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ABSTRACT

Ammonium humate (AH) is a substance that applied in agriculture as a fertilizer and soil conditioner. It
is created when humic acid, reacts with ammonium hydroxide. So, it is considered a useful tool because it has
various advantages for plant growth and development. A field trial was conducted on sandy soil at the Ismailia
Agriculture Research Station farm in Ismailia Governorate, Egypt, during the winter season of 2021-2022 to
study the influence of three forms of 3% ammonium humate (AHi, AHz, and AHs) and two methods of
application (foliar on the plant (M) and spraying on the soil (Mz2)) on the growth of cultivated crops (wheat, faba
beans, and lupine) and some soil properties. Obtained results indicated that adding different forms of AH
significantly increased crop productivity, macronutrient total content, and protein percent. The AHz form was
superior in yield, and the soil application was positive compared to foliar application on the plant. The interaction
between AH form and method of application indicated that AH2M: treatment was the best for all tested crop
productivity. Macronutrient availability increased with all experiment treatments, and the highest available N
values were with the AH1 M2 treatment. Organic matter content in the soil was highest when different ammonium
humate forms were applied to the soil compared to foliar application.
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INTRODUCTION

In today's agricultural production climate, increasing
agricultural product productivity and quality is critical. It can be
repaired using inexpensive organic fertilizers and plant growth
stimulants (Vinogradova et al., 2015). Organic chemicals
known as "biostimulants" are used to promote nutrient uptake,
speed growth, improve crop quality, and enhance stress
tolerance (Van Oosten et al., 2017). Organic components of the
soil system account for around 0.5 to 5% of the total mass.
According to many soil scientists, agronomists, and farmers,
humic acid is an essential portion of organic matter that is highly
useful in improving soil conditions and plant growth, as
described by Filho et al. (2020) and Mutlu and Tas (2022).

Humic acids can be extracted from any material that
contains well-decomposed organic matter, such as soil, coal, or
compost. It is a necessary component of humic compounds; it is
one of the most important organic fertilizers that may be used,
broken down, and degraded by living bacteria. Mayans et al.
(2019) pointed out thathumic acids are an essential and
fundamental component of soil. It is essential for plant growth
due to its unique physical and chemical qualities, which include
a very high cation exchange capacity, a huge capacity for
storing water, and the ability to complex mineral ions, among
others. On the other side, humic material was used as a
sustainable natural resource in agricultural production., it has a
great influence on the physical, chemical, and biological
characteristics of the soil as well as the activities of plant
enzymes, root growth, and plant yield (Mauromicale et al.
2011). Recently, Liu et al. (2020) found that a humic acid
treatment, improves the development of soil macroaggregates
and fortifies the soil's physical structure, both of which increase

" Corresponding author.
E-mail address: Heba.yahya.morsy@arc.sci.eg
DOI: 10.21608/jssae.2023.230850.1183

the soil's ability to store water and fertilizer and lengthen the
effects of fertilization. Furthermore, a variety of humic acid
salts, including potassium, calcium, and ammonium humates,
were used to improve soil fertility and encourage plant growth
(Buckau et al., 2000).

Ammonium humate is a type of organic fertilizer that
combines nitrogen and humic acid from nature. According to
Pehlivan and Arslan (2006), this complex organic molecule also
contains many functional groups, including carboxyl, carbonyl,
amino, aldehyde, phenolic hydroxyl, and sulfur-containing
groups. By replacing nitrogen, the ammonium nitrogen found in
ammonium humate also increases soil fertility (Gupta et al.,
2010). Ammonium humate can also be used as a sail
amendment, a spray, or an inexpensive source of nitrogen that
can be administered topically.

However, Zeinali and Moradi (2015) found that
foliar application of humic acid led to positive effects on
plant growth and improved production. Also, foliar
application of humic substances is becoming more common
in agricultural practice; the mechanism of potential growth-
promoting effects is typically attributed to hormone-like
impacts, activation of photosynthesis, acceleration of cell
division, increased permeability of plant cell membranes,
improved nutrient uptake, reduction of the uptake of toxic
elements, and improvement of plant growth (Olk et al.,
2018). However, Nassar et al. (2021) observed that foliar
application of humate compounds considerably boosted all
morphological traits, yield components, chlorophyll, and
nutritional contents. Also, they added that soil additions of
both compost and K-humate enhanced the quantities of both
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wheat grain and straw yields, improved their quality, and
boosted the usage efficiency of the additional N fertilizer.

The use of humic chemicals with crops has been the
subject of several scientific research. According to recent
studies (Marenych et al., 2019 and Bezuglova et al., 2019),
humic preparations are increasingly used as plant growth
boosters and have a significant influence on plant
development and wheat productivity. Additionally, it can
promote biomass accumulation and increase agricultural
yields (Zhou et al., 2019). Furthermore, the addition of
humic acid significantly increased the amount of free amino
acids, praline, total phenolic content, and carbohydrates
compared to the control (Dawood et al., 2019).

Recently, Yang et al. (2021) reported that the activity
of humate substances as hormone-like compounds increases
the population and activity of microorganisms, which in turn
impacts the physiological processes of plant growth. Humate
substances also promote the assimilation of macro- and
micronutrients as well as growth regulators. Humate
chemicals enhance the seed-filling intensity and water
retention. By holding macronutrients and forming
organometallic complexes, the chelating agent also holds
macronutrients that are thought of as a storehouse or as
being more mobile or easily absorbed by plants. This has a
positive effect on the growth of seed and straw yields and
their characteristics (Rafla, 2012).

Humic acid, in the opinion of Baishu et al. (2022), is a
synergistic N fertilizer that actively promotes plant development
while prolonging fertilizer efficacy and reducing N losses. The
stimulation of root growth and development by humic acid
leads to an increase in root biomass (Silva et al., 2021). Along
with that, it can improve root H*-ATPase activity and increase
root nutrient absorption, promoting the development of above-
ground crops (Mora et al., 2010). At last, Dong et al. [2006]
established that humic acid inhibits urease activity, delaying the
breakdown of urea. This reduces the amount of NH4*-N in the
soil, which reduces the possibility of NH; volatilization and
possible nitrification and reduces N losses. Additionally, humic
acid aids in lowering soil acidity and increasing P effectiveness
(Deng et al., 2021 and Yang et al., 2021). As a result, humic
acid plays a critical role in agricultural output as an N fertilizer
synergist.

Wheat (Triticum aestivumL.) is one of the most
significant grain crops in the world. This is the primary food of
many people in many nations, and it provides 80 percent of
human protein. As a result, with an expanding country and
global population and present food shortages worldwide, one of
the most essential and major challenges is the evaluation of
methods and strategies that lead to increased production and
optimal use of produced wheat (Sary and Hamed, 2021).

The amount needed is greater than what can be
produced locally. Additionally, faba bean (Vicia faba L.), a
strong source of protein in both human and animal meals, is a
commonly consumed public food in every country in the globe,
including Egypt. Its seeds are also a good source of nutrients,
fiber, and carbs (Mahdi et al, 2019 and 2021). Due to
atmospheric nitrogen's capacity to be fixed, the bean plays a
favorable function in crop succession through improving the
soil by increasing its organic matter and nitrogen contents
(Megawer et al., 2017). In the past 10 years, Egypt's faba bean
cultivation has declined from 71445 to 32532/ha (FAOSTAT,
2017). This is as a result of faba bean's intense rivalry with other

strategic winter season crops such as wheat and clover (El-
Kholy et al., 2019). However, lupin (Lupinus termis) is grown
in a variety of environments, and its seeds are more nutritious
than those of other legumes (Raza and Jrnsgard, 2005). Since
alternative protein sources are becoming more and more
necessary (De Ron et al.,, 2017), lupine is a crop that has a
lot of potential to be further developed for high-
protein production (Lucas et al., 2015),as well as for soil
phytoremediation and recovery of degraded soils (Quinones et
al., 2013). In Egypt, lupine seeds have been used as a food
source and a healing herb (Shahat et al., 2014).

The current study aims to assess impacts of several
forms of organic soil amendments (ammonium humate) and
their two application procedures on the productivity of
wheat, faba beans, and lupine. As well as, protein percentage
and total content of macronutrient in their crops were
determined. In addition, the chemical composition of the soil
and the availability of NPK in sand soil were investigated.

MATERIALS AND METHODS

An experiment was conducted to study the influence
of successive additions of three forms of organic soil
amendment (ammonium humate) at different forms and
methods of application on crop productivity and soil
chemical properties.

Ammonium humate preparation

Ammonium humate (AH) was extracted from
compost; Table (1) shows the compost analyzed by following
the procedure of APHA (2005). Ammonium humate was
extracted according to Sanchez-Monedero et al. (2002). In this
method, the compost referred to above was treated with 2N
NH4OH. A mixture of 80 g of compost and 800 ml of solution
was shaken at 120 rpm under N2 gas atmosphere in sealed
bottles for 12 hours, then centrifuged for 15 minutes at 6000
rpm, and the supernatant was collected. The pH was then
adjusted to 7.0 with 4 N HNOs;, H,SO4, or HsPO,4 to prepare
three forms of ammonium humate AHi;, AHy, and AHj,
respectively. The analytical properties of three forms of
ammonium humate were determined according to Page et al.
(1982) as shown in Table (2).

Field experiment

A field trial was conducted in sandy soil at the Ismailia
Agriculture Research Station farm in Ismailia Governorate,
Egypt. N 300 36' 56.4" S 320 14' 23.7". The experiment was
carried out during the winter season of 2021, when three crops
were cultivated: wheat (Triticum aestivumL., cv Giza 168),
lupine (Lupinus termisL., Giza 1), and faba beans (Vicia
faba L., Giza 843) under a sprinkler irrigation system. Some
physical and chemical characteristics of the studied soil are
presented in Table (3). The object of this experiment is to study
the influence of successive additions of three ammonium
humate forms as organic soil amendments and methods of
applications on three crops productivity (Wheat, lupine, and
faba beans), along with the effect of these applications on soil
chemical properties and macronutrient availability. The
statistical design of this experiment was a split-plot design with
three replicates, with the dimensions of each plot being 2.0 x
3.0m. The main plots had two methods of application: foliar
application on different developing plants (M) and application
on the soil surface (My. The sub-main plots included three
forms of ammonium humate as follows: ammonium humate
neutralized by HNO3 (AH1), ammonium humate neutralized by
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H>SO4 (AH,), and ammonium humate neutralized by HsPO4
(AH5). All forms of ammonium humate were applied at a rate
of 3% Viv.

Table 1. Chemical analysis of compost utilized.

Physical properties Value
Density Kg m™ 794
Moisture content % 193
Chemical properties Value
pH (1:10) 8.47
EC dS m (1:10) 6.26
Organic carbon % 13.69
Organic matter % 2361
% Total Nutrients Available Nutrients mg Kg*
N 0.812 N 243 Fe 30300
P 0.39 NH* 33 Mn 501
K 1.36 NO* 210 Zn 70.8
P 730 Cu 501
K 9700 Cd Nil-
Pd 139
Ni Nil-

Table 2. Chemical characteristics of the three
ammonium humate forms.
Ammonium humate forms

Chemical properties

AH:1 AH> AHz
Organic carbon % 1.96 1.97 1.96
Organic matter % 3.39 3.39 3.39

Soluble nutrients %

N 4.03 225 225
NH4* 221 221 221
NOz 1.82 0.04 0.04
P 46.84mgL*t 46.92mgL? 574
K 0.151 0.151 0.151

Table 3. Physical and chemical characteristics of the
experimental soil.
Particle size distribution %

Sand Silt Clay Texture class
89.20 7.02 3.78 Sandy
Chemical properties

pH ((1:25) EC (dSm') OC% OM% CaCO3%

7.89 0.105 0.27 047 0.32
Soluble cations and anions (meg/100 g soil)

Cations Anions

Ca?* 0.39 COs* Nil

Mg?* 0.20 HCOs 0.25

Na* 04 Cr 041

K* 0.06 S04 0.38

Mineral fertilizers were applied at the recommended
dose for all three cultivated crops. Phosphorus was added in
the form of calcium superphosphate (15% P2Os) at a rate of
200 Kg fed.? basically before sowing, as well as potassium,
was added in the form of potassium sulfate (48% Ky0) at
rate of 50 Kg fed.? at each split equal dose at 30 and 60 days
from showing. Nitrogen was applied in the form of
ammonium nitrate (33% N) at a rate of 360 Kg fed.. for
wheat and added three times at 15, 30, and 60 days from
sowing, as well as nitrogen at 60 kg fed™ after 10 days from
sowing for lupine and faba bean crops. The normal
agricultural practices were carried out during the growing
season as recommended

At harvest, plant samples were collected from each plot
at the harvested stage after 120 days for wheat, 110 days for
faba bean, and 150 days for lupine from planting in one square
metre to determine the biological yield and yield component
(straw, grains, and weight of 1000 grains for wheat along with

100 seeds for lupine and faba bean) by weight for each crop. Al
samples were oven dried at 70°C for 48 h to a constant dry
weight, ground, and prepared for digestion using the HSO, and
H.O, methods described by Page et al. (1982). Then the digests
were subjected to measurements of macronutrients (N, P, and
K) and protein percent (%) using the procedure described by
Cottenie et al. (1982). Grain protein percentage was obtained by
multiplying grain N concentration by 5.75 for wheat and by
6.25 for both faba bean and lupine according to the method
given in AACC (2000).

Soil samples were obtained from the surface layers (0—
30 cm) after the plants were harvested. These samples were then
air-dried, and their chemical properties were determined. Page
et al. (1982) provided techniques for estimating soil pH, organic
carbon percentage (OC), organic matter percentage (OM), and
calcium carbonate percentage (CaCOs). According to Jackson
(1973), total soluble salts were calculated in soil paste (dSm™) as
electrical conductivity (EC). Cottenie et al. (1982) presented
techniques for determining the soil concentration of accessible
macronutrients such as nitrogen (N), phosphorus (P), and
potassium (K).

Statistics analysis.

All results obtained in each growing crop were
subjected to statistical analysis using MASTATC software,
and the means were compared using Duncan’s multiple
range test (P <0.05).

RESULTS AND DISCUSSION

Yield components of different crops as affected by
applied ammonium humate forms and two methods of
application

Table (4) shows a summary of how different crops
(wheat, faba bean, and lupine) respond to various
ammonium humate forms by two application methods on
biological yield and yield components (straw, grain, and/or
seeds), as well as the weight of 1000 grains of wheat and/or
100 seeds of faba bean and lupine, respectively.

A:- Efficacy of ammonium humate forms: -

Results in Table (4) show that application of all
ammonium Humate forms (AH., AH,, and AHs) significantly
increased biological yield, grains and/or seeds, straw yield, and
weight of 1000 grains of wheat, 100 seeds of faba bean, and
lupine plants compared to control treatment. This study agrees
with Khan and Mir (2002), who found that application of
ammonium humate increased the wheat grain yield, number of
tillers, and weight of 1000 grains. Fan et al. (2015) and Liu et al.
(2019) explain that the growth-promoting effect of ammonium
humate can also be attributed to the efficient uptake of essential
nutrients via chelate formation, increased root respiratory
activity, and an increase in cell membrane permeability, which
results in increased moisture and nutrient uptake. Also, humic
acid improves crop photosynthetic efficiency by increasing
chlorophyll concentration and chloroplast ultrastructure. Humic
acid may act as a stressor or alter a plant's metabolism, which
can promote the growth and development of roots, as reported
by Castro et al. (2021).

Also, data presented in Table (4) indicates that the
growth parameters studied in this experiment were superior
under AH, treatment as compared to AH; and AH; treatments
in different tested crops. The increase was reached at 23.7, 52,
17.2, and 3.7 % for biological yield, straw yield, grains yield,
and weight of 1000 grains, respectively, for the wheat crop. A
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similar trend was observed for the faba bean crop, which
increased to 26.3, 13.3, 31.2, and 13.3% for biological yield,
straw yield, seeds yield, and weight of 100 seeds, respectively.
As well as the lupine crop, an increase in yield components
reached 415, 345, 43.7, and 16.1% for the same parameters
mentioned previously, respectively. The obtained result may be
due to AH, treatment content sulphates; this component is
crucial because several coenzymes, thioredoxins, and

chlorolipids, are present. Sulphur is a crucial component of
several chemicals that may play a role in defense mechanisms
against infections or in the distinctive flavor and aroma of food
plants (Bennett and Walls Grove, 1994). Furthermore,
ammonium humate and sulphates are a type of organic fertilizer
that combines natural humic acid with nitrogen and is an
important humic acid ammonium salt with halophyte nutrition
and high-effective organic matter.

Table 4. Response of some yield components of wheat, faba bean and lupine plants to applied ammonium humate

forms and two methods of application.

Biological Grains or

Straw weight of 1000

p Percentage - Percentage Percentage d Percentage
Treatment (Kg:g(jj_l) increase s?&(és%g_lf)j increase (Kq fed) increase grésiérgzg I(’g]).OO increase
Wheat
Control 64608 - 1203z - 52578 - 61.17a -
AH1 7509a 16.2 1664a 383 584548 112 62.90a 28
AH: 7988 237 1828a 52.0 6160a 172 63.45A 3.7
AH3 7277a 12.6 1537a 278 57408 9.2 62.92a 29
Mz 68728 6.4 1459 213 5413s 30 62.9a 28
M2 8310a 28.6 1893a 574 6417a 221 63.3a 35
Faba bean
Control 5455 - 14794 - 39768 - 808 -
AH1 6133a8 12.4 1653a 118 44808 127 88.6a 10.8
AH2 6890a 26.3 1675a 133 52154 312 90.6a 133
AH3 59878 9.8 1491a 0.8 45158 13.6 85.3a 6.6
M1 62404 144 15504 48 4690a 18.0 87.0a 8.8
M2 6434a 17.9 1650a 116 47834 20.3 89.0a 11.3
Lupine

Control 58048 - 1371c - 4433¢c - 31.08 -
AH1 8066 39.0 1976a 441 609048 374 35.0a 129
AH2 8214a 415 18444 345 6370a 437 36.0a 16.1
AHs 67988 17.1 1548g 129 52508¢c 184 34.0a8 8.1
Mz 7689 325 1809a 319 5880a 326 34.6a 116
M2 76954 326 1769a 29.0 59274 337 35.6a 14.8

Ammonium humate forms (AH) Foliar application (M,)

B: - Efficacy of methods application.

Results in Table (4) also reveal that application of all
ammonium humate treatments (AH1, AH., and AH3) applied
on the soil (M) was better than foliar application of these
treatments on the plant (M) of all tested crops. Again,
application of AH forms on the soil led to an increase in the
growth parameters of all tested crops as compared to the
control treatment. The highest percentage increase was
recorded (57.4, 11.6, and 29.0%) in grains and/or seeds for
wheat, faba bean, and lupine, respectively. This results in
good agreement with those of Mir et al. (2002) who reported
that the addition of ammonium humate to the soil increased
the biological yield and grains yield of wheat plants. The
increase in grains yield in wheat may be related to the more
efficient uptake of nutrients by plants due to the addition of
ammonium humate. The effect of ammonium humate on
grains yield is due to an increase in the permeability of the
plant cell and the promotion of an active uptake of water.

Said-Al Ahl et al. (2016) added that foliar sprays of
humic acid enhanced plant growth, yield, and quality in a
number of plant species due to their action on different
physiological and metabolic processes. growth stimulation
and enhancement of crop yield. In this connection, Mahdi et
al. (2021) found that treating the soil with potassium humate
significantly enhanced all growth characteristics of faba bean
plants as compared to those that were not treated. This result
could be explained by the fact that it has many of the
components necessary for fostering plant life, enhancing
potential growth, enhancing photosynthesis, and accelerating
up cell division.

Soil application (M)

C: - Efficacy of interaction between ammonium humate
forms with two methods of application on yield
components.

Fig. (1) shows the response of different crop yields to
applied ammonium humate by two methods of application.
In general, results show that application of ammonium
humate forms with two methods of application increased all
growth parameters of all tested crops (wheat, faba bean, and
lupine) under experiment conditions as compared to control
treatment. Also, the obtained results in Fig. (1) revealed that
the best treatment was AH>M, which increased the growth
parameters (straw, grains, and/or seeds) of all studied crops
as compared to other treatments.

The observed results are in excellent accord with Abdel-
Baset et al. (2020), who found that the application of 3%
ammonium humate on the soil followed by the application of
3% ammonium humate and 3% potassium humate on the
leaves of crops boosted all growth parameters. Recently, Abdel-
Mawgoud et al. (2007) demonstrate that humic acid boosts food
uptake, cell division, photosynthesis, respiration, the production
of nucleic acids and enzymes, as well as the total dry weight of
the plant. Moreover, application of humic acid to foliage and
soil increased auxin, cytokinin, and gibberellin levels in plants.
Likewise, humic acid is a hormone-like substance; its auxin-like
activity stimulates cell division and cell elongation. Also,
Meganid et al. (2015) verified that humic substances can have a
good impact on faba bean biomass, both fresh and dry. An
increase in CO, absorption and photosynthetic rate might be the
cause of humic acids' beneficial effects on pigments involved in
photosynthesis.
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Fig. 1. Interaction between ammonium humate forms and two methods of application on some yield components of
wheat, faba bean and lupine crops under sand soil conditions.

Total amount of macronutrients and percentage of
protein in various planted crops as affected by applied
ammonium humate forms and two methods of application
A:- Efficiency of ammonium humate forms.

Data in Table (5) demonstrate how the use of various
ammonium humate formulations affects the status of total
macronutrient content (N, P, and K) in straw, grain, or seed of
various farmed crops (wheat, faba bean, and lupine). Results
showed that evaluated crops responded favorably to
administered AH forms when compared to control treatments.
In comparison to other types of AH treatments, AH, treatment
often enhances N, P, and K total content in grains, seeds, and
straw of wheat and faba bean crops. The lupine crop showed a
notably distinct pattern, with the AH; treatment appearing to be
superior to AH, and AHs, particularly in the seeds. The greatest
percentage increase was in N, P, and K were found in wheat
grain (88.6, 87.5, and 43.8%, respectively), while similar
percentage increase in straw were found for faba bean straw
(62.3, 66.1, and 60.8%, respectively), and lupine straw (91.9,
61.6, and 57.5%, respectively). The obtained result may be due
to the fact that the addition of ammonium humate increased the
growth of plants, as mentioned previously, which led to an
increase in the absorption, transfer, and content of N, P, and K in
both grain or seed and straw of the studied plants (Nardi et al.,
2002). In addition, lbrahim and Ali (2018) found that humic
compounds are important for nutritional absorption. Both
directly and indirectly, this use may have an impact on the
nutrient status of faba bean plants. Also, Mahdi et al. (2021)
pointed out that soil treated with HA had much higher levels of
N, P, and K than soil not treated with HA. The presence of
hydrophilic and hydrophobic areas that encourage surface
activity is connected to this. As a result, the humic compounds
interact as carriers of nutrients with the cell membrane structures
(Garcaetal., 2016).

Furthermore, data in Table (5) demonstrated that the
application of ammonium humate forms (AH1, AH,, and AHs)
improved the protein percentage in wheat, faba bean, and lupine
crops compared to controls. The AH; ammonium humate form
was superior in all plants that were investigated. This result

could be explained by the AH; form's high nitrogen content,
which resulted in a higher protein percentage. This result is due
to the role of nitrogen in supporting a photosynthetically active
wheat canopy, ensuring grain yield, and producing storage
protein in the plants. These findings correspond with those of
Abdel-Baset et al. (2020), who found that a 3% ammonium
humate treatment boosted protein content. However, it is worth
noting that the protein content of the lupine seed was higher than
that of the wheat plant. This may be due to the higher N content
in the lupine seed than in the grain wheat plant, which had a role
in producing storage protein. This is in line with the findings of
Kalembasa et al. (2020), who claimed that legumes have a
significant potential to raise the amount of C and N in the seeds.
Low C:N ratios in crop wastes and deep-rooting species (like
lupine) both encourage the process of mineralization, or the
immobilization of those elements in the soil.

B:- Efficiency of methods application.

Data in Table (5) illustrated that all treatments by
two methods of application increased the N, P, and K total
content in straw, grain, or seed of wheat, faba bean, and
Lupine crops, respectively, as compared to the control
treatment. Results also showed that, in contrast to foliar
treatment (M), soil application (M) of various ammonium
humate forms increased the owverall content of
macronutrients (N, P, and K) in the various crop components
under study. Moreover, protein percentage had no effect on
M; compared to M, method application, which increased
protein percentage in all studied crops as compared to either
control or foliar AH application. The percentage increase in
protein content reached 20.6, 29.5, and 5.2% for Wheat,
Faba bean, and Lupine, respectively. This results in good
agreement with Denre et al. (2014), who found that humic
substances promote the conservation of mineral nutrition in
the plant. In contrast, Azam et al. (2016) reported that high
N and P content were also observed in the treatments with
foliar application of humic acid on plants. Similar results
were obtained by, Abou El-Khair et al. (2010) they found
that, humic acid increased N, P and K contents in different
plant organs.

301



Shehata, A. S. et al.

Table 5. Effect of ammonium humate forms and two methods of application on macronutrients total content and
protein % in wheat, faba bean and lupine crops

Total content of macronutrients (Kg fed?)

- Grain or seed Straw °
c [e)]
o) [72] =)
g o~ § » EI k EI N I P FI Kk §E & BE
5E 5E 55 5E 5E 5E o
wheat
Control 20.1c - 6.58 -~ 13.29s - 28.78 - 13.58 - 33.08 - 9.62¢ -
AH1 3440 711 9.11s 402 13878 176 396a 380 14.07s 4.2 441n 336 1196a 242
AH2 37.9a 88.6 1219n 875 1473n 438 392 36,6 1834a 359 479a 452 1195 243
AH3 29.18 448 9.36a8 440 1446a 356 341 188 15.78a8 16.9 414a 255 1081z 124
My 29.7a 478 8.538 312 13488 5.8 348 213 16.0a 185 422n 279 116ac 206
M> 37.9a 886 11.84a 822 1523an 59.0 405 411 16.2a 20.0 469n 421 116ac 206
Faba bean
Control  36.99¢ - 8.69c - 6.38a - 24918 - 9.025 - 5.48g - 15.6¢ -
AH1 52.65a 423 1182a 36.0 7.03a 102 3798a 525 10.568 17.1 950a 734 20.08a 28.7
AH2 52.62n 423 1158a 333 7.24n 135 4044n 623 1498a 66.1 881a 60.8 19.70a8 26.3
AHz3 4351g 176 9.14gsc 5.2 6.60A 35 3326a 335 9.91g 9.9 701las 279 18328 174
Mz 458n 238 11.16a 284 6.758 5.8 36.8a 477 9.3 31 7.9 442 1858 186
M> 530a 433 1054a 213 7.98a 25.1 374a 50.1 13.3a 475 8.9a 62.4 20.2a 295
Lupine
Control  62.4c - 13.7a - 6.32p - 29.58 - 6.258 - 11.38 - 248 -
AH1 86.8a 39.1 1794 30.7 155 1025 56.6a 919 10.1A 616 178a 575 275n 109
AH2 75.58 210 1754 21.7 12.88 1453 513 739 10.7A 71.2 199n 761 2568 3.2
AHz3 68.5¢c 6.6 15.6a 13.9 9.86¢ 560 4038 366 86248 379 166a8 46.9 249 04
Mz 749n 200 17.1n 248 144 1279 510a 729 8.99a 438 178a 575 255 28
M2 73.6a 18.0 16.8a 22.6 11.1a 75.6 479n 624 1061a 698 184a 628 26.1a 5.2

Ammonium humate forms (AH)

C:- Efficiency of interaction between ammonium humate
forms with two methods
macronutrients total content and protein percentage.

Fig. (2) revealed that Applied ammonium humate

forms and two application methods increased N, P, and K

total content in variety crops (wheat, faba bean, and lupine)

of application on

Foliar application (M)

Soil application (M)

compared to the control treatment. In comparison to other
treatments, application of AH.M; often enhanced N, P, and
K total content in grains, seeds, and straw for wheat and faba
bean crops. In contrast, the AH1M; treatment for the lupine
crop was typically the best one for increasing the overall
content of N, P, and K in both seeds and straw.
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Fig. 2. Interaction between ammonium humate forms and two methods of application on some nutrient content in

Obtained results in agreement with Barakat et al.
(2015), who discovered that humate substance application
on the soil had a substantial positive influence on leaf N, P,
and, K contents, when compared to the control treatment.

straw and grain or seeds of wheat, faba bean and lupine plants under sand soil conditions.

humate substance addition increases soil organism activity
by preventing nutrient ions from leaching, and increases
mineral entry into root cells by increasing cell permeability.
According to Abd EI-Rheem et al. (2020), the application of

this enhancing effect can be discussed on the basis that
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humate substances increased N, P, and K content in plants
by boosting nutrient absorption and transfer.

Fig. (3) showed that effect of interaction between
ammonium humate forms and two methods of application on
protein percentage in grains or seeds for wheat, Faba bean,
and lupine crops under sand soil conditions. The results
revealed that interaction between ammonium humate forms
and two methods of application significantly increased protein
content in grain of all studied crops compared to control. Also,
the content of protein in lupine grain was higher than in other
plant types. This might be explained by the fact that when
lupine and faba bean plants are grown, bacterial growth can be
supplemented with carbohydrates. As a result, the bacteria fix
atmospheric N, into NHs" in the soil, which is then
transformed into amino acids and used by the plant to
synthesize proteins for growth and development (Russel,
2008). These results in good agreement with Barakat et al.
(2015) who reported that significant higher contents of protein
in dry seeds were obvious as a result of humate substance
application. Moreover, Abd EI-Rheem et al. (2020) added that
humic acids are compounds that may have various
biochemical effects either at the cell wall, membrane level, or
in the cytoplasm, such as, enhancing protein synthesis.
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Fig. 3. Interaction between ammonium humate forms
and two methods of application on protein% in
grains or seeds of wheat, faba bean and lupine
plants under sand soil condition.

Efficiency of ammonium humate forms and two
methods of application on Macronutrients availability in
soil, pH and OM%.
Nitrogen availability

The date in Fig. (4) represents the effect of different
ammonium humate (AH) forms with two methods of
application (M; and M) on N availability in sand soil. The
obtained results make it clear that the available N increased
under all experimental treatments as compared to control.
This may be due to applied ammonium humate forms,
which contain a high level of organic matter and nitrogen,
along with the mineralization of organic material in the soil
(Chidankumar and Chandraju, 2009) and the presence of
ammonium with humic acid. In addition, the application of
AH; form with two methods of application (M; and M) was
superior to other treatments. This may be attributed to the
application of nitric acid and ammonium with humic acid,
which chelated N and kept it available in the soil. Moreover,
the highest values of available N content in the soil were
observed when ammonium humate was added to the soil
compared to its foliar application on the plant.
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Fig. 4. Nitrogen availability in soil after wheat, faba bean and
lupine crops harvested as affected by ammonium
humate forms with two methods of application.

Also, results presented in Fig. (4) showed that there
is a slight increase in the soil available N content after
harvesting both faba bean and lupine as compared to wheat
crops this may be attributed to faba bean and lupine
cultivations enhances soil fertility by adding substantial
amounts of N into the soil matrix through Ny-fixation by
rhizobium bacteria, which colonize the root nodules.
Gonzalez et al. (1992) hypothesized that the rise in available
N might be caused by humic materials increased microbial
activity. The observed increase in nitrogen availability may
have also been influenced by the humic chemicals' capacity
to inhibit nitrification and slow urease activity. This stops the
loss of N through vital pathways like leaching and
volatilization. The boost in the amount of nitrogen that is
easily available might also be brought on by the addition of
N from the mineralization of native nitrogen brought on by
an increase in microbial activity.

Humic acid has recently been described by Abdel-
Baset et al. (2020) as improving soil structure, altering the
physical properties of soil, and possibly promoting the
formation of soil macroaggregates, which increase soil water
holding capacity and aid in the chelation of soil NH4*-N and
NO; -N leaching. According to Sun et al. (2019), NH3
volatilization typically accounts for 10%-60% of all N
losses in agriculture and is the primary mechanism for
fertilizer N losses. Making them accessible to plants helps
with protein synthesis, enzymatic activity, plant root
respiration, photosynthetic density enhancement, and plant
chlorosis correction.

Phosphorus and potassium availability

Figs. (6 A and B) showed that application of
ammonium humate treatments using M1 and M procedures,
according to the results, enhanced the amount of available P
and K in the soil when compared to a control treatment. The
findings might be attributed to the phosphorus and
potassium that were released during the decomposition of
the organic matter, as well as the organic acids that were
produced, which sustain and enhance the P and K
availability in the soil. Moreover, humic acid, a
commercially available organic fertilizer, includes the
majority of the components that boost soil fertility and
nutrient availability, promoting plant growth and production.
In addition, phosphoric acid combined with ammonium
humate was used in the AHs treatment, which had the
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maximum phosphorus content in the soil when compared to
other treatments. Yang et al. (2021) found similar results,
demonstrating that humic acid converts soil P to an
exchangeable form, thereby preventing P from attaching to
metal elements. Similar results were also reported by
Awwad et al. (2020), who showed that the addition of
potassium humate increase the available nitrogen,
phosphorus and potassium in soil as compared to control and
improved the soil fertility status at different soil layers.
Moreover, applied AH on the soil (M) increased the
available P and K content in all treatments as compared with

foliar application on the plant (M,). Data in Fig. (5A) also
revealed that the highest content of available P in soil was
recorded after the faba bean crop was harvested, where it
reached 4.26 mg Kg'* in soil compared to other tested crops.
However, the current data showed that the highest content of
available K in soil was observed after wheat crop was
harvested, where it reached 66.05 mg Kg*compared to
other plants. In addition, Awwad et al. (2020) who reported
that humic acid released the fix K from the soil.
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Figs. 5A & B. Phosphorus and potassium availability in soil after wheat, faba bean and lupine crops harvested as
affected by ammonium humate forms with two methods of application.

Organic matter (OM%o)

Organic matter is widely regarded as a vital
component of a healthy soil. It is an important part of the
soil's physical, chemical, and biological fertility. Data in Fig.
(6) indicate that all experimental treatments increased the
soil organic matter content compared to control. In addition,
AH; treatment with different methods (M: and M) was
superior compared with other treatments. The highest values
of OM content in the soil were observed when ammonium
humate was added to the soil compared to its foliar
application on the plant. The obtained result was in
agreement with Zhuo et al. (2012), who found that the
addition of ammonium humate increased soil organic matter.
Also, Sharif et al. (2002) explained that humic substances
contribute up to 85-90% of soil organic matter and can
improve soil properties such as aggregation, water holding
capacity, microbial growth, organic matter mineralization,
and the solubility and availability of micronutrients. It may
be worth mentioning that organic matter in soil cultivated
with leguminous crops (faba bean and lupine) was higher
than in soil cultivated with wheat crops. This may be due to
the major advantages of legumes include the amount of
nitrogen fixed into the soil and the high quality of the
organic matter released to the soil in term of C/N ratio. Some
legume species have also deep root systems, which facilitate
nutrients  solubilization by root exudates and their
uptake/recycling as well as water infiltration in deeper soil
layers (Stagnari et al., 2017).
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Fig. 6. Organic matter content in soil after wheat, faba bean
and lupine crops harvested as affected by ammonium
humate forms with two methods of application.

Correlation between OM % and N availability in soil as
affected by applied ammonium humate forms and
methods of application

Fig. (7) represented a liner correlation between
OM% and N content in the soil as affected by applied
ammonium humate forms (AH;, AH, and AH3) and two
methods of application after yield crops were harvested
(wheat, faba bean and lupine). This relationship shows a
strong positive correlation between OM% and N content in
the soil, where R? values range from 0.668 to 0.987.
Moreover, soil application of all treatments showed a
stronger correlation than foliar application of all treatments
in different soil samples. As observed by Clinton et al.
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(1995), humic compounds can incorporate nitrogen into their
structure either directly through chemical reactions or
indirectly through microbial activity and the ensuing
degradation of microbial biomass. According to several

publications, N may be attached to organic matter in soil and
an increase in soil nitrogen levels might speed up the
conversion of organic matter.

- | Lopine

)
%40 A . < l i, [4ML
..E, f 74 ° M2
2 ___30 ] i b A
2 =
a 320 ] yM,=17.927x+ 17.953 | yM,=2.6398x + 29.867 yM, = 16.625x + 13,734
TE R*=0.7275 R*=0.0967 2=0,7257
S 10 yM;=31.502x+8.1475 - yM, = 13.338x + 18.745 . yM, = 13.627x + 18.354
8 R*=0.668 220.895 220.9871

0 T T T 1 T T T 1 T T T 1

0 0.5 1 15 2 0 05 1 15 2 0 0.5 1 15 2
Organic mater content (% OM)

Foliar application (M1)  Soil application (M2)

Fig. 7. Correlation between organic matter percentage and N availability in soil after wheat, faba bean, and lupine
yields harvested as affected by ammonium humate forms and methods of application.

Soil pH

Soil pH is the single soil parameter that reveals a
comprehensive picture of the medium for plant growth,
including nutrient supply trends, the fate of added nutrients,
soil aeration, soil mineralogy, and the region's final
meteorological conditions (Zhao et al., 2011). Obtained
results in Fig. (8) revealed that pH values increased in soil
under all treatments as compared to control this may be
attributed that the pH of ammonium humane preparing
which was 7. The minimum soil pH (pH 7.73) was found
under the ammonium humate (AH;) treatment with two
methods of application (M: and M) after lupine was
harvested. Considering the dissociation of the acidic
functional groups, Ceppi et al. (1999) observed that humic
substances constitute a heterogeneous combination of
polyacidic molecules with a significant buffering capacity
over a broad pH range. According to Garca-Gil et al. (2004),
most mechanisms that regulate the optimal delivery of
nutrients to crops work within a restricted pH range, making
the buffering capacity of soil of great practical consequence
in most of these activities.

BADM, OAm,

82

soil pH

14

0

(R A% ag, MK, ARAL om0 (R A AR A,

Ammonium humate forms

AM  Ammonium humate forms
AHM  Interaction Ammonium humate forms and application methods

Fig. 8. Soil pH after wheat, faba bean and lupine crops
harvested as affected by ammonium humate
forms with two methods of application.

CONCLUSION

Ammonium humate (AH) is a substance that is
frequently applied in agriculture as a fertilizer and soil
conditioner. This special ingredient is a useful tool because it
has various advantages for plant growth and development. It
is a helpful chemical for improving soil structure, boosting
soil fertility, and promoting microbial activity. It provides
numerous advantages for plant growth and development.
We can improve production, minimize the demand for
synthetic  fertilizers, and promote sustainable and
environmentally friendly farming practices by using (AH) in
agricultural practices. In this study, different forms of (AH)
significantly increased crop productivity compared to control
treatments. The (AH) that adjusted the pH to 7.0 with H,SO4
(AH2) was found to be superior in yield components for all
tested crops. The soil application method (M2) was positive
compared to foliar application (M1). The interaction between
AH forms and application methods revealed that AHM;
treatment was the best for all tested crop productivity. The
total macronutrient content in wheat, faba bean, and lupine
showed a similar trend, with AH,M, treatment increasing
the protein percentage in wheat and faba bean grain or seed,
respectively. Macronutrient availability increased under all
experiment treatments. Organic matter content in the soil
was highest when different ammonium humate forms were
applied to the soil (M) compared to foliar application.
Overall, the addition of ammonium humate forms to the soil
increased yield productivity, total macronutrient and protein

content, soil fertility, and soil chemical properties,
particularly OM% and pH.
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