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Abstract

Background Enriching the soil with organic matter such as humic and fulvic acid to increase its content available
nutrients, improves the chemical properties of the soil and increases plant growth as well as grain yield. In this study,
we conducted a field experiment using humic acid (HA), fulvic acid (FA) and recommended dose (RDP) of phospho-
rus fertilizer to treat Hordeum vulgare seedling, in which four concentrations from HA, FA and RDP (0.0 %, 50 %, 75 %
and 100%) under saline soil conditions . Moreover, some agronomic traits (e.g. grain yield, straw yield, spikes weight,
plant height, spike length and spike weight) in barley seedling after treated with different concentrations from HA, FA
and RDP were determined. As such the beneficial effects of these combinations to improve plant growth, N, P, and K
uptake, grain yield, and its components under salinity stress were assessed.

Results The findings showed that the treatments HA + 100% RDP (T1), HA + 75% RDP (T2), FA + 100% RDP (T5), HA
+ 509% RDP (T3), and FA + 75% RDP (T6), improved number of spikes/plant, 1000-grain weight, grain yield/ha, harvest
index, the amount of uptake of nitrogen (N), phosphorous (P) and potassium (K) in straw and grain. The increase

for grain yield over the control was 64.69, 56.77,49.83,49.17, and 44.22% in the first season, and 64.08, 56.63, 49.19,
48.87,and 43.69% in the second season,. Meanwhile, the increase for grain yield when compared to the recom-
mended dose was 22.30, 1642, 11.27,10.78, and 7.11% in the first season, and 22.17, 16.63, 11.08, 10.84, and 6.99%

in the second season. Therefore, under salinity conditions the best results were obtained when, in addition to phos-
phate fertilizer, the soil was treated with humic acid or foliar application the plants with fulvic acid under one

of the following treatments: HA + 100% RDP (T1), HA + 75% RDP (T2), FA + 100% RDP (T5), HA + 50% RDP (T3), and FA
+ 75% RDP (T6).

Conclusions The result of the use of organic amendments was an increase in the tolerance of barley plant to salinity
stress, which was evident from the improvement in the different traits that occurred after the treatment using treat-
ments that included organic amendments (humic acid or fulvic acid).
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Introduction

Barley (Hordeum vulgare) is one of the most important
cereal crops in Egypt and the world. In addition, it is
the fifth most productive cereal crop in the world. It is
also one of the most adaptable cereal crops, as it has a
diverse capability to adapt to different agricultural cli-
matic conditions and diverse soil characteristics [1-3].
In terms of the nutritional importance, barley is the
fourth most important food crop in Egypt as a grain
crop. Its cultivated area reached 31,612 hectares in
2017, which produced a total yield of 115,478 tons with
an average yield of 3.653 tons/ha [4]. Among the things
that increase the great importance of barley is its capa-
bility to grow and produce in many marginal environ-
ments that are not suitable for the production of other
grain crops such as wheat, which are often character-
ized by low temperatures, drought and salinity [5]. In
2017, the total area cultivated with barley in the world
amounted to 47 million hectares, with a total produc-
tion of 147.4 million tons per year and an average yield
of 3.136 tons/ha [4]. There are many challenges facing
agriculture in the world, including the need to increase
food production by 70% to meet the continuous popu-
lation increase, which is expected to increase with 2.3
billion by 2050. However, with the organization and
economy in the consumption of natural resources and
maximizing the use of them in a more efficient way and
conserving them, and adapting to climate change as
well as fighting poverty and hunger. Among the biggest
of these challenges are also the problems of soil salin-
ity and irrigation water, which are more severe in semi-
arid regions, including Egypt [6].

Salinity results in several negative effects on the plant
and its growth, as it reduces the rate of photosynthesis,
decrease the uptake of vital nutrients for the plant and
reduces the accumulation of dry matter [7-10]. One of
the negative effects of salt accumulation in the soil is that
it reduces the transport of water and ions from the soil to
the plant [11]. Among the damages caused by salinity to
the plant are also: a decrease in the growth rate and thus a
decrease in the height of the plant, the number of leaves,
buds, fresh and dry shoot weights and yield in the plants
under salinity stress [10, 12, 13]. In addition, increasing
the level of the salinity leads to a significant decrease in
the leaf water contents, photosynthesis, growth, nutrient
uptake, and plant productivity, the uptake of N, P and K
by barley plants [14—17]. Increasing the concentration of
sodium chloride (NaCl) in the irrigation water also led
to a decrease in concentrations of magnesium, calcium
and nitrogen in plant tissues [18]. Salinity stress causes a
decrease in plant growth by negatively affecting biochem-
ical reactions and many physiological processes such as
photosynthesis, nutrient-mineral balance, antioxidant
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metabolism, osmolality accumulation, proline and hor-
monal signaling [19, 20].

One of the agriculturally, environmentally and eco-
nomically sound practices is organic amendment, a
method that has already been established and applied
in several studies [21]. One of the advantages of using
organic amendment is that it contributes in achieving
agricultural sustainability, especially in intensive crop-
ping systems. Organic amendment has gained paramount
importance in recent years [8, 22]. Humic acid is one of
the most active constituents of soil and is a major part of
humus and organic matter [22]. Humic acid applications
increase the organic carbon content, cation exchange
capacity and pH of soil, [23]. The use of humic and ful-
vic acid results in improving the physical, biological and
chemical properties of soil, which leads to an increased
availability of nutrients for plants, improves fruit qual-
ity, improves soil fertility in an ecologically and envi-
ronmentally way, stimulates and increases the activity
of plant enzymes/hormones and reduces soil borne dis-
eases, [24-31]. Organic amendments improve the chemi-
cal and physical properties of the soil, as they improve
mineral nutrient status and improve plant growth plant
productivity in saline soils by providing nutrients, espe-
cially N and P [8, 32—35]. One of the benefits of organic
matter is that it improves soil properties and increase its
water-holding capacity, and thus plays an important role
in the soil ecosystem since it also provides substrates for
microbial decomposition (which in turn provides mineral
nutrients to plants) [32]. The application of HA treat-
ment resulted in an increased plant growth, photosyn-
thetic processes, antioxidant enzyme activity, dry weight,
productivity and an increase in the content of N, P, K, Ca,
Mg, Na, Fe, Zn, and Mn in plants grown under salinity
stress compared to control [9, 36—38]. Whereas, is due to
the fact that it greatly facilitates the transfer of elements
from soil to the plant through increasing the permeabil-
ity of the cell membrane [39]. Moreover, potassium (K)
is known and classified as a macro fertilizer element and
necessary for the majority physiological processes inside
plants [40]. Where K plays an important and positive
part in alleviating stresses such as drought and salinity in
many crops [41-43].

Schnitzer and Khan, [44], showed that soil organic
matter consists mainly of humic materials, as it often
constitutes about 60 to 70% of the total organic matter.
A benefit of humic acid treatment is that it can decrease
the segregation effects of periodic wetting and drying
on soil structural stability [45, 46]. In addition, it works
to a large extent to maintain soil porosity, which is an
vital component of soil structure and productive capac-
ity [26, 46]. Previous studies showed some of the factors
that have a significant impact on the appearance of the
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effects of humic substances on plant growth and plant
productivity, including the weight of the molecular frac-
tion. Where the low humic molecular size fraction is pre-
ferred because it easily reaches the plasma lymph in plant
cells, which leads to a positive effect on plant growth, and
this is due to the uptake of nutrients, especially nitrates.
However, until now its effects on intermediate metabo-
lites are still not understood, but it appears that humic
substances may affect both respiration and photosynthe-
sis [26]. Nardi et al., [26] demonstrated that the stimula-
tory effects of humic substances were associated directly
to enhanced uptake of macronutrients such as nitrogen
(N), phosphorus (P) and sulfur (S) as well as micronutri-
ents such as iron (Fe), zinc (Zn), copper (Cu) and man-
ganese (Mn). The effects of applying humic and fulvic
acids to crops are usually associated with enhanced root
initiation and improved root growth [47]. It became clear
from the many studies thar investigated humic acid and
fulvic acids and their effect on plants that it is an organi-
cally charged bio-stimulant that greatly and significantly
affects plant growth and increases the productivity and
grain yield [48].

The current study aimed to investigate the effect of
integration between humic acid or fulvic acid with dif-
ferent rates of phosphorus on the yield and its compo-
nents of barley under saline soil conditions, in order to
reduce the harmful effects of salinity and study the extent
to which it is possible to reduce the application rates of
phosphorus fertilizer and increase plant yield.

The research hypothesis was that the addition of humic
or fulvic acid in addition to different rates of phosphate
fertilization with mono-superphosphate would have
the ability to reduce the harmful effect of salinity and
improve growth and yield in barley under saline soil
conditions.

Materials and methods

Site description

Two field experiments were conducted during the win-
ter seasons of 2018/2019 and 2019/2020 at the Sakha
Production Sector Farm, Agricultural Research Center,
Kafr El-Sheikh Governorate, Egypt (31° 06’ N latitude,
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30° 56’ E longitude) to study the effect of treatments
consisting of combinations of ratios of the recom-
mended rate of phosphorus fertilizers and humic acid
(potassium humate) or fulvic acid on some agronomic
characteristics, yield and its components, as well as
the uptake of nutrients from barley cultivar (Hordeum
vulgare, L. c.v. Giza 123) under saline soil conditions.
The soil classification of the study site was saline-sodic
clay, and Table 1 shows the different characteristics of
the soil of the study site (0-30 cm of surface), according
to the USA soil classification [49]. As for the average
monthly climatic data for the site during the 2018/2019
and 2019/2020 barley growing seasons, it is shown in
Table S1. Table 2 shows some chemical properties and
compositions of humic (HA) and fulvic (FA) acid used
in the experiment.

Experimental design and management

The experiment was designed and set up in a Rand-
omized Complete Block Design (RCBD) with 12 treat-
ments in three replications. The treatments included
twelve combinations of humic acid (HA) at rate of 4.75
kg/ha or fulvic acid (FA) at rate of 4.75 L/ha or without
adding (control), with four ratios of recommended dose
(RDP) of phosphorus fertilizer. The RDP fertilizer was
53.57 kg P,O; ha™ as 357.14 Kg of calcium superphos-
phate (15.5% P,0O;). The area of the experimental plot
was 15 m? (5 x 3 m), consisting of 15 rows, each row
separated by 0.20 m. Nitrogen (N) fertilizer was added
142.86 kg N/ha in the form of ammonium nitrate (33.5%
N) in three equal portions where the first part was added
after 21 days of sowing (DAS), the second part was added
at 35 days, while the third and last part was added at 50
days. Concerning the potassium fertilizer, the first dose
was added with the first dose of nitrogen fertilizer. Barley
was sown on December 1% for both seasons, and the seed
rate used was 119 kg/ha. Sowing was done after rice as a
preceding crop in both seasons. As for all other agricul-
tural practices, they were conducted in accordance with
the technical recommendations for barley cultivation
according to Egyptian Ministry of Agriculture recom-
mended fields.

Table 1 The physical and chemical properties for the soil of study site

Season Physical Property Chemical Property
Sand% Silt% Clay% pH EC(dSm~") SAR ESP Soluble Cation Soluble Anions (meq
(meq 100 g~ sail) 100 g~ soil)
Natt Kt Ca*t Mg*t HCO3" I S04~
2018/2019  28.34 2345 4821 8.21 10.53 18.64 4223 4340 114 986 29.63 58.30 40.90 14.30
2019/2020  25.32 2644 4824 822 1065 1876 4221 43.70 115 9.88 29.65 58.60 4030 1460
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Table 2 Some chemical properties and compositions of humic
(H) and fulvic (F) acid used in the experiment

Characteristics Humic acid Fulvic acid
pH 564 1.58

Ec (dsm-1) 0.10 0.11
Humic acid 85% K fulvate 85%
Fulvic acid 3%

K,0 12% 10%

K 10% 10%
Organic N 1% 0.38
Available N (ppm) 1.72 0.54
Available P (ppm) 0.23 0.17
Available K (ppm) 1.95 1.87

Studied traits

Before harvesting and 120 days after sowing, ten plants per
plot were randomly selected to measure the plant height
(cm), the length of the spike (cm), the weight of the spike
(g), the weight of 1000 grains (g) and the number of grains
per spike. All plants on each experimental plot were then
harvested and separated into straw and grain to determine
and estimate straw and grain yield per hectare. Grain and
straw samples were then obtained from all experimental
units, dried at 65 °C to constant weight, and then pounded.
Proline content was determined according to Bates et al.
[50]. The micro-Kjeldahl method according to AOAC
[51] was used to estimate the total N in straw and grain.
While the colorimetrically using chlorostannous decreased
molybdophosphoric blue color method as described
by Chapman and Parker [52] was used to estimate the
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phosphorous content (P%). As for the determination of the
potassium content (K%) in the digested plant materials, it
was done using a flame photometer according to Page et al.,
[53]. As for the determination of the uptake of N, P and K
(kg ha™), it was done by multiplying the yield of grain or
straw with its content N%, P% and K%, respectively.

Statistical analysis

The analysis of variance (ANOVA) of randomized com-
plete block design as mentioned by Casella [54] was used
to analyze the data statistically, using Costat software
program Version 6.303 [55]. Duncan’s multiple range test
at 0.05 level of probability by Waller and Duncan [56] was
used for comparing treatment means.

Results

Agronomig, yield and its components

The application of the four treatment combinations,
which consist of different ratios of RDP fertilizer and
humic acid or fulvic acid, resulted in significant effects on
the agronomic traits, yield and its components in barley
compared to the control (without adding) in each of the
2018/2019 and 2019/2020 seasons.

The highest values for most of the traits under study
were recorded as a result of the application of treat-
ments containing HA+100%RDP, HA+75%RDP and
FA+100%RDP, FA+75%RDP (Tables 3, 4, 5, and 6, Figs. 1
and 2a and b). The results in Table 3 showed that there
were significant effects on plant height and spike length
obtained as a result of applying the treatments in both
studied seasons. In this direction, the treatments; T5 (FA
+ 100% RDP), T6 (FA + 75% RDP), T7 (FA + 50% RDP),

Table 3 The effects of treatment with humic acid or fulvic acid and different rates of the recommended dose of phosphorus fertilizer
(RDP) on plant height, and spike length of barley cultivar Giza 123 in the seasons 2018/2019 and 2019/2020

Treatments Plant height (cm) Spike length

2018/2019 2019/2020 2018/2019 2019/2020
HA + 100% RDP 109.72 + 0.66 ab 113.59+2.12 bc 10.76 £052a 1096 £0.21 a
HA + 75% RDP 107.51 +2.15 bc 111.30 £ 2.08 bc 1055+021a 10.75+021ab
HA + 50% RDP 105.30 + 0.60 bcd 109.01 +2.03 cd 10.35+0.21 ab 10.54 + 049 abc
HA + 0% RDP 100.92 +0.50d 10444 +195d 993 +0.27 abc 10.12 +0.32 abcd
FA +100% RDP 11530+ 202a 11936+ 1.10a 9.74 £ 0.35 abcd 9.93 + 046 abcd
FA + 75% RDP 11275+ 191 ab 116.72 +193 ab 9.65 + 046 abcd 9.84 +0.37 abcd
FA + 50% RDP 11020+ 0.88 ab 114.07 £2.00 ab 9.56 + 0.45 abcd 9.75 £ 045 abcd
FA + 0% RDP 105.09 + 2.09 cd 108.79+197 ¢ 9.38 + 0.45 abcd 9.56 + 0.44 abcd
100% RDP 108.68 + 2.65 bed 11251+ 384 ab 9.15+ 043 bcde 9.32 +£0.43 bcd
75% RDP 106.75 + 2.33 abc 108.51+£333¢ 893 +0.43 bcde 9.10+ 042 cd
50% RDP 104.85 +3.28 cd 10651 +191 ¢ 871 £041 cde 8.88+£041 cd
0% RDP 100.96 £ 1.55d 10251 £145d 828 +£0.39de 843+039d

The values are the mean values + the standard error. Different letters associated values indicate significant differences between values at p< 0.05 according to

Duncan’s multiple range test
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Table 4 The effects of treatment with humic acid or fulvic acid and different rates of the recommended dose of phosphorus fertilizer
(RDP) on number of grain per spikes and 1000-grain weight of barley cultivar Giza 123 in the seasons 2018/2019 and 2019/2020

Treatments No. of grain/spike 1000-grain weight

2018/2019 2019/2020 2018/2019 2019/2020
HA + 100% RDP 5710+£271a 57.88+263a 5840+130a 59.17+1.04a
HA + 75% RDP 5523+262ab 56.00 £ 2.55 ab 5693 +1.53ab 5768+ 097 ab
HA + 50% RDP 5338+253ab 54.11 £ 2.46 abc 5546+ 1.18 abc 56.19+3.07 a
HA + 0% RDP 49.65 + 2.36 abcd 50.34 + 229 abcde 5252+241ab 53.21 +1.08 cde
FA +100% RDP 5434 +258ab 55.09 + 2.50 abc 54.17 £2.57 bc 54.88 = 1.58 bc
FA + 75% RDP 51.65 + 245 abc 5236 + 238 abcd 5339+ 1.06 bc 53.66 +1.07 cd
FA + 50% RDP 4896 + 2.32 abcd 49.64 + 2.26 bcdef 51.75+1.73cd 5243 +1.09 cdef
FA + 0% RDP 4358 +207 de 4418+ 201 fg 4932 +152d 4997 £0.92fg
100% RDP 49.38 + 2.35 bcd 50.06 + 2.27 cdef 53.05+2.20 abc 53.75+1.07 cd
75% RDP 46.82 + 222 cde 4747 +2.16 defg 5155+ 1.72 bc 5222 +2.38 def
50% RDP 4427 +2.10de 44.88 £ 2.04 efg 50.04+0.70 cd 50.70 £ 0.94 efg
0% RDP 39.17£186e 3971£1809g 4704 £158d 4765+1.1849

The values are the mean values + the standard error. Different letters associated values indicate significant differences between values at p< 0.05 according to

Duncan’s multiple range test

Table 5 The effects of treatment with humic acid or fulvic acid and different rates of the recommended dose (RDP) of phosphorus
fertilizer on biological yield (Ton/ha) and harvest index of barley cultivar Giza 123 in the seasons 2018/2019 and 2019/2020

Treatments Biological yield harvest index

2018/2019 2019/2020 2018/2019 2019/2020
HA + 100% RDP 11.65+069a 11.85+054a 4277 £0.66 a 42.83 +0.02 abcd
HA +75% RDP 1142+067 a 1161 +0.53ab 4154+073ab 4167 +£0.00d
HA + 50% RDP 11.19+ 053 ab 1137+ 051 ab 4036 £0.01c 4041 +£003e
HA + 0% RDP 10.73 £ 0.50 abc 10.90 £ 049 ab 3765+001d 3760+ 048 f
FA + 100% RDP 10.59 + 0.50 abc 10.76 + 0.49 abc 42.88+0.03ab 42.82+1.13 cd
FA + 75% RDP 10.21 + 0.49 abcd 10.38 + 0.47 abc 4284 +0.03ab 4288+ 107a
FA + 50% RDP 9.83 £ 047 bcde 10.00 + 0.46 bcd 4277 +081b 4279 +0.59 abc
FA + 0% RDP 9.09 + 0.43 def 9.24+042de 4271+£0.04 ab 42.70 £ 0.04 bcd
100% RDP 9.52 + 0.46 cdef 9.68 + 0.44 cde 4283+001ab 4291 +0.64 abc
75% RDP 891 +043 ef 9.06 £ 041 de 4283+0.03ab 42.78 £ 0.63 abc
50% RDP 830+ 0.39fg 844 + 038 ef 4273 +0.02ab 4288 +0.67 ab
0% RDP 7.08+0.349 720+033f 42.82+0.04ab 4294 +0.88ab

The values are the mean values + the standard error. Different letters associated values indicate significant differences between values at p< 0.05 according to

Duncan’s multiple range test

and T1 (HA + 100% RDP) , recorded the highest values
of plant height with increased percentage compared the
same phosphorus application (T9, T10 and T11) 6.09%,
7.57%, 7.10%, and 0.96% , at the second season.
Concerning spike length, the treatments T1 (HA +
100% RDP), T2 (HA + 75% RDP), T3 (HA + 50% RDP),
and T4 (HA + 0% RDP), gave the highest mean values
(10.76, 10.55, 10.35 and 9.93) in the first year, Table 3,
with increased percentage compared the same phospho-
rus application (T9, T10, T11, and T12) 17.60%,18.14%,
18.83%, and 19.93%, respectively. In the same time, the

treatments T1 (HA + 100% RDP), T2 (HA + 75% RDP),
T3 (HA + 50% RDP), and T4 (HA + 0% RDP), recorded
the highest mean values (10.96, 10.75, 10.54, and 10.12)
in the second season, Table 3, with increased percent-
age compared the same phosphorus application (T9,
T10, T11, and T12) 17.60%,18.13%, 18.69%, and 20.05%,
respectively.

The highest spike weight values were obtained by
applying the combinations T1 (HA + 100% RDP), T2
(HA + 75% RDP), T3 (HA + 50% RDP), and T4 (HA + 0%
RDP), Fig. 1, with the increase over the same phosphorus



Alsudays et al. BMC Plant Biology

(2024) 24:191

Page 6 of 16

Table 6 The effects of treatment with humic acid or fulvic acid and different rates of the recommended dose of phosphorus fertilizer

(RDP) on the uptake of N, P and Kiin straw (kg/ha) of barley cultivar Giza 123 in the seasons 2018/2019 and 2019/2020

Treatments Uptake N (kg/ha) Uptake P (kg/ha) Uptake K (kg/ha)
2018/2019 2019/2020 2018/2019 2019/2020 2018/2019 2019/2020

HA + 100% RDP 10199+ 4.84 a 10333 +296a 1620+0.77 a 1642 +0.76 a 4194+199a 4249+196a
HA + 75% RDP 93.17 +4.42 ab 9441 +156b 15.17 £0.72 ab 1537 +0.71 ab 36.97+1.75b 3745+173b
HA + 50% RDP 84.36 + 4.00 bc 8547 £1.06 bc 1412 £ 067 bc 14.31 £0.65 bc 3199+ 1.52cd 3241+£1.50cd
HA + 0% RDP 66.73 +3.17 ef 6761+£1.12e 12.05 + 0.57 def 1221 +0.57 def 2203+£105¢9 2232+£1.03¢g
FA 4+ 100% RDP 85.51 +4.06 bc 86.62+227c 13.71 £0.65 bcd 13.88 £ 0.64 bcd 3430+ 1.63 bc 3475+ 1.60 bc
FA + 75% RDP 78.13+3.71 cd 79.16+246d 12.97 £0.62 cde 13.14 £ 0.60 cde 31.00 £ 1.47 cde 3140+ 145cd
FA + 50% RDP 70.77 £ 336 de 7169 +259d 12.23 +0.58 cde 1239+ 057 de 2770+ 1.31de 28.07 £1.29de
FA + 0% RDP 56.02 £ 2.66 gh 56.75+1.80f 10.77 £0.51 fg 1091 £0.50 fg 2112+£101¢g 2139+098¢g
100% RDP 64.75 + 3.07 efg 65.61 + 3.03 ef 11.79 £ 0.56 efg 11.95 £ 0.55 efg 2801+ 1.33 ef 2839+ 1.31ef
75% RDP 5863 +2.78 fgh 5940+ 2.74 fg 10.12 + 0.48 gh 10.26 + 047 gh 2421 +1.15fg 2454 +1.13fg
50% RDP 5250+249h 531912469 846 +040h 8.57+040h 2042+097g 2069+ 096 g
0% RDP 4026+ 1911 40.79+1.88h 512+0.24i 51940241 12.81+0.61h 12.99 +0.60 h

The values are the mean values + the standard error. Different letters associated values indicate significant differences between values at p< 0.05 according to

Duncan’s multiple range test

Spikes weight

H Spikes weight 2018/2019

IN

m Spikes weight 2019/2020

w

[uny

Spikes weight
o N
ochrunvUwnsn

Treatments
Fig. 1 The effects of treatment with humic acid or fulvic acid and different rates of the recommended dose of phosphorus fertilizer (RDP) on spikes
weight (g) of barley cultivar Giza 123 in the seasons 2018/2019 and 2019/2020. Different letters associated values indicate significant differences
between values at p< 0.05 according to Duncan’s multiple range test

application with a percentage of 17.98%, 21.74%, 25.89%,
and 36.03%, in the first year and 18.07%, 21.71%, 25.87%,
and 35.46%, in the second year, respectively.

The greatest increase percentage in number of grain/
spike was recorded by applying the treatment T1
(HA+100% RDP) by 15.63% and 15.62% as well as the
combination T2 (HA+75% RDP) by 17.96% and 17.97%
compared with the same phosphorus application T9 and
T10, , respectively, Table 4. The treatment T1 (HA+100%
RDP) showed the heaviest weight of 1000-grain and sig-
nificantly followed by the combinations T2 (HA+75%
RDP), T3 (HA+50% RDP), and T5 (FA+100% RDP), with

an increase over the same phosphorus application in
the weight of 1000-grain by 10.08%, 10.44%, 10.83% and
2.11%, in the first season, while the percentage increase
over the control in the second season was 10.08%,
10.46%, 10.83% and 2.10%, (Table 4).

For grain yield/ha (Fig. 2a), the combination treatments
of T1 (HA + 100% RDP), T2 (HA + 75% RDP), T5 (FA
+ 100% RDP), T3 (HA + 50% RDP), T6 (FA +75% RDP)
recorded the highest grain yield (Fig. 2a). The applica-
tion of treatment T1 recorded an increase by 22.30 and
22.17% of grain yield compared to the same phospho-
rus application in the two years, respectively. Moreover,
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Fig.2 aand b. The effects of treatment with humic acid or fulvic acid and different rates of the recommended dose of phosphorus fertilizer (RDP)
on grain and straw yield (Ton/ha) of barley cultivar Giza 123 in the seasons 2018/2019 and 2019/2020. Different letters associated values indicate
significant differences between values at p< 0.05 according to Duncan’s multiple range test

the application of T2 treatment showed a significant
increase by 24.35 and 25.06% in grain yield compared
with the same phosphorus application in the two study
seasons, respectively. While the increase over the RDP
was 16.42 and 16.63% in both seasons, respectively. Also,
T5 recorded significantly increased by 11.27 and 11.08
% in grain yield over the same phosphorus application
(the recommended dose) at the two years, respectively.
Besides, T3 (HA + 50% RDP) significantly superior grain
yield over control by 27.32 and 27.42 %, at the two stud-
ied seasons, respectively. But, the increase was 10.78, and
10.84 %, over the recommended dose at the both seasons,

respectively (Fig. 2a). Finally, the application of combi-
nation of T6 (FA + 75% RDP), resulted to increase grain
yield by 14.40 and 14.73 % over the same phosphorus
application, while the increase was 7.11, and 6.99 % com-
pared with the recommended dose at the two consecu-
tive seasons, respectively.

On the contrary, the application of humic acid treat-
ments; T1 (HA + 100% RDP), T2 (HA + 75% RDP),
T3 (HA + 50% RDP), T4 (HA + 0% RDP), recorded
the maximum yield of straw without significant differ-
ences between these treatments in the two studied sea-
sons, with increase percentage compared with the same
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phosphorus application 22.43, 30.78, 40.42, and 65.19 %
in the first season and 22.20, 30.89, 40.37, and 65.05 %
in the second season, respectively (Fig. 2b). While, the
application of folvic treatments T5 (FA + 100% RDP), and
T6 (FA + 75% RDP), resulted to increase in straw yield
compared with the same phosphorus application by per-
centage 11.21 and 11.01 % in the 2018/2019 season and
14.31 and 14.48 % in the 2019/2020 season, respectively.

The data shown in Table 5 indicated that biological
yield affected by the combination among HA or FA, and
percentage of RDP fertilizer on barley. The treatment
T1 (HA+100% RDP) recorded the highest values of bio-
logical yield in the two studied seasons, with increased
percentage of; 22.37 and 22.42% in the both seasons,
respectively, over the same phosphorus application..
Also, the combinations treatments; T2 (HA + 75% RDP),
T3 (HA + 50% RDP), T4 (HA + 0% RDP), T5 (FA + 100%
RDP), and T6 (FA + 75% RDP), recorded highest values
after T1, in both seasons, respectively.

From the results obtainable in Table 5 showed no sig-
nificant differences for harvest index and no affected by
the combination among humic acid, fulvic acid and per-
centage of RDP fertilizer on barley.

Physiological parameter analysis

High values of proline content were found by applied T1
followed by applied T2 next T5 and T3, respectively, at
the first and second year, (Fig. 3). From the results, it is
clear that proline accumulation increases in plants under
all treatments, which leads to increased plant tolerance
to salinity stress.
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Nutrients uptake in grain and straw in barley

The application of combinations between humic or ful-
vic and percentage of phosphorus fertilizer in the seasons
2018/19 and 2019/20 resulted in obtaining statistically
significant differences in the content of grains of N, P,
and K, (plant uptake of these elements) (Fig. 4a, b and
¢). The treatments T1 (HA + 100% RDP), T2 (HA + 75%
RDP), T5 (FA + 100% RDP), T3 (HA + 50% RDP), and
T6 (FA + 75% RDP), gave the highest value of N uptake
in grain, however the treatment T12 (0% RDP) obtained
the lowest values, with the percentage increase over the
same phosphorus application (T9, T10, T9, T11 and
T10) were; 34.70, 36.64, 16.41, 39.07, and 18.03% in the
first year (Fig. 4a), however, the increase percentage were;
34.69, 36.66, 39.06, 16.42, and 18.04 % in the second year,
respectively.

In addition, the treatments T1 (HA + 100% RDP), T2
(HA + 75% RDP), T5 (FA + 100% RDP), T3 (HA + 50%
RDP), T6 (FA + 75% RDP), and T7 (FA + 50% RDP),
gave the highest value of P uptake in grain in both sea-
sons, Fig. 4b. The increase compared to same phosphorus
application T9, T10, T9, T11, and T10; was in percent;
53.17, 63.78, 28.42, 78.80, 39.46, and 54.96 %, in the first
year, while, the increase percentage were; 53.17, 63.92,
28.40, 78.81, 39.59, and 55.14 % in the second vyear,
respectively.

Furthermore, the uptake of K in grain recorded the
highest values by applying the treatments; T1 (HA +
100% RDP), T2 (HA + 75% RDP), T3 (HA + 50% RDP),
T5 (FA + 100% RDP), and T6 (FA + 75% RDP), in two
studied seasons, Fig. 4c. With increase over the same
phosphorus application T9, T10, T11, T9, and T10 by

Proline content mg/g
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m Proline mg/g 2019/2020

w
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Fig. 3 The effects of treatments with humic acid or fulvic acid and different rates of the recommended dose of phosphorus fertilizer (RDP)
on proline content (mg/g) of barley cultivar Giza 123 in the seasons 2018/2019 and 2019/2020. Different letters associated values indicate
significant differences between values at p< 0.05 according to Duncan’s multiple range test
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percentage was; 64.85, 68.47, 73.12, 21.13, and 27.42
%, in the first year, while, the increase percentage were;
64.80, 68.46, 73.11, 21.09, and 27.44 %, in the second year,
respectively.

The application of the studied treatments fertilizer rate
combinations of humic acid, fulvic acid and phospho-
rus resulted in significant differences among them in the
content of N, P and K, in straw in the seasons 2018/19
and 2019/20 (Table 6).

The combinations; T1 (HA + 100% RDP), T2 (HA +
75% RDP), T5 (FA + 100% RDP), T3 (HA + 50% RDP),
T6 (FA + 75% RDP), T4 (HA + 0% RDP), and T7 (FA
+ 50% RDP), recorded the highest values of nitrogen
uptake in straw and had a percentage increases com-
pared to same phosphorus application (T9, T10, T9, T11,
T10, T12 and T11) were; 57.51, 58.91, 32.06, 60.69, 33.26,
65.75, and 34.80%, at the first seasons and 57.49, 58.94,
32.02, 60.69, 33.27, 65.75, and 34.78 %, at the second year,
respectively, Table 6.

The treatment T1 (HA + 100% RDP), T2 (HA + 75%
RDP), T3 (HA + 50% RDP), T5 (FA + 100% RDP), and
T6 (FA + 75% RDP), recorded the highest value of the
uptake of P, in straw, however the treatment T12 (0%
RDP) showed the lowest value, Table 6. Concerning the
percentage increase over the same phosphorus applica-
tion treatments (T9, T10, T11, T9, and T10) were; 37.40,
49.90, 66.90, 16.28, and 28.16%, in the first year, while, the
increase percentage was 37.41, 49.81, 66.98, 16.15, and
28.07% in the second year, respectively (Table 6).

As a final point, the treatments; T1 (HA + 100% RDP),
T2 (HA + 75% RDP), T5 (FA + 100% RDP), T3 (HA +
50% RDP), and, T6 (FA + 75% RDP), achieved the highest
values of straw K uptake in both seasons. In the mean-
time, the treatment T12 (0% RDP) showed the lowest
value of uptake of K in straw, Table 6. With the increase
higher than the same phosphorus application treatments
(T9, T10, T9, T11, and T10) increased by; 49.73, 52.71,
22.46, 56.66, and 28.05% in the first year, however, the
increase percentage was; 49.67, 52.61, 22.40, 56.65, and
27.95 % in the second year, respectively.

Discussion

Agronomic and yield attributed traits

There are many negative effects of salinity stress on the
plant. It in general decreases plant growth through affect-
ing physiological processes for example photosynthesis
by reducing the content in photosynthetic pigments in
leaves, hormones, and enzyme activities, which leads to a
significant decrease in grain yield in barley under salinity
conditions, [2, 57—60]. This decrease in growth is most
likely due to some factors, for instance osmotic pressure,
ionic toxicity, limitation of nutrient uptake, decreased
photosynthetic processes, and accumulation of sodium
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in plant tissues [47, 61, 62]. In this study, treatment with
potassium humate (HA) or FA increased plant growth
rate and its parameters under salinity compared with the
control group, (Fig. 2a and b).

The application of combinations T1, T2, T3, TS5,
followed by T6 and T7 showed the highest values for
the studied traits (Tables 4 and 5, Figs. 1 and 2). The
treatments by HA and FA significantly improved agro-
nomic traits, yield and its components compared the
control (without HA or FA) treatment. In this regard,
it is possible to increase the nutrients available in the
soil, improve the chemical properties of soil and thus
increase plant growth and productivity by enriching
soil with organic modifiers such as adding humic acid
or fulvic acid, [41, 63]. In this study, the treatments
consisting of combinations between four different
percentages of the RDP fertilizer and humic or fulvic
acid affected the agronomic traits, yield components
and barley yield significantly compared with the con-
trol treatment (without addition) in the 2018/2019 and
2019/2020 seasons (Figs. 1, 2, 3 and 4).

Under the conditions of saline soils, the treatment
with organic amendments (whether humic acid or ful-
vic acid) recorded in a increase in the traits values of
barley plants over the control treatment or compared
to the recommended dose of phosphorous fertilizer
(RDP), while the treatments; T5 (FA + 100% RDP), T6
(FA + 75% RDP), and T7 (FA + 50% RDP), increased
plant height by 16.44%, 13.86% and 11.28%, respec-
tively, above the control (T12). The treatment by add-
ing HA recorded in a major increase in plant height,
[64]. The humic substances (humic and fulvic acids),
humic substances significantly increased the yield and
its components relative to without humic substances
treatment. Also, humic acid was superior to fulvic
acid or without humic substances. These enhance-
ments may be due to humic substances, which are the
main constituents (65-70%) of soil organic matter, and
which greatly increase plant growth for several reasons
including increased cell membrane permeability, oxy-
gen and phosphorus uptake, respiration, photosynthe-
sis, and growth supplying root cells. A distinct effect of
humic acid was observed among plants. Many previ-
ous studies on various crops reported the positive and
stimulating effect of HA on growth, yield increase and
increase of nutrient uptake [65-68]. The use of humic
acid or FA results in several effects, including direct
or indirect effects. The indirect effects happen mostly
through properties such as: soil nutrient enrichment,
increased cation exchange capacity (CEC), increased
microbial population, and improved soil structure;
While the direct effects are blunt about a variety of bio-
chemical actions exerted on membrane, the cell wall
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or cytoplasm and are mainly of a hormonal nature, the
hormone-like activities of humic acid have been well
documented in many studies, particularly auxins, gib-
berellins and cytokinins [68-73]. The reason is due to
the positive effect of organic modifications on yields
through different mechanisms, which are not mutu-
ally exclusive, including the supply of mineral nutri-
ents [74], and the use of treatment with some organic
modifications resulted in a significant improvement in
growth parameters and yield of barley plants signifi-
cantly, [41, 75].

The organic matter plays a large and important func-
tion in the soil ecosystem as it provides substrates
for microbial decomposition (which in turn supplies
mineral nutrients to plants as they become available
to plants), and improves water-holding capacity and
soil structure [38, 41, 76]. This is explained by the
fast availability of nutrients, particularly the patterns
of nitrogen (N) release and mineralization kinetics.
The positive function of Kh (HA) in promoting plant
growth is due to its role in increasing the organic mat-
ter of the growth media, which leads to increased
water retention and availability, conserved mineral
nutrient and availability preserved from leaching, and
increased mineral uptake by plant roots [27, 29, 77].
Moreover, Kh (HA) was more effective in improving
plant growth, and this is due to the function of potas-
sium in controlling many enzymes in plants [78, 79],
and humate K (Kh or HA) also plays a great role as a
biostimulant [80]. Several mechanisms function for
plants under abiotic stresses to mitigate these stresses.
One such mechanism is to enhance the activity of
antioxidant enzymes such as catalase (CAT), peroxi-
dase (POX), superoxide dismutase (SOD), and proline
which play a very important role in scavenging reactive
oxygen species (ROS) [47, 77, 80, 81].

Several previous studies have confirmed that HA (Kh)
treatment increases the activity of antioxidant enzymes
(CAT, SOD, and POX) under stress conditions and under
salt stress conditions [47, 80, 82—85].

Salinity of irrigation water or the salinity of the soil in
which the barley plant grows leads to a decrease in plant
height, the number of spikes, the weight of 1000 grains,
and the grain yield. But at the same time, total chlorophyll,
relative water content, leaf osmotic potential, proline and
potassium contents are considered as biochemical param-
eters in salt tolerance, [19, 20, 86, 87]. Many early stud-
ies confirmed that proline content and accumulation is
related to osmotic tolerance and salt stress, in addition
to being one of the most important physiological indica-
tors of salt tolerance in barley, [88—95], as the concentra-
tion of proline increased in the tolerant genotypes studied
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relative to increasing salt stress and the increase was grad-
ual with increasing stress [91, 93, 96].

Misra and Gupta [19] also found a positive correlation
between the amount of free proline accumulation and salt
tolerance as an indicator for determining salt tolerance
potential among cultivars [97], whereas, the magnitude
of the increase in free proline accumulation was higher in
tolerant cultivars than in sensitive cultivars [19, 98].

Proline plays an important role in reducing the damag-
ing effects of salt and in accelerating the repair processes
following stress [99]. This is because proline is the only
molecule among many compatible solutes that can act
as a free radical scavenger and have antioxidant activ-
ity [100]. Then, proline is able to stabilize proteins and
DNA as well as membranes [101]. It is suggested that the
high proline concentration in salt-tolerant plants under
salt stress may help maintain the structure and function
of cellular macromolecules [97]. Many reports have also
shown that proline acts as an osmo-protectant and is
related to the tolerance mechanism under salt stress [94,
95, 102]. Besides being an osmolyte, proline confers enzy-
matic protection and increases membrane stability [103].

A number of studies have also found that proline accu-
mulation related to the degree of salt tolerance and/or
osmotic tolerance under treatment with humic acid and
other treatments that increase plant tolerance to salinity
[90-93, 104].

Our results obtained that, proline concentrations
increased in plants treated with humic acid, as well as
plants treated with fulvic acid, compared to the control
treatment and also compared to those plants that were
treated with the same fertilizer rate without the addi-
tion of humic acid or humic fulvic acid under salinity.
This indicates that these treatments led to an increase in
the tolerance of the barley plant to salinity and increased
adaptation in a way better with salt stress and proline is a
metabolite that enhances salt tolerance through osmotic
adjustment [105, 106].

Nutrient uptake and availability by barley plants

Under salinity conditions, important nutrients play an
vital function in salinity stress tolerance in higher plants
[107]. Nutrient availability may be affected by salinity
stress and some nutrients may be insufficient or unavail-
able [108]. In the present investigation, N, P and K uptake
were significantly increased by HA or FA treatment
(Fig. 4 and Table 6). Treatment with organic amendments
(HA or FA) significantly increased available nitrogen
compared to control treatment, where treatment with
HA and FA increased N availability, above the control
treatment level, respectively. Thus, the treatment with
organic amendments resulted in an increase in nitrogen
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uptake. From the results of this study, nitrogen uptake in
grain and straw can be arranged as affected by the treat-
ments in descending order T1 (HA + 100% RDP) > T2
(HA + 75% RDP) > T5 (FA + 100% RDP) > T3 (HA +
50% RDP) > and T6 (FA + 75% RDP). The treatment with
organic amendments resulted in a significantly increased
available potassium compared with the control treat-
ment, which led to an increase in its uptake, whereas HA
and FA increased the available K, respectively, over the
control T12 (0% RDP). Therefore, K available as affected
by the treatments can be arranged descending order T1
(HA + 100% RDP) > T2 (HA + 75% RDP > T5 (FA +
100% RDP) > T3 (HA + 50% RDP) > and T6 (FA + 75%
RDP). The results included in (Fig. 4 and Table 6) showed
that the uptake of N, P and K was significantly affected
by the organic amendments (HA or FA). The treatment
with the organic amendments under salinity conditions
also led to a significantly increased available phosphorus
compared with the control treatment, and thus increased
its uptake by plants, whereas the application of HA and
FA increased P uptake, respectively, above the control.
Consequently, treatments can be arranged according to
their effect on the amount of P uptake in grain and straw
in downhill order as follows: T1 (HA + 100% RDP) >
T2 (HA + 75% RDP) > T3 (HA + 50% RDP) > T5 (FA +
100% RDP) > T6 (FA + 75% RDP). Some studies showed
that treatment with humic acid (Kh) mitigate the harmful
effects of salinity by increase the absorption of elements,
promoting plant growth [29], and stimulating the plant
defense system against stress [47, 77].

The reason is to increase the absorption of elements
by adding humic acid or adding fulvic acid, these organic
matter play an important function in the soil ecosystem
since they provide substrates for microbial decomposi-
tion, improve soil properties and increase its water-hold-
ing capacity, [38]. In the current study, the type of organic
amendments tested, which include humic acid or fulvic
acid, affected the availability and uptake of N, P and K,
where humic acid was more effective than fulvic in the
amount of elements uptake [22, 109, 110].

Previous studies have shown the importance of soil
organic matter, as it represents the main original source
of available nitrogen in the soil (N), in addition, it con-
tains approximately 65% of the total soil phosphorous.
It also provides significant amounts of sulfur (S) and
other nutrients required for plant growth [111]. It has
become established and well known the negative effect
of salinity on plant growth and on the absorption and
accumulation of elements in plant tissues [112]. It is well
known that salinity leads to a deficiency in the uptakes
of nutrients (N, P, K, Ca, Mg and microelements), and
high levels from Na and Cl to a lower of availability of
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microelements and their decrease in the rhizosphere
[61]. In the present study, salinity decreased the K'
content in barley but the application of treatments
increased content in grain and straw of barley (Fig. 4c
and Table 6). A similar pattern of results was obtained,
by Saidmuradi et al. [113] where they found that salin-
ity stress reduced K* uptake by plants, but maintaining
adequate K* levels in plants mitigated adverse effects of
salinity [114, 115]. Under salinity stress condition, the
content of Na* in leaves decreased by application of Kh
(HA) treatments and their combination which also led to
increased Kt content in leaves, [3], (Fig. 4c and Table 6).
Moreover, soil Kh (HA) application improved K uptake
and reduced Na uptake in plant buds and shoots, [113].
Kh contains K*, which is known to be responsible for
salinity tolerance, due to its competition with sodium
in terms of binding and maintaining plant water status
[116]. Nat adsorbed by humic compounds as a result of
Kh application also helps reduce Na content in shoots
and allows more K* uptake by roots [47, 117].

Finally, humic acid (HA), which is characterized as an
essential component of soil, maintaining its health and
maintaining its productive ability, retains water, organic
dissolved atoms, binds mineral ions and sensitizes vari-
ous soil reactions, stimulates plant growth, and bio-
transforms pollutants [46, 118], as well as it raises the
water-holding capacity of soil, which causes an increase
in soil fertility [119, 120].

Conclusions

From the results of this study, it can be concluded that,
applying humic acid or fulvic acid and phosphorus fer-
tilizer indicated that the effect of humic acid with is a
good tool for increased nutrient availability, uptake and
enhanced plant growth, and this may be the reason for
increased salinity tolerance in barley to promotion barley
growth and yield, particularly in saline soils. The findings
illustrated that the combinations T1 (HA + 100% RDP),
T2 (HA + 75% RDP), T5 (FA + 100% RDP), T3 (HA +
50% RDP), and T6 (FA + 75% RDP), resulted to improve
most studied traits, and increased grain yield (Ton/ha),
in the barley with the increase percentage 22.30, 16.42,
11.27, 10.78, and 7.11% in the first season, and 22.17,
16.63, 11.08, 10.84, and 6.99% in the second season, for
grain yield compared with the recommended dose. Thus,
it is recommended to treatment soil with humic acid with
percentage of the RDP fertilizer at under salinity condi-
tions, i.e.,, T1 (HA + 100% RDP), T2 (HA + 75% RDP), T3
(HA + 50% RDP) to increase growth and yield of the bar-
ley under saline conditions with saving in the phosphate
fertilizer by percentage 25-50%.
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