in two sunflower culti-

vars. Higher total soluble proteins were evident in cv. FH-

1581. Addition of ALA resulted in marked increase in this

variable. Plants treated with 30 mg/L had maximal values

for total soluble proteins under water deficit conditions.

Total soluble proteins increased by 622.31% (WS) and

2010.72% (30 mg/L ALA) in cv. FH-1581 under drought.

The increase of 610.13% (WS) and 2025.21% (30 mg/L

ALA) was present in cv. FH-1572 under drought (Fig. 2;

Table 1S).

Total free amino acids

Higher total free amino acid contents were present in cv.

FH-1581 under water deficit conditions. Plants exhibited

significant increase (P B 0.001) in total free amino acids

when ALA was applied as foliar spray. ALA-induced

increase in this variable was concentration dependent.

Maximal increase in total free amino acids was evident in

plants treated with 30 mg/L ALA. The cv. FH-1581 had an

increase of 183.82% (NT), 237.52% (WS) and 474.13%

(30 mg/L ALA) under drought. By contrast, cv. FH-1572

displayed 170.14% increase (NT), 230.14% (WS) and

450.25% (30 mg/L ALA) under water deficit conditions

(Fig. 2; Table 1S).

Discussion

Aminolevulinic acid (ALA) is an essential precursor in the

biosynthesis of chlorophyll molecule and for that reason,

low doses of supplemented ALA have been suggested to

improve plant growth and stress tolerance (Xiong et al.

2018). Our results displayed that addition of different doses

of ALA protected sunflower plants from adverse effects of

water deficit stress reflected in the form of significant

increase in biomass accumulation. The ALA-mediated

increase in stress tolerance is related to lower cellular

levels of reactive oxygen species (H2O2), decrease in lipid

peroxidation measured in the form of MDA contents, lesser

degradation of photosynthetic pigments and an efficient

oxidative defense system.

In present study, a significant decline in different growth

characteristics was found in sunflower plants subjected to

water deficit stress. Plants under water limited environment

suffer from nutritional deficiency that could inhibit plant

growth and development (Abbas et al. 2018). Our results

are in corroboration with previous reports in maize (Naeem

et al. 2018). The application of ALA markedly enhanced
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photosynthetic pigments and biomass accumulation under

water stress. Similar findings were reported in Brassica

napus L. where significant improvement in growth char-

acteristics and photosynthesis was induced in response to

ALA application under NaCl salinity (Xiong et al. 2018).

The ALA-mediated improvement in growth might have

been due to its significant role in the regulation of impor-

tant metabolic processes (Akram et al. 2012; Farid et al.

2018).

Chlorophyll is an essential photosynthetic pigment in

plants to harvest light and generation of energy in the form

of reducing power (Gitelson et al. 2003). Water deficit

conditions cause significant decline in chlorophyll contents

(Liu et al. 2019). Our results also indicated significant

decline in chlorophyll contents in plants under water stress.

Enhanced chlorophyll degradation or slow biosynthesis of

chlorophyll is the typical sign of oxidative stress in plants

grown under limited water conditions (Smirnoff 1993).

Further, it was also suggested that measure of chlorophyll

contents can be taken as a good selection criterion for

screening drought tolerance in different cultivars (Guerfel

et al. 2009). Exogenous application of ALA resulted in

significant enhancement in chlorophyll contents in both

sunflower cultivars under water deficit conditions. It is

documented in the literature that addition of low concen-

tration of ALA improves protein biosynthesis, nutrient

uptake, antioxidant system, photosynthesis and chlorophyll

biosynthesis (Niu and Ma 2018). Efficient oxidative

defense system scavenges ROS that directly degrade

chlorophyll contents (Akram et al. 2012).

Plants accumulate compatible solutes such as proline as

an adaptive mechanism to tolerate abiotic stress (Ashraf

and Foolad 2007). In our study, we found significant

increase in cellular levels of proline under water deficit

conditions. Addition of ALA increased proline contents.

Besides, its role as compatible solute, proline also func-

tions as antioxidant scavenging toxic ROS (Islam et al.

2009). Similar report of ALA-mediated increase in proline

content was found in Brassica napus L. under salt stress

(Xiong et al. 2018). The cellular levels of proline increase

with concomitant decline in endogenous levels of ALA in

the barely (Averina et al. 2010) because both proline and

ALA biosynthesis has common precursor, glutamic acid.

Exogenous application of ALA increased ALA contents

that might have reduced ALA biosynthesis along with

increase in proline biosynthesis. However, whether influ-

ence of exogenous application of ALA on proline accu-

mulation is associated with decline in ALA biosynthesis

needs further research (Zhang et al. 2015).

Phenolics are important non-enzymatic antioxidant

compound that readily scavenges singlet oxygen (Akram

et al. 2012). Exogenous application of ALA resulted in

substantial increase in phenolics levels under drought

stress. Increase in endogenous levels of phenolics protect

plants from oxidative damage (Caliskan et al. 2017).

Among secondary metabolites, flavonoids are an important

defensive secondary metabolite that protects plants from

drought-induced oxidative damage (Nakabayashi et al.

2014). Our results also indicated increase in endogenous

levels of flavonoids contents in plants treated with different

doses of ALA. Supplementation of ALA mediated flavo-

noid biosynthesis in plants (Liu et al. 2016). The rise in

flavonoid due to ALA application was found in apples

(Chen et al. 2014). Our study also displayed increased

anthocyanin contents in plants treated with exogenous

ALA. Similar results on ALA-induced higher anthocyanins

were reported in peach (Guo et al. 2013). Anthocyanins

possess significant antioxidant activity to scavenge ROS

(Stintzing and Carle 2004). Ascorbic acid is significant

antioxidant compound present in plant tissues. Further,

drought stress negatively affects ascorbic acid biosynthesis

in plants (Seminario et al. 2017). Our results manifested

large decrease in ascorbic acid contents under water stress.

Similar drought-induced reduction in ascorbic acid content

has been reported in soybean (Seminario et al. 2017) and

wheat (Bartoli et al. 1999). ALA increased ascorbic acid in

cv. FH-1572 but not in cv. FH-1581.

A common result of water deficit conditions is osmotic

stress in plants. Proline is accumulated in significant

amount by drought-stressed plants where proline acts as

compatible solute (Akram et al. 2012). However, amino

acids also perform other essential functions in plants. For

example, amino acids mediate redox homeostasis, gene

expression, activities of enzymes, stomatal opening and ion

transport in plants under abiotic stress (Kovács et al. 2012).

We also recorded significant increase in the buildup of total

soluble amino acids in both sunflower cultivars under water

stress. Exogenous application of ALA resulted in further

increase in this variable. Similarly, Yang et al. (2014)

reported increased amino acid accumulation in Creeping

Bentgrass in response to ALA application.

Drought stress induces oxidative damage in plants due

to incomplete destruction of ROS (Kosar et al. 2015).

However, the detoxification of ROS highly relies on better

oxidative defense in the form of enzymatic and non-en-

zymatic compounds (Ashraf 2009; Mahawar and Shekha-

wat 2019). Our results displayed significant increase in the

activities of SOD, CAT and POD. The enzyme SOD is

present in peroxisome, mitochondrion, chloroplast and

cytoplasm where it reacts with superoxide radicals and

converts it into H2O2 (Li et al. 2011). Exogenous ALA has

the ability to induce the activity of SOD (Memon et al.

2008). Drought-induced increase in SOD activity was

found in Brassica campestris (Memon et al. 2008). Higher

SOD activity was seen in plants given ALA under herbi-

cide stress (Zhang et al. 2008). Exogenous application of
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ALA also increased SOD activity in Brassica napus sub-

jected to salinity (Naeem et al. 2010). The resulting

enhanced generation of H2O2 can quickly diffuse across the

cell membranes and damages plant growth (Foyer et al.

1997). The disintegration of H2O2 is carried out in

microbody and mitochondrion, whereas POD scavenges

H2O2 in cytosol and chloroplast (Shigeoka et al. 2002). In

previous studies, drought increased CAT and POD activi-

ties (Türkan et al. 2005; Manivannan et al. 2008). ALA has

been shown to increase the activities of CAT and POD in

cucumber under drought and salinity stress (Li et al. 2011;

Wu et al. 2019). Our study also indicated decline in H2O2

and MDA contents due to efficient antioxidant system in

plants treated with exogenous ALA.

In nutshell, cv. FH-1581 exhibited higher drought tol-

erance compared with cv. FH-1572 reflected in the form of

lower degradation of photosynthetic pigments and efficient

oxidative defense system. Exogenous application of ALA

enhanced biomass accumulation by protecting chlorophyll

degradation and decreasing lipid peroxidation. Further-

more, ALA-mediated decrease in H2O2 and MDA levels

was due to enhanced concentration of non-enzymatic

antioxidant compounds and higher activities of antioxidant

enzymes. The present research opens ways and conse-

quently, needs further research on the influence of ALA

application on the expression of stress associated genes.
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