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Abstarct: Blending fertilizer is defined as the mechanical mixing of two or more granular fertilizer materials to
produce mixtures containing nitrogen (N), phosphorus (P), sulfur (S) and other essential plant nutrients.
It allows small batches of high analysis soil and crop specific fertilizers to be mixed and transported in an
economical manner toward contributing additional profit for farmers and improving the environment because
it provides balanced fertilization. Barley (Hordeum vulgare L.) is most important cereals in the world in terms
of both quantities produced and cultivated areas, annually harvested area was about 140 million tons, obtained
from 50 million hectares. Barley production in the world was around 15.87 million tons more than previous year’s
projection, compared to last year production, represent an increase of 15.87 million tons or 12.33% in barley
production around the globe. Barley is a cool-season crop that is adapted to high altitudes. It is grown in a wide
range of agro climatic regions under several production systems. At altitudes of about 3000 m.asl or above.
In Ethiopia barley is one of the most important widely used staple food cereal crop next to tef, maize, wheat and
sorghum that belong to the family Gramineae. It has an immense cultural and nutritional position it can be used
as food, fodder and beverages in 20 different ways. For instance, it can be used to make bread, porridge, soup
and roasted grain and for preparing alcoholic and non-alcoholic drinks. In Ethiopia, barley production covered
total area of 811, 782.08 hectares and total annual production of aboutl7, 675, 184.47quintals and productivity
of 21.7qtha™" in main season. The low yield of food barley is primarily related to the depletion of soil fertility
due to continuous nutrient uptake of crops, low fertilizer use especially N and P due to continuous cropping
and insufficient organic matter application, soil pH, poor agronomic practices and deficiency of nutrients and
low levels of fertilizer application. Balanced fertilization is the key to sustainable food barley crop production
and maintenance of soil health which has both economic and environmental consideration. However,
information on the application of blended NPSB fertilizer rate, especially for food barley, was not reviewed in
central highlands of Ethiopia.
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INTRODUCTION

Barley (Hordeum vulgare L.) is most important
cereals in the world in terms of both quantities produced
and cultivated areas, annually; harvested area was about
140 million tons, obtained from 50 million hectares [1].
Ethiopia is considered as a center of diversity for barley
[2]. In the world, it ranks the fourth (wheat, maize and rice)
most grain crops. It was categorized among the top ten
crop plants in the world [3]. Similarly, barley production in

the world was around 15.87 million tons more than
previous year’s projection, compared to last year
production, represent an increase of 15.87 million tons or
12.33% in barley production around the globe. Its average
yield globally, changed during the time starting from
1.39 t ha™' (in 1960) to 2.99 t ha™" in 2018 [4]. European
Union, Russia, Canada, USA and Argentina are the top
five barley producers globally; European Union produces
the greatest quantities of barley with an estimated
production of 20.5 million tons followed by Russian
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federations with a production of about 8 million tons,
whereas Canada, USA and Argentina barley production
was estimated 7.3, 3.1 and 2.8 million tons, respectively
[5].

In Africa continent, Morocco, Ethiopia, Algeria,
Tunisia and South Africa were the top five largest barley
producers for the year 2016 with estimated production of
approximately 2.2, 2.1, 1.3, 0.5 and 0.31 million tons,
respectively [6]. Ethiopia is the second largest producer
in Africa, next to Morocco, accounting for about 25% of
the total barley production in the continent [7].

In Ethiopia barley is one of the most important widely
used staple food cereal crop next to tef, maize, wheat and
sorghum [8] that belong to the family Gramineae. Barley
cultivation is reported to have started 5000 years ago in
Ethiopia and was probably first cultivated by Agew
people in about 3, 000 B.C. [9]. In highlands areas of
Ethiopia, like Bale, Wello, North Shewa and some parts of
Arsi areas have bimodal pattern of rainfall allowing barley
production twice a year in summer and winter season [10].

In Ethiopia, barley has an immense cultural and
nutritional position, it can be used as food, fodder and
beverages in 20 different ways [11, 12]. For instance, it can
be used to make bread, porridge, soup and roasted grain
and for preparing alcoholic and non-alcoholic drinks.
Furthermore, its straw conserves as animal feed,
especially during the dry season, thatching roofs and
bedding [13].

In Ethiopia, barley production was covered total area
of 811, 782.08 hectares and total annual production of
aboutl7, 675, 184.47 quintals and productivity of
21.7qtha™" in main season [14]. At Oromia Regional State
level, an area covered by barley in 2018/19 was 386, 569.22
ha, production 9, 325, 076.44 qt and productivity of
24.12qt ha™' [14], of these 90% was food barley and 10%
was malt barley [15]. The average yield is above the
national average yield but which is still very low as
compared to the potential yield goes up to 6 tha™ on
experimental plots [16].

The low yield of food barley is primarily related to the
depletion of soil fertility due to continuous nutrient
uptake of crops, low fertilizer use especially N and P due
to continuous cropping and insufficient organic matter
application, soil pH, poor agronomic practices and
deficiency of nutrients and low levels of fertilizer
application [17] and several biotic factors have
contributed to this low productivity, such as use of low
yielding cultivars, the limited availability of the very few
improved cultivars released, weeds, insects and diseases
[18].
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In addition, for the last three decades, Ethiopian
agriculture depended solely on imported fertilizer
products namely urea and di-ammonium phosphate (DAP)
which is source of N and P although most Ethiopian soils
lack other macro and micro-nutrients [19].According to
Assefa et al. [20] soils in the highlands of Ethiopia
usually have low levels of essential plant nutrients,
especially low availability of nitrogen; it is the major
constraint to food barley production. Hence, low soil
fertility is a major bottleneck to sustainable food barley
production and productivity in Ethiopia. It is exacerbated
by soil fertility depletion through nutrient removal with
harvest, tillage, weeding and losses in runoff and soil
erosion [21]. Many farmers are unable to compensate for
such losses, which resulted in negative nutrient balances
[22].

Fertilizer use trends in Ethiopia has been focused
mainly on the use and application of nitrogen and
phosphorous fertilizers in the form of Di-ammonium
phosphate (DAP) (18-46-0) and Urea (46-0-0) or blanket
recommendation for the major food barley crop.
Continuous application of nitrogen (N) and phosphorus
(P) fertilizers without due consideration of other nutrients
led to the depletion of other important nutrient elements
such as potassium (K), magnesium (Mg), calcium (Ca),
sulfur (S) and micronutrients like (B) in soils [23].
An imbalanced fertilizer use results in low fertilizer use
efficiency leading to less economic returns and a greater
threat to the environment [23].

Moreover, recently acquired soil inventory data
revealed that the deficiencies of most of nutrients such as,
nitrogen (86%), phosphorus (99%), sulfur (92%), born
(65%) and zinc (53%) are widespread in Ethiopian soils
and similarly in study area [24]. Recently Ministry of
Agriculture (MoA) has introduced a new brand of NPSB
fertilizer having proportion of 18.9%N, 37.7 % P,O;
6.95%S and 0.1%B as main source of phosphorous,
substituting DAP for adoption by farmers which is useful
in improving the efficiency of fertilizer recovery there by
resulting in higher crop yield and quality to overcome the
problem. So balanced fertilization is the key to sustainable
food barley crop production and maintenance of soil
health which has both economic and environmental
consideration [23]. However, information on the
application of blended fertilizer rate (NPSB), especially for
food barley, was not reviewed in central highlands of
Ethiopia. Therefore, the review was done to assess the
role and effects of Blended NPSB fertilizer on food barley
production and productivity in central highland of
Ethiopia.
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Food Barley Production in Ethiopia: In Ethiopia, barley
(Hordeum vulgare L.) is one of the first domesticated
cereals, most staple and subsistence crop cultivated in
about 811, 782.08ha with a total annual production of
1.77million tons [14]. Ethiopia is considered as a center of
diversity for barley, it can be cultivated at altitudes
between 1500 and 3500m. According to Kaso and Guben
[25] barley is a staple food crop for many Ethiopians,
especially for highlanders and it is also able to grow at all
elevations and cultivated by small holders in every region
of Ethiopia. However, it performs best at the higher
elevations in the northern and central regions of the
country.

Ethiopia is ranked twenty-first in the world in barley
production with a share of 1.2 percent of the world’s total
production. Barley cultivation is widely distributed across
the country on over one million hectares of land and by
more than four million small holder farmers. Barley is a
high-opportunity crop, with great room for profitable
the
country’s commercial brewing and value added industries.
Since the major barley producing areas of the country are
mainly located in the highlands[26]. Ethiopia is the second
largest barley producer in Africa and accounts nearly 25%

expansion, particularly when connected with

of the total production in Africa [27]. According to
Kemelew and Alemayehu [28] among the major cereals,
barley ranks fifth in area, productivity and total
production in Ethiopia. In Ethiopia in 2018/19 the national
area coverage, production and productivity of barley were
estimated to be 811, 782.08 ha, 17, 675, 184.47qt and 2.17
tons/ha, respectively [14].

Importance of Food Barley: In Ethiopia, barley has an
immense cultural and nutritional position; it can be used
for both food and malt in Ethiopia. Ethiopia produces
mostly food barley, with its share estimated to be 90%,
while that of malt barley having a share of 10% [15].
According to Abraha ef al. [12] barley is used for making
local recipes, bread, porridge, soup and roasted grain and
for preparing alcoholic and non-alcoholic beverages in 20
different ways. Its straw is a good source of animal feed.
It is also used for thatching of roofs and bedding [13].

Agro-Ecological Requirements of Barley: Barley is a
cool-season crop that is adapted to high altitudes. It is
grown in a wide range of agro climatic regions under
several production systems. At altitudes of about
3000 m.asl or above, it may be the only crop grown that
provides food, beverages and other necessities to many
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millions of people. It is grown in a diverse soil and climatic
conditions together with the long-term geographic
isolation may have likely contributed to the morphological
variation between landraces [29]. As a result, the
Ethiopian barley germplasm has continuously been an
important source of valuable genes in the world [30].
Nowadays, Ethiopian farmers grow barley in various
climatic and soil types with an elevation ranging from 1,
400 to over 4, 000m above sea level (m.a.s.l) [31].
Although it grows on wide range of altitudes, it performs
best at higher elevation areas of the Northern and central
regions of the country [25]. Barley is drought resistant
can be grown in a region of even minimum rainfall
200-250mm. In Ethiopia the plant gives the best results in
areas with an annual average rainfall 1, 000 to 1, 700mm
with 650 to 700 mm well distributed during the growth
period. Barley is a source of food in low rain fall area;
however, its productivity is too low. This is due to the
reason that farmer cultivate local variety which is less
resistance to water stress and low yield and also hybrid
lines which released from different research center hadn’t
been evaluated along wider environment, special at low
rain fall area in Ethiopia [32]. Most of cereals cultivation
undertaken in area nitisols and vertisols that have
characteristics of good drainage with red sandy clay soils
is suitable for food barley [33]. Food barley is commonly
cultivated in stressed areas where soil erosion, occasional
drought or frost limits the ability to grow other crops.

Major Barley Producing Areas in Ethiopia: Barley
produced in all regions of Ethiopia, but the major
producers are Shewa, Gojam, Arsi, Gonder, Wollo and
Bale, from where more than 85% of the total production
comes [34]. In some parts of Ethiopia, barley is produced
twice annually (bimodal rainfall), i.e. during the main rainy
season, Meher (from June to September) and the short
rainy season, Belg (from February to April). Belg barley is
important in Wollo, Bale and Shewa. Barley has a number
of attributes that makes it desirable among farming
communities in the country because it is a source of food
and suitable for the Belg season; it performs well in
marginal areas; provides an earlier harvest than some
other cereals; and requires low investment.

Food Barley Production Constraints: Despite its great
significance in the farming system of the country, barley
production is constrained by many confounding factors.
The major production limiting concerns are poor soil
fertility, frost, water logging and insect pests like aphids
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and barely fly, leaf diseases like: scald, blotch, smuts and
leaf rust, moisture stress, low-yielding varieties and
inadequate agronomic practices [13]. As a result,
assuming the genetic potential of the crop, the national
average (2.17 tha™") is relatively lower than the world
average (2.99tha™") [4].

Biotic stresses like disease, insect pests and weed
infestations contribute to lower rates of yields in Ethiopia.
Diseases (such as scald, net blotch, spot blotch and
rusts) and insect pests (such as aphids and barley shoot
fly) reportedly can cause yield losses of up to 67 and 79
% respectively [35]. Yield gains from weed control, on the
other hand, ranges from 14-60 % depending on the
location and type of weed [36]. Similarly, abiotic or
non-biological stresses like poor distribution of rainfalls
in lowland areas and low soil fertility due to soil erosion
and poor soil drainage are named as causes of significant
yield losses in food barley production [37].

General Soil Fertility Concept: Soil fertility refers to the
ability of the soil to supply the nutrients needed by the
plants. The study of soil fertility involves examining the
forms in which plant nutrients occur in the soil, how these
become available to the plant and factors that influence
their uptake. This, in turn leads to a study of the measures
that can be taken to improve soil fertility and crop yields
by supplying nutrients to the soil-plant system. This is
usually done by adding fertilizers, manures and
amendments to the soil but sometimes by supplying
nutrients directly to the plant parts by means of sprays.
A mineral element is considered essential to plant growth
and development if the element is involved in plant
metabolic functions and the plant cannot complete its life
cycle without the element; if usually the plant exhibits a
visual symptom indicating a deficiency in specific
nutrient, it can be corrected or prevented by supplying
that nutrient [38]. Fertilizer usage plays a major role in the
universal need to increase food production to meet the
demands of the growing world population. Fertilizer
application results in marked crop yield increases, which
for most crops can be more than 100%. The extent to
which fertilizers are used still differs considerably between
various regions of the world [39]. The quantity of fertilizer
nutrients required for optimum crop production depends
on the inherent capacity of the soil to supply adequate
levels of nutrients to growing plants, the yield potential of
the crop variety grown, the availability and cost of
fertilizers and the climatic conditions prevailing during the
crop growing season [40].
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The Need for Blended Fertilizer: Blending fertilizer is
defined as the mechanical mixing of two or more granular
fertilizer materials to produce mixtures containing nitrogen
(N), phosphorus (P), sulfur (S), Boron (B) and other
essential plant nutrients [41]. It allows small batches of
high analysis soil and crop specific fertilizers to be mixed
and transported in an economical manner toward
contributing additional profit for farmers and improving
the environment because it provides balanced fertilization
[42]. Since fertilizers were introduced to Ethiopia in 1960s
through programs such as the Freedom from Hunger
Campaign, virtually all fertilizers used in Ethiopia are
limited to DAP and urea. However, recent completed
research and soil tests through the Ethiopian Soil
Information System Project revealed that Ethiopian soils
are deficient in various other nutrients that are not
provided by DAP and Urea [43].

Role of Blended NPSB Fertilizer on Yield and Yield
Components: Macronutrient includes nitrogen (N),
phosphorus (P), potassium (K), sulfur (S), magnesium
(Mg) and calcium (Ca), which are needed in large amounts
and large quantities have to be applied if the soil is
deficient in one or more of them. The micronutrients or
trace elements are iron (Fe), manganese (Mn), zinc (Zn),
copper (Cu), molybdenum (Mo), chlorine (CI) and boron
(B).

According to Bereket et al. [44] as increasing the
application of blended NPSB fertilizers, highest yield
and yield components of food barley like plant height,
spike length, number of tillers per square meter and
number of kernel per spike were obtained from application
of 200 NPSB kg ha™"' blended fertilizers. Several authors,
Dewal and Pareek [45], Gupta et al. [46] report that macro
and micro nutrients (Nitrogen, Phosphorous with Sulfur
and Born) fertilizers application can increase plant height,
spike length, number of tillers and number of kernel with
increasing doses and combination.

Blended fertilizer supply had a marked effect on the
aboveground biomass, grain yield and straw yield.
According to Woubshet et al. [47] the maximum
aboveground biomass was obtained from 200kg
ha™'NPSB of blended fertilizer application. However, the
lowest aboveground biomass was recorded from control
or unfertilized plot. This could be due to Sulfur which
enhanced the formation of chlorophyll and encouraged
vegetative growth and Boron helps in nitrogen
absorption.
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Klikocka et al. [48] also found that a positive reaction
of N and S fertilization on grain yield, which was the
highest grain yield, was obtained due to application of
80 N kg ha™' increasing by 1.30 t ha~ {(13.1%) with
respect to the control and S fertilization increased grain
yield by 3.58%. Likewise, according to Malakouti [49]
reported that the grain yield increased due to application
of boron was also witnessed by the combined application
of boron with micro nutrients, with the benefits 4 to 11%
yield.

According to Tahir et al. [50] articulated that a higher
transfer of assimilates to the grain would maximize the
harvest index and reduce the proportion of dry matter
produced. The higher barley harvest index with increased
fertilizer rate might be due to higher grain yield per plant
at higher fertilizer rates. Application of different types of
blended fertilizers significantly in?uence apparent nutrient
recovery and agronomic nutrient use efficiency on barley.
Both apparent nutrient recovery and agronomic nutrient
use efficiency consistently decreased with increasing
blended fertilizers rates. According to Jones et al. [51]
matching appropriate essential macro and micronutrients
with crop nutrient uptake could optimize nutrient use
efficiency and crop yield. Malakouti [52] also reported
that application of suitable micronutrients increases use
efficiency for different crops.

Role of Nitrogen in Barley Production: Nitrogen (N) is
the most abundant mineral nutrient in plants. It
constitutes 2-4% of plant dry matter [53]. It is the key
nutrient input for achieving higher yields of barley. Barley
is very sensitive to insufficient nitrogen and very
responsive to nitrogen fertilization. Nitrogen plays a
central role in plant biochemistry. A low supply of
Nitrogen has a profound influence on crop growth and
may lead to great loss in grain yield [54]. Nitrogen
occupies a conspicuous place in plant metabolism system.
All vital processes in plants are associated with protein,
of which nitrogen is an essential for plant growth as it is
a constituent of all proteins and nucleic acids. It is an
integral component of many essential plant compounds
such as amino acids which are building blocks of all
protein including enzymes, nucleic acids and chlorophyll
[55]. Since nitrogen is present in many essential
compounds, it is not surprising that growth without
added nitrogen is slow in plants [56].

Nitrogen plays a key role in agriculture by increasing
of crop yield [57]. According to Alam et al. [58] the most
important role of nitrogen in the plant is its presence in
the structure of protein and nucleic acids which are the
most important building and information substances from
which the living material or protoplasm of very cell is

218

made. Nitrogen not only enhances the yield but also
improves the food quality [59]. Consequently to get more
crop production, nitrogen application is indispensable.

Plants require nitrogen in the largest amounts
among the soil nutrients for growth and development.
The quantity of nutrients required to optimize or sustain
crop production depends on the inherent capacity of the
soil to supply adequate levels of nutrients to the growing
plants, the yield potential of the crops, the variety grown
and the availability and cost of fertilizers. Among the
macro nutrients, N is ranked first in limiting sustainable
crop production [60].

Generally, N is involved in cell multiplication, giving
rise to the increase in size and length of leaves and stems,
especially the stalks of grains and grasses; increases in
chlorophyll contents, giving the leaves their dark green
color; plays a part in the manufacture of proteins in the
plant and is part of many compounds in the plant,
including certain types of basic acids and hormones; and
improves the quality and quantity of dry matter protein in
grain crops.

Effect of Nitrogen on Food Barley Production: Nitrogen
is a key nutrient input for achieving higher yield of food
barley. Food barley is very sensitive to insufficient
nitrogen and very responsive to nitrogen fertilization [58].
The most important role of nitrogen in the plant is its
presence in the structure of protein and nucleic acids,
which are the most important building and information
substances from which the living material or protoplasm
of every cell is made. Nitrogen increased leaf area, tiller
formation, leaf area index and leaf area duration and this
increasing is led to much greater production of dry matter
and grain yield [61].

Among the plant nutrients, nitrogen plays a very
important role in crop productivity [62]. Although
judicious dose of nitrogen elevates the yield and quality
of seed but excessive dose causes the economic loss as
well as reduced yield and quality of barley seeds. Barley
farmers in Ethiopia have not fully adopted modern inputs
like fertilizer and modern seeds that help boost production
[63]. The yield attributes and quality of food barley seed
is therefore, dependent on appropriate dose of nitrogen.
Sustaining soil and soil fertility in intensive cropping
systems for higher yields and better quality can be
achieved through optimum levels of fertilizer application.
Thus, information on fertility status of soils and crop
response to different soil fertility management is very
crucial to come up with profitable and sustainable crop
production. Besides to this, optimum dose of nitrogen
depends on the climate and soil of the location as well as
variety used [64].
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Table 1: Grain yield of food barley as influenced by the interaction effect of

nitrogen rate and Varieties

Grain Yield (t ha™")

Varieties
N rate (kg N ha™") Local Variety HB 1307 EH1493
0 1.97ef 1.42g 1.56fg
23 2.54cd 2.26dc 2.78cd
46 2.90c 2.36de 4.11a
69 3.51b 2.44cde 4.51a
LCR (0.05) 0.52
CV (%) 11.51

Source: [65]

Means with the same letter(s) in the same column are not significantly
different at 5% probability level, CV= Coefficient of Variation, LCR= Least
Critical Range

Role of Phosphorus in Barley Nutrition: Phosphorus has
great importance in plant nutrition. It involves in the
processes of energy transformations, genetic inheritance,
protein synthesis and cell division. Moreover phosphorus
enhances root development and strengthening of straw,
affects flowering, fruiting, seed formation and crop
maturation. Inline to this availability of phosphorus in
soil, it is affected by different factors like soil reaction and
climate. In Ethiopia Phosphorus application as fertilizer is
important in increasing crop production of barley.
Based on the various findings of P fertilization results the
yield and yield components of barley and were increasing
with increasing P fertilizer application rates. The critical
level (optimum level) of P fertilizer rate after which crop
response declines or not significant in economic point of
view is different for variety type, soil type and agro
ecology. Adequate phosphorus nutrition enhances many
aspects of plant physiology, including the fundamental
processes of photosynthesis, root growth particularly
development of lateral roots and fibrous rootlets [55]

Eylachew [66] reviewed different reports and stated
that the availability of soil phosphorous is influenced by
soil reaction, soil type, amount and forms of phosphorous
as well as many other factors. Oxisols high in iron oxides
and aluminum oxides and many sandy soils low in humus
content, for instance, have low available phosphorous
[67]. Addition of organic matter indirectly reduces
phosphorous adsorption by inhibiting aluminum oxide
and to certain extent Fe-oxide crystallization, while
addition of manure and fertilizer phosphorous reduces
phosphorous fixation by increasing saturation of
adsorption sites.
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According to Boeggaad e al. [68] in acid soils with
high Al and Fe contents, phosphoric acid and soluble
phosphorous fertilizer transformed into insoluble forms of
phosphorous so quickly that plants can derive very little
from phosphorous fertilized treatments [69]. Brady and
Weil [55] indicated that at pH lower than 5.5, the retention
results largely from the reactions with Fe, Al and their
hydrous oxides resulting into low forms of available
phosphorous. At pH higher than 7.0, high concentration
of Ca, Mg and their carbonates cause precipitation of the
added phosphorus and reduce the availability of
phosphorous [70]. Large addition of phosphorous is
required to reach a given level of solution phosphorous
in fine textured compared to coarse textured soils.
Consequently, high clay calcareous soils will often require
more fertilizer phosphorous to optimize yields compared
to loam soils. Soils containing large quantities of clay will
fix more phosphorous than soils with low clay content.
In other words, the more surface area exposed with a
given type of clay, the greater is the tendency to absorb
P [60].

Effects of Phosphorus on Growth and Yields of Food
Barley: Phosphorus is an essential plant nutrient which
involves in all physiological activities of the crop
production. Phosphorus fertilizer on yield and yield
components of barley indicated promising effect in
various parts Ethiopia. Research conducted on food
barley at Ella vertisols of Northern Ethiopia depicted that
yield and yield components of barley was increased with
increasing Phosphorus fertilizers and increment of grain
yield from 740.75kg ha™" at the control plot to 1119.60kg
ha™" at the rate of 20kg ha™' P with 50kg ha™"' of urea was
observed.

Number of productive tiller was increased with
increasing of Phosphorous levels. According to
Wakene et al. [71] who reported that number of
productive tillers/plant was affected significantly by
Phosphorus fertilizer application. They indicated that
highest number of tillers was recorded at Phosphorous
level of 46 kg ha™' which was not statistically different
from Phosphorous level of 69 kg ha™'. Similar results were
also reported by Prystupa et al. [72] from their research on
barley. Similarly, experiment conducted on the effects of
different phosphorus fertilizer levels on yield and yield
components of food barley at south eastern Oromia, Bore,
in 2009 cropping indicated that Phosphorous application
significantly influenced all the parameters of growth and
development of barley and the highest total biomass of
8.91 Kg ha™' was obtained from the highest Phosphorous
level of 69 Kg ha™' [71].



World J. Agric. Sci., 18 (4): 214-226, 2022

Table 2: Main effect of phosphorus fertilizer application rate on food barley crop production in central high land of Ethiopia

Treatments Grain Yield (kg/ha) Biomass Yield (Kg/ha) Thousand Seed Weight (g)
P,05 Rate(kg/ha)

0 2923¢ 7149c 40.8¢

10 3551b 8113b 41.8¢c

20 3636b 8158b 41.5¢

30 3788b 8408b 43.6

40 4268a 9120a 46.4a

50 4168a 9166a 46.2a

CvV 18.3 18.6 6.2

P linear skkk sk sk

Source: [76]. Within each column, means with different letters are significantly different at p<0.05; CV = coefficient of variation

Biomass of barley significantly increased with
increasing Phosphorous levels. This trait was highest at
40 kg ha™' Phosphorus application per hectare. While the
lowest value of biomass was obtained at 0 kg ha™
Phosphorous application per hectare [73]. Grain yield of
barley  significantly increased with increasing
Phosphorous levels. Mesfin and Zemach [74] who
reported that applications of Phosphorous fertilizer
significantly increase the grain yield of barley. This may
be due to the fact that the important roles of phosphorus
on photosynthesis, respiration and nutrient uptakes [75].

Role of Sulfur in Barley Growth and Development:
Sulfur is essential for the growth and development of all
crops, without exception. Sulfur is a constituent of three
(cysteine, cystine
methionine), which are the building blocks of protein.
Sulfur is also a key ingredient in the formation of
chlorophyll and about 90% of plant sulfur is present in
these amino acids [48]. Sulfur is a macronutrient required
for proper growth and development of plants. It is
increasingly being recognized as the fourth major plant
nutrient after N, P and potassium (K) in crop production.

Sulfur is reported to be a macro-nutrient that is
taken-up by grain crops in amounts similar to and
sometimes beyond those of P, 10-30 kgha™' [77] and is
considered to be one of the most limiting nutrient element
for crop production. It is usually present in relatively small
amounts in soils in the available forms [78] and also
reported that at lowest Sulfur rate, N uptake was 42%, but
increased to 70% as S fertilizer was increased. It enhances
other nutrients use efficiency and ranks second only to N
in importance for optimum crop yield and quality [79]
also stated that Sulfur application from the leaf had a
minimum effect on the grain yield of barley. Sulfur based
fertilizers decrease the pH of soil and increases the uptake
of other plant nutrients, therefore, the yield increases.

S-containing amino acids and
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Effects of Sulfur on Food Barley Growth and Production:
Sulfur plays many important roles in the growth and
development of plants.

Fageria and Gheyi [80] summarized the important
functions of the sulfur in the plant. Sulfur also improves
milling and baking quality of cereal crops; enhance oil
content of oilseed crops; maintain winter hardiness and
drought tolerance in plants; controls certain soil borne
diseases and decreases fungal diseases in many crops
[81, 82] helps in formation of glycosides that give
characteristic odors and flavors to onion, garlic and
mustard; necessary for the formation of vitamins and
synthesis of some hormones and glutathione; involves in
redox reactions; improves tolerance to heavy metal
toxicity; components of sulfolipids.

According to Sutaliya ef al. [83] revealed that the
highest plant height was obtained from the rate of 45 kg
sulfur ha™ in food barley. The sulfur application
improved the it
usefulness of other plant nutrients. Dewal and Pareek [45]
stated that the plant height increased as the doses
increased and the highest plant height was obtained from
the 40 kg sulfur ha™". [84] reported that the highest plant
height was obtained from 60 kg S ha™' application in
wheat. Sutaliya et al. [83] stated that the highest spike
length was obtained from 45 kg sulfur ha™'application.
Dewal and Pareek [45] reported that the plant height
increased as the sulfur doses increased and the highest
spike length was obtained from the 40 kg sulfur ha™
application in the food barley. According to Gupta et al.
[46] reported that the highest spike length was
obtained from 45 kg sulfur ha™" application. Number of
seed per spike ranged between 16.4 -20.4 for two year.
The lowest seed numbers/ spike were obtained from
plots for both years. Highest
numbers/spike was obtained from 160 kg ha™' sulfur in
the first year and 120 kgha™ sulfur in the second year.

soil structure and increased the

the control seeds
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Table 3: Main effect of Sulphur fertilizer application rate on food barley crop production in central high land of Ethiopia

Treatments Fertile tillers plant™ (kg/ha) Grain Yield (Kg/ha) Straw Yield (kg/ha)
S- Rate(kg/ha)

0 5.7 4028.0c 5452.7¢

10 6.2 4620.1ab 6543.2ab

20 6.1 4840.8a 6833.1a

30 6.1 4577.0ab 6290.9b

40 6.2 4665.4a 6278.3ab

50 5.9 4658.3a 6121.5b

CV (%) 11.98 14.62 13.17

LSD <0.05) ns 604.3 523.7

Source: [86]. Within each column, means with different letters are significantly different at p<0.05; CV= coefficient of variation

The lowest biological yield was obtained from the control
plots and the highest biological yield was obtained from
the 200 kg sulfur ha™" application. Withers et al. [85]
reported that inorganic sulfur application increased straw
yield of cereals by 34%. Sulfur based fertilizers decrease
the pH of soil and increases the uptake of other plant
nutrients. Therefore, the yield increases. According to
Gupta et al. [46] reported that the highest 1000 seed
weight was obtained from 45 kg sulfur ha™' application.

Role of Boron in Barley Production: The micronutrients
or trace elements are iron (Fe), manganese (Mn), zinc (Zn),
copper (Cu), molybdenum (Mo), chlorine (Cl) and boron
(B) (Fageria, 2009). They are part and parcel of the key
substances in plant growth and are comparable with the
vitamins in human nutrition. Being taken up in minute
amounts, their range of optimal supply is very small.
Their plant availability depends primarily on the soil
reaction. In crop production boron is one of the essential
micronutrient required for normal growth of most of the
crops. Boron fertilization improves photosynthetic
activity, enhances activity of enzymes and plays
significant role in protein and nucleic acid metabolism.
Boron (B) is an essential micronutrient for plants and
plant requirements for this nutrient are lower than the
requirements for all other micronutrients except
molybdenum and copper. It is the only non-metal among
the micronutrients and also the only micronutrient present
over a wide pH range as a neutral molecule rather than an
ion [87].Boron is an essential element for better utilization
of macro-nutrients by plants and there by greater
translocation of photo-assimilates from source to sink
during growth period [88]. Boron is also involved in the
transport of sugars across cell membranes and in
synthesis of cell wall material. It influences transportation
through the control of sugar and starch formation [89].

Effect of Boron on Food Barley Production: Ali ez al. [88]
reported that significant variations for number of spikes
m™ for application of boron. Deficiency of boron can also
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cause reduction in crop yield and inferior crop quality
[89]. As the range between deficiency and toxicity limits
of B for plants is very narrow, any change in B equilibrium
concentration may turn to considerable influence on plant
growth and this aspect should be taken into account
when B nutrition of plants is adjusted by fertilization [90].
Boron supply strongly promoted water and nutrient
uptake as well as biomass formation. Ahmad and Irshad
[91] also reported that application of B increased
significantly number of kernels spike™ in wheat. As B
application reduces spike sterility, this increase in grains
may be due to reduced spike sterility.

Boron deficiency affects vegetative and reproductive
stages of plant growth. In the vegetative stage, B
deficiency leads to the inhibition of growth, the death of
growing meristems and the inhibition of the development
of vascular bundles [92]. Cereal crops are relatively
tolerant to B deficiency during vegetative growth phase.
Nonetheless, during reproductive phase, B deficiency
may cause severe yield losses through sterility [93].
Considering the range between deficiency and toxicity of
B is quite narrow, application of B can be extremely toxic
to plant at concentrations only slightly above the
optimum rate [94]. Several earlier investigations revealed
that application of boron significantly enhanced the
growth, yield and quality of various food barley crops
[95]. Therefore, an adequate supply of B is necessary to
achieve better nutrient balances and more biomass
production.

CONCLUSSION

Based on this review, the following conclusions are
drawn. Depletion of soil fertility, inadequate of improved
varieties and poor agronomic practices are among the
major challenges responsible for the low productivity of
food barley in the highlands of Ethiopia. Balanced
fertilization is the key to sustainable food barley crop
production and maintenance of soil health which has both
economic and environmental consideration. Moreover,
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application of lime had increased soil pH and the
availability of nutrient and also application of NPSB
fertilizer improved soil productivity and grain yield of food
barley in the study area. As increasing the application of
blended NPSB fertilizers, highest yield and yield
components of food barley like plant height, spike length,
number of tillers per square meter and number of kernel
per spike were obtained from application of 200 NPSB kg
ha™' blended fertilizers. Several authors reported that
macro and micro nutrients (Nitrogen, Phosphorous, Sulfur
and Born) fertilizers application can increase plant height,
spike length, number of tillers and number of kernel with
increasing doses and combination. Blended fertilizer
supply had a marked effect on the aboveground biomass,
grain yield and straw yield

Recommendations: Application of 200 kg ha™' NPSB
fertilizer gave maximum grain yield (4.7 t ha™"), in the
central highlands of Ethiopia. Hence, farmers in highland
area of Ethiopia with the same agroecology and soil type
can be advised to use 200 kg ha™" NPSB fertilizer to
improve the production, productivity and quality of food
barley as compared to low and midlands of Ethiopia. As
my opinion, it is advisable to undertake further research
across soil types, season and locations to draw sound
recommendation on a wider scale and for longer duration
and variable cropping systems
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