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ABSTRACT

Two shadow net house experiments were conducted during 2018 and 2019 in a private
Nursery, Ibshawy district, Fayoum, Egypt, to study the effect of potassium humate and
calcium phosphate on morphological characters, membrane permeability (RWC and MSI),
leaf photosynthetic pigments and leaf elemental contents of pepper transplants. The
experimental design used was a split-plot in randomized complete blocks with four
replications. Potassium humate levels (0 and 0.5 g litre-medium™) were distributed in the
main plots, while calcium phosphate concentrations (0, 100, 200, 400, 600, 800 and 1000 mg
litre-water) were randomly allocated to the sub-plots. Growing medium provided with 0.5
g It potassium humate gave the highest significant values on morphological characters,
membrane permeability, leaf photosynthetic pigments and leaf N, P, k and Ca contents as
compared to growing medium without potassium humate treatment during both seasons.
However, number of leaves transplant was not significantly affected. Generally, foliar
application of calcium phosphate at 600 and 800 mg I"* was significantly recorded higher
mean values of morphological characters, membrane permeability and leaf photosynthetic
pigments as compared to other concentrations but number of leaves transplant® was not
significantly affected. While, spraying calcium phosphate at 100 mg I significantly recorded
higher mean values of leaf N content. Application of calcium phosphate at 1000 mg I,
significantly, attained higher values of leaf P and Ca content. Whilst application of calcium
phosphate 200 or 400 mg I"* gave the highest significant values on leaf K content, in both
seasons of 2018 and 2019. These results recommend using the growth medium supplemented
with 0.5 g It potassium humate in integration with calcium phosphate at 600 and 800 mg I
act to enhancing the plant physio-biochemical components, which reflected in high growth
of pepper seedlings.
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1.INTRODUCTION

Seedling production in general has
become a large industry in all countries of
the world. The most important problems is
slow growth in cold weather due to low of
phosphorus absorption mainly, which affects
the growth of seedlings. It is also important
for the seedling producer to obtain strong
and hardening seedlings to withstand the
different environmental conditions when
they are grown in the field. The growth
media supplemented with humic acid has
been shown to have beneficial influences on
plant growth (Ttrkmen et al., 2004) and on
the physical characteristics of growing
media in Styrofoam flats in which soils or
growing media tend to become compacted.
Compaction is often accompanied by a
decrease in  water-holding  capacity,
drainage, aeration, the rate of water
infiltration, and root penetration. The major
functional groups in humic acid include
carboxyl, phenolic hydroxyl, alcoholic
hydroxyl, ketone, and quinoid moieties
(Russo and Berlyn, 1990). The benefits of
humic acid for plant growth may be related
to its positive effects on increased fertilizer-
use efficiency and/or reduced medium
compaction of the growing medium (Nardi
et al., 2002). Also, humic acid has been
claimed to promote plant growth by
increasing cell membrane permeability,
oxygen uptake, respiration and
photosynthesis, nutrient uptake, and root cell
elongation (Russo and Berlyn, 1990 and
Nardi et al., 2002). The influences of humic
acid on the growth of tomato seedlings have
been investigated in some growing media
(Jindo et al., 2011; Osman and Rady,
2014; Rady et al.,, 2018b and Colpas-
Castillo et al., 2018).

¥i¢

Buddhy (2014) explained that the
phosphorus, one of the seventeen elements
nutrients required for plant growth and
reproduction, is often indicated to as the
energizer since it helps store and transfer
energy during photosynthesis. It is also part
of the genetic material of all cells-DNA and
RNA. All plants require phosphorus during
periods of rapid growth. Most annual plants
require large amounts of phosphorus as they
begin to grow. Plants grown in cold weather
which have limited roots and rapid top
growth, such as pepper transplants produced,
are high phosphorus users. Phosphorus
absorption is reduced at low soil
temperatures less than 13°C. Phosphorus is
necessary to stimulate early root formation
and growth, so it is necessary for the growth
of seedlings roots in general, give hardiness
to seedling, and promote vigorous start (cell
division) to plants. Phosphorus has a role in
hydrogen, oxygen, fat, and carbon
metabolism, in photosynthesis, and in
respiration. Upadhyaya (2017) mentioned
that the calcium is an essential plant nutrient.
It plays many important role in plant like,
participate in the metabolic process of
another nutrient uptake, promotes proper
plant cell elongation, strengthen cell wall,
and participate in an enzymatic and
hormonal process. In addition, the adequate
level of Cax" is required in the external
medium to maintain the selectivity and
integrity of cell membrane.

Accordingly, the present work was
designed with the objective to evaluate the
potential beneficial effects of potassium
humate and/or calcium phosphate on
growth, leaf photosynthetic pigments and
nutrients, of pepper seedling produced. The
study also aimed to establish a relationship
between the positive changes in the contents
of leaf photosynthetic pigments and
nutrients; N, P, K and Ca and the
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improvement in transplant performance in
growing medium.

2.MATERIALS AND METHODS
Source, physical and chemical properties
of potassium humate and calcium
phosphate

The physical and chemical characteristics
of potassium humate according to published

procedures  (Humintech GmbH, Am
Posenberg 9-13 « D 41517 Grevenbroich,
Germany,

https://www.humintech.com/agriculture/pro
ducts/powhumus-wsg-85) are presented in
Table 1. Calcium phosphate Ca(H2POa)2
produced by Hopkin & Williams Ltd,
chemical manufacturers (St Davids Court,
Union Street, Wolverhampton, West
Midlands, United Kingdom, WV1 3JE).

Table 1. Physical and chemical characteristics of potassium humate.

Properties

Appearance
Potassium humates (%)
Humic acids (ISO 19822) (%)

Hydrophobic fulvic acids (ISO 19822) (%)

Potassium (K20) (%)

Dry substance (%)

Fe (%)

Other minerals (%)

Particle size of insoluble constituen
Solubility in Water (%)

Bulk density (kg I'Y)

pH

CEC (meq 100g%)

Water soluble granules
80 -85
65
6
10-12
85 -90
1.0
2.0
<100
100
0.60
9-10
400 - 600

ts (um)

Composition of the growing medium

Coco peat, and vermiculite (1:1 v/v),
were mixed with a fertilizer consisting of
with 300g ammonium nitrate (33.5% N),
400g calcium superphosphate (15% P20Os),
150g potassium sulphate (48% K:0), 50g
micro-nutrient solution and 75g of Moncut
SC [a 25% (w/w) active flutolanil-
containin?, wettable powder, fungicide] for
each 60 I* of the mixture.
Experimental layout

Two shadow net house trials were
conducted during 2018 and 2019 in a private
Nursery, lbshawy district, Fayoum, Egypt.
Treatments comprised of growth medium
without and with 0.5 g litre-medium™
potassium humate mixed while preparing the
growing medium (this level of potassium
humate gave the best results among several
levels that were examined in preliminary
studies on pepper transplants produced - data

not shown - and were therefore selected for
this study), and seven concentrations of
calcium phosphate; 0, 100, 200, 400, 600,
800 and 1000 mg litre-water* was applied as
foliar application to run-off, three times; 25,
35 and 45 days after sowing. Few drops of
salient film were added to the spraying
solution as a wetting agent. The Styrofoam
flats (n 56 for all treatments) were
arranged in a split-plot in randomized
complete blocks with four replications (each
tray was one replicate). Main plots consisted
of potassium humate with two levels, while
sub-plots were allocated to calcium
phosphate concentrations. Individual 209-
cell St;/rofoam flats (2.6 cm 2.6 cm 7.0 cm;
25 cm? per inverted pyramid cell; Speedling,
El-Amryya, Alexandria, Egypt) were sown
(one seed per cell) with imported pepper
seeds (Capsicum annuum. ‘Omega’ F1
Hybrid, Country of Origin: China, importer
rie
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Kanze Group For Projects Developments
and Services, Egypt) on February 11, 2018
and February 12, 2019. The average
temperature during this period was 19 + 3 °C
during the day and 9 = 2 °C at night, and the
relative humidity ranged from 70 - 75%, and
natural day-length ranged from 11-12 h. The
trays were rotated daily within each block to
avoid any positional bias. All pepper

Data Recorded

Assessment of morphological
characters: Fifty-five days old pepper
seedling were removed at random from the
four replicate Styrofoam flats of each
medium (i.e., ten transplants from each
flat) and dipped in a bucket filled with
water. The pepper seedling were moved
smoothly to remove any adhering particles
of medium. The transplants were then
separated into leaves, stems, and roots to
measure stem length (cm); measured
starting from the growing medium level to
the apical meristem of the main stem. Stem
diameter (mm); measured by using Sealy
So707-Digital Electronic Vernier Caliper
0-150 mm/0-6 ” at growing medium level.
Root, leaves and stem dry weight
transplant™ (g); placed in an oven at 70°C
to reach a constant dry weight which was

Membrane permeability: Leaf samples for
membrane permeability measurements, were
collected from five randomly selected
transplants in each experimental unit, after
70 days from culturing date, were collected,
washed with tap water, rinsed three times
with distilled water to measure; relative
water content (RWC %); determined using
the formula of Hayat et al. (2007) and
membrane stability index (MSI %);
estimated as described by Sairam (1994).

Leaf photosynthetic pigments content:
Leaf chlorophyll a, b, and carotenoid
contents were determined using the dimethyl

seedling were grown for 55 days. Seedlings
were overhead-irrigated daily and foliar
application after 27 and 40 days of sowing
with a fertilizer 20:20:20 NPK 4 g It water.
As well as pests control were performed
whenever it was necessary and as
recommended in the commercial production
of pepper transplants

recorded in each case. Total dry weight
transplant™ (g); mathematically calculated
by summation oven dried roots, leaves and
shoots transplant’. Number of leaves
transplant. Leaf area transplant? (cm);
measured using leaf area-leaf weight
relationship as illustrated by Taha and
Osman (2018). Leaf area transplant™ was

calculated using the following formula:

Leaf area transplant™ = £2%2 x DA where
(DDW)

LDW is the total leaf dry weight (g), DDW
is the disks dry weight and DA is the discs
area. Leaf area leaf* (cm); calculated using
the following formula:

leaf Leaf area plant’!

are  Number of leaves plant™
a

leaf

_]_:

formamide (DMF) method were measured
and calculated according to Moran and
Porath, 1980 and Wellburn, 1994.

Leaf nutrient contents: Leaf samples from
seven randomly selected transplants, in each
experimental unit, were collected, washed
with tap water, rinsed three times with
distilled water and dried at 70°C in a forced-
air oven till constant weight to measure: leaf
N (mg g* DW); colorimetrically determined
by using the technique of Hafez and
Mikkelsen (1981). Leaf P (mg g* DW);
colorimetrically estimated according to the
stannous molybdate chloride method as

¥l
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illustrated in A. O. A. C (1995). Leaf K (mg
gl DW); photometrically measured using
Flame photometer as mentioned by Wilde et
al. (1985). Leaf Ca (mg g' DW); was
determined using a Perkin—Elmer Model
3300 Atomic Absorption Spectrophotometer
(Chapman and Pratt, 1961).
Statistical analysis

All data were subjected to analysis of
variance (ANOVA) for a split-plot system in

3.RESULTS AND DISCUSION

Morphological Characters

The growth medium supplemented with
0.5 g I'* potassium humate gave the highest
significant values on all vegetative growth
parameters; stem length and diameter, roots,

Table 2.

a randomized complete blocks design, after
testing for homogeneity of error variances
according to the procedure outlined by
Gomez and Gomez (1984) using InfoStat
software estadistico (2016). Significant
differences  between treatments  were
compared at P < 0.05 by Duncan’s multiple
range test.

leaves, stem and total transplant dry weight
transplant?, leaf area transplant® and leaf
area leaf! of pepper seedlings as compared to
the control treatment. Except number of
leaves transplant?, which was not
significantly affected during the two
successive seasons.

Effect of potassium humate-supplemented

medium and calcium phosphate on stem length
and diameter transplant? of pepper seedlings.

Treatment .
- - Stem length Stem diameter
Potassium Calcium (cm) (mm)
humate Phosphate
(D) (mg It 2018 2019 2018 2019
(0] 13.2B" 1258 2.60 B 2.54 B
0.5 14.6 A~ 13.8 A 2.85 A 2.80 A
(0] 11.0P 9.7 F 2.61 B 2.43 ©
100 12.6 © 11.6 P 2.67 B 2.49 ©
200 12.8 © 12.8 ¢ 2.67 8B 2.66 B
400 13.8 B 13.0 © 2.68 B 2.71 B
600 16.4 A~ 15.6 ~ 2.85 A 2.81 A
800 16.6 & 15.9 A 2.88 4 2.80 A
1000 14.0 B 13.7 B 2.72 8B 2.69 B
(0] 10.4 ¢ 9.31i 2.51 ¢ 234"
100 12.0 sf 11.09 2.56 de 2.38f
200 12.2 ¢ 12.1f 2.52 ¢ 2.54 ¢
o 400 13.0¢ 12.3f 2.53 ¢ 2.57 ¢
600 15.5°b 14.7 be 2.70 bed 2.64 de
800 15.7 b 15.1° 2.74 be 2.73¢cd
1000 13.3¢ 13.2 ¢ 2.62 cde 2.58 ¢
(0] 11.5f 10.2h 2.71 bed 2.52 ¢
100 13.2d 12.2f 2.77 be 2.60 de
200 13.4 ¢ 13.4 ¢ 2.82°b 2.77 ¢
0.5 400 14.6 © 13.7de 2.82°b 2.85 be
600 17.32 16.5 2 3.00 @ 2.97 ab
800 17.4 2 16.8 2 3.03 2 3.05 2
1000 14.7 © 14.2 cd 2.82 b 2.81 ¢

*Values marked with the same letter(s) within the main and

interaction effects are

statistically similar using Duncan’s multiple range test at P = 0.05. Uppercase letter(s)
indicate differences between main effects, and lowercase letter(s) indicate differences

within interaction of each character.
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Generally, foliar application of calcium
phosphate at concentrations of 600 and 800
mg I was superior and significantly
recorded higher mean values of stem length,
diameter transplant™, leaves, stem and total
transplant dry weight transplant™, leaf area
transplant? and leaf area leaf! of pepper
seedlings compared to the other
concentrations of calcium phosphate in both
years. While, increasing calcium phosphate
concentration from 0 to 1000 mg I
increased roots dry weight transplant?,
during the two successive seasons. Except
number of leaves transplant, which was not
significantly affected, in both experimental
seasons. Generally, the combined medium

supplemented with 0.5 gl! potassium
humate together with foliar application of
calcium phosphate 600 and 800 mg I, gave
the highest significant values of stem length,
diameter transplant, leaves, stem and total
transplant dry weight transplant™, leaf area
transplant? and leaf area leaf! of pepper
seedlings. While, application of calcium
phosphate 1000 mg I together with the
medium supplemented with 05 g I
potassium humate, significantly achieved
the heaviest roots dry weight transplants™.
Except number of leaves transplant™, which
was not significantly affected, in both
experimental seasons which was not
significantly affected in both years.

Table 3. Effect of potassium humate-supplemented medium and

calcium phosphate on

roots, leaves, stemm and total

transplant dry weight of pepper seedlings.

Dry weight transplant (g)

Treatment
Potassium Calcium Roots Leaves Stem Total transplant
hEJgr'l‘i‘;e pr(‘r?fgplr_‘?)te 2018 2019 2018 2019 2018 2019 2018 2019
) 0288 0258 0.33° 0.308 0298 0.26° 0.90 B 0.828
0.5 0.32A 028~  0.37A 0.33 A 032~  0.30A 1.01A 0.92 A
0 0.25F 0.23¢ 0.30° 0.28° 024F 0.23F 0.79 © 0.74 ¢
100 0.27 P 024F 0.33° 0.29¢P  027F  0.25° 0.87F 0.78 P
200 0.29 ¢ 026° 0.34° 0.31°¢ 029P 0.26°° 0.93F 0.82°
400 0.29 © 0.27°° 0.368 0.33B¢  0.31C¢ 0.288  0.96° 0.888
600 0.328 0.288¢ 0.38A 0.3448 0348 0324 1.04 B 0.94 A
800 0.328 0298 0.39A 0.35 A 035~ 0324 1.07 A 0.96 A
1000 0.34A 0314 0.358 0.338 0.32B8¢  0.29 8 1.01° 0.93A
) 0.249 0.229 0.289 0.271 0.23" 0.21h 0.75k 0.70"
100 0.26 1 0239 0.31°f 0.28 " 025"  0.24 9 0.821 0.74 9
200 027" 0247  0.33%" Q299 0279 0.249 0.87 M 0.77 1
Y 400 027  025°¢ 034 0.31 ¢ 0297 0.26°  0.90 9" 0.83d
600 030  0.279%  0.36b 0.329%  0.32°%e (0.30b° 0.98c .89 °
800 0.31°¢ 0.27 %% 0.38° 0.33%d  0.34%  0.30b° 1.02° 0.91 be
1000 0.32°¢ 0.29 b4 .33 de 0.31%f  0.30¢  0.28°%  0.95°¢f 0.88°
) 027 0247  0.31°¢f 0.307" 0.26" 0.25T 0.84 1 0.78 ¢
100 0.29% 0247 034 0.31°9 0297 0.279% 093 0.82 de
200 0.31°¢ 0.27%  0.36b° 0.32°% 0329 (Q29bd Q98  0.88°
0.5 400 0.31°¢ 0.29%4 0.37b 0.35%  0.34%d (.30 b° 1.02° 0.94 b
600 0.34 b 0.30% 0.40a 0.36 2 0.352 0.34a 1.09 @ 1.00 =
800 0.34 b 0.31% 0.4la 0.36 2 0.372 0.342 1122 1.012
1000 0.36 2 0.332  0.36"° 0.34%°  0.34°  0.31° 1.06 P 0.99 a

*Values marked with the same letter(s) within the main and interaction effects are statistically similar using Duncan’s multiple
range test at P = 0.05. Uppercase letter(s) indicate differences between main effects, and lowercase letter(s) indicate differences

within interaction of each character.

The enhancing effect of potassium
humate-supplemented medium on
morphological characters of  pepper
transplants compared to potassium humate-
free medium (Tables 2 - 4) may be due to
ability of potassium humate to form stable
complexes with metal ions can be accounted

for their high content of oxygen containing
functional groups viz., carboxylic, phenolic
aliphatic and alcoholic —OH groups
(Stevenson et al., 1993). In addition,
Turkmen et al. (2004) found that the
application of humic acid to growing media
has been shown to have enhancing effects on

YA
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plant growth and on the physical
characteristics of growing media in
Styrofoam flats in which soils or growing
media tend to become compacted.
Compaction is often accompanied by
reductions in  water-holding capacity,
aeration, drainage, the rate of water
infiltration, and root penetration. In addition,
Jindo et al. (2011) evaluated the application
of humic acids stimulated the appearance of
root hairs of any plant crops, promoting a
significant increase in the number of lateral
roots emerged from the main axis. In this
case, the humic acids were the humified
fraction of greater bioactivity, since it
presented greater capacity of induction of
lateral roots in the initial stage of
development. This action may be associated
with the performance of humic materials in
the seedlings as a plant regulator, promoting
an increase in H* synthesis and favoring,
through the formation of an electrochemical
gradient, the loosening of the cell wall and,
consequently, expansion of cells, tissues and
organs. Therefore, the benefits of potassium
humate for transplant growth may be related
to its positive effects on increased fertilizer-
use efficiency and/or reduced soil
compaction (Osman and Rady, 2014). In
addition, potassium humate has been
claimed to promote plant growth by
increasing RWC, MSI (Table 5), chlorophyll
a+b, Carotenoid (Table 6). Thus, all leading
to increase in the absorption of nutrients N,
P, K and Ca when an application medium
supplemented with 0.5 g I* potassium
humate comparing to control in Table 7.
Application of P fertilizer is necessary to
ensure optimum vegetative growth plant and
quality (Zapata and Zaharah, 2002), as
well as for the acquisition, storage, and use
of energy (Epstein and Bloom, 2004).

Y4

Therefore, the present study demonstrated
the positive relationship between P foliar
application and plant vegetative growth,
which is supported by previous findings that
P application increases all morphological
characters (Tables 2-4). It is known that leaf
development depends on a high degree of P
concentration in the tissue because P plays
an important role in the synthesis of starch
and sucrose in photosynthesis, which
increases plant dry weight (Cakmak et al.,
1994). Sufficient P makes efforts to increase
dry matter accumulation by increasing the
photosynthesis product of root and shoot
(Rady et al., 2018a). Based on the above,
may be the foliar application of calcium
phosphate had compensated of the decrease
in phosphorous absorption through the roots
(Table 7); which occurs due to low in
temperature of less than 13°C, which led to
the increased growth of pepper seedlings. In
addition, Ca participate in the metabolic
process of another nutrient uptake, promotes
proper plant cell elongation, strengthen cell
wall, and participate in an enzymatic and
hormonal process (Upadhyaya, 2017).
Consequently, this was reflected positively
on all the studied morphological characters
(Tables 2-4). In addition to the above,
spraying pepper seedlings with calcium
phosphate increased RWC, MSI (Table 5),
chlorophyll a+b and carotenoid (Table 6).
Consequently, all this leads to an increase in
the absorption of nutrients N, P, K, and Ca,
which is reflected in an increase in the
morphological characters of the seedlings
when spraying with 800 mg I calcium
phosphate compared to the control in Table
7. Many other reports support our obtained
results such as Rady et al. (2018a) and
Sajid et al. (2020).
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Table 4. Effect of potassium humate-supplemented
medium and calcium phosphate on number of
leaves transplant?, leaf area transplant? and
leaf area leaf! of pepper seedlings.

Treatment Number of Leaf area ”
Potassium Calcium leaves transplant? Leaf are;; leaf
humate phosphate transplant? (cm?) (cm®)
(g™ (mg ™) 2018 2019 2018 2019 2018 2019
0 8.84A" 7.34 16.0 B 16.0 B 1.83 B 2.198
0.5 9.0~ 7.6 4 18.2 A~ 18.4 A 2.01 A 2.42 A
0 8.8 4 7.4 4 14.3F 14.7 P 1.63 F 1.99°
100 8.9~ 7.44 15.8 16.2 ¢ 1.78 P 2.19¢
200 8.9~ 7.44 16.8 P 17.58 1.89 ¢ 2.36 8
400 8.94 7.44 17.8 B¢ 17.94B 2.018 2.42 AB
600 8.9A 754 18.4 B 18.7 A 2.07 8 2.48 A
800 9.0A 7.64 19.5 4 18.8 A 2,17~ 2.46 ~B
1000 9.0~ 7.6 4 17.1°°P 16.8 AB 1.90 © 2.23°¢
0 8.6 2 7.32 13.61 13.8" 1.58h 1.89 9
100 8.7 2 7.32 15.0" 15.3 9n 1.72 9 2.10°f
200 8.72 7.32 15.6 9" 16.49fs 1,799 2.26 de
Y] 400 8.72 7.32 16.9°f 16.59¢f9 1,93 de 2.27 de
600 8.82 7.42 17.19ef 17,1 cdef ] g5cde 2 3pcd
800 8.92 7.52 17.8 cde 17,2 cde 2.01 ¢d 2.29 de
1000 8.92 7.42 16.4f9  16.0 °f9 1.84 °f 2.17 °f
0 8.92 7.52 15.0" 15.6 f9 1.68 9" 2.08f
100 9.02 7.52 16.6 f 17.2 cde 1.84 ©f 2.28 de
200 9.02 7.62 18.0°¢ 18.6 " 1.99 cd 2.46 b
0.5 400 9.02 7.52 18.7b¢ 19.32 2.08 be 2.57a
600 9.02 7.72 19.7° 20.32 2.18° 2.652
800 9.12 7.82 21.22 20.4 2 2.332 2.622
1000 9.12 7.7°2 17.9° 177 1.97 cde 2 g de

*Values marked with the same letter(s) within the main and interaction effects are statistically similar using
Duncan’s multiple range test at P = 0.05. Uppercase letter(s) indicate differences between main effects, and
lowercase letter(s) indicate differences within interaction of each character.

Membrane permeability

Application of potassium humate-
supplemented  medium,  significantly,
attained higher values of RWC % and MSI
% than the untreated plants, and the trend
was parallel in both experimental seasons.
Application of calcium phosphate at either
600 or 800 mgl?, significantly, attained
higher values of RWC % and MSI % than
the other concentrations calcium phosphate.

YV

Meanwhile, difference between application
of calcium phosphate at 600 or 800 mg I
was not true, in the two years. The treatment
combination of medium supplemented with
0.5 g I'* potassium humate together with
calcium phosphate at either 600 and 800 mg
I recorded the higher values of the
membrane permeability, in the two growing
seasons.
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Table 5. Effect of potassium humate-supplemented medium
and calcium phosphate on membrane permeability of

pepper seedlings.

Treatment
Potassium Calcium WRC (20) MSI1 (20)
humate phosphate
(CRID) (mg I'1) 2018 2019 2018 2019
0 80.7B8° 80.38B 70.7 B 67.6 B
0.5 87.0 A 86.8 A 7794 75.2 A
o} 81.3¢ 81.4 ¢ 67.0 € 61.8E
100 82.8B¢ 83.0B¢ 70.2BC 65.2 P
200 84.2A”~B 83 74AB 747 AB 68.9 ¢
400 85.2 A 84.2”~B 76.84 73.98
600 85.7 A 84.4”~B 7834 78.3 A~
800 85.6 A 85.2 A~ 79.0 A 78.7 A~
1000 82.1° 82.9BC 74448 73.18
0 78.8"h 79.7 e 63.2fF 58.4h
100 79.8 9n 80.2de 66.6 °¢f 61.2 9h
200 81.1 foh  80.5 de 71.3 cde 65.0 f9
o 400 81.7 fgh  80.4 de 72.9 cde 69.9 de
600 82.0 ¢fo 80.6 de 74.3 bed 74.0 bede
800 82.0 ¢fo 80.9 de 74.9 bed 74.5 bed
1000 79.5 9h 80.1 de 71.7 cde 70.4 cde
0] 83.9def g3 .0¢cd 70.7 of 65.1 ©f
100 85.8 bcd 85 9 be 73.8 bede 69.3 f
200 87.3a¢c 87.02 78.0 apc 72.9 cde
0.5 400 88.6 @ 88.1 2 80.6 @ 78.0P
600 89.32 88.2 @b 82.32 82.72
800 89.2 2 89.52 83.12 82.92
1000 84.7 cd¢ 85 7 be 77.1 abcd 75.8 bc

*Values marked with the same letter(s) within the main and interaction effects are statistically similar
using Duncan’s multiple range test at P = 0.05. Uppercase letter(s) indicate differences between main

effects, and lowercase letter(s) indicate differences within interaction of each character.

Higher RWC and MSI values were
observed in bean plants applied with
potassium humate than control (Table 4) this
indicates that the potassium humate reflected
positive effect of water uptake or reduced
water loss. This may be attributed to the
application of humic substances, the major
component of soil organic matter; it can
enhance nutrient availability and improve
biological, chemical, and physical soil
properties (Nardi et al., 2002; Arancon et
al., 2006). As well as may be attributed to
the low molecular weight fraction of humic
substances which can reach the plasma
membrane where it exerts its positive effects
(Nardi et al., 2002), improving the RWC
and MSI, and promoting nutrient uptake
(Table 7) by enhancing the permeability of
root cell membranes (Valdrighi et al.,
1996). Similar findings were documented by
Osman and Rady (2014); Taha and

YV

Osman (2018) and Rady et al. (2018b).
Increased of RWC and MSI indicates that
foliar application of calcium phosphate
(Table 5) probably reflected positive
influence of water uptake or reduced water
loss which consequently causes increase in
leaf water potential. Hence, it could be
concluded that the beneficial effect of a
calcium phosphate on growth parameters of
bean plants (Tables 2-4) has been related to
the efficiency of their water uptake with
nutrient elements (Table 7). This is due to
the effect of phosphorus involved in several
key plant functions, including regulation of
some enzymes, transformation of sugars and
starches, nutrient transport within the plant
and transport of carbohydrates (Taiz et al.,
2015). In addition, the adequate level of Ca,*
is required in the external medium to
maintain the selectivity and integrity of cell
membrane (Upadhyaya, 2017).
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Leaf photosynthetic pigments

Application of growth medium with 0.5
g I potassium humate gave the highest
significant values in leaf chlorophyll a, b,
a+b and carotenoids contents comparing to
control, in both experimental seasons.
Generally, calcium phosphate application
with 1000 mg I gave the highest significant
values in leaf chlorophyll a, b, a+b and
carotenoids contents comparing to other

concentrations, whereas, no significant
increases were detected between the levels
800 and 1000 mg I"* on leaf chlorophyll a, b,
a+b and carotenoids content, and the trend
was parallel in both experimental seasons.
Generally, the best combined treatment was
potassium humate-supplemented medium at
0.5 g I* and calcium phosphate at 800 or
1000 mg I, in both season.

Table 6. Effect of potassium humate-supplemented medium and
calcium phosphate on leaf photosynthetic pigments of pepper

seedlings.
Chlorophyll
Treatment a b phy a+b Carotenoid
2
Potassium Calcium (mg/mm? FW) (mg/mm? FW) (mg/mm? FW) (mg/mm= FW)
humate phosphate
(g 1) (mg Iy 2018 2019 2018 2019 2018 2019 2018 2019
0] 0.131 8" 0.128°8 0.071 8 0.067B 0.201B 0.195 8 0.045 B8 0.038 B8
0.5 0.152 A~ 0.141 A 0.077 A 0.072A~ 0.229~ 0.212 A 0.051 A~ 0.043 A
0] 0.082F 0.071F 0.044 E 0.037F 0.126 F 0.108 F 0.035¢ 0.030 P
100 0.122 F 0.112 E 0.064 P 0.056 E 0.186 E 0.169 E 0.044 B 0.035 ¢
200 0.139 P 0.124 P 0.073 ¢ 0.063° 0.212° 0.186 P 0.049 A8 0.041 B8
400 0.153 ¢ 0.146 © 0.081 8 0.074¢ 0.234°¢ 0.221 ¢ 0.051 A 0.043 A8
600 0.157 B¢ 0.158 & 0.083 AB 0.081 8 0.239 BC 0.239 8 0.052 A 0.045 A
800 0.164 A8 0.162 AB  0.086 ~B 0.085A~ 0.250 A8 0.247 8 0.054 A 0.046 A
1000 0.171 A 0.168 A 0.088 A 0.088~ 0.259~° 0.255 A 0.054 A 0.044 A8
0 0.078 " 0.0651 0.044 1 0.035k 0.122 9 0.100! 0.033°¢ 0.028 9
100 0.114 ¢ 0.106 " 0.062 " 0.0521 0.176 f 0.159 " 0.040 de 0.0329
200 0.129 f 0.118 9 0.070 ¢ 0.060 " 0.199 ¢ 0.178¢9 0.046 ¢ 0.039 ©f
0 400 0.138 % 0.141°¢ 0.076 ©f 0.072f 0.214 de 0.214 ¢ 0.048 ¢ 0.040 df
600 0.144 df 0.152 ¢ 0.078 9 0.0809% 0.2229 0.2324d 0.049 be 0.042 def
800 0.151 < 0.155 0.081 cde 0.082¢°4 0.231¢ 0.237 < 0.051 a¢ 0.042 def
1000 0.161° 0.160°  0.084 b 0.085P¢  0.245 e 0.245¢ 0.052 3¢ 0.041 cde
[0] 0.086 " 0.077'! 0.044 1 0.0401 0.130¢9 0.116' 0.036 © 0.031 9
100 0.131 ¢f 0.1189 0.066 9" 0.061" 0.197 ¢ 0.179¢9 0.047 < 0.037f
200 0.149 «d 0.129f 0.076 ©f 0.066 9 0.225 ¢ 0.195f 0.052 abc 0.044 bee
0.5 400 0.168 2 0.152 ¢ 0.086 2bcd 0.076 ¢"  0.254 @ 0.228 d 0.054 abc 0.046 abe
600 0.1702 0.163 be 0.087 2° 0.083° 0.257 @ 0.246 be 0.056 2 0.048 abe
800 0.1782 0.170 0.091 * 0.0872® 0.269? 0.257 ® 0.057 0.049 2
1000 0.182 2 0.176 2 0.092 2 0.090a 0.274°2 0.266 2 0.057 2 0.047 2

*Values marked with the same letter(s) within the main and interaction effects are statistically similar using Duncan’s multiple range test at P =
0.05. Uppercase letter(s) indicate differences between main effects, and lowercase letter(s) indicate differences within interaction of each character.

Many authors working on humic
substances on Solanaceae family coincides
our results such as Osman and Ewees
(2008) found that the chlorophyll a+b
contents were significantly higher in leaf
tomato plants irrigated with either fresh
water or saline water. In pot experiments,
Rady et al. (2018b) indicated that the
application of potassium humate at 0.2 g kg~
! soil increased chlorophyll a+b, total
carotenoids and chlorophyll fluorescence
measured in terms of Fv/Fm and
performance index (PI) of eggplant plants
compared to the untreated control. Leaf
photosynthetic pigments content
(chlorophyll a+b and carotenoid synthesis)

Yvy

are dependent upon mineral nutrition
(Daughtry et al, 2000). Leaf
photosynthetic ~ pigments depend on

phosphorus content, since it facilitates the
plant for stability in unfavorable conditions
(Bojovic and Stojanovic, 2006). However,
the facilitation of biochemical
characteristics and biosynthesis of leaf
pigment molecules depends on the uptake of
optimal phosphorus levels (Waraich et al.,
2015). Optimal phosphorus conditions, in
apricot seedlings, have been shown to
increase chlorophyll a+b content and plant
growth (Dutt et al., 2013). Previous studies
have also found that phosphorus application
increases the biomass and total carotenoid
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production of a blue-green alga Spirulina
platensis (Celekli et al., 2009), whereas
phosphorus deficiency decreases protein and
total chlorophyll contents (Liang et al.,
2005). Kazemi (2014) found that leaf
chlorophyll content in tomato plants
increased from 13.12 in the control to 22.41
and 21.14 (SPAD) with 30 ppm humic acid
and 15 mM Ca foliar application. In
addition, he said that the interaction between
HA and Ca (30 ppm humic acid +15 mM Ca)
gave the highest value (25.14) in the respect,
comparing with the control plants.
Leaf N, P, K and Ca contents

Application of growth medium with 0.5
g It potassium humate gave the highest
significant values on leaf N, P, K and Ca (mg
gl DW) than the growth medium without
potassium humate treatment, in both
seasons. Regardless of the control treatment,
spraying calcium  phosphate at a
concentration of 100 mg I significantly
recorded higher mean values of leaf N
content, with an increased in calcium
phosphate concentration up to 1000 mg I*
led to a gradual decrease in leaf N content.
Therefore, the lowest leaf N content was at a
concentration of 1000 mg I of calcium
phosphate. On the other hand, application of
calcium phosphate at 1000 mg I%,
significantly, attained higher values of leaf P

and Ca content. While, application of
calcium phosphate 200 or 400 mg I gave
the highest significant values on leaf K
content, in the two growing seasons of 2018
and 2019. The treatment combination of
medium supplemented with 05 g I
potassium humate together with foliar
application of calcium phosphate 100 mg I
recorded the higher values of leaf N content,
or with 1000 mg I recorded the best values
of leaf P and Ca content, or with
concentrations at either 200 and 400 mg It
recorded the higher values of leaf K content,
in both seasons.

The positive effect of potassium humate
on N, P, K and Ca leaf content might be due
to their positive effect on stability of
membrane permeability; MSI and RWC
(Table 5). This led to enhancing roots dry
weight (Tables 2 - 4), which reflected
positively on uptake of nutrients N, P, K and
Ca when an application growth medium
supplemented with 0.5 g I potassium
humate comparing to control. This may
indicate that potassium humate improved the
chemical properties of soil by increasing the
number of micro-organisms which can
enhance nutrient cycling and increasing the
bio-availability of mineral nutrients to the
transplant roots (Sayed et al., 2007).

Yvy
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Table 7. Effect of potassium humate-supplemented medium and
calcium phosphate on leaf elemental of pepper seedlings.

Treatment N P K Ca

Potassium  Calcium (mg g™ DW) (mg g™ DW) (mg g™ DW) (mg g™ DW)

hérrl‘i‘;e pr’nsgrl‘,?)te 2018 2019 2018 2019 2018 2019 2018 2019
0 2208 2308  167%  1.61° 199°% 1978 1348 1338
05 245A 254A  186A 1.81A 2204 218A  148A 1474
0 234° 241¢  106°  099F 201€  204P€ 103° 10.1°¢
100 302A 299A 155C 1510 2168  212¢ 11.3F 11.0F
200 2778 28148 1838  1.71C 225A  227A  126E 13.1F
400 262C 2758  103A 1878 224A  223A8 1420 1410
600 19.6€ 2210  197A 10248 22048 21.78C 152C 14.9C
800 182F 19.8F  199A  197A 202¢  108F 1728 16.8°
1000  17.4F 17.9F  202A  199A 17.6°  17.2F  182A 17.82

0 2261 2279 101" 0957 191° 1947 98" 96|
100 285% 283bd 1439  1.42° 205° 201  10.79 105N
200 2619 266 174¢  161° 21.3°  21.5%  11.9f 1249
0 400 245¢ 261%  183%  172° 21.2° 211 135°¢ 133
600 1861 2129  187% 180 208b  20.6% 1449 141°¢
800 172" 1851 1889  187° 192°¢  188%  163° 16.0°
1000 1651 1737 190«  1.89° 17.0¢ 1661  17.6° 17.2°
0 242 ¢ 254 111" 1.04' 21.1° 214 1089 106"
100 31.9% 31.4°  166'  1.60° 227%  223% 119f 1169
200 203° 296%® 193bd 180b% 2374 2392  133°¢ 13.8°
05 400 27.9°  290® 204®  201: 2364 2354  150° 1489
600 2059 229%  207®  203% 2328  229®  161° 157°¢
800 1929 2119  210°  208: 2135  208%  181® 17.74
1000  182M 186"  213:  209% 183°  17.9"  18.9: 1852

*Values marked with the same letter(s) within the main and interaction effects are statistically similar using Duncan’s multiple range test at P =
0.05. Uppercase letter(s) indicate differences between main effects, and lowercase letter(s) indicate differences within interaction of each character.

In addition, media supplemented with
humic acid (0.5 g I* media) also promoted
the absorption of nutrients by preventing
their precipitation in the nutrient solution
(Osman and Rady, 2014). Also, potassium
humate similarly as a good fertilizer state
creating more accessibility for the nutrients
(Osman and Ewees, 2008 and Taha and
Osman 2018) by reduction soil pH value,
thus increasing the availability of mineral
nutrients to be absorbed by plant roots.
Related to our results on Solanaceae family
plants, Osman and Rady (2014) reported
that the media supplemented with humic acid
(0.5 g I* media) gave significant higher
transfer factor (uptake) values for N, P, and
K in 4-week-old tomato and eggplant
transplants produced than corresponding
humic acid-free media. In pot experiments,
Rady et al. (2018b) indicated that the
application of potassium humate at 0.2 g kg~

! s0il as a single used or 0.2 g kg soil when
it was used in combination with biochar
significantly increased leaf NO3~, NO2™ and
K™ contents of eggplant plants compared to
the untreated control. The positive effect of
calcium phosphate on P and Ca leaf content
(Table 7) might be due to their positive effect
on stability of membrane permeability; MSI
and RWC (Table 5) and increased contents
of photosynthetic pigments (Table 6).
Additionally, the spraying of calcium
phosphate increased phosphorous and
calcium content inside the leaf of pepper
transplants. While the effect of calcium
phosphate were less on leaf N and K content
of pepper transplants for may be to the
antagonism between the metabolism of
elements. Kazemi (2014) reported that leaf
N and K content of tomato was not affected
by foliar application of calcium alone, but
humic acid application resulted in a

Yve
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significant increase in the leaf N and K
content. In addition, he noticed that humic
acid at 30 ppm + Caat 15 mM (2.51 and 2 %,
respectively) was superior in this respect.
Foliar application of humic acid alone
significantly increased the nitrate reductase
activity. llias et al. (2007) found that
application of humic acid and Ca promoted
the accumulation of K, B, Mg, Ca and Fe in
leaves of okra plants. Tejashvini and
Thippeshappa (2017) revealed that
application of different Ca sources, as foliar
spray will enhance the nutrient content and
uptake by tomato crop. As well as, all the
sources of calcium found to be effective and
significantly increased nutrient content and
uptake.
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