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ABSTRACT: This work was executed during two successive seasons
of 2018 and 2019 in the nursery and laboratory of Fac. Agric., Minia
Univ., Egypt to investigate the response of vegetative and root growth
and some chemical composition of Delonix regia seedlings to four
percentages of humic acid (0, 1, 2 and 4%) and four bio- and/or
mineral NPK fertilization treatments (control, 100% NPK, Minia
Azotein and 75% NPK plus Minia Azotein), as well as, the interaction
between them. All used three percentages of humic acid significantly
increased vegetative growth (plant height, stem diameter, the aerial
part dry weight), root growth (root number and roots dry weight) and
chemical composition (photosynthetic pigments, NPK%, total phenolic
and total flavonoids contents) over control. Humic acid at 4% more
was effective treatment. All used bio-and/or mineral NPK fertilization
treatments significantly increased all studied characters over control.
The best treatments were 100% NPK or 75% NPK plus Minia Azotein.
It could be recommended to add humic acid at 4% in combination with
100% NPK or 75% NPK plus Minia Azotein to improve growth of
Delonix regia.

Key words: Humic acid, Bio-fertilizer, Mineral NPK fertilizer and
Delonix regia.

arthritis, hemiplegia, leucorrhoea and
rheumatism (Shanmukha et al., 2011).

Gold mohar [Delonix regia (Bojer ex

Hook.) Raf.] also known as royal poinciana,
flame boyant and flame tree is a species of
flowering plants, belonging to Family
Caesalpiniaceae. This tree, native to
Madagascar, but now is distributed in several
countries of the tropical region and is often
used to prepare extracts with antimicrobial
and antifungal activities (Audipudi and
Chakicherla, 2010). Gold mohar, with an
impressive range of medicinal and biological
properties, has been wused in the folk
medicine systems of several civilizations for
the treatment of constipation, inflammation,

Humic acid is the major component of
soil organic matter. Humic acid has both
direct and indirect effects on plant growth.
Indirect effects involved improvement of soil
properties, such as; aggregation, aeration,
permeability, water holding capacity, ion

transport and availability through pH
buffering (Tan, 2003). Direct -effects
involved  increasing cell  membrane

permeability, oxygen uptake, respiration,
photosynthesis, phosphate uptake, root cell
elongation, regulation of hormone level,
improving plant growth and enhancing stress
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tolerance (Cimrin ef al., 2010) and Kulikova
et al. (2005) who pointed out that humic
substances showed antistress effects under
abiotic stress.

Chemical nutrients especially N, P and K
are very important for plants, because NPK
elements partake in structure of several
components of the whole plant (protein,
hormones, amino acids, enzymes, nucleic
acids, fats and regulation of water
conditions). However, the application of
intense chemical fertilization causes serious
problems on human health by pollution of
the whole environmental conditions (soil, air
and drainage water). Generally inorganic
fertilizers are added to the soil to improve
fertility and enhance vegetative growth and
increase crop vyield (Ingels, 1994 and
Lambers et al., 2000).

Biofertilizers are considered to be low
cost, eco-friendly and renewable sources of
plant nutrients supplementing chemical
fertilizers in sustainable agricultural system.
This refers to microorganisms, which
increase crop growth through different
mechanisms, i.e. biological nitrogen fixation,
phosphate-dissolving, growth promoting or
hormonal  substances and  increasing
availability of soil nutrients (Hedge et al.,
1999).

It is well established that phenolic
antioxidants, namely flavonoids and
phenolic acids, are commonly distributed in
plant leaves, flowering tissues and woody
parts such as stem and bark. In plants, these
antioxidant phenolics play a vital role for
normal growth and protection against
infection and injuries from internal and
external sources (Tibiri et al., 2010).

Therefore, the aim of the present work
was to study the effect of humic acid,
mineral NPK and/or Minia Azotein bio-
fertilizer, as well as, their interactions on
vegetative and root growth characters and
some chemical constituents of Delonix regia
transplants.

MATERIALS AND METHODS

This investigation was carried out during
the two successive growth seasons of 2018
and 2019 at the Nursery and Laboratory of
Ornamental Plant Division, Horticulture
Department, Faculty of Agriculture, Minia
University. The goal of this investigation
was to examine the response of Delonix
regia to four levels of humic acid (organic
extract) and four bio- and/or mineral NPK
fertilization treatments, as well as, their
interaction in terms of different vegetative
and root growth characters and some
chemical constituents.

Plant material:

Seeds of Poinciana, (Delonix regia) were
collected from a contain mother plant in
Nursery, Faculty of Agriculture, Minia
University. The seeds were soaked in hot
water and lifted 24 hours and planted in
plastic bags (20 x 15 cm) filled with sandy
soil + clay loam (1:1 v:v) in February 15" for
both seasons and after about one-month
seedlings were transplanted to the
experimental soil (March 15).

Experimental soil:

Physical and chemical properties of the
used soil in both seasons were determined
according to Jackson (1973) and shown in
Table (1).

Layout of the experiment:

The experiment was arranged in a
complete randomized block design in a split
plot design with three replicates. This
experiment included two factors (A and B).
The levels of factor (A) were considered as
main plot, while four levels of factor (B)
were the sub plots.

Therefore, the experiment involved 16
treatments (4A X 4B). Each treatment was
replicated three times. The experimental unit
(plot) was 1.0x1.8 m and containing four
ridges, 60 cm apart. Transplants were
planted on March 15th for both seasons in
hills spaced at 50 cm (2 transplants/ridge) in
between.
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Table 1. Physical and chemical properties of the experimental soil.

Soil chemical

properties Values Soil chemical properties Values Soil physical properties Values
pH (1:2.5 water) 7.70 Total P (g kg™) 0.56 F.C. % 42.45
CaCOs(g kg 17.90 Available P (mg kg™) 13.11 PWP % 13.78
CEC (cmol. kg™) 37.87 Total K (g kg™) 4.37 WHC % 48.76
EC dSm'at25°C) 135 Exch.K"(mg100g'soil) 2.85 A.V.(F.C.-PWP) % 28.67
OM (g kg") 28.61 Exch. Ca*™ (mg 100 g soil) 31.12 A.V. (WHC-PWP) % 34.98
Total N (g kg™) 1.29 Exch. Mg™* (mg 100 g soil) 8.77 Bulk density (BD) g em 1.31
Total C/N ratio 22.17 Exch.Na* (mg 100 g soil) 2.52 Particle density (PD) g cm? 222
SOC (g kgh) 18.48 DTPA Ext. (mgkg!) Fe  8.23 Sand % 28.90
Organic N (g kg™ 0.76 Cu 2.01 Silt % 32.80
Organic C/N ratio 2431 Zn 287 Clay % 38.30
Mineral N (mg kg') 58.46 Mn 8.11 Soil texture Clay loam
Treatments: each plant and then plants were immediately

The main plots (A) were as follows:
1. Humic acid 0% (without).

2. Humic acid 1%. (1 ml. humic acid
added to 1000 ml. water).

3. Humic acid 2%. (2 ml. humic acid
added to 1000 ml. water).

4. Humic acid 4%. (4 ml. humic acid
added to 1000 ml. water).

The sub plots (B) were as follows:
1. Control (without).

2. 100% mineral NPK as recommended
dose.

3. Minia Azotein (M.A.) at 50 ml/hills.
4. 75% NPK + Minia Azotein (M.A.).
Experimental procedures:

Humic acid was obtained from Sigma
Company and added to hills beside the plant
(1000 ml solution/plant) three times the first
dose after two weeks from transplanting and
then at one- month intervals.

Fresh and active Minia Azotein
(containg N-fixing bacteria) was applied at
three times at one-month interval starting
12" April for the first and second seasons.
Bio-fertilizers were added to the soil around

irrigated.

The recommended mineral NPK
fertilization was 200 kg/fed of ammonium
sulphate (20.6% N) +100 kg/fed calcium
suerphosphate (15.5% P20s) + 50 kg/fed
potassium  sulphate (48% K20) as
recommended dose, while, 75% NPK were
150 + 75 + 37.5 kg respectively.

The amounts of mineral NK fertilizers
were divided into three equal batches and
added at one-month interval, starting April
19" in both experimental seasons, while, all
amounts of P % were added with the first
dose of NK fertilizer. All other agricultural
practices were carried out as usual in the
region in the two experimental seasons.

Data recorded:
Vegetative growth characters:

1- Plant height (cm).

2- Stem diameter (cm).

3- The aerial plant dry weight (g).
Root growth characters:

1- Number of roots/plant.

2- Dry weight of roots/plant (g).
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Chemical constituent characters:

1. Determination of
pigments:

photosynthetic

After four months from the first dose of
bio. and/or mineral NPK fertilization
treatments (August, 12" and 19" for bio and
mineral NPK, respectively for both seasons),
samples weight of 0.5 g fresh leaves from
the middle part of branches, were taken and
extracted by N-N dimethyl-formamide
according to Moran (1982), to determine the
contents of chlorophyll a, b and carotenoids.

2. N, P and K percentages:

A sample weight of 0.2 g fine powder of
the dry leaves was digested using a mixture
of hydrogen peroxidase (H2O,) and
concentrated sulphuric acid (H2SO4) (4: 10).
The clear digestion was quantitively to 100
ml volumetric flask. In this solution the
following elements were determined: N, P
and K according to Wilde et al. (1985),
Chapman and Pratt (1975) and Cottenie et al.
(1982), respectively.

3. Determination of total phenolic contents
(TPO):

Ambient-dried  sample of leaves
collected from the best interaction treatments
(4% humic acid + 75% NPK + Minia
Azotein) was ground into a fine powder (80
mesh.) in a grinding mill (Tector-Cemotec
1090 sample mill, Hognas, Sweden). Twenty
grams of leaves was separately extracted
with 80% methanol (methanol: water, 80:20,
v/v), 80% ethanol (ethanol: water, 80:20,
v/v) and distilled water (Sultana et al., 2007).

Amount of TPC was assessed using
Folin-Ciocalteu = reagent procedure as
described earlier Chaovanalikit and Wrolstad
(2004).

4. Determination of
contents (TFC):

The contents of total flavonoids were
determined  following the  procedure
described previously by Dewanto et al.,
2002.

total flavonoid

5. High performance liquid chrom-

atography (HPLC) analysis:

Identification of phenolic acids in the
plant extract was performed on a Varian
HPLC instrument using an ODS2 CI18
reversed phase column (Chapuis-Lardy et
al., 2002). The HPLC assays were conducted
using acidified acetonitrile (99.5%) as
mobile phase in isocratic mode with a
constant flow rate of 1 ml/min and detection
at 280 nm. Sample injection volume was 20
puL. Phenolic compounds of each sample
were identified by comparing their relative
retention times with those of the standard
mixture chromatogram. The concentration of
an individual compound was calculated on
the basis of peak area measurement and then
converted to mg phenolics/100 g d.w.

Statistical analysis:

The data of the two experiments were
subjected to the statistical analysis of
variance MSTAT-C (1986). L.S.D. test at
0.05 was used to compare the average of
treatments.

RESULTS AND DISCUSSION

Vegetative growth characters:

Data presented in Table (2) showed that
supply Delonix regia with three levels of
humic acid (1, 2 and 4%) led to significant
increase in vegetative growth characters
namely, plant height, stem diameter and the
aerial plant parts dry weight compared to the
control plants in the two growing seasons.
The application of high level (4%) of humic
acid recorded the tallest plants (65.4 and
72.9 cm), the thickest stems (1.59 and 1.75
cm) and the heaviest dry weight of aerial
parts/plant (100.43 and 106.10 g/plant) for
the first and second seasons respectively.
The superiority was of the treatments of
humic acid on plant growth may be
attributed to the mode of action of humic
acid on indirect effect involved improvement
of soil properties (Tan, 2003) and direct
effects involved cell membrane permeability,
oxygen uptake, respiration, photosynthesis,
phosphate uptake, regulate hormone level
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Table 2. Effect of humic acid, bio and/or mineral NPK fertilization, as well as, their
combination treatments on plant height (cm), stem diameter (cm) and the
aerial plant parts dry weight/plant (g) of Delonix regia seedlings during the

first and second seasons.

Humic acid (%) (A)
Treatments (B) 1%t season (2018) 2" season (2019)
0% 1% 2% 4% “%g;“ 0% 1% 2% 4% “%g;“
Plant height (cm)
Control 52.8 72.3 80.8 1023 77.1 60.6 83.3 94.7 1058 86.1
100 % Mineral NPK  69.5 79.0 100.3 127.8 942 82.7 942 102.8 142.8 105.6
Minia Azotein (M.A.) 58.8 75.0 84.0 1085 81.6 74.1 88.7 95.0 121.1 947
75 % NPK + M.A. 68.0 77.8 99.5 119.5 91.2 81.5 89.0 98.6 1404 1023
Mean (A) 35.6 43.4 52.1 65.4 42.7 50.7 55.8 72.9
L.S.D. at5 % A: 4.5 B: 6.5 AB: 13.0 A:5.0 B: 7.1 AB: 14.2
Stem diameter (cm)
Control 1.01 2.01 2.28 2.66 1.99 1.58 2.08 2.50 2.93 2.27
100 % Mineral NPK  1.95 2.27 2.60 2.94 2.44 2.03 2.45 2.85 3.30 2.66
Minia Azotein (M.A.) 1.44 2.07 2.40 2.70 2.15 1.70 2.20 2.55 2.95 2.35
75 % NPK + MLA. 1.89 2.25 2.55 2.84 2.38 2.00 2.33 2.65 3.08 251
Mean (A) 0.90 1.23 1.40 1.59 1.04 1.29 1.51 1.75
L.S.D.at5 % A:0.16 B: 0.11 AB: 0.22 A:0.20 B: 0.15 AB: 0.30
The aerial plant parts dry weight/plant (g)

Control 66.73 89.73 115.41 15745 107.33 7049 94.78 121.92 166.33 113.38
100 % Mineral NPK  87.14 110.98 153.30 187.52 134.74 92.06 117.23 161.95 198.11 142.34
Minia Azotein (M.A.) 73.33 106.65 121.03 17422 118.81 77.46 112.67 127.85 184.05 125.51
75 % NPK + MLA. 86.48 108.14 149.14 183.83 131.90 9136 114.24 157.55 194.19 139.34
Mean (A) 4481 5936 76.98 100.43 4734 62.70 81.32 106.10
L.S.D.at5 % A:13.45 B: 6.12 AB: 12.24 A:15.10 B: 7.00 AB: 14.00

and improve plant growth (Cimrin et al,
2010).

These results are agreement with those
of El-Khateeb et al. (2011) on Acacia
saligna and Hashish et al. (2015) on
Jatropha curcus.

Regarding the effects of bio- and/or
mineral NPK fertilization treatments, plant
height, stem diameter and the aerial parts dry
weight/plant they significantly increased due
to the use of all bio- and/or mineral NPK
fertilization treatments compared with that
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untreated plants in both seasons as shown
data presented in Table (2).

Among the four fertilization treatments,
both 100% mineral NPK followed by 75%
mineral NPK + Minia Azotein treatments
produced significantly the tallest plants (94.2
and 91.2 cm), the thickest stems (2.44 and
238 cm) and the heaviest aerial parts
weight/plant (134.74 and 131.90 g) in the
first season and (105.6 and 102.3 cm) for
plant height, (2.66 and 2.51 cm) for stem
diameter and (142.43 and 139.34 g) for dry
the aerial parts dry weight/plant in the
second one.
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The enhancement effect of bio. and/or
mineral NPK fertilization treatments on
vegetative growth characters may be due to
the important role of NPK and growth
regulators which came on a result of Minia
Azotein Dbiofertilizer that encourage the
vegetative growth parameters (Lambers et
al., 2000; Kannaiyan, 2002 and Ali et al.,
2020).

In agreement with results concerning
mineral NPK were those of El-Mahrouk
(2000) on Swietenia macrophylla, Abd El-
Dayem (2003) on Taxodium distichum and
Abdou et al. (2003) on Delonix regia.
Regarding the effect of bio-fertilization,
Soliman et al. (2015) on Delonix regia, Sakr
et al. (2017) on Pinus halepensis and
Soliman (2019) on Moringa peregrina.

The interaction between humic acid and
bio. and/or mineral NPK fertilization
treatments was significant for plant height,
stem diameter and the aerial parts dry
weight/plant in both seasons as shown in

Table (2). The best interaction treatments
were obtained by the used humic acid (4%)
in combination with full dose of mineral
NPK (100%) or reduced dose of NPK (75%)
+ Minia Azotein without significant
differences in between.

Root growth characters:

Data presented in Table (3) showed that
all three used treatments of humic acid led to
significant increase in number of roots/plant
and dry weight of roots/plant in both seasons
as compared to control. The highest number
of roots (4.61 and 4.72) and heaviest dry
weight (15.74 and 17.47 g) respectively in
the first and second seasons were obtained
by adding humic acid at 4%. Humic acid
may play an important role in root cell
elongation and regulating the plant root
metabolism (Norman et al., 2006 and Cimrin
et al., 2010). Similar results were obtained
by Hashish et al. (2015) on Jatropha curcus
and Taha (2017) on Juglans regia.

Table 3. Effect of humic acid, bio and/or mineral NPK fertilization, as well as, their
combination treatments on number of roots/plant and dry weight of roots

(g/plant) of Delonix regia seedlings during the first and second seasons.

Humic acid (%) (A)
Treatments (B) 1% season (2018) 2" season (2019)
0% 1% 2% 4% “%g;“ 0% 1% 2% 4% “%g;“
Number of roots/plant
Control 4.20 6.45 6.89 7.50 6.26 4.30 6.60 7.05 7.67 6.41
100 % Mineral NPK  6.12 6.84 7.25 8.55 7.19 6.26 7.00 7.42 8.75 7.36
Minia Azotein (M.A.) 5.70 6.60 7.05 7.95 6.83 5.83 6.75 7.21 8.14 698
75 % NPK + ML.A. 6.11 6.81 7.20 8.26 7.10 6.25 6.97 7.37 846  7.26
Mean (A) 3.16 3.81 4.06 4.61 3.23 3.90 4.15 4.72
L.S.D.at5 % A:0.18 B: 0.15 AB: 0.30 A:0.22 B: 0.16 AB: 0.32
Dry weight of roots/plant (g)

Control 439 10.18 21.40 25.07 1526 487 1130 23.76 27.83 16.94
100 % Mineral NPK  7.68 21.09 2392 30.34 20.76 853 2341 2656 33.68 23.05
Minia Azotein (M.A.) 5.06 1396 21.58 2628 16.72 5.62 1549 2395 29.17 18.56
75 % NPK + ML.A. 6.87 1996 2226 28.50 1940 7.62 22.16 2471 31.63 21.53
Mean (A) 3.43 931 1274 15.74 3.81 1034 14.14 1747
L.S.D.at5 % A:2.41 B: 1.45 AB:2.90 A:3.11 B:1.55 AB:3.10
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Root number and dry weight of
roots/plant  of  Delonix  regia  were
significantly increased as a result of
supplying bio. and/or mineral NPK
fertilization  treatments. ~Among these
treatments, mineral NPK (full dose) followed
by 75% NPK + Minia Azotein recorded the
greatest number of roots (7.19 and 7.10 in
the first season) and (7.36 and 7.26
respectively in the second season) and the
heaviest roots dry weight as gave 20.76 and
19.40 g in the first season and 23.05 and
21.53 g respectively in the second season.

The superiority of the treatment of
mineral NPK (full dose) or 75% NPK
(reduced dose) + Minia Azotein on roots
parameters may be attributed to the role of
NPK on the plant physiological processes
that increased both root number and roots
dry weight (Ingels, 1994). Minia Azotein
increased soil available nitrogen and its
products  from auxins  consequently,
increased cell root number (Spernat, 1990).

In agreement with these results
concerning NPK fertilizers were those of
Abdou (2001) on Jacaranda ovalifolia and
Abdou and Badran (2018) on Delonix regia.
Moreover, Meenakshisundaram et al. (2011)
and Soliman et al. (2015) on Delonix regia
found that dual bio-fertilizers led to
significant increase in root number and dry
weight, similarly Ali et al. (2020).

The interaction between main and sub
plots (AXB) was significant for both roots
number and roots dry weight in both seasons
(Table, 3). The highest values were obtained
due to humic acid (4%) in combination with
100% NPK followed by humic acid (4%)
plus 75% NPK + Minia Azotein.

Chemical constituents' characters:

Photosynthetic pigments and N, P and K
(%):

Data presented in Tables (4 and 5)
revealed that using humic acid at three
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percentages (1, 2 and 4%) significantly
increased both the three photosynthetic
pigments (chlorophyll a, b and carotenoids)
in the fresh leaves and the three percentages
of N, P and K in the dry leaves of Delonix
regia over the control in both seasons.
Supplying plants with humic acid at 4%
resulted in the highest contents of
chlorophyll a, b and carotenoids and highest
percentages of N, P and K in both seasons.
Humic acid treatments increased
photosynthesis, respiration and pigment
content (Yildirim, 2007). Also, humic acid
positively influenced the uptake of N, P and
K nutrients (Junior et al., 2019). Similar
results were obtained by El-Khateeb e al.
(2011) on Acacia saligna, Hashish et al.
(2015) and Ahmed et al. (2018) on Jatropha
curcus.

Data indicated also, that all used three
fertilization treatments significantly
increased chlorophyll a, b and carotenoids,
as well as, N, P and K % over the control
(Tables 4 and 5). The highest values of
pigments and NPK % were obtained from
two treatments of NPK (100%) followed by
NPK (75%) + Minia Azotein without
significant differences between such two
superior treatments. The stimulatory effect of
bio. and/or mineral NPK fertilization
treatments on pigments and NPK % may be
due to the role of N, P and K fertilizers and
cytokinin's, as well as, enzymes which came
from addition of these different fertilizers,
thus  producing more  photosynthetic
pigments and delayed leaf senescence as
emphasized by Al-Menaie et al. (2010) on
Cassia fistula and Cassia nodosa and Abdou
and Badran (2018) on Delonix regia
regarding the effect of mineral NPK.
Moreover, Soliman et al. (2015) on Delonix
regia and Ganaw (2017) and Soliman (2019)
on moringa concerning the effect of bio-
fertilizers.
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Table 4. Effect of humic acid, bio and/or mineral NPK fertilization, as well as, their
combination treatments on photosynthetic pigments (mg/g fresh weight) of
Delonix regia seedlings during the first and second seasons.

Humic acid (%) (A)
Treatments (B) 1% season (2018) 2" season (2019)
0% 1% 2% 4% “%g;“ 0% 1% 2% 4% “%f;;“

Chlorophyll a content (mg/g f.w.)
Control 2.340 2411 2451 2507 2427 2390 2461 2504 2560 2.478
100 % Mineral NPK 2405 2445 2492 2563 2476 2458 2495 2.544 2618 2.529
Minia Azotein (M.A.) 2371 2433 2476 2529 2452 2421 2482 2529 2581 2.503
75 % NPK + M.A. 2402 2436 2488 2.547 2468 2.451 2488 2.541 2.600 2.520
Mean (A) 1.360 1.389 1.415 1.449 1.388 1.418 1.445 1.480
L.S.D.at5 % A:0.022 B: 0.015 AB: 0.030 A:0.025 B: 0.016 AB: 0.032

Chlorophyll b content (mg/g f.w.)
Control 0.756 0.779 0.792 0.810 0.784 0.772 0.795 0.809 0.827 0.801
100 % Mineral NPK  0.777 0.790 0.805 0.828 0.800 0.794 0.806 0.822 0.846 0.817
Minia Azotein (M.A.) 0.766 0.786 0.800 0.817 0.792 0.782 0.802 0.817 0.834 0.809
75 % NPK + M.A. 0.776  0.787 0.804 0.823 0.797 0.792 0.804 0.821 0.840 0.814
Mean (A) 0.439 0.449 0.457 0.468 0.449 0458 0.467 0478
L.S.D. at5 % A: 0.007 B: 0.003 AB: 0.006 A:0.008 B: 0.005 AB: 0.010

Carotenoids content (mg/g f.w.)
Control 0916 0.943 0.959 0981 0950 0.935 0963 0980 1.002 0.970
100 % Mineral NPK 0941 0957 0975 1.003 0.969 0.962 0976 0.996 1.025 0.989
Minia Azotein (M.A.) 0.928 0952 0969 0989 0.960 0947 0971 0.989 1.010 0.979
75 % NPK + M.A. 0.940 0.953 0974 0997 0966 0959 0974 0994 1.017 0.986
Mean (A) 0.532  0.544 0.554 0.567 0.543 0.555 0.566 0.579
L.S.D. at5 % A:0.009 B: 0.004 AB: 0.008 A:0.010 B: 0.006 AB: 0.012

The interaction between humic acid and
bio. and/or mineral NPK fertilization
treatments was significant for the six studied
parameters, except P% in both seasons as
shown in Tables (4 and 5). The highest
values were obtained by adding 4% humic
acid in combination with mineral NPK (full
dose) or with NPK (75%) + Minia Azotein.

Total phenolic compounds (TPCs) and
total flavonoids (TFs) contents:

The total phenolic contents (TPCs) and
total flavonoid contents (TFs) were

determined in the best interaction treatment
(100% NPK) or with NPK (75%) + Minia

Azotein in the leaves extract and are shown
in Table (6). The TPC and TFC of the leaves
extract ranging from 0.93-3.76 g GAE/100 g
dw and 0.25-133 g CE/100 g dw,
respectively. Among the different solvent
extracts tested in this study, 80% methanol
extract of leaves showed the highest TPCs
and TFs. as 80% methanol is known to be an
efficient and widely used solvent to extract
phenolics and flavonoids from plant
materials, due to the fact that methanol-water
mixtures are highly polar and thus show
greater efficacy in the extraction of polar
phytochemicals such as phenolics and
flavonoids (Siddiq et al., 2005).
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Table 5. Effect of humic acid, bio and/or mineral NPK fertilization, as well as, their
combination treatments on the percentages of N, P and K of Delonix regia
seedlings during the first and second seasons.

Humic acid (%) (A)

Treatments (B) 1% season (2018) 2" season (2019)
0% 1% 2% 4% “%g;“ 0% 1% 2% 4% “%g;“

N %

Control 2183 2551 2956 3368 2765 2.194 2564 2971 3385 2.778

100 % Mineral NPK 2433 2.833 3246 3.662 3.044 2445 2847 3259 3680 3.058

Minia Azotein (M.A.)) 2.247 2645 3.051 3464 2852 2258 2658 3.066 3481 2.866

75 % NPK + M.A. 2410 2821 3240 3.655 3.032 2422 2835 3256 3.673 3.047

Mean (A) 1325 1550 1785 2.021 1331 1558 1.793 2.031

L.S.D. at5 % A:0215  B:0.086  AB:0.172  A:0221  B:0.091  AB:0.182
P %

Control 0235 0305 0377 0428 0336 0243 0316 0390 0443 0.348

100 % Mineral NPK 0285 0356 0425 0484 0388 0295 0369 0440 0501 0401

Minia Azotein (M.A) 0252 0322 0394 0441 0352 0260 0333 0408 0456 0.364

75 % NPK + M.A. 0268 0339 0411 0467 0371 0278 0351 0425 0483 0384

Mean (A) 0.149 0.189 0230 0.260 0.154 0196 0238 0269

L.S.D. at5 % A:0.023  B:0017  AB:NS.  A:0.028  B:0019  AB:NS.
K %

Control 1540 1.800 2086 2376 1950 1548 1809 2.096 2.388 1.960

100 % Mineral NPK 1717 1999 2290 2584 2147 1725 2009 2299 2596 2.157

Minia Azotein (M.A.) 1.585 1866 2.153 2444 2012 1593 1875 2.163 2456 2.022

75 % NPK + M.A. 1700 1990 2286 2579 2.139 1709 2000 2297 2591 2.149

Mean (A) 0935 1.094 1259 1426 0939 1.099 1265 1433

L.S.D. at5 % A:0.155  B:0.064  AB:0.128  A:0.159  B:0.070  AB:0.140

Table 6. Determination of TPCs and TFs in the solvent extracts.

Parameters

Solvent extracts

Methanol (80%) Ethanol (80%) Distilled water
TPCs (g/100 g dw) 3.76+0.13 2.45+0.09 0.93+0.04
TFs (g/100 g dw) 1.33+0.05 0.88+0.03 0.254+0.01
Among the tested solvents, 80% acids in the leaves of the plant Table (7). Of

methanol was found to be the most efficient
solvent to extract TPCs from the leaves. So,
this solvent extract was further analyzed by
HPLC to quantify the individual phenolic

the eight phenolic compounds tested by
HPLC only twenty were detected in the
extract. Gallic acid, salicylic acid and
chlorogenic acid were the most abundant
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Table 7. HPLC quantification of 80% methanol soluble phenolic acids (mg/100 g d.w.)

identified in leaves of Gold Mohar.

Compounds Methanol (80%)
Sinapic acid 1.31
P-Coumaric acid 1.35
Ferulic acid 1.19
Caffeic acid 1.45
Salicylic acid 5.81
Chlorogenic acid 1.47
Gallic acid 5.35
3-Hydroxybenzoic acid 0.91

phenolic acids in the extract. All of the
detected phenolic compounds are known to
have antioxidant properties (Rawat et al.,
2011, Zheng and Wang, 2001 and Merkl et
al., 2010). Gallic acid, which is efficiently
absorbed in human body, shows positive
effects against cancer cell under in vitro
condition (Tomas-Barberan and Clifford,
2000). P-coumaric acid is believed to reduce
the risk of stomach cancer by reducing the
formation of carcinogenic nitrosamines
(Ferguson et al., 2005).

REFERENCES

Abd El-Dayem, A.M. (2003). Effect of
fertilizer  treatments in  Taxodium
distichum seedlings grown in alkali soil.
Proc. of the 12™ World Forestry
Congress, Quebec City, Canada.
http://www.fao.org/3/xii/0419-b4.htm

Abdou, M.A.H. (2001). Response of sandy
soil  grown Jacaranda  ovalifolia
seedlings to NPK fertilization and growth
regulator treatments. Proc. the 5%
Arabian Hort. Conf., Ismailia, Egypt,
11:109-120.

Abdou, M.A.H. and Badran, F.S. (2018).
Effect of NPK fertilization and
micronutrients on  Delonix  regia
seedlings grown in sandy soil. Scientific
J. Flowers & Ornamental Plants,
5(2):151-159.

Abdou, M.A.H.; Ahmed, E.T. and Attia,
F.A. (2003). Response of Delonix regia,
RAF. transplants to fertilization with
sewage sludge and inoculation with
phosphorein and VA-mycorrhizal fungi.

Proc. 1% Conf. Egypt and Syr., Dec. 8-
11, EI-Minia, Egypt.

Ahmed, D.M.M.; Yousef, A.RM.; Ali,
E.AM. and Sarrwy, S.M.A. (2018).
Effect of humic acid and indole butyric
acid on vegetative growth and nutritional

status of Jatropha curcas seedlings.
Middle East J. Appl. Sci., 8(1):126-134.

Ali, AF.; Ahmed, A.A.; Abd El-Raheem,
A.SH. (2020). Influence of organic
manure, Minia Azotein, mycorrhizae
fungi and active yeast application on
growth and chemical constituents of
Taxodium distichum seedlings. Archives
of Agriculture Sciences J., 3(1):1-23.

Al-Menaie, H.S.; Al-Ragon, O.; Al-Shatti,
M.; Mathew, M. and Suresh, N. (2010).
Evaluating the growth performance of
Cassia nodosa and Cassia fistula, L.

seedlings using  different  potting
mixtures. Academic J. Plant Sci.,
3(1):33-36.

Audipudi, A.V. and Chakicherla, B.V.S.
(2010). Antioxidative and antimicrobial
activity of methanol and chloroform
extracts of Gmelina arborea Roxb. Int. J.
Biotechnol. Biochem., 6:139-144.

Chaovanalikit, A. and Wrolstad, R.E. (2004).
Total anthocyanins and total phenolics of
fresh and processed cherries and their

antioxidant properties. J. Food Sci.,
69:67-72.

Chapman, H.D. and Pratt, P.F. (1975).
Methods of Analysis for Soil, Plant and
Water. Calif. Univ. Division of Agric.
Sci., USA, 309 p.

536



Scientific J. Flowers & Ornamental Plants, 7(4):527-539 (2020)

Chapuis-Lardy, L.; Contour-Ansel, D. and
Bernhard-Reversat, F. (2002). High-
performance liquid chromatography of
water-soluble phenolics in leaf litter of
three Eucalyptus hybrids (Congo). Plant
Sci. 163:217-222.

Cimrin, K.M.; Turkmen, O.; Turan, M. and
Tuncer, B. (2010). Phosphorus and
humic acid application alleviates salinity
stress of pepper seedlings. Afr. J.
Biotechnol., 9:5845-5851.

Cottenie, A.; Verloo, M.; Velghe, M. and
Camerlynck, R. (1982). Chemical
Analysis of Plant and Soil. Laboratory of
Analytical and Agrochemistry. State
Univ. Ghent, Belgiumm, pp. 44-45.

Dewanto, V.; Wu, X.; Adom, K.K. and Liu,
R.H. (2002). Thermal processing
enhances the nutritional value of
tomatoes by increasing total antioxidant
activity. J. Agric. Food Chem. 50:3010-
3014.

El-Khateeb, M.A.; El-Leithy, A.S. and
Aljemaa, B.A. (2011). Effect of
mycorrhizal fungi inoculation and humic
acid on vegetative growth and chemical
composition of Acacia saligna, Labill.
seedlings under different irrigation
intervals. J. Hort. Sci. & Ornamen.
Plants, 3(3):283-289.

El-Mahrouk, E.M. (2000). Response of
Swietenia macrophylla, L. to different
levels of irrigation water and NPK
fertilization treatments in a newly

reclaimed area. J. Agric. Res., Tanta
Univ., 26(2):377-390.

Ferguson, L.R.; Shuo-Tun, Z. and Harris,
P.J. (2005). Antioxidant and
antigenotoxic effects of plant cell wall
hydroxycinnamic acids in cultured HT-
29. Mol. Nutr. Food Res. 49:585-693.

Ganaw, H.A.E. (2017). Effect of Bio and
Chemical Fertilization and Planting
Media on Growth and Chemical
Composition of Moringa oleifera Trees.
Ph.D. Thesis, Fac. Agric., Cairo Univ.,

Egypt, 153 p.

Hashish, Kh.I.; El-Quesni, F.E.M. and
Mazher, A.M. (2015). Influence of
potassium humate on growth and

chemical constituents of Jatropha curcus,
L. Int. J. Chem. Tech Res., 8(9):279-283.

Hedge, D.M.; Dwivedi, B.S. and Sudhakara,
B.S.S. (1999). Biofertilizers for cereal

production in India, A review. Indian J.
Agric. Res., 69(2):73-83.

Ingels, J.E. (1994). Ornamental Horticultural
Science, Operation & Management, 2™
Edition. ITP Delmar Publishers Inc.,
USA, 554 p.

Jackson, M.L. (1973). Soil Chemical
Analysis.  Englewood Cliffs, New
Prentice — Hall INC., New York, USA,
498 p.

Junior, G.A.G.; Pereira, R.A.; Sodré, G.A.S.
and Gross, E. (2019). Humic acids from
vermicompost positively influence the
nutrient uptake in mangosteen seedlings.

Pesq. Agropec. Trop., 49:1-8.
https://doi.org/10.1590/1983-
40632019v4955529

Kannaiyan, S. (2002). Biotechnology of
Biofertilizers. Alpha Sci. Inter. Ltd., UK.,
612 p.

Kulikova, N.A.; Stepanova, E.V. and
Koroleva, O.V. (2005). Mitigating
activity of humic substances: direct

influence on biota. In: Perminova, L.V
Hatfield, K. and Hertkorn, N. (eds.), Use
of Humic Substances to Remediate
Polluted Environments: From Theory to
Practice, Springer, Netherlands, pp. 285-
309.

Lambers, H.; Chapin, F.S. and Pons, T.L.
(2000). Plant Physiological Ecology.
Springer-Verlage, New York. Inc., USA,
571 p.

Meenakshisundaram, M.; Santhaguru, K. and
Rajenderan, K. (2011). Effects of
bioinoculants on quality seedlings
production of Delonix regia in tropical
nursery conditions. Asian J. Biochem.
and Pharmaceutical Res., 1(1):98-107.

537



M.A.H. Abdou et al.

Merkl, R.; Hradkova, I.; Filip, V. and
Smidrkal, J. (2010). Antimicrobial and
antioxidant properties of phenolic acids
alkyl esters. Czech J. Food Sci., 28:275-
279.

Moran, R. (1982). Formula determination of
chlorophylls Pigments extracted with N-

N dimethyl-formamide. Plant
Physiological., 69:1376-1381.
MSTAT-C (1986). A  Microcomputer

Program for the Design Management and
Analysis of Agronomic  Research
Experiments (version 4.0), Michigan
State Univ., U.S.A.

Norman Q. A.; Clive, A.E.; Stephen, L. and
Robert, B. (2006). Effects of humic acids
from vermicomposts on plant growth.
European Journal of Soil Biology, 42:65-
69.

Rawat, S.; Jugran, A.; Giri, L.; Bhatt, 1.D.
and Rawal, R.S. (2011). Assessment of
antioxidant properties in fruits of Myrica
esculenta: A popular wild edible species
in Indian Himalayan region. Evid. Based
Complement. Alternat. Med. https://doi.
org/10.1093/ecam/neq055

Sakr, S.S.; El-Khateeb, M.A.; El-Quesni,
F.E.M. and Abd El Magied, H.M. (2017).
Effect of some biofertilizers on
vegetative  growth  and  chemical
constituents of Pinus halepensis, Mill.
seedlings. Middle East J. Agric. Res.,
6(2): 542-552.

Shanmukha, I.; Patel, H.; Patel, J. and
Riyazunnisa, D. (2011). Quantification of
total phenol and flavonoid content of

Delonix regia flowers. Int. J. Chem.
Tech. Res., 3:280-283.

Siddiq, A.; Anwar, F.; Manzoor, M. and
Fatima, M. (2005). Antioxidant activity
of different solvent extracts of Moringa
oleifera leaves under accelerated storage
conditions of sunflower oil. Asian J.

Plant Sci., 4:630-635.

Soliman, A.Sh.; Morsy, E.M. and Massoud,
O.N. (2015). Tolerance of bio-fertilized
Delonix regia seedlings to irrigation

intervals. J. Hort. and Forestly, 7(3):73-
83.

Soliman, Sh.H.H. (2019). Effect of Some
Agricultural Treatments on Moringa
peregrina Plant. Ph. D. Thesis, Fac. of
Agric., Minia Univ., Egypt, 127 p.

Spernat, M. (1990). Nitrogen Fixing
Organisms, P.S. Chapman and Hall
London., 256 p.

Sultana, B.; Anwar, F. and Przybylski, R.
(2007). Antioxidant activity of phenolic
components present in barks of
Azadirachta indica, Terminalia arjuna,
Acacia nilotica, and Eugenia jambolana
Lam. Trees. Food Chem., 104:1106-
1114.

Taha, S.M. (2017). Effect of fertilization by
biohorme and humic acid on Juglans
regia, L. seedling. Journal of Kirkuk

University for Agricultural Sciences,
8(2):1-16.

Tan, K.H.T. (2003). Humic Matter in Soil
and  Environment  Principles and

Controversies. Marcel Dekker Inc., New
York, USA., 408 p.

Tibiri, A.T.; Sawadogo, R.W.; Ouedraogo,
N.J.T.; Banzouzi, J.; Guissou, I.P. and
Nacoulma, G.O. (2010). Evaluation of
antioxidant activity, total phenolics and
flavonoid contents of Entada Africana
Guill. et. Perr. (Mimosaceae) organ
extracts. Res. J. Med. and Sci., 4:81-87.

Tomas-Barberan, F. and Clifford, M.N.
(2000). Dietary hydroxybenzoic acid
derivatives—nature, occurrence and
dietary burden. J. Sci. Food Agric.,
80:1024-1032.

Wilde, S.A.; Corey, R.P.; Lyer, J.C. and
Voigt, G.K. (1985). Soil and Plant
Analysis for Tree Culture. Oxford IBH.
Publishing Co. New Delhi, India., 224 p.

Yildirim, E. (2007). Foliar and soil
fertilization of humic acid affect
productivity and quality of tomato. Acta
Agriculturae Scandinavica Section B:
Soil Plant Science, 57:182-186.

538



Scientific J. Flowers & Ornamental Plants, 7(4):527-539 (2020)

Zheng, W. and Wang, S.Y. (2001).
Antioxidant activity and  phenolic

compounds in selected herbs. J. Agric.
Food Chem., 49:5165-5170.

a4 glasSl) il g8l 5J¢£\yﬂ\u.b@Mbi/\,@\,@t\,@;@ﬁm‘ﬂ@)ﬁt
Ll gal) el

F ol gl axiall de ihae el ae (I Sl CTCags ) de dane ayy Coaie G salgd) 2o 3 sen

yaa dLiall dbiall daala Ao 31 AS ¢yl e.uﬁ *
e 8 3l o0 gl S ol s agmn sl Al I g o
raa ey g iy g o Aadla el A dge ) ) 0 A sl elaaS and ™

Alain) Cand Liall daals e )y 30 A0S A 30 Jama s Jidias Yo 09 5 Y0 VA e 50 DA sl jal 3 Gl 1a
(78 X ¢ o) o saed) (aen (o il sine q )Y Ll sall il 4 slaSl) cliall Glany 5 550 5 (5 uadl) sail)
(i) e+ 52 58 G 7VO sl Lt esn 3 (o 2 v e oJES) s sh (o Aima /5 Apses S e Al
gl )l) Ay uadll Cliiall (84 sina 33 ) () ol e sigll Gann Cllae (e daddisall ol IS Legin Jelidll
A glasll il Sall 5 (Lsdall Cala 555 230 ) A3l cliall s (Alsell o) 323U el ¢l ¢l i el
(oSl &5l (Apan 530l Sl Sall ASH Y gl g g8 G pealiall 4l Al ¢ gl Ll Claaa)
3y Al s g8 Sl Sl 5 6 sl dpaniil) O el JS e 3ol ST o cla gl (aes 78 Aldlaa i<
F o B OAYo Ll o O 7Y e o COlbaall Gl Sy IS0 Dl d s el Cldall (S A 4 sine
BOIVO aa sl s AOUY e ga 1E losel) mas Dbl A gl Sy g (5 sine (303 05 551 Ll
Ll sl gad Cppeantl (45 51 L) +

539



