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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 
+ 50% 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, 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. 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 

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, 

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  P2O5  ha-1 as 357.14 Kg of calcium superphos-
phate (15.5%  P2O5). The area of the experimental plot 
was 15  m2 (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  1st 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 (dS m−1) SAR ESP Soluble Cation
(meq 100 g−1 soil)

Soluble Anions (meq 
100 g−1 soil)

Na++ K+ Ca++ Mg++ HCO3- Cl- SO4--

2018/2019 28.34 23.45 48.21 8.21 10.53 18.64 42.23 43.40 1.14 9.86 29.63 58.30 40.90 14.30

2019/2020 25.32 26.44 48.24 8.22 10.65 18.76 42.21 43.70 1.15 9.88 29.65 58.60 40.30 14.60
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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 

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-1), 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
Agronomic, 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 2 Some chemical properties and compositions of humic 
(H) and fulvic (F) acid used in the experiment

Characteristics Humic acid Fulvic acid

pH 5.64 1.58

Ec (dsm‑1) 0.10 0.11

Humic acid 85% K fulvate 85%

Fulvic acid 3%

K2O 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

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

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

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 ± 0.52 a 10.96 ± 0.21 a

HA + 75% RDP 107.51 ± 2.15 bc 111.30 ± 2.08 bc 10.55 ± 0.21 a 10.75 ± 0.21 ab

HA + 50% RDP 105.30 ± 0.60 bcd 109.01 ± 2.03 cd 10.35 ± 0.21 ab 10.54 ± 0.49 abc

HA + 0% RDP 100.92 ± 0.50 d 104.44 ± 1.95 d 9.93 ± 0.27 abc 10.12 ± 0.32 abcd

FA + 100% RDP 115.30 ± 2.02 a 119.36 ± 1.10 a 9.74 ± 0.35 abcd 9.93 ± 0.46 abcd

FA + 75% RDP 112.75 ± 1.91 ab 116.72 ± 1.93 ab 9.65 ± 0.46 abcd 9.84 ± 0.37 abcd

FA + 50% RDP 110.20 ± 0.88 ab 114.07 ± 2.00 ab 9.56 ± 0.45 abcd 9.75 ± 0.45 abcd

FA + 0% RDP 105.09 ± 2.09 cd 108.79 ± 1.97 c 9.38 ± 0.45 abcd 9.56 ± 0.44 abcd

100% RDP 108.68 ± 2.65 bcd 112.51 ± 3.84 ab 9.15 ± 0.43 bcde 9.32 ± 0.43 bcd

75% RDP 106.75 ± 2.33 abc 108.51 ± 3.33 c 8.93 ± 0.43 bcde 9.10 ± 0.42 cd

50% RDP 104.85 ± 3.28 cd 106.51 ± 1.91 c 8.71 ± 0.41 cde 8.88 ± 0.41 cd

0% RDP 100.96 ± 1.55 d 102.51 ± 1.45 d 8.28 ± 0.39 de 8.43 ± 0.39 d
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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 

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

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

Treatments No. of grain/spike 1000-grain weight

2018/2019 2019/2020 2018/2019 2019/2020

HA + 100% RDP 57.10 ± 2.71 a 57.88 ± 2.63 a 58.40 ± 1.30 a 59.17 ± 1.04 a

HA + 75% RDP 55.23 ± 2.62 ab 56.00 ± 2.55 ab 56.93 ± 1.53 ab 57.68 ± 0.97 ab

HA + 50% RDP 53.38 ± 2.53 ab 54.11 ± 2.46 abc 55.46 ± 1.18 abc 56.19 ± 3.07 a

HA + 0% RDP 49.65 ± 2.36 abcd 50.34 ± 2.29 abcde 52.52 ± 2.41 ab 53.21 ± 1.08 cde

FA + 100% RDP 54.34 ± 2.58 ab 55.09 ± 2.50 abc 54.17 ± 2.57 bc 54.88 ± 1.58 bc

FA + 75% RDP 51.65 ± 2.45 abc 52.36 ± 2.38 abcd 53.39 ± 1.06 bc 53.66 ± 1.07 cd

FA + 50% RDP 48.96 ± 2.32 abcd 49.64 ± 2.26 bcdef 51.75 ± 1.73 cd 52.43 ± 1.09 cdef

FA + 0% RDP 43.58 ± 2.07 de 44.18 ± 2.01 fg 49.32 ± 1.52 d 49.97 ± 0.92 fg

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 ± 2.22 cde 47.47 ± 2.16 defg 51.55 ± 1.72 bc 52.22 ± 2.38 def

50% RDP 44.27 ± 2.10 de 44.88 ± 2.04 efg 50.04 ± 0.70 cd 50.70 ± 0.94 efg

0% RDP 39.17 ± 1.86 e 39.71 ± 1.80 g 47.04 ± 1.58 d 47.65 ± 1.18 g

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

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

Treatments Biological yield harvest index

2018/2019 2019/2020 2018/2019 2019/2020

HA + 100% RDP 11.65 ± 0.69 a 11.85 ± 0.54 a 42.77 ± 0.66 a 42.83 ± 0.02 abcd

HA + 75% RDP 11.42 ± 0.67 a 11.61 ± 0.53 ab 41.54 ± 0.73 ab 41.67 ± 0.00 d

HA + 50% RDP 11.19 ± 0.53 ab 11.37 ± 0.51 ab 40.36 ± 0.01 c 40.41 ± 0.03 e

HA + 0% RDP 10.73 ± 0.50 abc 10.90 ± 0.49 ab 37.65 ± 0.01 d 37.60 ± 0.48 f

FA + 100% RDP 10.59 ± 0.50 abc 10.76 ± 0.49 abc 42.88 ± 0.03 ab 42.82 ± 1.13 cd

FA + 75% RDP 10.21 ± 0.49 abcd 10.38 ± 0.47 abc 42.84 ± 0.03 ab 42.88 ± 1.07 a

FA + 50% RDP 9.83 ± 0.47 bcde 10.00 ± 0.46 bcd 42.77 ± 0.81 b 42.79 ± 0.59 abc

FA + 0% RDP 9.09 ± 0.43 def 9.24 ± 0.42 de 42.71 ± 0.04 ab 42.70 ± 0.04 bcd

100% RDP 9.52 ± 0.46 cdef 9.68 ± 0.44 cde 42.83 ± 0.01 ab 42.91 ± 0.64 abc

75% RDP 8.91 ± 0.43 ef 9.06 ± 0.41 de 42.83 ± 0.03 ab 42.78 ± 0.63 abc

50% RDP 8.30 ± 0.39 fg 8.44 ± 0.38 ef 42.73 ± 0.02 ab 42.88 ± 0.67 ab

0% RDP 7.08 ± 0.34 g 7.20 ± 0.33 f 42.82 ± 0.04 ab 42.94 ± 0.88 ab
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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, 

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 K in straw (kg/ha) of barley cultivar Giza 123 in the seasons 2018/2019 and 2019/2020

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

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 101.99 ± 4.84 a 103.33 ± 2.96 a 16.20 ± 0.77 a 16.42 ± 0.76 a 41.94 ± 1.99 a 42.49 ± 1.96 a

HA + 75% RDP 93.17 ± 4.42 ab 94.41 ± 1.56 b 15.17 ± 0.72 ab 15.37 ± 0.71 ab 36.97 ± 1.75 b 37.45 ± 1.73 b

HA + 50% RDP 84.36 ± 4.00 bc 85.47 ± 1.06 bc 14.12 ± 0.67 bc 14.31 ± 0.65 bc 31.99 ± 1.52 cd 32.41 ± 1.50 cd

HA + 0% RDP 66.73 ± 3.17 ef 67.61 ± 1.12 e 12.05 ± 0.57 def 12.21 ± 0.57 def 22.03 ± 1.05 g 22.32 ± 1.03 g

FA + 100% RDP 85.51 ± 4.06 bc 86.62 ± 2.27 c 13.71 ± 0.65 bcd 13.88 ± 0.64 bcd 34.30 ± 1.63 bc 34.75 ± 1.60 bc

FA + 75% RDP 78.13 ± 3.71 cd 79.16 ± 2.46 d 12.97 ± 0.62 cde 13.14 ± 0.60 cde 31.00 ± 1.47 cde 31.40 ± 1.45 cd

FA + 50% RDP 70.77 ± 3.36 de 71.69 ± 2.59 d 12.23 ± 0.58 cde 12.39 ± 0.57 de 27.70 ± 1.31 de 28.07 ± 1.29 de

FA + 0% RDP 56.02 ± 2.66 gh 56.75 ± 1.80 f 10.77 ± 0.51 fg 10.91 ± 0.50 fg 21.12 ± 1.01 g 21.39 ± 0.98 g

100% RDP 64.75 ± 3.07 efg 65.61 ± 3.03 ef 11.79 ± 0.56 efg 11.95 ± 0.55 efg 28.01 ± 1.33 ef 28.39 ± 1.31 ef

75% RDP 58.63 ± 2.78 fgh 59.40 ± 2.74 fg 10.12 ± 0.48 gh 10.26 ± 0.47 gh 24.21 ± 1.15 fg 24.54 ± 1.13 fg

50% RDP 52.50 ± 2.49 h 53.19 ± 2.46 g 8.46 ± 0.40 h 8.57 ± 0.40 h 20.42 ± 0.97 g 20.69 ± 0.96 g

0% RDP 40.26 ± 1.91 i 40.79 ± 1.88 h 5.12 ± 0.24 i 5.19 ± 0.24 i 12.81 ± 0.61 h 12.99 ± 0.60 h

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
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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 

Fig. 2 a and 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
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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.

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 
c). 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 year, 
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 

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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Fig. 4 (a, b and c). 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 K in grain (kg/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
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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 

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, T5, 
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 

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 

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  K+ 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].  Na+ 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%.



Page 13 of 16Alsudays et al. BMC Plant Biology          (2024) 24:191  

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12870‑ 024‑ 04863‑6.

Supplementary Material 1. 

Acknowledgments
The authors extend their appreciation to Princess Nourah bint Abdulrahman 
University Researchers Supporting Project number (PNURSP2024R402), Prin‑
cess Nourah bint Abdulrahman University, Riyadh, Saudi Arabia.

Authors’ contributions
Conceptualization, Ibtisam Alsudays, Khairiah M. Alwutayd, Hany Gharib and 
Mamdouh M. A. Awad‑Allah; Data curation, Fowzia H. Alshammary, Nadiyah M. 
Alabdallah, Aishah Alatawi, Suliman Alghanem, Fahad Alzuaibr and Mamdouh 
M. A. Awad‑Allah; Formal analysis, Fowzia H. Alshammary, Aishah Alatawi, 
Mashael M. Alotaibi, Khairiah M. Alwutayd, Maha Alharbi, Suliman Alghanem, 
Fahad Alzuaibr, Hany Gharib and Mamdouh M. A. Awad‑Allah; Funding acqui‑
sition, Khairiah M. Alwutayd; Investigation, Ibtisam Alsudays, Fowzia H. Alsham‑
mary, Nadiyah M. Alabdallah, Aishah Alatawi, Khairiah M. Alwutayd, Maha 
Alharbi and Suliman Alghanem; Methodology, Ibtisam Alsudays, Fowzia H. Als‑
hammary, Nadiyah M. Alabdallah, Khairiah M. Alwutayd, Maha Alharbi, Fahad 
Alzuaibr, Hany Gharib and Mamdouh M. A. Awad‑Allah; Project administration, 
Khairiah M. Alwutayd and Fahad Alzuaibr; Resources, Aishah Alatawi, Maha 
Alharbi and Fahad Alzuaibr; Software, Fowzia H. Alshammary, Nadiyah M. 
Alabdallah, Aishah Alatawi, Mashael M. Alotaibi, Suliman Alghanem and Hany 
Gharib; Supervision, Mamdouh M. A. Awad‑Allah; Validation, Ibtisam Alsudays, 
Nadiyah M. Alabdallah, Aishah Alatawi, Mashael M. Alotaibi, Maha Alharbi, 
Suliman Alghanem and Fahad Alzuaibr; Visualization, Nadiyah M. Alabdallah, 
Mashael M. Alotaibi, Maha Alharbi and Suliman Alghanem; Writing – original 
draft, Ibtisam Alsudays, Mashael M. Alotaibi, Hany Gharib and Mamdouh M. A. 
Awad‑Allah; Writing – review & editing, Ibtisam Alsudays, Fowzia H. Alsham‑
mary, Mashael M. Alotaibi, Khairiah M. Alwutayd, Hany Gharib and Mamdouh 
M. A. Awad‑Allah. All authors have read and agreed to the published version 
of the manuscript.

Funding
This research was funded by Princess Nourah bint Abdulrahman University 
Researchers Supporting Project number (PNURSP2024R402), Princess Nourah 
bint Abdulrahman University, Riyadh, Saudi Arabia.

Availability of data and materials
The dataset supporting the conclusions of this article is included within the 
article.

Declarations

Ethics approval and consent to participate
We confirm that all methods were performed in accordance with relevant 
institutional, national, and international guidelines and legislation.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Biology, College of Science, Qassim University, Burydah 52571, 
Saudi Arabia. 2 Department of Biology, College of Science, Imam Abdulrah‑
man Bin Faisal University, Dammam, Saudi Arabia. 3 Department of Biology, 
College of Science, Imam Abdulrahman Bin Faisal University, P.O. Box 1982, 
Dammam 31441, Saudi Arabia. 4 Basic & Applied Scientific Research Centre, 
Imam Abdulrahman Bin Faisal University, P.O. Box 1982, Dammam 31441, 
Saudi Arabia. 5 Biology Department, Faculty of Science, University of Tabuk, 
Tabuk 71421, Saudi Arabia. 6 Biology Department, College of Science 
and Humanities, Shaqra University, Shaqra, Saudi Arabia. 7 Department of Biol‑
ogy, College of Science, Princess Nourah bint Abdulrahman University, P.O. 

Box 84428, Riyadh 11671, Saudi Arabia. 8 Biology Department, Faculty of Sci‑
ence, University of Tabuk, Tabuk 71491, Saudi Arabia. 9 Department of Biology, 
College of Science, Qassim University, Buraidah, Saudi Arabia. 10 Department 
of Biology, Faculty of Science, University of Tabuk, Tabuk 47713, Saudi Arabia. 
11 Department of Agronomy, Faculty of Agriculture, University of Kafrelsheikh, 
Kafrelsheikh 33516, Egypt. 12 Field Crops Research Institute, Agricultural 
Research Center, Giza 12619, Egypt. 

Received: 23 August 2023   Accepted: 25 February 2024

References
 1. Thalooth TA, Bahr A, Tawfik MM. Productivity of some barley cultivars as 

affected by inoculation under water stress conditions. Elixir Appl Bot. 
2012;51:10743–9.

 2. Masrahi AS, Alasmari A, Shahin MG, Qumsani AT, Oraby HF, Awad‑Allah 
MMA. Role of Arbuscular Mycorrhizal Fungi and Phosphate Solubilizing 
Bacteria in Improving Yield, Yield Components, and Nutrients Uptake of 
Barley under Salinity Soil. Agriculture. 2023;13:537. https:// doi. org/ 10. 
3390/ agric ultur e1303 0537.

 3. Ko J, Tim Ng C, Jeong S, Kim JH, Lee B, Kim HY. Impacts of Regional Climate 
Change on Barley Yield and Its Geographical variation in South Korea. Int 
Agrophys. 2019; 33: 81–96. https:// doi. org/ 10. 31545/ intagr/ 104398.

 4. FAO. 2018. FAOSTAT. Food and Agriculture Organization of the United 
Nations.http:// www. fao. org/ giews/ engli sh/ cpfs/ index. htm# 2018.

 5. Baum M, Grando S, Backes G, Jahoor A, Sabbagh A, Ceccarelli S. QTLs 
for Agronomic Traits in the Mediterranean Environment Identified in 
Recombinant Inbred Lines of the Cross “Arta” × H. Spontaneum 41‑1. 
Theoretical and Applied Genetics, 2003, 107, 1215–1225. https:// doi. 
org/ 10. 1007/ s00122‑ 003‑ 1357‑2.

 6. FAO. 2009. FAOSTAT. Food and Agriculture Organization of the United 
Nations. http:// www. fao. org/ giews/ engli sh/ cpfs/ index. htm# 2009

 7. Saleh AL, Hussein MM, El‑Faham SY, Abo‑El‑Kier MS, Abd ElKader AA. 
Mineral status in barley grains as affected by benzyl adenine and salin‑
ity.  17th World Congress of Soil Science, Bangkok, Thailand, 2002.

 8. Eissa MA. Effect of Cow Manure Biochar on Heavy Metals Uptake and 
Translocation by Zucchini (Cucurbita Pepo L). Arab J Geosci. 2019; 12. 
https:// doi. org/ 10. 1007/ s12517‑ 018‑ 4191‑1.

 9. Liu C. Effects of humic substances on creeping bentgrass growth and 
stress tolerance. PhD thesis, Philosophy Department of Crop Science. 
Raleigh: North Carolina State University; 1998.

 10. Haggag AA, Sekina LE, Khalaf MA, El‑Shanawany EA. Influence of soil 
salinity and N‑fertilizer on growth, yield and some nutrients uptake by 
barley plants. Zagazig J Agric Res. 1999;26(6):1819–35.

 11. Kafi M, Rahimi Z. Effect of Salinity and Silicon on Root Characteristics, 
Growth, Water Status, Proline Content and Ion Accumulation of Purs‑
lane (Portulaca Oleracea L.). Soil Sci Plant Nutr. 2011;57:341–7. https:// 
doi. org/ 10. 1080/ 00380 768. 2011. 567398.

 12. Shannon MC, Grieve CM. Tolerance of Vegetable Crops to Salinity. 
Scientia Horticulturae. 1998;78:5–38. https:// doi. org/ 10. 1016/ s0304‑ 
4238(98) 00189‑7.

 13. Shazia N. Response of Barley (Hordeum Vulgare L.) at Various Growth 
Stages to Salt Stress. J Biol Sci. 2001;1:326–9. https:// doi. org/ 10. 3923/ 
jbs. 2001. 326. 329.

 14. Hassan MAM, Mostafa MM. Uptake of nutrients and heavy metals by 
barley plant grown on sandy and calcareous soils as affected by irriga‑
tion water salinity and sewage sludge addition. Zagazig J Agric Res. 
2002;29(6):1929–50.

 15. Gupta B, Huang B. Mechanism of salinity tolerance in plants: physi‑
ological, biochemical, and molecular characterization. Int J Genomics. 
2014;2014:1–18. https:// doi. org/ 10. 1155/ 2014/ 701596.

 16. Noman A, Ali S, Naheed F, Ali Q, Farid M, Rizwan M, Irshad MK. Foliar 
Application of ascorbate enhances the physiological and biochemical 
attributes of maize (Zea Mays L.) cultivars under drought stress. Arch 
Agronomy Soil Sci. 2015;61:1659–72. https:// doi. org/ 10. 1080/ 03650 340. 
2015. 10283 79.

 17. Siddiqui M, Al‑Khaishany M, Al‑Qutami M, Al‑Whaibi M, Grover A, Ali H, 
Al‑Wahibi M, Bukhari N. Response of different genotypes of Faba bean 

https://doi.org/10.1186/s12870-024-04863-6
https://doi.org/10.1186/s12870-024-04863-6
https://doi.org/10.3390/agriculture13030537
https://doi.org/10.3390/agriculture13030537
https://doi.org/10.31545/intagr/104398
http://www.fao.org/giews/english/cpfs/index.htm#2018
https://doi.org/10.1007/s00122-003-1357-2
https://doi.org/10.1007/s00122-003-1357-2
http://www.fao.org/giews/english/cpfs/index.htm#2009
https://doi.org/10.1007/s12517-018-4191-1
https://doi.org/10.1080/00380768.2011.567398
https://doi.org/10.1080/00380768.2011.567398
https://doi.org/10.1016/s0304-4238(98)00189-7
https://doi.org/10.1016/s0304-4238(98)00189-7
https://doi.org/10.3923/jbs.2001.326.329
https://doi.org/10.3923/jbs.2001.326.329
https://doi.org/10.1155/2014/701596
https://doi.org/10.1080/03650340.2015.1028379
https://doi.org/10.1080/03650340.2015.1028379


Page 14 of 16Alsudays et al. BMC Plant Biology          (2024) 24:191 

plant to drought stress. Int J Mol Sci. 2015;16:10214–27. https:// doi. org/ 
10. 3390/ ijms1 60510 214.

 18. Naeini MR, Khoshgoftarmanesh AH, Lessani H, Fallahi E. Effects of 
sodium chloride‑induced salinity on mineral nutrients and soluble 
sugars in three commercial cultivars of pomegranate. J Plant Nutr. 
2005;27:1319–26. https:// doi. org/ 10. 1081/ pln‑ 20002 5832.

 19. Misra N, Gupta AK. Effect of salt stress on proline metabolism in two 
high yielding genotypes of green gram. Plant Sci. 2005;169:331–9. 
https:// doi. org/ 10. 1016/j. plant sci. 2005. 02. 013.

 20. Khan MIR, Iqbal N, Masood A, Khan NA. Variation in salt tolerance of 
wheat cultivars: role of glycinebetaine and ethylene. Pedosphere. 
2012;22:746–54. https:// doi. org/ 10. 1016/ s1002‑ 0160(12) 60060‑5.

 21. Sarma B, Gogoi N. Germination and Seedling Growth of Okra (Abelmos-
chus Esculentus L.) as Influenced by Organic Amendments. Cogent Food 
Agric. 2015;1:1030906. https:// doi. org/ 10. 1080/ 23311 932. 2015. 10309 06.

 22. Eissa MA. Impact of compost on metals phytostabilization potential of 
two halophytes species. Int J Phytoremediation. 2014;17:662–8. https:// 
doi. org/ 10. 1080/ 15226 514. 2014. 955567.

 23. Ibrahim SM, Goh TB. Changes in macroaggregation and associated 
characteristics in mine tailings amended with humic substances. Com‑
mun Soil Sci Plant Analysis. 2005;35:1905–22. https:// doi. org/ 10. 1081/ 
lcss‑ 20002 6813.

 24. Arancon NQ, Edwards Clive A, Lee S, Byrne R. Effects of Humic Acids 
from Vermicomposts on Plant Growth. Eur J Soil Biol. 2006;42:S65–9. 
https:// doi. org/ 10. 1016/j. ejsobi. 2006. 06. 004.

 25. Selim EM, Mosa AA, El‑Ghamry AM. Evaluation of humic substances 
fertigation through surface and subsurface drip irrigation systems 
on potato grown under egyptian sandy soil conditions. Agric Water 
Manag. 2009;96:1218–22. https:// doi. org/ 10. 1016/j. agwat. 2009. 03. 018.

 26. Kumari S, Chhillar H, Chopra P, Khanna RR, Khan MIR. Potassium: 
a track to develop salinity tolerant plants. Plant Physiol Biochem. 
2021;167:1011–23. https:// doi. org/ 10. 1016/j. plaphy. 2021. 09. 031.

 27. Mahdi AHA, Badawy SA, Abdel Latef AAH, El Hosary AAA, Abd El Razek 
UA, Taha RS. Integrated Effects of Potassium Humate and Planting 
Density on Growth, Physiological Traits and Yield of Vicia Faba L. Grown 
in Newly Reclaimed Soil. Agronomy. 2021; 11: 461. https:// doi. org/ 10. 
3390/ agron omy11 030461.

 28. Akimbekov NS, Digel I, Tastambek KT, Sherelkhan DK, Jussupova DB, 
Altynbay NP. Low‑rank coal as a source of humic substances for soil 
amendment and fertility management. Agriculture. 2021;11:1261. 
https:// doi. org/ 10. 3390/ agric ultur e1112 1261.

 29. Osman ASh, Rady MM. Ameliorative Effects of Sulphur and Humic Acid 
on the Growth, Anti‑Oxidant Levels, and Yields of Pea (Pisum Sativum 
L.) Plants Grown in Reclaimed Saline Soil. J HorticSci Biotechnol. 
2012;87:626–32. https:// doi. org/ 10. 1080/ 14620 316. 2012. 11512 922.

 30. Pettit RE. Organic matter, humus, humate, humic acid, fulvic acid 
and humin: their importance in soil fertility and plant health. CTI Res. 
2004;10:1–7.

 31. Nardi S, Pizzeghello D, Pandalai SG. Rhizosphere: a communication 
between plant and soil. Recent Res Dev Crop Sci. 2004;1(2):349–60.

 32. Nardi S, Pizzeghello D, Muscolo A, Vianello A. Physiological effects of 
humic substances on higher plants. Soil Biol Biochem. 2002;34:1527–36. 
https:// doi. org/ 10. 1016/ s0038‑ 0717(02) 00174‑8.

 33. Varanini Z, Pinton R. Humic substances and plant nutrition. Progress 
Bot. 1995, 97–117. https:// doi. org/ 10. 1007/ 978‑3‑ 642‑ 79249‑6_5.

 34. Mikkelsen RL. Humic materials for agriculture. Better Crops. 
2005;89:6–10.

 35. Abdelrasheed KG, Mazrou Y, Omara AE‑D, Osman HS, Nehela Y, Hafez 
EM, Rady AMS, El‑Moneim DA, Alowaiesh BF, Gowayed SM. Soil amend‑
ment using biochar and application of k‑humate enhance the growth, 
productivity, and nutritional value of onion (Allium Cepa L.) under 
deficit irrigation conditions. Plants. 2021;10:2598. https:// doi. org/ 10. 
3390/ plant s1012 2598.

 36. Mart I. Fertilizers, organic fertilizers, plant and agricultural fertilizers. 
Agro Food Bus Newslett. 2007:1‑4.

 37. Bakry MAA, Soliman YRA, Moussa SAM. Importance of micronutrients, 
organic manure and biofertilizer for improving maize yield and its com‑
ponents grown in desert sandy soil. Res J Agric Bio Sci. 2009;5(1):16–23.

 38. Abiven S, Menasseri S, Chenu C. The effects of organic inputs over time 
on soil aggregate stability – a literature analysis. Soil Biol Biochem. 
2009;41:1–12. https:// doi. org/ 10. 1016/j. soilb io. 2008. 09. 015.

 39. Mauromicale G, Longo AMG, Monaco AL. The effect of organic sup‑
plementation of solarized soil on the quality of tomato fruit. Scientia 
Horticulturae. 2011;129:189–96. https:// doi. org/ 10. 1016/j. scien ta. 2011. 
03. 024.

 40. Walker DJ, Bernal MP. The effects of olive mill waste compost and 
poultry manure on the availability and plant uptake of nutrients in a 
highly saline soil. Bioresour Technol. 2008;99:396–403. https:// doi. org/ 
10. 1016/j. biort ech. 2006. 12. 006.

 41. Rekaby SA, Awad MYM, Hegab SA, Eissa MA. Effect of some organic 
amendments on barley plants under saline condition. J Plant Nutr. 
2020;43:1840–51. https:// doi. org/ 10. 1080/ 01904 167. 2020. 17506 45.

 42. Alburquerque JA, Salazar P, Barrón V, Torrent J, del Campillo M, del C, 
Gallardo A, Villar R. Enhanced Wheat Yield by Biochar Addition under 
Different Mineral Fertilization Levels. Agronomy Sustain Dev. 2013; 33: 
475–484. https:// doi. org/ 10. 1007/ s13593‑ 012‑ 0128‑3.

 43. Reis de Andrade da Silva MS, de Melo Silveira dos Santos B, Hidalgo 
Chávez DW, de Oliveira R, Barbosa Santos CH, Oliveira EC, Rigobelo EC. 
K‑Humate as an Agricultural Alternative to Increase Nodulation of Soy‑
beans Inoculated with Bradyrhizobium. Biocatalysis Agric Biotechnol. 
2021; 36: 102129. https:// doi. org/ 10. 1016/j. bcab. 2021. 102129.

 44. Kaya C, Akram NA, Ashraf M, Sonmez O. Exogenous application of 
humic acid mitigates salinity stress in maize (Zea Mays L.) plants by 
improving some key physico‑biochemical attributes. Cereal Res Com‑
mun. 2018;46:67–78. https:// doi. org/ 10. 1556/ 0806. 45. 2017. 064.

 45. Noroozisharaf A, Kaviani M. Effect of soil application of humic acid 
on nutrients uptake, essential oil and chemical compositions of 
garden thyme (Thymus Vulgaris L.) under greenhouse conditions. 
Physiol Mol Biol Plants. 2018;24:423–31. https:// doi. org/ 10. 1007/ 
s12298‑ 018‑ 0510‑y.

 46. Mridha D, Paul I, De A, Ray I, Das A, Joardar M, Chowdhury NR, Bhadoria 
PBS, Roychowdhury T. Rice Seed (IR64) priming with potassium 
humate for improvement of seed germination, seedling growth and 
antioxidant defense system under arsenic stress. Ecotoxicol Environ Saf. 
2021;219:112313. https:// doi. org/ 10. 1016/j. ecoenv. 2021. 112313.

 47. El‑Beltagi HS, Al‑Otaibi HH, Parmar A, Ramadan KMA, Lobato AK, da S, 
El‑Mogy MM. Application of Potassium Humate and Salicylic Acid to 
Mitigate Salinity Stress of Common Bean. Life, 2023, 13, 448. https:// doi. 
org/ 10. 3390/ life1 30204 48.

 48. Schnitzer M, Khan SU. Humic Substances in the Environment. New York: 
Marcel Dekker; 1972.

 49. Baillie IC. Soil Survey Staff 1999, Soil Taxonomy. Soil Use Manag. 
2006;17:57–60. https:// doi. org/ 10. 1111/j. 1475‑ 2743. 2001. tb000 08.x.

 50. Bates LS, Waldren RP, Teare ID. Rapid determination of proline for water‑
stress studies. Plant Soil. 1973;39:205–7.

 51. Association of Official Analytical Chemists (AOAC). Official Methods 
of Analysis of A.O.A.C. International, 17th ed.; Horwitz, S.W., Ed.; AOAC: 
Rockville. 2000; 2. 66‑68.

 52. Chapman HD, Parker F. Methods of analysis for soil, plant, and water. J 
Plant Nutr. 1961;22:121–8.

 53. Page AL, Miller RH, Keeney DR. Methods of Soil Analysis‑Chemical and 
Microbiology Properties; American Society of Agronomy Inc.: Madison, 
WI, USA, 1982; 1159.

 54. Casella G. Statistical Design; Springer. New York. 2008. https:// doi. org/ 
10. 1007/ 978‑0‑ 387‑ 75965‑4.

 55. CoStat Ver. 6.4, Cohort Software 798 Light House Ave. 2005. Available 
online: http:// www. cohort. com/ Downl oadCo StatP art2. html. Accessed 
12 Feb 2022.

 56. Duncan S. Nonverbal communication. Psycholl Bull. 1969;72:118–37. 
https:// doi. org/ 10. 1037/ h0027 795.

 57. Zhang Z, Mao B, Li H, Zhou W, Takeuchi Y, Yoneyama K. Effect of salinity 
on physiological characteristics, yield and quality of microtubers in vitro 
in potato. Acta Physiologiae Plantarum. 2005;27:481–9. https:// doi. org/ 
10. 1007/ s11738‑ 005‑ 0053‑z.

 58. Omar MNA, Osman MEH, Kasim WA, Abd El‑Daim IA. Improvement of 
Salt tolerance mechanisms of barley cultivated under salt stress using 
azospirillum brasilense. Salinity Water Stress, 133–147. https:// doi. org/ 
10. 1007/ 978‑1‑ 4020‑ 9065‑3_ 15.

 59. Huang G‑T, Ma S‑L, Bai L‑P, Zhang L, Ma H, Jia P, Liu J, Zhong M, 
Guo Z‑F. Signal transduction during cold, salt, and drought stresses 
in plants. Mol Biol Rep. 2011;39:969–87. https:// doi. org/ 10. 1007/ 
s11033‑ 011‑ 0823‑1.

https://doi.org/10.3390/ijms160510214
https://doi.org/10.3390/ijms160510214
https://doi.org/10.1081/pln-200025832
https://doi.org/10.1016/j.plantsci.2005.02.013
https://doi.org/10.1016/s1002-0160(12)60060-5
https://doi.org/10.1080/23311932.2015.1030906
https://doi.org/10.1080/15226514.2014.955567
https://doi.org/10.1080/15226514.2014.955567
https://doi.org/10.1081/lcss-200026813
https://doi.org/10.1081/lcss-200026813
https://doi.org/10.1016/j.ejsobi.2006.06.004
https://doi.org/10.1016/j.agwat.2009.03.018
https://doi.org/10.1016/j.plaphy.2021.09.031
https://doi.org/10.3390/agronomy11030461
https://doi.org/10.3390/agronomy11030461
https://doi.org/10.3390/agriculture11121261
https://doi.org/10.1080/14620316.2012.11512922
https://doi.org/10.1016/s0038-0717(02)00174-8
https://doi.org/10.1007/978-3-642-79249-6_5
https://doi.org/10.3390/plants10122598
https://doi.org/10.3390/plants10122598
https://doi.org/10.1016/j.soilbio.2008.09.015
https://doi.org/10.1016/j.scienta.2011.03.024
https://doi.org/10.1016/j.scienta.2011.03.024
https://doi.org/10.1016/j.biortech.2006.12.006
https://doi.org/10.1016/j.biortech.2006.12.006
https://doi.org/10.1080/01904167.2020.1750645
https://doi.org/10.1007/s13593-012-0128-3
https://doi.org/10.1016/j.bcab.2021.102129
https://doi.org/10.1556/0806.45.2017.064
https://doi.org/10.1007/s12298-018-0510-y
https://doi.org/10.1007/s12298-018-0510-y
https://doi.org/10.1016/j.ecoenv.2021.112313
https://doi.org/10.3390/life13020448
https://doi.org/10.3390/life13020448
https://doi.org/10.1111/j.1475-2743.2001.tb00008.x
https://doi.org/10.1007/978-0-387-75965-4
https://doi.org/10.1007/978-0-387-75965-4
http://www.cohort.com/DownloadCoStatPart2.html
https://doi.org/10.1037/h0027795
https://doi.org/10.1007/s11738-005-0053-z
https://doi.org/10.1007/s11738-005-0053-z
https://doi.org/10.1007/978-1-4020-9065-3_15
https://doi.org/10.1007/978-1-4020-9065-3_15
https://doi.org/10.1007/s11033-011-0823-1
https://doi.org/10.1007/s11033-011-0823-1


Page 15 of 16Alsudays et al. BMC Plant Biology          (2024) 24:191  

 60. Zein F, Gaiza E, EL‑Sanafawy H, Talha Nasser. Effect of specific ions, salin‑
ity and alkalinity on yield and quality of some Egyptian cotton geno‑
types. Egypt J Soil Sci. 2020; 60: 183–194. https:// doi. org/ 10. 21608/ ejss. 
2020. 21065. 1334.

 61. Abdeldym EA, El‑Mogy MM, Abdellateaf HRL, Atia MAM. Genetic 
characterization, agro‑morphological and physiological evalua‑
tion of grafted tomato under salinity stress conditions. Agronomy. 
1948;2020:10. https:// doi. org/ 10. 3390/ agron omy10 121948.

 62. Abbas G, Rehman S, Siddiqui MH, Ali HM, Farooq MA, Chen Y. Potassium 
and humic acid synergistically increase salt tolerance and nutrient 
uptake in contrasting wheat genotypes through ionic homeostasis and 
activation of antioxidant enzymes. Plants. 2022;11:263. https:// doi. org/ 
10. 3390/ plant s1103 0263.

 63. Kimetu JM, Lehmann J, Ngoze SO, Mugendi DN, Kinyangi JM, Riha 
S, Verchot L, Recha JW, Pell AN. Reversibility of soil productivity 
decline with organic matter of differing quality along a degrada‑
tion gradient. Ecosystems. 2008;11:726–39. https:// doi. org/ 10. 1007/ 
s10021‑ 008‑ 9154‑z.

 64. Memon SA, Bangulzai FM, Keerio MI, Baloch MA, Buriri M. Effect of 
humic acid and iron sulphate on growth and yield of zinnia (Zinnia 
elegans). J Agric Technol. 2014;10(6):1517–27.

 65. David PP. Effects of applied humic acid on yield, growth, nutrient 
accumulation content in selected vegetable crops and soil interactions 
that reduce their effectiveness Dissertation Abstracts International B. 
Sci Eng. 1991;52(3):1136B‑1137B.

 66. Neri D, Lodolini EM, Savini G, Sabbatini P, Bonanomi G, Zucconi F. Foliar 
application of humic acid on strawberry (cv. Onda). Acta Horticulturae, 
2002: 297‑302. https:// doi. org/ 10. 17660/ actah ortic. 2002. 594. 35.

 67. El‑Desuki M. Response of onion plants to humic acid and mineral 
fertilizers application. Ann Agric Sci Moshtohor. 2004;42(4):1955–64.

 68. Wali AM, Shamseldin A, Radwan FI, Abd El Lateef EM, Zaki NM. 
Response of barley (Hordeum vulgare) cultivars to humic acid, mineral 
and biofertilization under calcareous soil conditions. Middle East J Agric 
Res. 2018, 7(1), 71‑82.

 69. Varanin Z, Pinton, R. Direct versus indirect effects of soil humic sub‑
stances on plant growth and nutrition. In: The rhizosphere: Biochemis‑
try and organic substances at the soilplant interface (Pinton R., Varanini 
Z., Nannipieri P., eds). Marcel Dekker Inc, NY, USA., 2001, 141‑157.

 70. Chen Y, De Nobili M, Aviad T. Stimulatory effects of humic substances 
on plant growth. Soil Organic Matter Sustain Agric. 2004. https:// doi. 
org/ 10. 1201/ 97802 03496 374. ch4.

 71. Afifi, MHM, Elham A. Badr, Gehan A. Amin. Effect of spraying micronu‑
trients on yield and its components of wheat. J Appl Sci Res. 2013, 9(8): 
5313‑5317.

 72. Asghar AA, Ali WH, Syed M, Asif T. Khaliq, Abid AA. Growth and yield 
of maize cultivars affected by NPK application in different proportion. 
Pakistan J Sci. 2010, 62(4): 211‑216.

 73. Wali M. Asal, Elham A. Badr, Ibrahim OM, Ghalab EG. Can humic acid 
replace part of the applied mineral fertilizers? A study on two wheat 
cultivars grown under calcareous soil conditions. Int J ChemTech Res. 
2015; 8(9): 20‑26.

 74. De Brito AM, Gagne S, Antoun H. Effect of compost on rhizosphere 
microflora of the tomato and on the incidence of plant growth‑pro‑
moting rhizobacteria. Appl Environ Microbiol. 1995;61:194–9. https:// 
doi. org/ 10. 1128/ aem. 61.1. 194‑ 199. 1995.

 75. Chathurika JAS, Indraratne SP, Dandeniya WS. Kumaragamage D. Use 
of amendments to improve soil properties in achieving high yield for 
maize (Zea maize). Proceedings of the Peradeniya University Interna‑
tional Research Sessions, Sri Lanka, 2014.

 76. Eissa MA. Phosphate and organic amendments for safe production 
of okra from metal‑contaminated soils. Agronomy J. 2016;108:540–7. 
https:// doi. org/ 10. 2134/ agron j2015. 0460.

 77. Hemida KA, Eloufey AZA, Seif El‑Yazal MA, Rady MM. Integrated effect 
of potassium humate and α‑tocopherol applications on soil character‑
istics and performance of phaseolus vulgaris plants grown on a saline 
soil. Arch Agronomy Soil Sci. 2017;63:1556–71. https:// doi. org/ 10. 1080/ 
03650 340. 2017. 12920 33.

 78. Kumar P, Kumar T, Singh S, Tuteja N, Prasad R, Singh J. Potassium: a key 
modulator for cell homeostasis. J Biotechnol. 2020;324:198–210. https:// 
doi. org/ 10. 1016/j. jbiot ec. 2020. 10. 018.

 79. Guo K, Tu L, He Y, Deng J, Wang M, Huang H, Li Z, Zhang X. Interaction 
between Calcium and Potassium Modulates Elongation Rate in Cotton 
Fiber Cells. J Expl Bot. 2017;68:5161–75. https:// doi. org/ 10. 1093/ jxb/ 
erx346.

 80. Shalaby TA, El‑Newiry NA, El‑Tarawy M, El‑Mahrouk ME, Shala AY, 
El‑Beltagi HS, Rezk AA, Ramadan KMA, Shehata WF, El‑Ramady H. Bio‑
chemical and Physiological Response of Marigold (Tagetes Erecta L.) to 
Foliar Application of Salicylic Acid and Potassium Humate in Different 
Soil Growth Media. Gesunde Pflanzen. 2022;75:223–36. https:// doi. org/ 
10. 1007/ s10343‑ 022‑ 00693‑4.

 81. Parihar P, Singh S, Singh R, Singh VP, Prasad SM. Effect of salinity stress 
on plants and its tolerance strategies: a review. Environ Sci Pollut Res. 
2014;22:4056–75. https:// doi. org/ 10. 1007/ s11356‑ 014‑ 3739‑1.

 82. Horváth E, Szalai G, Janda T. Induction of abiotic stress tolerance by 
salicylic acid signaling. J Plant Growth Regul. 2007;26:290–300. https:// 
doi. org/ 10. 1007/ s00344‑ 007‑ 9017‑4.

 83. Harfouche AL, Rugini E, Mencarelli F, Botondi R, Muleo R. Salicylic acid 
induces H2O2 production and endochitinase gene expression but not 
ethylene biosynthesis in castanea sativa in vitro model system. J Plant 
Physiol. 2008;165:734–44. https:// doi. org/ 10. 1016/j. jplph. 2007. 03. 010.

 84. El‑Beltagi HS, Mohamed HI, Aldaej MI, Al‑Khayri JM, Rezk AA, Al‑Mssal‑
lem MQ, Sattar MN, Ramadan KMA. Production and Antioxidant Activity 
of Secondary Metabolites in Hassawi Rice (Oryza Sativa L.) Cell Suspen‑
sion under Salicylic Acid, Yeast Extract, and Pectin Elicitation. In Vitro 
Cell Dev BiolPlant. 2022. https:// doi. org/ 10. 1007/ s11627‑ 022‑ 10264‑x.

 85. Akladious SA, Mohamed HI. Ameliorative effects of calcium nitrate and 
humic acid on the growth, yield component and biochemical attribute 
of pepper ( Capsicum Annuum ) plants grown under salt stress. Scientia 
Horticulturae. 2018;236:244–50. https:// doi. org/ 10. 1016/j. scien ta. 2018. 
03. 047.

 86. Kotb MA, Elhamahmy MA and Bayoumi TY. Evaluation of yield and salt 
tolerance of two barley cultivars in three locations of different salinity 
levels. Zagazig J Agric Res. 2014;41(4):1127‑43.

 87. Awaad HA. Salinity and Its Impact on Sustainable Crop Production. 
In Salinity Resilience and Sustainable Crop Production Under Climate 
Change. Cham: Springer Nature Switzerland. 2023: 29‑92.

 88. Aziz A, Larher F. Changes in polyamine titers associated with the proline 
response and osmotic adjustment of rape leaf discs submitted to 
osmotic stresses. Plant Sci. 1995;112(2):175–86.

 89. Aziz A, Martin‑Tanguy J, Larher F. Salt stress‑induced proline accumula‑
tion and changes in tyramine and polyamine levels are linked to ionic 
adjustment in tomato leaf discs. Plant Sci. 1999;145:83–91.

 90. Rady EH, Aref F, Rezaei M. Evaluation of salinity stress affects rice growth 
and yield components in northern iran. Amer J Sci Res. 2012;54:40–51.

 91. Rajaravindran M, Natarajan S. Effect of NaCl Stress on biochemical and 
enzymes changes of the halophyte Suaeda maritima Dum. Int J Res 
Plant Sci. 2012;2(1):1–7.

 92. Ahmed IM, Dai H, Zheng W, Cao F, Zhang W, Sun D, Wu F. Genotypic dif‑
ferences in physiological characteristics in the tolerance to drought and 
salinity combined stress between Tibetan wild and cultivated barley. 
Plant Physiol Biochem. 2013;63:49–60.

 93. Joseph EA, Radhakrishnan VV, Mohanan KV. A study on the accumu‑
lation of proline – an osmoprotectant amino acid under salt stress 
in some native rice cultivars of North Kerala India. Univ J Agric Res. 
2015;3(15):22.

 94. Naeem M, Basit A, Ahmad I, Mohamed HI, Wasila H. Effect of salicylic 
acid and salinity stress on the performance of tomato. Gesunde 
Pflanzen. 2020;72:393–402.

 95. Naseriyeh T, Kahrizi D, Alvandi H, Aghaz F, Nowroozi G, Shamsi A, Hos‑
seini O, Arkan E. Glycyrrhizic acid delivery system Chitosan‑coated lipo‑
some as an adhesive anti‑inflammation. Cell Mol Biol (Noisy‑le‑grand). 
2023;69(4):1–6. https:// doi. org/ 10. 14715/ cmb/ 2023. 69.4.1.

 96. Saleh AA, Abd El‑Hamid HA, Shaddad MA, El‑badry NE. Assessment the 
growth and some chemical contents of three Barley cultivars under salt 
stress. J Environ Sci. 2017;46(3–4):227–38.

 97. Yildiz M, Terzi H. Effect of NaCl stress on chlorophyll biosynthesis, 
proline, lipid peroxidation and antioxidative enzymes in leaves of salt‑
tolerant and salt‑sensitive barley cultivars. J Agric Sci. 2013;19(2):79–88.

 98. Kholová J, Sairam RK, Meena RC. Osmolytes and metal ions accumula‑
tion, oxidative stress and antioxidant enzymes activity as determinants 

https://doi.org/10.21608/ejss.2020.21065.1334
https://doi.org/10.21608/ejss.2020.21065.1334
https://doi.org/10.3390/agronomy10121948
https://doi.org/10.3390/plants11030263
https://doi.org/10.3390/plants11030263
https://doi.org/10.1007/s10021-008-9154-z
https://doi.org/10.1007/s10021-008-9154-z
https://doi.org/10.17660/actahortic.2002.594.35
https://doi.org/10.1201/9780203496374.ch4
https://doi.org/10.1201/9780203496374.ch4
https://doi.org/10.1128/aem.61.1.194-199.1995
https://doi.org/10.1128/aem.61.1.194-199.1995
https://doi.org/10.2134/agronj2015.0460
https://doi.org/10.1080/03650340.2017.1292033
https://doi.org/10.1080/03650340.2017.1292033
https://doi.org/10.1016/j.jbiotec.2020.10.018
https://doi.org/10.1016/j.jbiotec.2020.10.018
https://doi.org/10.1093/jxb/erx346
https://doi.org/10.1093/jxb/erx346
https://doi.org/10.1007/s10343-022-00693-4
https://doi.org/10.1007/s10343-022-00693-4
https://doi.org/10.1007/s11356-014-3739-1
https://doi.org/10.1007/s00344-007-9017-4
https://doi.org/10.1007/s00344-007-9017-4
https://doi.org/10.1016/j.jplph.2007.03.010
https://doi.org/10.1007/s11627-022-10264-x
https://doi.org/10.1016/j.scienta.2018.03.047
https://doi.org/10.1016/j.scienta.2018.03.047
https://doi.org/10.14715/cmb/2023.69.4.1


Page 16 of 16Alsudays et al. BMC Plant Biology          (2024) 24:191 

of salinity stress tolerance in maize genotypes. Acta Physiologiae 
Plantarum. 2010;32:477–86.

 99. El‑Tayeb MA. Response of barley grains to the interactive e. ect of salin‑
ity and salicylic acid. Plant Growth Regul. 2005;45:215–24.

 100. Sharma SS, Dietz KJ. The signifiance of amino acids and amino acid‑
derived molecules in plant responses and adaptation to heavy metal 
stress. J Exp Bot. 2006;57:711–26.

 101. Matysik JA, Bhalu B, Mohanty P. Molecular mechanisms of quenching 
of reactive oxygen species by proline under stress in plants. Curr Sci. 
2002;82:525–32.

 102. Yu Lei M & Shaozheng L. Research on salt tolerance of some tree spe‑
cies on muddy seashore of north China. In International seminar on 
“Prospects for saline agriculture. 2000: 10‑12. 

 103. Hayat S, Hayat Q, Alyemeni MN, Wani AS, Pichtel J, Ahmad A. Role of 
proline under changing environments: a review. Plant Signal Behav. 
2012;7(11):1456–66.

 104. El‑Sharkawy MS, El‑Beshsbeshy TR, Hassan SM, Mahmoud EK, 
Abdelkader NI, Al‑Shal RM, Missaoui AM. Alleviating salt stress in barley 
by use of plant growth stimulants and potassium sulfate. J Agricl Sci. 
2017;4(9):136–54.

 105. Ueda A, Yamamoto‑Yamane Y, Takabe T. Salt stress enhances proline 
utilization in the apical region of barley roots. Biochem Biophys 
ResCommun. 2007;355:61–6.

 106. Shelden MC, Dias DA, Jayasinghe NS, Bacic A, Roessner U. Root spatial 
metabolite profiling of two genotypes of barley (Hordeum vulgare 
L.) reveals differences in response to short‑term salt stress. J Exp Bot. 
2016;67(12):3731–45.

 107. Marschner H. Mineral nutrition of higher plants. 2nd ed. London, UK: 
Academic Press; 1995.

 108. Reda M, Migocka M, Kłobus G. Effect of short‑term salinity on the 
nitrate reductase activity in cucumber roots. Plant Sci. 2011;180:783–8. 
https:// doi. org/ 10. 1016/j. plant sci. 2011. 02. 006.

 109. Lehmann J, Pereira da Silva Jr. J, Steiner C, Nehls T, Zech, W, Glaser B. 
Plant and Soil, 2003, 249, 343–357. https:// doi. org/ 10. 1023/a: 10228 
33116 184.

 110. Van Zwieten L, Kimber S, Downie A, Morris S, Petty S, Rust J, Chan KY. 
A glasshouse study on the interaction of low mineral ash biochar with 
nitrogen in a sandy soil. Soil Res. 2010;48:569. https:// doi. org/ 10. 1071/ 
sr100 03.

 111. Bauer A, Black AL. Quantification of the effect of soil organic matter 
content on soil productivity. Soil Sci Soc Am J. 1994;58:185–93. https:// 
doi. org/ 10. 2136/ sssaj 1994. 03615 99500 58000 10027x.

 112. Munns R, Tester M. Mechanisms of salinity tolerance. Ann Rev Plant Biol. 
2008;59:651–81. https:// doi. org/ 10. 1146/ annur ev. arpla nt. 59. 032607. 
092911.

 113. Saidimoradi D, Ghaderi N, Javadi T. Salinity Stress Mitigation by Humic 
Acid Application in Strawberry (Fragaria x Ananassa Duch.). Scientia 
Horticulturae. 2019;256:108594. https:// doi. org/ 10. 1016/j. scien ta. 2019. 
108594.

 114. Nadeem M, Li J, Yahya M, Wang M, Ali A, Cheng A, Wang X, Ma C. Grain 
legumes and fear of salt stress: focus on mechanisms and management 
strategies. Int J Mol Sci. 2019;20:799. https:// doi. org/ 10. 3390/ ijms2 
00407 99.

 115. Farag HAS, Ibrahim MFM, El‑Yazied AA, El‑Beltagi HS, El‑Gawad HGA, 
Alqurashi M, Shalaby TA, Mansour AT, Alkhateeb AA, Farag R. Applied 
selenium as a powerful antioxidant to mitigate the harmful effects of 
salinity stress in snap bean seedlings. Agronomy. 2022;12:3215. https:// 
doi. org/ 10. 3390/ agron omy12 123215.

 116. Capula‑Rodríguez R, Valdez‑Aguilar LA, Cartmill DL, Cartmill AD, Alia‑
Tejacal I. Supplementary Calcium and Potassium Improve the Response 
of Tomato (Solanum Lycopersicum L.) to Simultaneous Alkalinity, Salinity, 
and Boron Stress. Communications in Soil Science and Plant Analysis, 
2016, 1–7. https:// doi. org/ 10. 1080/ 00103 624. 2016. 11419 24.

 117. Lakhdar A, Rabhi M, Ghnaya T, Montemurro F, Jedidi N, Abdelly C. 
Effectiveness of compost use in salt‑affected soil. J Hazard Mater. 
2009;171:29–37. https:// doi. org/ 10. 1016/j. jhazm at. 2009. 05. 132.

 118. Davies G, Ghabbour EA, Steelink C. Humic acids: marvelous products 
of soil chemistry. J Cheml Educ. 2001;78:1609. https:// doi. org/ 10. 1021/ 
ed078 p1609.

 119. Senn TL, Kingman AR. A review of humus and humic acids. Res Ser. 
1973;145:1–5.

 120. Sayarer, M.; Aytaç, Z.; Kürkçüoğlu, M. The Effect of Irrigation and Humic 
Acid on the Plant Yield and Quality of Sweet Basil (Ocimum Basilicum 
L.) with Mulching Application under Semi‑Arid Ecological Conditions. 
Plants, 2023, 12, 1522. https:// doi. org/ 10. 3390/ plant s1207 1522.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1016/j.plantsci.2011.02.006
https://doi.org/10.1023/a:1022833116184
https://doi.org/10.1023/a:1022833116184
https://doi.org/10.1071/sr10003
https://doi.org/10.1071/sr10003
https://doi.org/10.2136/sssaj1994.03615995005800010027x
https://doi.org/10.2136/sssaj1994.03615995005800010027x
https://doi.org/10.1146/annurev.arplant.59.032607.092911
https://doi.org/10.1146/annurev.arplant.59.032607.092911
https://doi.org/10.1016/j.scienta.2019.108594
https://doi.org/10.1016/j.scienta.2019.108594
https://doi.org/10.3390/ijms20040799
https://doi.org/10.3390/ijms20040799
https://doi.org/10.3390/agronomy12123215
https://doi.org/10.3390/agronomy12123215
https://doi.org/10.1080/00103624.2016.1141924
https://doi.org/10.1016/j.jhazmat.2009.05.132
https://doi.org/10.1021/ed078p1609
https://doi.org/10.1021/ed078p1609
https://doi.org/10.3390/plants12071522

	Applications of humic and fulvic acid under saline soil conditions to improve growth and yield in barley
	Abstract 
	Background 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Site description
	Experimental design and management
	Studied traits
	Statistical analysis

	Results
	Agronomic, yield and its components
	Physiological parameter analysis

	Nutrients uptake in grain and straw in barley

	Discussion
	Agronomic and yield attributed traits
	Nutrient uptake and availability by barley plants

	Conclusions
	Acknowledgments
	References


