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Field experiment was carried out at a private farm in Abu-Hammad District,
Shargia Governorate, Egypt, during two successive winter seasons of
2018/2019, 2019/2020. The study aims at evaluating humic acid application
and nitrogen fertilization treatments viz., control, nitrogen foliar application
(4%), 30 kg N fad™, 30 kg N fad™ + N foliar application (4%) and 60 kg N
fad™ on productivity, grain quality and nitrogen use efficiency (NUE) of three
barley varieties. In addition, the yield analysis of the three barley varieties
viz., Gizal29, Gizal31l and Gizal35 was investigated. Humic acid application
enhanced barley productivity, quality and NUE. Gizal31 surpassed the other
two varieties in grain yield, some components and NUE in both seasons
except protein content. Raising N level up to 60 kg Nfad™ had a significant
impact on all studied traits compared with control treatment, except NUE.
Co-application of 30 kg N fad™+N foliar application improved barley yield,
most of its attributes, grain quality and NUE, which reflect the efficacy of N
foliar application in fulfilling barley nitrogen requirements with the soil N
applications. Additionally, path analysis indicated that: the grain number
spike™ had the highest direct effect on the grain yield among the varieties
Gizal29 and Gizal3l, the highest indirect effects on grain yield were
assigned for grain weight spike™ and spike number m, while spike number -
m? had the greatest direct effect on the yield of Giza135, which demonstrates
the importance of these traits in improving barley grain yield.

INTRODUCTION

cultivars and implement recommended
cultural practices especially fertilization.

Barley (Hordeum vulgare L.) is one of the
ancient cereal crops in the world, especially
in Mediterranean region (Moustafa et al.,
2021). It ranked fourth in acreage and
production after wheat, maize and rice
(FAOSTAT 2021). It is widely cultivated in
arid and semiarid regions (Jarosova et al.,
2016). Moreover, it can grow in marginal
environments which are unfavorable for
other cereals (Moustafa et al., 2021). Barley
grains are used for human food and livestock
feed and malting process. In addition, barley
straw is used as roughage for animals (Wali
et al., 2018). Increasing barley productivity
could be attained by cultivating high-yielding

Nitrogen (N) is essential factor for high
yielding because of its role in building plant
canopy and promoting vyield formation
(Hawkesford, 2014; Ladha et al., 2016).
Globally, N demand is predicted to increase
by about 6.13% in 2022 compared to N
demand in 2016 (Randive et al., 2021).
Farmers around the world use high levels of
nitrogen fertilizers to produce high yields
(Mansour et al., 2017; Omara et al., 2019).
Application of nitrogen fertilizer may
decrease grain yield by increasing the chances
of lodging occurrence and incidence of
disease (L6pez-Bellido et al., 2006).
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Furthermore, over-application of
nitrogenous fertilizers is associated with the
increase in nitrogen losses which may cause
negative environmental influences
(Bingham et al., 2012; Hawkesford, 2014;
Tabak et al., 2020), and decrease nitrogen
use efficiency (Omara et al., 2019).

Moreover, cereals require nitrogen for
synthesizing proteins stored in grains
(Hawkesford, 2014). Many investigations
indicated that increasing nitrogen fertilizer
levels  significantly enhanced barley
productivity and quality, particularly under
soil nitrogen limitations (Zeidan, 2007;
Bingham et al., 2012; Wali et al., 2018).
Varietal differences were observed among
barely varieties and genotypes in their
response to nitrogen level and nitrogen use
efficiency (Zeidan, 2007; Bingham et al.,
2012; Noworolnik et al., 2014). Enhancing
nitrogen use efficiency is important for both
food production and the environment
(Omara et al., 2019). Nitrogen foliar
application (NFA) promotes nitrogen
utilization than soil application. Foliar urea
application is an efficient method of N
fertilization in cereal crops (Barut, 2019).
(Saleem et al., 2013) pronounced that under

limitation of N supply, urea foliar
application can integrate with the soil
application of N to fulfill wheat
requirements of N. The recommended

concentration of urea solution for foliar
application on wheat ranged between 1-5%
(Khan et al., 2009; Saleem et al., 2013;
Wagan et al., 2017). (Bingham et al., 2012)
pronounced that increasing nitrogen use
efficiency of cereal crops can be achieved
by nitrogen management  strategies,
producing high nitrogen use efficiency
varieties by plant breeding, and increasing
crop productivity.

Humic acid is one of the humic
substances which are a major component of
soil organic matter (JaroSova et al., 2016).
Humic acid is water-soluble at alkaline pH
(Pignatello,1998; Pettit, 2004). Humic acid

improved soil physical and chemical properties
and improved fertilizers use efficiency in
addition to improving plant growth
(Fahramand et al., 2014; Li, 2020). The
efficacy of humic acid in promoting plant
growth and productivity may be attributed to its
influence on enzyme activities, photosynthesis,
water absorption, nutrient uptake, and
protein synthesis (Fahramand et al., 2014;
Belal et al., 2019). Zancani et al. (2009)
resolved that humic acid promotes plant
growth by chelating unavailable nutrients and
buffering pH. Many investigators revealed
its role in increasing crop productivity such
as (Delfine et al., 2005; Sarir et al., 2005;
Khan et al., 2018; Wali et al., 2018; Belal
et al., 2019; Dulaimy and EI Fahdawi,
2020). Moreover, humic acid alleviates the
deleterious effects of salinity and water
stress (Cavusoglu and Ergin, 2015; JaroSova
et al., 2016; Hatami, 2017; Bijanzadeh et
al., 2019; Shen et al., 2020). Humic acid
has a positive role in the rationalization of
fertilizers amount used, without a significant
decrease in crop yield (Asal et al., 2015).
Humic acid application could be effective as
a foliar application or soil supply or pre-
sowing seed treatment (Cavusoglu and
Ergin, 2015; Wali et al., 2018; Dulaimy
and El Fahdawi, 2020).

The investigation aims to (1) evaluate the
influence of humic acid application and
nitrogen fertilization treatments on productivity
and grain quality of three barley varieties,
(2) study the possibility of partial replacement
of soil nitrogen supply by nitrogen foliar
application to rationalize fertilizer consumption
without significant reduction in barley yield
and grain quality and (3) study the vyield
performance analysis of the three barley
varieties.

MATERIALS AND METHODS

Experimental Site

A field experiment was carried out at
Abu-Hammad District, Sharkia Governorate,
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Egypt (30°32" N, 31°36" E), during winter
seasons of 2018-2019 and 2019-2020.The
field experiment investigated the influence
of humic acid application and nitrogen
fertilization treatments viz., control (without
suppling nitrogen), N foliar application (4%),
30 kg N fad?, 30 kg N fad™ + N foliar
application (4%) and 60 kg N fad™ (as the
recommended nitrogen level) on productivity
and grain quality of three barley varieties
viz., Giza 129, Giza 131 and Giza 135. In
addition, the vyield analysis of the three
barley varieties was performed using
principal component analysis, as well simple
correlation and path analysis were
calculated.

Weather data of the experimental site
during the two growing seasons of 2018-
2019 and 2019-2020 were listed in Table 1.
Accordingly, the weather in the experiment
region is arid, with total annual
precipitations less than 20 mm during the
period from November to April. Table 2
shows that the experimental field soil was
sandy clay in texture with low available
nitrogen content.

Experimental Design and Treatments

Split-split plot experiment in randomized
complete block design with three replicates
was perfected in both seasons, the foliar
application of humic acid (1g L™) along
with control were assigned to main plots, the
sub plots were devoted to the three six-
rowed naked barley varieties viz. Giza 129,
Giza 131 and Giza 135, while five nitrogen
fertilization treatments were randomly
distributed in the sub-sub plots as follows:
control (without nitrogen), N foliar application
in form of urea solution (4%), 30 kg N fad™,
30 kg N fad™ + N foliar application and 60 kg
N fad™ (the recommended nitrogen level).

The sub-sub plot area was 10.5 m? (1/400
faddan), 3.5 x 3 m long and wide. Humic
acid foliar application was performed thrice
after 30, 60 and 90 days after sowing
(DAS), while N foliar application was

performed after 25, 55 and 85 DAS. The
foliar application treatments were performed
using a hand-operated compressed air
sprayer. The volume of spraying solution
per sub-sub plot was almost 4, 5 and 6 liters
for first, second and third application times,
respectively. The soil nitrogen fertilization
levels were applied in three splits i.e., 25%,
50% and 25% after 25, 55 and 85 DAS, in
respective order, as granular ammonium
sulfate (20.6% N).

Crop Management

Barley seeds were sown in rows, 15 apart
cm on 24™ November in both seasons using
a seeding rate of 300 seeds m?. The
preceding crop was maize (Zea mays L.) in
both seasons. Surface irrigation system was
applied. The other agronomic practices were
performed as recommended for barley. The
tested varieties differed in the date of
maturity, as variety Giza 129 was earlier in
maturity than the other two varieties.
Therefore, the harvest was done at two
different dates. Giza 129 was harvested
during 1% week of April, while the other
varieties were harvested during 3™ week of
April in both seasons.

Field Measurements

At harvest, ten productive tillers were
randomly selected from each experimental
plot to estimate: plant height (cm), spike
length (cm), grain number spike™, grain
weight spike™ (g). Three random samples of
dried grains were taken from each plot to
estimate the average of 1000- grain weight
(9). All plants in one guarded square meter
were harvested from each experimental plot
to measure spike number m? grain and
straw yields (kg m?) then converted into
fad. Harvest index (%) was calculated as
follows ((grain yield + biological yield)
x100)) according to Abdel-Gawad et al.
(1987). Nitrogen use efficiency (NUE) was
calculated according to Fageria (2013) as
follows:
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Table 1. Weather data of the experimental site during barley growing seasons of 2018-2019 and 2019-2020

2018-2019 2019-2020
Month Maximum Minimum Relative Total Maximum Minimum Relative Total
temperature  temperature humidity precipitation  temperature temperature humidity precipitation
November 25.46 15.70 44.57 3.00 26.72 14.16 42.65 2.00
December 21.12 10.90 47.93 3.00 20.41 12.38 55.98 4.00
January 19.41 7.74 59.28 6.90 16.96 9.58 58.77 8.00
February 20.39 11.50 55.55 3.01 20.66 12.00 62.27 4.50
March 26.61 13.58 53.13 2.00 24.55 13.70 54.39 1.10
April 28.50 12.63 48.52 1.00 27.13 12.73 41.04 0.35

Table 2. The experimental field soil characters (averaged over the two growing seasons of 2018-2019 and 2019-2020).

Soil particle distribution pH

Wilting Bulk Calcium Organic

Soil depth ] Textural Field . . (Suspension EC

(cm) Sand Silt Clay class capacity (%) point de”S'Q’ carbonate matter of 1:2.5s0il:  (dSm™)

(%) (%) (%) (%) (gem?) (%0) (%0) water)

0-30 48.23 13.87 3790 Sandyclay 13.51 6.75 1.47 0.42 0.47 7.95 1.63
30-60 47.95 14.03 38.02 Sandyclay 12.23 6.11 1.52 0.40 0.35 7.91 1.60
60-90 48.19 13.81 38.00 Sandyclay 1210 6.05 1.53 0.40 0.30 7.80 1.56

Soil depth Soluble cations and anions in the soil paste extract (mmolc L™) Available nutrient (mg kg™ Soil)

(cm) Calcium Sodium Magnesium Potassium Carbonate Bicarbonate Chloride Sulphate Nitrogen  Phosphorus Potassium

0-30 5.52 3.12 477 2.89 0 6.57 4.04 5.69 20.46 11.31 167.5
30-60 5.57 3.08 4.43 2.92 0 6.25 4.99 4.76 16.76 9.27 154.5

6090 5.43 3.10 4.31 2.77 0 6.10 4.89 4.62 15.57 8.82 141.2
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(grain yield + (soil available N + applied N
as fertilizer)). The soil available N was
calculated in 90 cm depth.

A random pure sample of dried grains
was collected from each plot to estimate
grain protein and carbohydrate contents (%).
Grain nitrogen content (%) was estimated
using the modified Kjeldahel method
according to Helrich (1990) then grain
protein  content was calculated by
multiplying grain nitrogen content by 5.9.
Grain carbohydrate content (%) was
determined according to Dubois et al.,
(1956).

Statistical Analysis

The collected data was subjected to split
split-plot analysis as described by Snedecor
and Cochran (1967). Duncan's multiple
range test was performed to compare
treatments means by Waller and Duncan
(1969), where means denoted with different
letters are significantly differed. The yield
performance of the three barley varieties
was evaluated by principal component
analysis, phenotypic correlation coefficients
according to Kwon and Torrie (1964) and
path analysis among vyield and yield
components according to Dewey and Lu
(1959).

RESULTS

Humic Acid Application

Humic acid application enhanced all
investigated traits in both seasons, except
spike length and harvest index (Tables 3, 4
and 5).

Varietal differences

Results obtained from Tables 3,4 and 5
show that Giza 131 surpassed the other two
varieties in plant height, spike length, grain
weight spike™, grain number spike™, 1000-
grain weight, grain yield, and NUE in both
seasons. However, Gizal3l grains had the
lowest protein content compared to Gizal29

and Gizal35 which achieved best values in
both seasons. Giza 135 exceeded Gizal29 in
spike length and grain weight spike™in both
seasons. The varietal differences did not
reach the level of significance at 0.05 for
spike number m? straw vyield, harvest
index, and grain carbohydrate content in
both seasons.

Nitrogen fertilization treatments

Nitrogen fertilization treatments had a
significant influence on all studied traits
compared with control treatment (Tables 3,
4 and 5). Suppling of the recommended
nitrogen level i.e., 60 kg N fad™ increased
all studied traits, except NUE which
decreased. Partial replacement of N level by
N foliar application (NFA) in 30 kg N fad™
+ N foliar application treatment failed to
give the same statistical values for all traits
compared to the addition of the
recommended  nitrogen level  except
carbohydrate content (%) in the first season,
the rate of increase in the grain yield was
about 12.58% and 16.32% for the 1% and 2"
seasons, respectively compared to the
treatment of 30 kg of N fad” + NFA. Co-
application of 30 kg N fad® + N foliar
application improved all traits and ranked
second in both seasons, except harvest index
in the first season compared to the sole
application of 30 kg N fad™. The increment
valued as much as 6.22 and 6.60% for grain
yield (kg fad™), 9.23 and 9.74% for straw
yield (tonne fad™), 21.52 and 17.51% for
grain protein content as well as 9.18 and
4.80% for grain carbohydrate content (%) in
the first and second seasons, respectively.

Compared to sole N foliar application
treatment, the addition of 30 kg N fad™
increased grain weight spike™, grain number
spike™and grain yield in both seasons as
well as straw yield and grain carbohydrate
content in the first season and 1000-grain
weight in the second season. Compared to N
foliar application treatment, increasing
nitrogen fertilization level decreased NUE.
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Table 3. Impact of humic acid application and nitrogen fertilization treatments on plant height, spike length, grain weight spike™
and grain number spike™ of three barley varieties during two successive winter seasons of 2018-2019 and 2019-2020

Plant height (cm)

Spike length (cm)

Grain weight spike™ (g)

Grain number spike™

Main effects and interactions

2018-2019  2019-2020  2018-2019 2019-2020 2018-2019  2019-2020  2018-2019 2019-2020
Humic acid application (H):
Without humic acid (control) 117.87 121.09 17.14 17.09 2.14 1.94 45.02 44.28
Humic acid 124.64 127.16 17.64 17.64 2.29 2.14 47.32 46.84
F. test * * NS NS * * * *
Barley varieties (V):
Giza 129 124.40 * 12543 °@ 16.76 ¢  16.83 °© 2.04 ° 1.88 ° 4516 °  4515°
Giza 131 125.06 * 127.38 °® 1830 ¢  18.05 ° 237 ° 2.16 ° 47.49 °*  46.38 °
Giza 135 11430 ® 11956 ° 1711 ° 1722 ° 224 ° 2.08 ° 4586 °  4515°
F. test * * * * * * * *
Nitrogen fertilization treatments (F):
Control(without supplying nitrogen) 103.18 ¢ 103.43 ¢ 1503 ¢ 1497 ¢ 1.90 °© 1.43 °© 4119 ¢ 4024 °
NFA (4%) t 120.22 ¢ 124.02 °© 1712 ¢ 1727 °© 2.00 ¢ 162 ¢ 4351 ¢ 43.11°
30 kg N fad™ 120.82 ¢ 124.76 °© 1769 ™ 17.28 °© 2.16 ° 222 ° 4628 © 4536 °
30 kg N fad™+ NFA (4%) 129.33 ° 13213 ° 1822 » 1833 ° 241 ° 240 ° 4819 ° 4775 °
60 kg N/fad 132.71 *  136.28 °® 1889 * 1898 ° 260 *° 253 *° 51.68 *  51.38°
F. test * * * * * * * *
Interaction
HxV NS NS NS NS NS NS NS *
HXF * * * * * * * *
VxF * * NS NS N * * *
HxVxF NS NS NS NS NS * NS NS

TNFA is N foliar application (4%).
Means followed by different letters at the same factor differ significantly by LSD (P <0.05).
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Table 4. Impact of humic acid application and nitrogen fertilization treatments on 1000-grain weight, spike number m-2, grain
yield, and straw yield of three barley varieties during two successive winter seasons of 2018-2019 and 2019-2020

1000-grain weight (g) Spike number m? Grain yield (kg fad?) Straw yield (tonne fad™)
2018-2019 2019-2020 2018-2019 2019-2020 2018-2019 2019-2020 2018-2019 2019-2020

Main effects and interactions

Humic acid application (H)

Without humic acid(control) 42.51 43.10 361.21 369.27 2143.2 2142.9 4.47 4.16
Humic acid 4390  43.72 374.48 385.75 2282.4 2250.9 4.65 4.42

F. test * * * * * * * *
Barley varieties (V)

Giza 129 4238 ° 4175 °  365.06 377.03 2150.3 ° 21217 ° 450 4.26
Giza 131 4474 * 4541 *  366.35 378.92 2309.7 * 23183 * 455 4.41
Giza 135 4249 ° 4308 ° 37212 376.58 21784 ° 21506 °  4.63 4.20
F. test * * NS NS * * NS NS
Nitrogen fertilization treatments (F)

Control (without supplying nitrogen) 3591 ¢ 3802 °  328.35° 339.14 ¢ 16400 ¢ 17065 ¢ 362 ° 356 °
NFA (4%) t 4317 © 4173 ¢ 35751° 365.89 ° 2106.4 ¢ 20795 ¢ 426 ¢ 415 °©
30 kg N fad™ 4422 © 4353 ¢  364.47° 370.88 © 2246.1 ¢ 21774 ¢ 455 °© 421 °©
30 kg N fad ™+ NFA (4%) 4537 ° 4576 °  385.13° 399.89 ° 23857 ° 23211 ° 497 ° 462 °
60 kg N fad™ 4737 * 4802 *  403.77° 411.75 ® 26859 °  2699.8 * 541 °* 494 °
F. test * * * * * * * *
Interaction

HxV NS * NS NS NS NS NS *
HXF * * * * * * NS NS
VxF NS NS * N N * NS NS
HxVxF NS NS NS NS NS NS NS NS

TNFA is N foliar application (4%).
Means followed by different letters at the same factor differ significantly by LSD (P <0.05).
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Table 5. Impact of humic acid application and nitrogen fertilization treatments on harvest index, grain protein content,
carbohydrate content and NUE of three barley varieties during two successive winter seasons of 2018-2019 and 2019-2020

Harvest index Grain protein content Grain carbohydrate NUE (kg kg™
Main effects and interactions (%) (%) content (%)
2018-2019 2019-2020 2018-2019 2019-2020 2018-2019 2019-2020 2018-20192019-2020

Humic acid application (H)

Without humic acid (control) 32.34 33.88 9.19 8.74 47.56 49.78 3752 3773
Humic acid 32.93 33.56 9.50 9.25 49.06 51.14 40.11  39.69

F. test NS NS * * * * * *
Barley varieties (V)

Giza 129 32.12 33.08 973 @ 9.25 °@ 47.76 49.91 3730 ¢ 3722 °
Giza 131 33.74 34.39 881l " 868 ° 49.12 50.93 40.83 * 4112 °
Giza 135 32.05 33.69 950 ° 9.06 ° 48.04 50.53 3831 ° 3780 °
F. test NS NS * * NS NS * *
Nitrogen fertilization treatments (F)

Control (without supplying nitrogen) 31.18 ° 3247 ¢ 753 ° 729 °© 4434 © 4441 ° 4784 ° 4978 °
NFA (4%) 1 33.22 ° 3335 ° 949 °© 9.25 °© 4835 ¢ 51.01 °© 49.82 * 49.18 °
30 kg N fad™ 33.15 @ 3403 ° 827 ¢ 828 ¢ 4621 ° 5023 ¢ 3494 ° 3387 °
30 kg N fad ™+ NFA (4%) 3244 *® 3344 " 1005 ° 973 ° 5045 * 5264 ° 3300 ¢ 3211 °©
60 kg N fad™ 3319 °@ 3531 * 1139 ° 10.44 @ 5218 @ 5398 ? 2848 ° 2863 °
F. test * * * * * * * *
Interaction

HXV NS NS % % %k * * *
HxF NS NS * * NS * * *
VxF NS NS * * NS NS NS *
HxVxF NS NS NS NS NS NS NS NS

TNFA is N foliar application (4%).
Means followed by different letters at the same factor differ significantly by LSD (P <0.05).
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Interactions

The interaction effect between humic
acid application and barley varieties was
significant on grain protein content,
carbohydrate content and NUE (Table 6).
Humic acid application enriched grain
protein and carbohydrate content in all
varieties. In addition, it enhanced NUE in
Giza 129 and Giza 131 compared to non-
addition of humic acid (control treatment).
On contrary it decreased NUE in Giza 135.
Giza 131 had the lowest grain protein
content under addition and/or non-addition
of humic acid. No significant differences
were observed in grain carbohydrate content
among the tested barley varieties under
humic acid application, which reflect the
efficacy of humic acid application in
enriching grain carbohydrate content.

Table 7 shows the significant interaction
impact between humic acid application and
nitrogen fertilization treatments (HxF) on
plant height, spike length, grain weight
spike™, grain number spike™, spike number
m™, grain yield fad?, grain protein content,
and NUE. In most cases, humic acid
application improved grain weight spike™,
grain number spike™, grain yield/ fad, grain
protein content and NUE under all
fertilization treatments. Moreover, humic
acid application increased spike length and
spike number m™ under control (without N
fertilizer addition) and N foliar application.
With or without humic acid application,
nitrogen fertilization treatments increased
plant height, spike length, grain weight
spike™, grain number spike™, spike number
m, grain yield fad™, grain protein content
compared with treatments without supplying
nitrogen. Addition of 60 kg N fad™ ranked
first, while 30 kg N fad.™ + N foliar application
treatment ranked second and followed by
the addition of sole 30kg N fad™ in the third
rank with or without humic acid application.
No significant differences were observed
between sole 30 kg N fad™ treatment and N
foliar application (NFA) treatment in plant

height under non-addition of humic acid as
well as in plant height, spike length under
humic acid application. With the exception
of control treatment which treated with
humic acid, N foliar application increased

NUE compared with other nitrogen
fertilization treatments.
The significant interaction between

barley varieties and nitrogen fertilization
treatments (VxF) was listed in Table 8.
Generally, Giza 131 variety exceeded the
other two varieties in grain yield and NUE
under all nitrogen fertilization treatments.
On the contrary, Giza 131 grains contained
the lowest protein content compared with
the other varieties under all fertilization
treatments. In general, Giza 129 produced
the lightest grain weight spike™ compared
with Giza 131 and Giza 135 under all
fertilization treatments. Compared to N
foliar application treatment, increasing
nitrogen fertilization level decreased NUE
in all tested varieties. The triple interaction
was insignificant for all traits studied.

Yield Performance for the Three
Barley Varieties

Principal component analysis

Principal component analysis (PCA)
revealed the relationship among the
measured traits in each variety as shown in
Fig. 1.

The PCA consists of two components,
the first (PC1) is related to humic acid
application and the second (PC2) is related
to nitrogen fertilization treatments. In PCA,
the traits are presented by vectors. The more
adjacent vectors the more related traits. The
increased angle between vectors reveals a
weak relationship. In the case of opposite
vectors, a negative relationship found
between traits.

Generally, a positive correlation was
found among grain vyield and the other
measured traits in each of the three tested
varieties, except NUE. A negative relationship
was found between grain yield and NUE in
the tested varieties.
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Table 6. Impact of humic acid application on grain protein content, carbohydrate
content and NUE of three barley varieties over the two growing seasons of
2018-2019 and 2019-2020

Humic acid Varieties Grain protein carbC(;)[]E)l/lgrate NUE
application content (%) content (%) (Kakg™)
_ _ Giza 129 9.22 ™ 47.95 °© 36.25¢
Without Humic Giza 131 8.58 49.69 ° 36.59 ¢
acid(control)
Giza 135 9.10 ™ 48.36 © 41.91°2
Giza 129 9.76 @ 49.72 40.04°
Humic acid Giza 131 8.91¢ 50.36 *? 38.27°¢
Giza 135 9.46 ° 50.21 % 39.52°

Table 7. Interaction effect between humic acid application and nitrogen fertilization
treatments (HxF) on barley plant height, spike length, grain weight spike™,
grain number spike™, spike number m™, grain yield, grain protein content and
NUE (over the two growing seasons of 2018-2019 and 2019-2020)

Humic acid Nitrogen fertilization Plant height Spike length  Grain Grain
application(H) treatment (cm) (cm) weight number
PP (@) spike® (g)  spike®
Control 92,010 9 1431 " 1547 4022 ¢
Without Humic acid NFA (4%) ¥ 12064 ¢ 1673 ¢ 177 ° 4279 f
(control) 30 kg N fad™ 12146 ¢ 1738 °© 208 ° 44.06 °
30 kg N fad ™+ NFA (4%) 129.14 ¢ 1823 ° 230 °© 4649 ¢
60 kg N fad™ 13413 ® 1893 @ 250° 4969 °
Control 11461 * 1568 ° 179 °© 4123 ¢
Humic acid NFA (4%) t 1236 ¢ 1767 ° 1.86 ° 4382 °
30 kg N fad™ 12412 ° 1758 °© 230 ° 4758 °
30 kg N fad™+ NFA (4%) 13231 ° 1832 ° 251° 4945 °
60 kg N fad™ 13486 * 1893 * 263 ° 53.32
Spike Grain yield Grain NUE
Humic acid Nitrogen fertilization number m? (kgfad?)  protein (kg kg?)
application(H) treatment(F) content
(%)
Without Humic acid C°ntro! 31318 " 16104 " 7.07 9 4697 °©
(control) NFA (4%) + 354.07 ¢ 20406 ' 9.08 ¢ 4826 °
30 kg N fad™ 364.6 ¢ 21396 °© 8.15 © 3328 °©
30 kg N fad™+ NFA (4%) 389.61 ¢ 2291.2 ° 9.76 31.69 f
60 kg N fad™ 404.74 * 26335 ° 10.78 2793 "
Control 35431 ¢ 1736.1 ¢ 775 " 50.64 °
Humic acid NFA (4%) 1 369.33 ¢ 21452 °© 9.66 ° 50.73 @
30 kg N fad™ 370.75 ¢ 2284.0 ° 8.40 © 3553 ¢
30 kg N fad*+ NFA (4%) 395.41 ™ 24156 °© 10.02 3342 °©
60 kg N fad™ 410.77 * 27522 ° 11.05° 2919 ¢

TNFA is N foliar application (4%).
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Table 8. Interaction effect between barley varieties and nitrogen fertilization treatments (V x F) on plant height, grain weight
spike™, grain number spike™, grain yield, grain protein content and NUE (over the two growing seasons of 2018-2019
and 2019-2020).

Variety Nitrogen fertilization Plant height Grain weight  Grain number Grain yield Grain protein  NUE
(V) treatment (F) (cm) spike™ (g) spike™ (kg fad™) content (%) (kg kg™
Control 105.82 ¢ 1.53 ! 38.68 1547.9 " 747 " 4515 °©
Giza 129 NFA (4%) t 126.39 1.65 ' 4223 ' 2016.4 ¢ 983 °  47.69 ¢
30 kg N fad™ 126.80 * 2.04 ° 4559 " 2141.1°¢ 851 " 3330 ¢
30 kg N fad™+ NFA (4%) 131.17 °© 2.23 © 48.75 “ 2296.5 ¢ 1025 ° 3177 "
60 kg N fad™ 134.38 ° 2.35 % 50.52 ° 26782% 1139 * 28.4 Y
Control 100.32 " 1.84 " 42.26 1843.1 " 696 ' 5376 °
_ NFA (4%) 127.06 * 1.97 ™ 4428 ™ 2191.2°¢ 891 ® 5182 °
Giza 131 1 od . ; d "
30 kg N fad 129.40 2.3 46.38 ™ 2304.8 795 ¢ 3585
30 kg N fad™+ NFA (4%) 135.93 2.5 ¢ 4774 * 24653 ° 957 ¢ 3410 ¢
60 kg N fad™ 138.40 ® 2.71 ° 54,03 *° 2765.7 ° 1033 ° 29.33
Control 103.77 ¢ 1.63 ' 41.21 * 1628.8 ' 780 9" 4751 ¢
NFA (4%) 112.91 ' 1.82 " 4342 Y 2071.2 9 937 ¢ 4898 °©
Giza 135 30 kg N fad™ 112.17 ' 2.24 ° 4549 9" 21895 ° 838 ' 34.06 ¢
30 kg N fad™+ NFA (4%) 125.08 ° 2.48 4742 ¢ 22984 ¢ 984 ¢ 3179 "
60 kg N fad™ 130.70 © 2.63 % 49.97 ™ 26346 ° 11.02 * 2794 !

TNFA is N foliar application (4%).
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Giza 129 Giza 131 Giza 135

Ly
NUE™\

8.21%
11.19%
7.88%

PC2=
PC2=
PC2=

| ; i . , ! . i .
2 4 0 1 2 9 5 P o 2 0 2
PC1=79.22% i PCA=75.75% ) : PC1=76.66%

Fig. 1. Principal component analysis biplot for the studied measurements of three barley varieties (Giza 129, Giza 131 and Giza
135) which influenced by humic acid application and fertilization treatments over the two growing seasons of 2018-2019 and
2019-2020, where PH is plant height, SL is spike length, SGW is spike grain weight , SGN is spike grain number spike™,
TGW is 1000-grain weight, SNM-2 is spike number m?, Gy is grain yield, Sy is straw yield, HI is harvest index, GPC is
grain protein content, GCC is grain carbohydrate content and NUE is nitrogen use efficiency.
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In Giza 129 variety, the PC1 expounded
79.22% of the variations, while the PC2
displayed 8.21%. The most related vyield
component to Giza 129 grain yield was
spike number m™.

The PC1 explicated 75.75% of the
variability and the PC2 exposed 11.19% of
the variations in Giza 131. Giza 131 grain
yield was more correlated with 2qrain number
spike™ and spike number m™. Regarding
barley variety Giza 135, the PC1 expounded
76.66% of the variations; meanwhile, the
PC2 explicated 7.88% of variability. Grain
yield of Giza 135 variety was more related
to grain number spike ™ and 1000-grain
weight as the most associated yield

Path coefficient analysis

The partitioning of simple correlation
coefficient into direct and indirect effects of
studied traits (spike grain weight (SGW),
1000-grain  weight (TGW), spike grain
number (SGN) and spike number m? (SNM?)
between grain yield and its components, for
three barley varieties (Gizal29, Giza 131
and Gizal35) are listed in Table 9 and Figs.
2,3and 4.

All studied traits for the three varieties
presented positive direct effect on grain
yield except spike grain weight (SGW) for
Giza 129, which had a negative effect
(-0.0733). Each of spike grain number
(SGN) exhibited the highest positive direct
effect on grain yield (0.4585, 0.5543 and
0.2397 for Giza 129, Giza 131 and Gizal35,
respectively). Also, spike number m™
(SNM?) exhibited the highest positive direct
effect on grain yield (0.4093 and 0.4763 for
Giza 129 and Gizal35, respectively).
Furthermore, the correlation coefficients
between these traits and grain yield were
positive and highly significant for the three
varieties. The previous results confirm the
effectiveness of direct selection of these
traits for achieving high grain yield.

The highest indirect effects on grain yield
were assigned for each of spike grain weight
(0.4119 and 0.5033), spike number m™
(0.3496 and 0.4904) and 1000-grain weight

(0.3096 and 0.4072) through spike grain
number for Giza 129 and Giza 131,
respectively, also spike grain weight via
spike number m? (0.3384) for Giza 129.
While the highest indirect effects on grain
yield were assigned for each of spike grain
weight (0.3866), 1000-grain weight (0.3072)
and spike grain number (0.3809) via spike
number m™ for Giza 135.

It can be noticed that spike grain weight
SGW, spike grain number SGN, spike
number m? (SNM?),1000-grain weight
(TGW) and their interaction played an
important role in barley grain yield fad™
determination, since they made the most
notable direct or indirect effects estimated
by 90.75%, 93.35% and 90.36% for Giza
129, Gizal3l and Giza 135, respectively.
This indicates that direct and indirect
selection through these traits is very useful
for developing high yielding. These results
are in agreement with Khan and Dar
(2010), Janmohammadi et al. (2014), Bhutto
et al. (2016) as well as Ebrahimnejad and
Ramech (2016).

In addition, the residual effects of the
other grain yield attributes and any other
factors were 9.25%, 6.65% and 9.64% for
Giza 129, Gizal31 and Giza 135, respectively
of the total yield diversity. It means that the
main contributors to final grain yield
variation were actually chosen in this study.
These results are in agreement with those
reported by Abderrahmane et al.,(2013)
and Bhutto et al. (2016).

DISCUSSION

Recently, humic acid received increasing
attention due to its positive effect in
enhancing crop growth and productivity,
alleviating environmental stresses,
increasing fertilizer use efficiency, and
improving soil properties. Its positive role in
promoting plant growth and productivity
may be attributed to its influence on enzyme
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Table 9. Partitioning of simple correlation coefficient between barley grain yield and spike grain weight (SGW), 1000- grain weight
(TGW), spike grain number (SGN) and spike number m? (SNM™) traits in varieties Giza 129, Giza 131 and Giza 135

Characters SGW TGW SGN SNM™ Correlation with grain yield
Giza 129
SGW -0.0733 0.1954 0.4119 0.3384 0.8723 **
TGW -0.0535 0.2665 0.3096 0.2634 0.7859 **
SGN -0.0656 0.1799 0.4585 0.3121 0.8849 **
SNM™ -0.0604 0.1715 0.3496 0.4093 0.87 **
Giza 131
characters SGW TGW SGN SNM™ Correlation with yield
SGW 0.1430 0.1112 0.5033 0.1596 0.9169 **
TGW 0.1060 0.1498 0.4072 0.1292 0.7923 **
SGN 0.1298 0.1101 0.5543 0.1543 0.9484 **
SNM™? 0.1308 0.1111 0.4904 0.1744 0.9066 **
Giza 135
characters SGW TGW SGN SNM™ Correlation with yield
SGW 0.1558 0.1294 0.2156 0.3866 0.8873 **
TGW 0.1214 0.1664 0.1619 0.3072 0.7569 **
SGN 0.1405 0.1124 0.2397 0.3809 0.8735 **

SNM™ 0.1267 0.1073 0.1917 0.4763 0.9021 **
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Fig. 2. Direct and indirect effect of some grain yield components for barley variety Giza 129

Where: SGW = Spike grain weight TGW = 1000 — grain weight SGN = Spike grain number SNM? = Spike number m?
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Where: SGW = Spike grain weight TGW = 1000 — grain weight SGN = Spike grain number SNM? = Spike number m?

Fig. 3. Direct and indirect effect of some grain components for barley variety Giza 131
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Where: SGW = Spike grain weight TGW = 1000 — grain weight SGN = Spike grain number SNM? = Spike number m

Fig. 4. Direct and indirect effect of some grain components for barley variety Giza 135
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Results revealed that nitrogen fertilization
treatments had a significant influence on all
studied traits compared with control
treatment. Moreover, the addition of the
recommended nitrogen level i.e., 60 kg N
fad increased all studied traits, except
NUE. Furthermore, partial replacement of
N level by N foliar application in 30 kg N
fad™ + N foliar application treatment failed
to give the same statistical values given by
the addition of recommended N level for
any trait. N is one of the most limiters
affecting cereals growth and productivity,
especially barley (Zeidan, 2007; Bingham
et al., 2012; Wali et al., 2018). Moreover,
cereals require N for synthesizing proteins
stored in their grains (Hawkesford, 2014).
(Zeidan, 2007) pronounced that increasing
N level from 30 to70 Kg N fad™ increased
barley flag leaf area, plant height, 1000-
grain weight, spike number m™, grain yield
and grain protein content. In addition,
Seadh et al. (2017) found that increasing N
fertilization level from 40 to 80 kg N fad™
increased barley vyield, its attributes and
grain quality. So, the reduction in the
amount of applied N led to significant
reduction in yield and its attributes as
shown in the current study results.

Comparing to the sole application of 30
kg N fad™, the co-application of 30 kg N
fad® + N foliar application improved all
traits in both seasons, except spike length
and harvest index in the first season. Barut
(2019) noted that N foliar application in the
form of urea is an efficient method of N
fertilization in cereal crops. Besides,
Saleem et al.(2013) pronounced that under
limitation of N supply, urea foliar
application can integrate with the soil
application of N to fulfill wheat
requirements of N.

Conclusion

Humic acid application promoted barley
productivity, grain quality and NUE. Giza
131 barley variety exceeded the other two
varieties in plant height, spike length, grain

weight spike™, grain number spike™, 1000-
grain weight, grain vyield and NUE.
Increasing N level up to 60kg N fad™ had a
positive significant impact on barley yield,
its attributes and grain quality but it
decreased NUE. The study revealed the
efficacy of N foliar application in fulfilling
barley nitrogen requirements with the soil
N applications. We should try again using
other N levels with N foliar application to
minimize the N amount used without
significant decrease in barley productivity
and quality.
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