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ABSTRACT
The present investigation was aimed at enhancing the quality and productivity of barley by the fertilizer and chito-
san application. The field experiments were conducted in the northern region of Jordan, under the rain fed condi-
tions in the main growing seasons of 2014/2015 and 2015/2016. The experiment was conducted in a well-designed 
split-plot having three replications and two fertilizer levels (0 and 100 kg·ha-1 DAP (Diammonium phosphate 46% 
P2O5). Chitosan, in three different concentrations (0, 5, and 10 g·L-1), was randomly applied to all fertilized plots 
as subplot treatments. The results revealed the highest seed dry weight (5.8 g per plant) in the plants treated with 
100 kg·ha-1 of DAP, while the lowest (5.2 g per plant) was recorded in the control which exhibited an increase 
of about 10%. However, other parameters, namely the number of grains, number of spikes, and number of grains 
were also found to be influenced by the chitosan treatment. Significant variation (P<0.01) were also high between 
the lines in the presence and absence of chitosan application. The highest number of grain yield, number of spikes, 
and grains/spike were found by the foliar treatment of 10 g·L-1 chitosan to barley plants at the tillering stage. Simi-
larly, the grain quality, particularly with respect to protein and starch, was found to be enhanced significantly over 
control. The highest protein (12.6%) and starch (62.3%) were obtained with 100 kg·ha-1 DAP fertilizer level mixed 
with 10 g·L-1 chitosan. Hence, based on results, it can be concluded that the fertilizer level 100 kg·ha-1 DAP com-
bined with 10 g·L-1 chitosan is economically best and recommendable for improving the quality and productivity 
of barley in the northern region of Jordan.
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INTRODUCTION

Barley (Hordeum vulgare L.) is the fourth 
most popular crop around the globe in terms of 
cereal production, following maize, rice and 
wheat (Yangcheng et al., 2016). It is also utilized 
as feed, food and other malt-based food products 
(Al-Tawaha et al., 2002; Al-Tawaha and Turk, 
2002; Al-Tawaha et al., 2003). Barley is acknowl-
edged extensively as a part of a healthy diet, espe-
cially in some western nations (Baik and Ullrich, 
2008), because the grain contains a great amount 
of glucan content, whereas the starch stored in 
the endosperm ranges from 62 to 77% of whole 
grain dry weight (Asare et al., 2011). It is culti-
vated under the dry land conditions in northern 
Jordan, west Asia and Africa where inadequate 
rainfall limits the production (Tawaha, 2000). 
The barley production under the dry land condi-
tion is better than other cereal crops such as wheat 
and oats (Al-Tawaha and Al-Ghzawi, 2013; 
Al-Ajlouni et al., 2009).

In general, macronutrients play an essential 
role in different biochemical pathways in both 
plants and animals; therefore, they are required 
in considerable amount for their survival and 
growth. Furthermore, these are also found to 
boost the growth and yield of numerous crops 
(Morgan and Connolly, 2013) and also play a vi-
tal role in barley production. On the basis of their 
functions, macronutrients like N, P, and K, were 
categorized as primary macronutrients (García et 
al., 2003; Rowley et al., 2012). 

Nitrogen is an essential element for plants, 
as they require an adequate supply of this nutri-
ent for their growth. Moreover, it is also a cru-
cial part of the amount of chlorophyll pigments, 
which is required for the photosynthetic process 
(Nursu’aidah et al., 2014) and assists in pro-
moting the productivity of fruit and seeds along 
with the speedy plant growth as well as the pro-
ductivity of crops (Mengel and Kirkby, 1987; 
Marschner, 1999).

However, phosphorus performs an impor-
tant role in maintaining all the physiological 
and biochemical processes of plants (Lott et al., 
2000). The amount of phosphorus ranges from 
0.05% to 0.50% in total dry weight of any crop 
(Marschner, 1999), as an ingredient of DNA, 
RNA, and ATP (Brown and Weselby, 2010). It is 
recognized as an essential component required 
for the proper growth and development of plants. 
Although its quantity in the soil is generally low, 

it is extensively applied exogenously in the form 
of organic phosphate to enhance the crop produc-
tivity and yields (Huang et al., 2011). It is also 
an important constituent of various metabolic 
processes, such as photosynthesis, respiration, 
storage, energy transfer, cell division, cell expan-
sion and many more in plants. On the other hand, 
phosphorus is associated with the growth factor 
such as improved root growth, increased stem 
strength, improved flower formation and seed 
production, inducing early maturity, improved 
nitrogen fixation in legume, and increased resis-
tance to pests. Tawaha et al., (2000) recorded that 
nitrogen (N) and phosphorus (P) are regarded as 
the principal macronutrients which influence the 
level and quality of crop yields and can diminish 
the agricultural production considerably in most 
regions of the world.

Chitosan is a natural polysaccharide, derived 
from N-deacetylation of chitin, an important 
component of the crustacean shells (Orgaz et al., 
2011). Chitosan and its derivatives possess great 
potential for agricultural use and improving crop 
production because they are non-toxic, biode-
gradable, and environment-friendly (Chandrkra-
chang, 2002; Sarathachandra et al., 2004). Many 
studies showed that chitosan is beneficial in pro-
tecting plants against the oxidative stress (Teran 
and Singh, 2002) and enhancing plant growth 
(Gornik et al., 2008) in different crops. For both 
LCOs and chitosan, it is thought that the plant 
adaptive response is owed to the perception by 
plants due to their constitution of chitin, which is 
also the main component of the cell wall in fungal 
pathogens (Al-Tawaha et al., 2005). 

Recently, there has been an increasing concern 
in using natural elicitors for promoting the plant 
growth, development, productivity and its overall 
improvement (Patkowska et al., 2006; Sereih et 
al., 2007; Gornik et al., 2008). Al Tawaha et al., 
(2006) stated that elicitors have been used to en-
hance the amount of essential phytochemicals in 
different plants species and to enhance the plants 
resistance to numerous diseases (Kim, 2005). Ac-
cording to Al-Tawaha et al., (2005), the soybean 
responses to elicitors while observing the effects 
when plants distinguished particular biochemical 
molecules or structural components that represent 
a foreign pathogen. This leads to the conclusion 
or the increase of the phenyl-propanoid pathway, 
following an enhanced isoflavones production. 

As reported by Abera et al., (2011) generally, 
the productivity of barley is low especially due 
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to the conventional methods of crop production 
and poor soil fertility. Nitrogen is regarded as the 
most important factor in the production of cereals. 
Barley crop responds significantly to the chang-
ing nitrogen levels. Still, there has been limited 
field investigation available on the scheduling of 
N fertilizer and chitosan which influences both 
the grain yield and grain quality. 

Furthermore, the timing of their treatment has 
a considerable effect on the yield and quality of 
the crop. Following these views, a field experi-
ment was conducted to determine the impact of 
varying levels of DAP and chitosan and their 
scheduling on barley under different growing 
seasons under the semi-arid condition in northern 
region of Jordan. 

MATERIALS AND METHODS

The experimental trials were conducted in the 
northern part of Jordan, under the rainfed condi-
tions during 2014/2015 and 2015/2016 growing 
seasons. The experiment field is located in the Ir-
bid governorate at 32°33´ N latitude, 35° 51´ E 
longitude and 589 m above sea level (Al-Ghzawi 
et al., 2018). The location of the experiment was 
characterized by the Mediterranean characteris-
tics, in which the winter is mildly rainy, whereas 
the summer is hot and dry. 

The soil chemical and physical properties 
for the experimental site at North part of Jordan 
are presented in Table 1. In the present study, a 
random design with split plot was used with 3 
replications each. Th fertilizer applications (0 
and 100 kg ha-1 DAP (Diammonium phosphate 
46% P2O5) were randomly allocated to the ma-
jor plots in each replicate. The chitosan doses (0, 
5, and 10 g L-1 chitosan) were also given to each 
fertilizer plot, preparing the sub-plot treatments. 
Chitosan was made from crab shells (Sigma-Al-
drich, Mississauga, ON) applying the method ear-
lier affirmed by Tawaha et al., (2005). The sowing 
of seeds was done by hand at a spreading rate of 
100 kg ha-1 on 15th and 19th November during 
2014/2015 and 2015/2016 growing seasons, re-
spectively. The variables that were practiced 
for the experiment included grain yield, spikes 
number of per plant, grains number per spike, 
length of spike and plant height. At maturity, the 
plants were harvested on 5th and 10th June of 
2014/2015 and 2015/2016 growing seasons, re-
spectively. In each of the three central rows, the 

plants in a 1-m2quadrate were clipped at 10 cm 
above the earth surface. The starch content of the 
grains was measured following the method de-
scribed by He (1985). The protein content of the 
samples was determined by the micro-Kjeldahl 
distillation method of AACC (2000). The ex-
periment involved the use of MSTAT-C software 
(Michigan) which was employed for all analyses. 
Each piece for this experiment was analyzed in a 
randomized total block pattern (RCBD) with the 
split-plot design (Steel and Torrie, 1980).

RESULTS AND DISCUSSIONS

The effect of chitosan, DAP (diammonium 
phosphate 18% N and 46% P2O5) applications on 
barley yield as well as yield and quality related 
traits were studied at the northern part of Jordan 
during 2014/2015 and 2015/2016 seasons. The 
impact of the two agents was investigated on vari-
ous yield parameters such as the number of spikes 
per plant, number of grains per spike, grain yield 
and thousand-grain weight as well as on protein 
and starch contents. The data were collected for 
all the above-mentioned characters and subjected 
to a statistical analysis of variance to identify the 
significant differences among the applications 
(i.e., fertilizer-chitosan treatments). The main 
outcomes were evaluated in the absence of signif-
icant interplays between treatments. The analyses 
of variances for yield and yield components are 
summed in table 2. The data shown resulted from 
the F-tests performed to examine major and in-
teractive effects. Additionally, the effects of two 
agents on the protein and starch contents were 
estimated during the two growing seasons and 
shown in table 3. The total annual precipitation 
during the 2014/2015 growing season was higher 
(494 mm) than that during 2015/2016, amounting 
to 386 mm. Moreover, the rainfall during the fol-
lowing growing season was lower in comparison 
to the first growing season and this drop resulted 
in the lower grain yield.

Effects of DAP (Diammonium phosphate 
46% P2O5) on yield components, grain yield 
and phenological traits

The seed yield of barley is influenced by 
many yield components such as spike length, 
spike width, number of grains per spike, number 
of spikes per plants. The highest seed dry weight 
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5.8 g per plant was observed in the plots on which 
100 kg ha-1 of DAP was applied, while the low-
est 5.2 g per plant was seen in the control which 
showed an increase of about 10%. The studies 
conducted by various researchers (Nikus et al., 
2004) showed that the application of fertilizer 
significantly improves the growth and yield traits 
of various crops. Phosphorus is one of the most 
essential macro nutrients that significantly affects 
the growth and productivity of many crops (Turk 
and Tawaha, 2001; Tawaha and Turk, 2002a; Turk 
and Tawaha, 2002; Tawaha et al., 2003; Turk et 
al., 2003; Nikus et al., 2004; Tawaha and Turk, 
2004; Turk et al., 2004). The number of spikes per 
plant is one of the main features contributing to 
the seed yield. The spike numbers were affected 
with DAP application significantly, the highest 
spike number (2 spikes per plant) was observed in 
the plots with the treatment of 100 kg ha-1 of DAP 
while the lowest (1 spike per plant) was recorded 
in the control, which showed an increase of about 
50%. This finding agrees with the results of other 
studies, who found that the DAP fertilizer results 
in a higher spike number and it was significantly 
increased along with the rates of fertilizer (Tawa-
ha, 2000). The two traits such as number of grains 
per spike and 1000 grain weight can be regarded 
as the two important crop variables that affected 
the grain yield per plant. The number of grains 
per spike and 1000 grain weight were affected by 
fertilizer treatment (Table 1). Further, the highly 
significant differences (P<0.01) were observed 
among the treatments with and without the fertil-
izer application. The maximum number of spikes 
per plant and 1000 seed weight were shown in 
the barley plants applied with 100 kg ha-1 of DAP 
(Diammonium phosphate 46% P2O5). 

The application of DAP fertilizer (Diammo-
nium phosphate 46% P2O5) showed a significant 
effect on plant height, the maximum (tallest) 
plant with mean plant height 77 cm was obtained 
in the plots on which 100 kg ha-1 of DAP was ap-
plied, while the minimum (shortest) with 66 cm 
was recorded under the control which exhibited 
a rise of about 14%. This unusual raise in plant 
height with the increase in the DAP levels might 
be due to their synergistic effect of increased nu-
trient using capabilities. These outcomes are in 
good accordance with other investigations that 
revealed highly significant differences in plant 
height of barley subjected to high amounts of fer-
tilizers compared with zero application (Tawaha 
et al., 2000). On the basis of these results, it can 

be concluded that the plant height is an important 
parameter of yield in barley as the taller plant usu-
ally bears more spikes and contributes enhanced 
yield (Tawaha et al., 2002). The spike length was 
affected with fertilizer significantly, the highest 
mean spike length (7.0 cm) was shown in the 
plots treated with 100 kg ha-1 of DAP, while the 
lowest (6.0 cm) was recorded in the control which 
showed an increase of about 14%. On the other 
hand, days to heading were not affected by fertil-
izer treatment and there were no significant dif-
ferences (P<0.01) among the plants applied with 
and without fertilizer.

Effects of chitosan on yield components, 
grain yield and phonological traits

Chitosan was found to affect the grain yield 
per plant (Table 2). There were also highly signif-
icant differences (P<0.01) among the treatments 
with and without chitosan. The maximum grain 
yield per plant was achieved in the foliar applica-
tion with 10 gL-1 chitosan at the tillering stage. 
Chamnanmanoontham et al. (2015) observed 
an increased growth of rice seedlings with chi-
tosan application by the gene expression system 
among the nucleus and chloroplast. Chitosan can 
improve the plant growth through their influence 
in thejasmonic acid pathway (Doares et al.,1995). 
As recorded by Sembdner and Parthier (1993), 
jasmonic acid regulates the water use by plants 
and causes the closing of the plant’s stomata and 
decreased transpiration. On the other hand, Bit-
telli et al. (2001) affirmed the decreased transpi-
ration and lowered the water usage by 26–43% 
in pepper plants following the foliar application 
of chitosan. Similar effects were also observed by 
Mondal et al. (2016) who recorded enhanced mor-
pho-physiological traits and yield after the foliar 
treatment of chitosan at early stages in summer 

Table 1. Chemical and physical properties of soil in 
the experimental sites at Northern part of Jordan

Chemical and physical properties North Jordan
P% 1.18
K% 1.80

CaCO3% 1.70
N% 0.1
PH 7.0

E.C (ds/m) 0.45
Clay 54.2
Silt 33.8

Sand 12.00
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tomato (Solanum lycopersicum). Furthermore, 
Mondal et al. (2016) described that the foliar 
treatment with chitosan increases almost all of the 
morphological (plant height, number of leaves per 
plant), growth (total dry mass per plant, absolute 
and relative growth rate), biochemical (nitrate re-
ductase and photosynthesis) and yield attributes 
(number of fruits per plant and fruit size) in Okra. 
In our study, the chitosan treatment significantly 
affected the number of spikes per plant (Table 3). 
The differences among the treatments with and 
without chitosan were shown to be highly signifi-
cant (P<0.01). The maximum number of spikes 
per plant was reported with 10g/ chitosan as the 
foliar application at the tillering stage of the plant. 
Farouk et al. (2008) reported that chitosan pro-
vides top outcome in foliar application, such as 
greater vegetative growth and enhancement in the 
fruit quality. The number of grains per spike can 
be considered as one of the important crop vari-
ables that affected the grain yield/plant.

The number of grains per spike was also 
affected significantly (P<0.01) by the chitosan 
application (Table 2). The maximum number 
of grains per spike was obtained with the foliar 
application of 10 g L-1 chitosan at the tillering 
stage. These outcomes are in agreement with the 
other studies which showed that the chitosan use 
significantly improved the number of grain per 
spike and grain yield as compared to that in con-
trol (Behboudi et al., 2018). On the other hand, 
1000 grain weight (g) was also influenced by the 
chitosan application (Table 2). Further, the dif-
ferences were highly significant (P<0.01) among 
the treatments with and without chitosan. Ad-
ditionally, the maximum 1000-grain weight (g) 

were recorded when the plant was subjected to 
the foliar application of 10 g L-1 chitosan at the 
tillering stage. The number of grains per spike 
was also affected significantly (P<0.01) by the 
chitosan application (Table 2). The maximum 
number of grains per spike was collected with 
the foliar application of 10 gL-1 chitosan at the 
tillering stage. These results are in accordance 
with other investigations, which  revealed that 
the chitosan treatment significantly enhanced the 
number of grains per spike and grain yield to that 
in control (Behboudi et al., 2018). On the other 
hand, 1000 grain weight (g) was also affected 
by the chitosan application (Table 2). Further, 
the differences were highly significant (P<0.01) 
among the treatments with and without chitosan. 
Moreover, the maximum 1000-grain weight (g) 
were recorded when the plant was subjected to 
foliar application of 10gL-1 chitosan at the til-
lering stage. Behboudi et al. (2018) observed 
the maximum 1000-grain weight with the foliar 
treatment of chitosan in the well-watered plant 
also they noticed that the chitosan application 
in soil considerably improved the 1000-grain 
weight in plants under water stress than that 
of control. Dzung et al. (2017) observed the 
enhanced growth and fruit yield following the 
foliar application of oligochitosan in Capsicum 
frutescens L. Rahman et al. (2018) concluded in 
his study that foliar treatments of chitosan sig-
nificantly enhanced the plant growth and fruit 
yield (up to 42% more) to that of the untreated 
control in the strawberry plants. Improved fruit 
yield was due to the increased plant growth, par-
ticularly the fruit weight and total fruit weight 
per plant, because of the chitosan application.

Table 2. Yield and yield component of barley plants as affected by the fertilizer and chitosan application

Growing seasons Grain yield per plant
(g)

Number of spikes per 
plant

Number of grains per 
spike 1000 grain weight (g)

2014/15 6.00 2.0 28.3 52
2015/16 5.00 1.0 22.3 45
LSD (0.05) 0.6 0.7 1.5 2.3
Fertilizer application
0 5.2 1.0 23.3 46
100 kg ha-1  DAP 5.8 2.0 27.3 51
LSD (0.05) 0.5 1.0 6.0 7.0
Chitosan treatment
Control 5.3 1.5 24.0 46
5 g L-1  chitosan 5.5 1.5 25.5 49
10 g L-1  chitosan 5.7 2.0 26.5 51
LSD (0.05) 0.3 0.6 0.6 4.0
Fert X Chit NS NS NS NS
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However, the spike length was also found af-
fected significantly (P<0.01) by the application 
of chitosan (Table 3). The maximum spike length 
(cm) was recorded when the plants were subject-
ed to the foliar application of 10 gL-1 chitosan at 
the tillering stage. The plant height influenced the 
chitosan treatment, which was shown in Table 3. 
The highly significant differences (P<0.01) were 
also recorded among the treatments with and with-
out chitosan application. The maximum (highest) 
plant height was noted with 10 g L-1 chitosan as a 
foliar treatment at the tillering stage. Abdel-Maw-
goud, (2010) reported the enhanced plant height, 
the number of leaves and the yield in strawberry 
plants by the foliar application of chitosan. Fur-
thermore, days to heading was not changed by the 
chitosan use and also no significant differences 
(P<0.01) were seen among the plants treated with 
and without chitosan (Table 3).

Effects of DAP and chitosan on protein and 
starch content

The effect of the varying chitosan concen-
tration, with and without 100 DAP level, on the 
protein and starch content was significant. Appar-
ently, the protein and starch content continuously 
increased along with the level of chitosan and the 
combination of 100 kg ha-1 DAP and 10 g L-1. Chi-
tosan was found the most effective in the accumu-
lation of both nutrients in comparison to chitosan 
alone. The highest protein (12.6%) was accumu-
lated during the growing season 2014/2015 while 
the highest starch content (62.3%) was noted at 
100 kg ha-1 DAP with 10 g L-1 chitosan applica-
tion during another growing season (2015/2016) 
(Table 4). The impacts of the fertilizer treatment 
on the protein content plus quality have also been 
hugely investigated in barley (Selke, 1940; Mi-
chael, 1963; Zoschke, 1973). Additionally, Losak 
et al. (2010) again recorded that the treatment 
with a high amount of N showed a remarkable re-
sult on the maximum accumulation of several es-
sential and non-essential amino acids. As reported 
by Song et al. (2012), different levels of nitrogen 
can control the accumulation of storage protein 
and amylase content in rice and increased along 
with the N supply, resulting in the improved qual-
ity of rice grains. Ozturk et al. (2010), observed 
the increased protein content with higher nitrogen 
treatment in potato tuber.

CONCLUSION

The present study demonstrated that the DAP 
fertilizer and chitosan treatment influenced the 
yield and nutrient composition of barley in vari-
ous proportions. The use of 100 kg·ha-1 DAP 
mixed with foliar treatment of 10 g·L-1 chitosan 

Table 3. Phenological traits of barley plants as 
affected by the fertilizer and chitosan application

Growing 
seasons

Spike 
length (cm)

Plant height 
(cm)

Days to 
heading

2014/15 7 80.0 91

2015/16 6 63.3 84

LSD (0.05) 0.5 1.5 4.0
Fertilizer 
application
0 6.0 66.3 90.0

100 kg ha-1  DAP 7.0 77.0 85.0

LSD (0.05) 0.5 1.7 NS
Chitosan 
treatment
Control 6.5 70.0 87.5

5g L-1  chitosan 6.5 71.0 87.5

10 g L-1  chitosan 6.5 74.0 87.5

LSD (0.05) NS 1.2 NS

Fert X Chit NS NS NS

Table 4. Accumulation of protein and starch content (%) by the fertilizer and chitosan application

Fertilizer application Chitosan 
treatments

Growing seasons
2014/15

Growing seasons
2015/16

Protein content (%) Starch content (%) Protein content (%) Starch content (%)

0 kg

0 11.0 60.0 10.8 60.4

5 gL-1 chitosan 11.2 60.1 10.9 60.5

10 gL-1  chitosan 11.5 60.4 11.0 60.6

100 kg ha-1  DAP

Chitosan 
treatment 0 12.4 60.4 11.4 60.7

5 gL-1  chitosan 12.5 62.0 12.0 62.3

10 gL-1  chitosan 12.6 62.1 12.1 62.3

LSD 0.7 0.6 0.8 0.5
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on barley that were grown under the semi-arid 
condition resulted in the highest grain yield, yield 
component and phenological traits during both 
growing seasons. Additionally, the protein and 
starch content were elevated by the same treat-
ment level of DAP and chitosan when plants were 
faced the water stress condition. 
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