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Abstract
Background: Exogenous hormone applications modify the plant growth and development by inducing
changes in their endogenous contents. However, it is not clear whether the effects of exogenous hormones
on growth are direct or related with changes induced in endogenous hormones. Laboratory and greenhouse
experiments were conducted to study the effect of exogenous salicylic acid (SA) or indole acetic acid (IAA)
on endogenous levels in soaked seeds, 5-day-old seedlings, and in vegetative growth of foliar-sprayed plants.
The effects of different concentrations of two hormones on germination and growth of maize were also
studied.
Results: The effect of presoaking maize seeds in solutions of SA or IAA (0, 0.25, 0.5, 1, and 2 mM) on their
endogenous contents in soaked seeds or in 5-day-old seedlings. Soaked seeds absorbed more SA than IAA. In
young seedlings, the majority of two hormones which absorbed during seed soaking remained in the residual
seeds. Presoaking seeds in SA or IAA solutions suppressed the growth of 5-day-old seedlings. In the greenhouse
experiment, endogenous SA and IAA increased after spraying two compounds at 0.25–2 mM, peaking 2 days after
treatment then decreased on. However, plants treated with SA at 1 mM or 2 mM continued to pose higher levels of
endogenous SA, 8 days later. At 20 days after treatments, all tested concentrations of two hormones significantly
increased the fresh and dry weights of the whole plant. These inducing effects disappeared 40 days after spraying.
Conclusion: The obtained results demonstrated the changes in endogenous SA and IAA in soaked seeds, seedling,
and foliar-sprayed plants due to their exogenous application. However, concentrations of two hormones did not
produce any permanent enhancement effects on germination and plant growth.
Keywords: Zea mays, Salicylic acid, Indole acetic acid, Uptake of hormones, Germination, Plant growth

Background
Salicylic acid (SA) and indole acetic acid (IAA) are plant
hormones involved in the regulation of many physiological
processes in plants. Interestingly, these two hormones
share a common precursor–chorismate, the final product
of the shikimate pathway. Chorismate is responsible for
aromatic amino acids including tryptophan, and through
several steps, it can generate the IAA. Meanwhile,
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chorismate can be converted into isochorismate which
transformed into SA (Pérez-Llorca et al. 2019).
SA is a phenolic compound, which contributes to the
regulation of many growth and development processes,
such as seed germination, photosynthesis, respiration,
flowering, and senescence (Vicente and Plasencia 2011).
Moreover, SA also acts as a signaling molecule in the activation of the plant defense responses against many
stress factors (Wani et al. 2017), whereas IAA is one of
the most important phytohormones, and it plays essential roles in different processes, including gametogenesis,
embryogenesis, seedling growth, vascular patterning, and
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flower development (Zhao 2010). Endogenous hormones
are tightly controlled through various mechanisms, such
as biosynthesis, degradation, transportation, and conjugate formation (Korasick et al. 2013). However, it is not
clear whether the effects of exogenous hormones on
plant growth are direct or whether they are connected
with their effects on endogenous hormones (Szalai et al.
2011). In most tissues, the endogenous IAA responded
in a distinct manner to varying amounts of exogenous
IAA application (Zhou et al. 2017). Moravcová et al.
(2018) studied the effect of pre-treatment of maize seeds
with SA in different concentrations on the level of endogenous SA. They found that soaking seeds in SA at 50
μM resulted in a significant increase in endogenous SA,
but application 500 μM produced a significant decrease
in the level of endogenous SA in the newly formed roots,
whereas soaking pea seeds in SA caused increases in
both free and pound SA contents in the seeds (Szalai
et al. 2011). Higher levels of endogenous IAA might
cause an inhibitory effect, so the optimum endogenous
level must be controlled. Cai et al. (2018) found that at 3
days after exogenous application of SA, the endogenous
SA reached the maximum and subsequently decreased
until it reached the level of control plants at 7 days later.
In the present study, we investigated the effect of presoaking maize seeds in SA or IAA on germination, uptake, and distribution of endogenous hormones in young
seedlings. Moreover, growth effects and the changes in
the endogenous SA and IAA over time as a response to
spraying of two hormones in leaves of greenhousegrown maize were also studied.

Methods
Source of plants

Seeds of maize (Zea mays cv. Giza 2) were obtained
from Agricultural Research Center, Egypt.
Germination experiment

Maize seeds of the same size were sterilized with 10%
(v/v) sodium hypochlorite solution for 5 min and
washed with distilled water. Seeds were soaked for 48
h in the dark at 25 °C in distilled water (control) or
in either SA or IAA solutions four different concentrations for each (0.25, 0.5, 1, and 2 mM). The soaked
seeds were germinated in Petri dishes. Ten seeds of
each treatment were placed in a 9-cm plastic Petri
dish lined with a single Whatman No. 1 filter paper,
then 10 mL of distilled water was added onto filter
paper. Four replicates of each treatment were placed,
in a completely randomized manner, in a growth
chamber at 25 °C. After 5 days, germination percentage, shoot length, and root length of germinated
seeds were determined. Moreover, endogenous SA
and IAA were determined in soaked seeds before
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incubation as well as in various tissues of young
seedlings.
Greenhouse experiment

An experiment was conducted to study the effect of foliar spray of SA or IAA on growth and the changes in
endogenous SA and IAA over time of greenhouse-grown
maize. The seeds were sown on May 1, 2018, in pots
(30-cm diameter) filled with 4 kg soil (sand: peat moss,
3:1, w/w) at 5 maize seeds per pot. Ten days after
complete germination, three seedlings were preserved in
each pot. Then, pots were divided into nine groups with
four replicates; each group was sprayed with one of the
following treatments: distilled water (control) or SA solution (0.25, 0.5, 1, and 2 mM) or IAA solution (0.25,
0.5, 1, and 2 mM). The solution was sprayed using an
Epoca sprayer (Italy) evenly over the entire surface of
the plant, including the adaxial and abaxial surface of
leaves. The pots were placed in a greenhouse (25 ± 3 °C,
12 h photoperiod), arranged in a completely randomized
design and irrigated with equal amounts of half-strength
Hoagland solution. At 2, 4, and 8 days after treating
(DAT), vegetative plant samples were taken to determine
the endogenous concentration of SA and IAA. Moreover, at 20 and 40 DAT, plant growth parameters were
evaluated in terms of plant height (cm), leaves’ number,
fresh and dry weights of leaves (g), and fresh and dry
weights of a plant (g).
Extraction and determination of SA and IAA

Vegetative plant samples were collected, fast cleaned
with distilled water to remove the SA or IAA residues,
oven-dried at 50 °C, and ground in a mortar. The extraction of endogenous SA and IAA was performed according to Matallo et al. (2009). One hundred milligrams of
plant powder was placed in a centrifuge tube, and 10 mL
of acidified water (pH 2.5) was added and subjected to
an ultra-sonication bath with an ultrasonic frequency of
50/60 Hz for 30 min. Samples were subjected to centrifugation at 4000 g for 10 min at 20 °C. The supernatant
was collected and filtered through a nylon filter 45 μm.
Quantification of SA and IAA was performed by highperformance liquid chromatography (HPLC), LC-10 AD,
Shimadzu, Japan. The two phytohormones were analyzed using a Luna RP-C18 (2) column (250 × 4.6 mm
i.d, 5 μm, Phenomenx). The mobile phase of phosphate
buffer (pH 6.5) in methanol (90:10, v/v) was used at a
flow rate 0.9 mL/min. The detecting wavelength was
220 nm. Standard of SA and IAA were purchased from
Sigma Aldrich. For each compound, the calibration
curve was constructed with the concentrations of the
standards (0.01–0.1 mg/mL) that covered the range of
levels of the compounds found in the plant tissues. The
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retention time in min was 9.42 for SA and 10.29 for
IAA.
Statistical analysis

Analyses were performed in triplicate. The data were
subjected to analysis of variance according Gomez and
Gomez (1984), and comparison of means (LSD, 5% level)
was performed using Stat graphics Plus Version 5.1.

Results
Germination experiment

As shown in Table 1, soaking maize seeds in SA solutions at 0.25–2 mM for 48 h caused gradual increases
the endogenous SA in treated seeds when compared
with water-soaked seeds. Concentration and amount of
SA in SA-soaked seeds ranged between 19.1 and
152.2 μg/g and between 6.8 and 55.2 μg/seed compared
with 0.7 of μg/g and 0.3 μg/seed for control seeds, respectively. It was found that the endogenous SA content
was higher than those found in the corresponding control (Table 1). Pre-treating seeds with the highest
concentration of SA (2 mM) resulted in a great accumulation of this compound and a complete inhibition in
the germination of maize seeds. No great differences in
the concentration of endogenous SA between developed
roots and developed shoots of SA-pretreated seedlings.
These two parts possessed between 8-times to 10-times
of endogenous SA, relative to control. Meanwhile, in all
tested seedlings, the residual seeds tended to accumulate
more amount of SA than those accumulated in shoots
or roots.
Soaking maize seeds in IAA solutions for 48 h caused a
gradual increase in the concentration and amount of endogenous IAA, as the concentration increased (Table 2).
Concentration and amount of endogenous IAA in 2 mM
IAA-treated seeds constituted 27.2 μg/g and 9.55 μg/seed
corresponded with 1.3 μg/g and 0.5 μg/seed for control,
respectively. The application of IAA led to increase the
concentration and amount of endogenous IAA in all
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seedling tissues. The shoot, root, and residual seeds of
IAA pre-soaked seedlings possessed between 1.36–1.66,
1.78–3.22, and 2.9–7.73 μg/g, compared with 1.27, 1.56,
and 0.97 μg/g for those of control, respectively. The IAA
concentration was higher in residual seeds than in the developed roots or shoots of pretreated seedlings. Moreover,
the residual seeds tended to accumulate more IAA (0.42–
3.42 μg/seed) than those accumulated in the shoots (0.1–
0.16 μg/seed) or roots (0.19–0.36 μg/seed) of all tested
seedlings.
Pre-soaking seeds in SA or in IAA solutions led to different effects on germination and seedling growth (Table
3). Soaking seeds in higher SA concentration (2 mM)
completely inhibited the germination of maize seeds. Also,
a significant decrease in the germination percentage was
found due to the application of SA at 1 mM or o.5 mM as
well as IAA at o.5 mM or 0.25 mM as compared with control (water germinated seeds). On the contrary, the application of low SA dose (0.25 mM) and high IAA dose (2
mM) in the seed pre-treatment caused significant increases in germination percentage when compared with
control. Moreover, all SA and IAA pre-treatments caused
decreases in shoot length as compared with control. A
gradual decrease in shoot length was obtained by increasing the dose of SA pretreatments decreasing the dose of
IAA pre-treatments. Hence, the most reduction effect was
recorded for the highest SA dose and for the lowest IAA
dose. As shown in Table 3, the root length of 5-day-old
seedlings exhibited the most reduction effects as affected
by presoaking seeds in all SA doses and IAA doses.

Greenhouse experiment

Changes in endogenous SA and IAA over time of
greenhouse-grown maize as affected by foliar spray of
these two compounds were illustrated in Fig. 1. The results indicated that application SA at 0.25 mM did not
produce any remarkable effect on endogenous SA when
compared with control, whereas spraying SA at 0.5–2
mM caused a concentration-dependent increase in SA

Table 1 Effect of pre-soaking maize seeds in SA for 48 hours on concentration and distribution of endogenous SA in soaked seeds
and 5-days-old seedlings
Endogenous
SA

Soaked seeds

5-days-old seedlings

Conc
μg/g

Amount
μg/seed

Shoot
Conc μg/g

Amount μg/seed

Conc μg/g

Amount μg/seed

Conc μg/g

Amount μg/seed

2 mM SA

152.2a

55.2a

-

-

-

-

129.4a

51.7a

1 mM SA

53.5b

19.0b

19.8a

1.76b

20.4a

1.69b

15.1b

6.5b

0.5 mM SA

c

42.4

b

16.7

a

17.4

a

2.20

a

17.6

a

0.25 mM SA

19.1d

6.8c

15.9a

1.48c

16.5a

Control

e

0.7

0.3

d

b

2.0

Root

d

0.25

b

1.9

Seeds

2.11

5.4

b

2.6b

1.15c

5.6b

2.4b

d

b

0.7b

0.24

1.6

Mean value is average of four replicates. In the same column with different letter(s) are significantly different (P ≤ 0.05). Conc concentration
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Table 2 Effect of pre-soaking maize seeds in IAA for 48 hours on concentration and distribution of endogenous IAA in soaked seeds
and 5-days-old seedlings
Endogenous
IAA

Soaked seeds

5-days-old seedlings

Conc
μg/g

Amount
μg/seed

Shoot
Conc μg/g

Amount μg/seed

Conc μg/g

Amount μg/seed

Conc μg/g

Amount μg/seed

2 mM IAA

27.2a

9.55a

1.66a

o.16a

3.22a

0.36b

7.73a

3.42a

1 mM IAA

23.1b

9.12a

1.43ab

0.13b

3.24a

0.47a

3.54b

1.32b

b

b

b

b

c

b

Root

Seeds

0.5 mM IAA

20.9

7.57

1.38ab

0.12

2.48

0.23

2.51

1.20b

0.25 mM IAA

21.3b

7.24b

1.36ab

0.10b

1.78c

0.15c

2.90b

1.33b

b

c

c

c

0.42c

Control

c

c

1.3

0.50

1.27b

0.10

1.56

0.19

0.97

Mean value is average of four replicates. In the same column with different letter(s) are significantly different (P ≤ 0.05). Conc concentration

content that reached a peak of 2 DAT and then gradually decreased by the times. Moreover, application high
SA doses (1 or 2 mM) produced a continuous increase
in endogenous SA over the entire time of the measuring
period. Data in Fig. 2 demonstrated that the concentration of endogenous IAA was responded positively to all
IAA exogenous application treatments when determined
at 2 DAT or 4 DAT. Such an increase depended on the
concentration, and it ranged between 10% and 34% at 2
DAT and between 3% and 24%, at 4 DAT. However, at 8
DAT, the pronounced increase in the level of endogenous IAA was obtained only by application IAA at 2 mM.
The effects of foliar spray of SA on vegetative growth
of greenhouse-grown plants are presented in Table 4. At
20 DAT, no significant effects of SA application were
observed on plant height and number of leaves as compared with control plants. Also, the lower concentration
of SA (0.25 mM) did not cause any changes in most
vegetative growth parameters. However, the application
of SA at the higher concentrations (0.5–2 mM) produced
significant increases in the fresh weight of plants and
leaves and dry weight of plants and leaves, as compared
with control. Maximum increases in these growth parameters were obtained by treating plants with SA at 2
Table 3 Impact of SA and IAA pre-soaking seeds on
germination and seedling traits (% of control)
Treatments
2 mM SA

Germination %
0.0 ± 0.0

d

Shoot length
d

0.0 ± 0.0g

0.0 ± 0.0
c

1 mM SA

75.0 ± 2.3

0.5 mM SA

71.7 ± 3.2c

61.5 ± 2.1

c

81.9 ± 3.3b
a

0.25 mM SA

106.7 ± 4.5

2 mM IAA

108.3 ± 3.9a
ab

Root length
44.3 ± 2.1e
54.9 ± 2.6cd

b

46.0 ± 1.9e

92.8 ± 2.8a

74.7 ± 3.2b

b

58.3 ± 3.0c

82.1 ± 4.1

1 mM IAA

103.3 ± 4.8

78.9 ± 2.1

0.5 mM IAA

93.3 ± 2.7b

77.2 ± 2.2b

c

c

0.25 mM IAA

78.3 ± 3.1

67.6 ± 2.0

Control

100.0 ± 3.6ab

100.0 ± 3.8a

49.7 ± 1.7de
35.8 ± 1.9f
100.0 ± 3.3a

Data within a column followed with the same letter are not significantly
different at the level 5%

mM, whereas, at 40 DAT, the enhancing effect of all SA
treatments on growth parameters disappeared.
As shown in Table 5, foliar spray of IAA at all tested
doses tended to enhance the vegetative growth parameters of maize when measured 20 DAT, but the effect on
plant height and number of leaves did not reach the
level of significance. Meanwhile, the most effective treatment was obtained by SA at 0.5 mM. This treatment
achieved more than 50% increases in fresh and dry
weights of leaves and plants, relative to control. At 40
DAT, the significant increase in growth parameters was
observed only when application IAA at the highest dose
(2 mM). This treatment produced more than 15% increases in different growth traits, as compared with
those of control.

Discussion
Exogenous hormone applications modify the plant
growth and development by inducing changes in their
endogenous contents. However, it is not clear whether
the effects of exogenous hormones on growth are direct
or whether they are related with changes induced in endogenous hormones (Szalai et al. 2011). We determined
the changes in the endogenous SA and IAA after soaking seeds in different concentrations of these two compounds for 48 h and their distribution in seedlings after
complete germination of pre-soaked seeds in distilled
water for another 5 days. The results indicated that the
exogenous applications of SA and IAA were correlated
with the changes in their endogenous contents in soaked
seeds and 5-day-old seedlings. These results are in line
with those obtained by Kim et al. (2006) and Moravcová
et al. (2018). Meanwhile, a higher ability of maize seeds
for uptake SA was detected when compared with the
relatively low ability of seeds on uptake IAA. The low
ability of soaked seeds for uptake IAA was previously reported by Kim et al. (2006). Seeds soaked in the highest
concentration of SA (2 mM) accumulated a great
amount of SA which could be responsible for preventing
the germination of seeds. In this respect, a dramatic
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Fig. 1 Changes in endogenous SA over time in maize plants in response to their exogenous application at different levels

inhibition of the germination process was reported when
soaking maize seeds in SA above a concentration of 1
mM (Guan and Scandalios 1995), whereas Marambe and
Ando (1992) found that increasing the phenolic acid
concentrations in germination media reduced water uptake, a-amylase activity, and germination rate of sorghum seeds.
In the present study, we determined the effect of presoaking seeds in SA and IAA on the distribution of endogenous SA and IAA in different tissues of 5-day-old
seedlings. The two hormones were found in different
seedling tissues, and their contents were positively correlated with the applied concentrations. The major
amounts of SA or IAA in the residual seeds of young
seedlings, but developed shoots and roots accumulated
low amounts of two compounds. In line with these results, Szalai et al. (2011) found that the majority of the
SA absorbed during seed soaking remained in the seeds.
In this study, pre-soaking seeds in SA or in IAA solutions for 48 h achieved different effects on germination

and seedling growth of 5-day-old maize plants. In the literature, there are divergent data about the effect of different concentrations of SA and IAA on seed
germination and seedling development (Rajjou et al.
2006; Chauhan et al. 2009; Xiao et al. 2014). In this
study, except for the enhancing effect of lower SA concentration (0.25 mM) and higher IAA one (2 mM) on
germination percentage, all SA and IAA treatments
negatively reduced the germination percentage of maize
seeds. An inhibitory effect of SA on germination percentages of many plant species, especially at high applied
concentrations was previously recorded by many investigators (Negi and Prasad 2001; Chandra et al. 2007; ElMergawi 2019). The inhibitory effect of application high
SA concentrations on germination can be attributed to
toxic stress (Canakci and Munzuroglu 2007). In this
concern, Muscolo et al. (2001) found that the phenolic
acids inhibited the germination of pinus laricio by inhibiting the activities of glycolysis and the oxidative
pentose phosphate pathway enzymes. However, an

Fig. 2 Changes in endogenous IAA over time in maize plants in response to their exogenous application at different levels
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Table 4 Effect of SA foliar spray on vegetative growth of maize plants
Criteria
Treatment

Plant height (cm)

Plant fresh weight (g)

Leaves number

Leaves weight (g)

Plant dry weight (g)

Leaves dry weight (g)

68.0 ± 2.7a

9 ± 1a

35.0 ± 1.2a

7.6 ± 1.0a

5.5 ± 0.3a

20 DAT
2 mM SA

122 ± 4a

1 mM SA

a

0.5 mM SA

121 ± 5

ab

57.7 ± 2.3

10 ± 1

123 ± 5 a

63.3 ± 1.8ab

9 ± 1a

a

b

a

ab

a

0.25 mM SA

121 ± 6

51.0 ± 1.7

9±1

Control

119 ± 5a

53.0 ± 1.4b

9 ± 1a

29.0 ± 1.3

6.6 ± 0.4

ab

4.5 ± 0.2ab

32.3 ± 2.1ab

6.6 ± 0.4ab

4.6 ± 0.2ab

b

b

27.7 ± 1.7

4.8 ± 0.3

26.7 ± 1.8b

5.1 ± 0.3b

3.8 ± 0.1ab
3.5 ± 0.2b

40 DAT
2 mM SA

175 ± 7a

260 ± 7a

14 ± 1a

103 ± 3a

34.2 ± 0.2a

18.5 ± 0.4a

1 mM SA

a

176 ± 6

a

260 ± 9

a

14 ± 1

102 ± 4

a

a

34.2 ± 0.1

18.4 ± 0.3a

0.5 mM SA

183 ± 8a

257 ± 7a

14 ± 1a

102 ± 4a

33.9 ± 0.2a

18.4 ± 0.2a

a

a

a

a

a

36.6 ± 0.2

19.8 ± 0.4a

34.0 ± 0.3a

18.8 ± 0.3a

0 .25 mM SA

190 ± 8

278 ± 8

14 ± 1

110 ± 4

Control

171 ± 6a

263 ± 6a

14 ± 1a

104 ± 5a

Data within a column followed with the same letter are not significantly different at the level 5%

enhancing effect of 0.25 mM SA concentration on the
germination percentage of the broad bean was reported
by Anaya et al. (2018). Regarding the inhibition effect of
IAA, Ramaih et al. (2003), Shuai et al. (2017), and Emem
et al. (2017) showed that the exogenous application of
the IAA delayed seeds germination of wheat, soybean,
and Cucumis melo, respectively. Recently, Shuai et al.
(2017) suggested that IAA can inhibit the germination
process of soybean seeds through enhancing the
abscisic-biosynthesis pathway and negatively mediated
gibberellic-biosynthesis.
In this study, all SA and IAA treatments suppressed
seedling growth of maize, when compared with the control seedlings. Moreover, a gradual decrease in seedling
growth of 5-day-old seedlings was obtained by increasing

the dose of SA or decreasing the dose of IAA. The most
reducing effect was detected by using a higher concentration of SA (2 mM) and lower concentration of IAA
(0.25 mM). These results are in general agreement with
those obtained by Chandra et al. (2007); they found that
both germination and seedling growth of four cowpea
genotypes were negatively affected by 0.02% (1.45 mM)
SA application. On the contrary, many investigators recorded an enhancement effect on seedling growth due
to pretreatment seeds with IAA (Zhao and Zhong 2013)
or with SA (Anaya et al. 2018). These contradictory results might be attributed to the variability in species or
in applied concentration or in soaking time. Moreover,
we found that the inhibitory effect of tested hormones
on the root growth of seedlings was apparently greater

Table 5 Effect of IAA foliar spray on vegetative growth of maize plants
Criteria
Treatments

Plant height (cm)

Plant fresh weight (g)

No of leaves

Leaves weight (g)

Plant dry weight (g)

Leaves dry weight (g)

20 DAT
2 mM IAA

122 ± 6a

74.0 ± 4.0ab

9 ± 1a

37.7 ± 1.3ab

7.5 ± 0.3a

5.2 ± 0.2a

1 mM IAA

127 ± 4a

66.0 ± 3.0b

10 ± 1a

33.0 ± 1.0b

7.1 ± 0.4a

4. 9 ± 0.3a

a

a

a

40.3 ± 1.7

a

8.0 ± 0.6

5.4 ± 0.3a

36.3 ± 2.0ab

7.1 ± 0.4a

5.2 ± 0.4a

b

a

0.5 mM IAA

129 ± 7

84.3 ± 6.0

9±1

0.25 mM IAA

129 ± 6a

74.0 ± 4.0ab

9 ± 1a

Control

a

119 ± 5

c

53.0 ± 3.0

9±1

a

c

26.7 ± 1.1

5.1 ± 0.3

3.5 ± 0.2b

40 DAT
2 mM IAA

195 ± 8a

330 ± 9a

14 ± 1a

127 ± 9a

43.2 ± 3.1a

22.9 ± 0.9a

1 mM IAA

181 ± 7ab

260 ± 7b

14 ± 1a

103 ± 5b

34.2 ± 2.9b

18.5 ± 1.0b

ab

b

a

b

b

34.1 ± 1.7

18.4 ± 0.7b

0.5 mM IAA

183 ± 6

259 ± 7

0.25 mM IAA

184 ± 6ab

Control

b

169 ± 5

14 ± 2

102 ± 7

259 ± 8b

14 ± 1a

101 ± 3b

34.0 ± 1.9b

18.2 ± 1.1b

b

a

b

b

18.8 ± 0.8b

263 ± 8

14 ± 1

105 ± 4

Data within a column followed with the same letter are not significantly different at the level 5%

34.7 ± 2.0
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than that on germination percentage or shoot growth.
This result is indirectly in accordance with those reported by El-Mergawi and Al-Humaid (2017, 2019) and
El-Mergawi and El-Desoki (2018). These studies showed
that root growth was the most sensitive to allelopathic
compounds than shoot growth and germination
percentage.
The change in endogenous SA and IAA concentrations throughout eight DAT is in response to the exogenous application of two hormones in leaves of
greenhouse-grown maize. The results indicated that the
endogenous active forms of SA and IAA were responded
positively to all their exogenous application treatments
peaking at 2 DAT and subsequently decreasing gradually. Different plant species responded in a distinct
manner to varying amounts of exogenous SA GuzmánTéllez et al. 2014 or IAA (Korasick et al. 2013; Al-Amri
2018; Cai et al. 2018) treatments. However, plants
treated with SA at 1 and 2 mM only continued to possess higher levels of endogenous SA than those of control over the entire time of the measuring period,
whereas, at 8 DAT, the IAA content in the all IAAtreated leaves was not possessed any significant difference as compared with the corresponded control. The
rapid decrease in the endogenous SA and IAA, after the
peak concentration, seems to be partially due to the
transformation of two hormones into its conjugated
forms (He et al. 2007; Ludwig-Muller 2011).
The results indicated that spraying SA or IAA at 0.25–
2 mM produced significant increases in growth traits of
maize plants when measured 20 DAT. The enhancing
effect of SA and IAA on plant growth was reported by
many investigators Guzmán-Téllez et al. 2014; Khandaker et al. 2018). Although, at 40 DAT, except the increment effect of 2 mM IAA on maize growth, all SA and
IAA treatments did not produce any significant effect on
tested growth parameters when compared with those of
control. In this concern, Guzmán-Téllez et al. (2014)
found some differences in the values of stem and leaves
of tomato between SA treated plants (0.1 mM) and control plants at 4, 12, and 15 DAT and disappeared at the
end of the assay (22 DAT). The disappearance of the enhancing effect of SA and IAA treatments in growth parameters over time may be related with the decrease in
the levels of endogenous SA or IAA in treated plants by
time as previously mentioned. It is assumed that the endogenous SA or IAA concentrations must be kept at an
appropriate level to maintain an enhancement effect on
growth parameters (Guzmán-Téllez et al. 2014).

Conclusions
In this study, the effect of pre-soaking maize seeds in SA
and IAA on germination, uptake, and distribution of endogenous two hormones in soaked seeds and 5-day-old
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seedlings was determined. A higher ability of maize
seeds on uptake SA was detected accompanied with a
relatively lower ability of seeds on uptake IAA. The two
hormones were found in different seedling tissues, and
its contents were positively correlated with the exogenously applied concentrations. In young seedlings, the
majority of two hormones which absorbed during seed
soaking localized in the residual seeds. Pre-soaking seeds
in SA and IAA solutions suppressed seedling growth of
maize. In the greenhouse experiment, endogenous SA
and IAA were increased after foliar spray of two compounds at 0.25–2 mM, peaking 2 days after treatment
and then decreased on. However, plants treated with SA
at 1 mM or 2 mM continued to possess higher levels of
endogenous SA, 8 days later. All SA and IAA treatments
significantly increased the fresh and dry weights of leaves
and plants, when measured after 20 days, whereas by extending the period of measuring to 40 days, most of
these inducing effects disappeared. Generally, the obtained results increased our knowledge about the
changes induced in endogenous SA and IAA in soaked
seeds, seedling tissues, and foliar-sprayed plants due to
their exogenous application and their relations with germination and growth in maize.
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