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Abstract

This study investigates the effects of different tillage methods and urea fertilizer with nitrapyrin for increasing nitrogen efficiency on
quantitative and qualitative traits of barley varieties in a factorial split randomized complete block design with three replications during two
crop years 2016-2017 at the Research Field of Nuclear Science and Technology Research Institute, Iran Atomic Energy Organization
(Zafaranieh Farm in Karaj). Experimental treatments included tillage system at two levels (conventional tillage and minimum tillage only by
disk), nitrogen fertilizer at three levels (no fertilizer or control, urea fertilizer (150 kg/ha), urea fertilizer (150 kg/ha) with nitrapyrin, and two
barley varieties (Walfajer cultivar and mutant Roodasht). Tillage factor was placed in a main plot and urea fertilizer and barley varieties were
factorialized in sub-plots. Results showed that tillage factor had significant effects on grain fiber and starch contents, grain protein, grain
protein yield, chlorophyll content, and leaf phosphate. Grain fiber content, grain protein yield, nitrate reductase (NR), and grain nitrogen were
affected significantly by triple interaction of tillage, nitrogen, and variety. Grain physiological, morphological, and chemical components
decreased under conventional tillage conditions, while an increase occurred in the plant height only. Improved soil fertility with increased
moisture and organic matter content at minimum tillage led to enhancements in plant physiological and morphological traits. The application
of nitrification inhibitor with urea fertilizer increased NR efficiency and nitrogen uptake efficiency in the plant. However, NR, plant and grain
nitrogen contents, efficiency, and harvest index were lowermost in the absence of nitrification inhibitor (nitrapyrin).
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Barley, Hordeum vulgare, has a history equivalent to
INTRODUCTION agriculture, dating back to 5,000-7,000 BC or more. Barley is
the most extensively adapted plant among seed plants and is
more tolerant to drought stress and soil salinity and alkalinity
than other cereals. It is more adaptable to adverse climatic
conditions than wheat and grows in all temperate and in many
cold regions. Barley can be replaced in rainfed fields where
soil moisture and rainfall are insufficient for wheat growth.

Nearly 70 percent of the world population is concentrated in
developing countries, whereas there is an inverse rate for food
production. In advanced countries, food production and crop
yield per unit area are increasing rapidly by the application of
technology and new science and techniques, so that the
production level often exceeds domestic consumption.

Unfortunately, food shortages are expanding along with a ; ; ;
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population, there is a pressing need to greatly increase

agrlcultural and food pI‘OdUCtIOIl in the coming years 1n order This is an open-access article distributed under the terms of the Creative Commons

to meet the food requirements of human soeiety, According Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix,
. : . . . tweak, and build upon the work noncommercially, as long as the author is credited

to agrlcultural CXpCI’tS, Increasing food produptlon 18 the on!y and the new creations are licensed under the identical terms.

solution to the problem of hunger. In developing countries, in

particular, it is necessary to invest more in food production.
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Therefore, most of barley is produced in areas where adverse
weather conditions are not suitable for the production of other
cereals. In some developed countries, barley is used in
livestock diet due to its very high contents of protein, fat, and
minerals. Extensive ecological adaptability, multiple
usability in human and livestock nutrition, and production of
malt with optimum quality are major factors that have
resulted in the continuation of barley cultivation and
production in successive centuries !,

Barley is one of the most important and oldest cereals in the
country, cultivated at an area of 1.5 million hectares of
irrigated (40%) and rainfed (60%) fields. This plant is highly
adapted to most of rainfed fields located in cold and temperate
regions. Barley is cultivated in some arid zones where rainfall
is not sufficient for wheat production. Cultivation often
begins with barley on newly leveled fields or on those ready
for utilization after drainage. The plant is cultivated in both
northern and southern hemispheres so that it extends to
Norway up to 70° N in the northern hemisphere. It is highly
resistant to changes in altitude and cultivated up to 4700 m in
Tibet and 5000 m in India for crop production. However, as
a C3 plant in temperate regions, latitudes of 30° N and S are
the best range for its growth 2,

Among the three macronutrients (nitrogen, phosphorus, and
potassium), nitrogen is absorbed by the plant more than the
other two elements. It accounts for 2-5% of the plant dry
weight and is a primary constituent of many organic
compounds such as amino acids and nucleic acids. Different
amounts of nitrogen and its application were studied in
planting, tillering, and stem elongation or fragmentation at
growth stages. It was concluded that grain yield responded
positively and significantly to nitrogen consumed in planting
and tillering stages; however, grain yield was less responsive
to nitrogen application during stem elongation Bl An
experiment on fenugreek indicated that nitrogen fertilizer had
a significant effect on leaf carbohydrate content. Comparison
of mean values revealed that the highest mean amount of
carbohydrate (11.36 pg/g glucose WW) was obtained from
50 kg N ha'! treatment, which was higher than control
treatment without nitrogen fertilizer . Moreover, harvest
index was affected by nitrogen fertilizer and showed an
increase with rising nitrogen content. The lowest harvest
index was obtained from zero nitrogen level, which was
significantly different from that of 80 kg N ha™'. However,
spring nitrogen application reduced harvest index in rainfed
conditions at cold regions of Kurdistan province. This was
attributed to an increase in the ratio of straw to grain yield
with increasing vegetative growth by spring nitrogen
application !, In wheat plant, addition of an nitrification
inhibitor to nitrogen fertilizer elevated total nitrogen uptake
by 20% ©1.

Combined application of a nitrification inhibitor with
ammonium nitrate sulfate fertilizer resulted in significant
increases in wheat biological yield and grain yield compared

to inhibitor-free application of this fertilizer. This was
attributed to nitrate supply needed by the plant during early
planting, gradual oxidation of ammonium to nitrate during
planting, and supplying part of the plant required nitrogen in
the form of ammonium as a result of nitrate inhibitor
application !,

The use of different tillage systems was found to result in
changes in the soil structure by crushing aggregates,
structural or size changes of the pores, and the arrangement
of soil particles, all of which change other soil physical
properties 81, In a study on wheat, the highest (43.50 g) and
the lowest (41.77 g) 1000-grain weights were obtained in low
and conventional tillage systems, respectively .

The pressing need of food supply for growing population of
the country requires increasing agricultural productions as
much as possible. Therefore, application of a conservation
tillage system, selection of different barley varieties, and the
use of nitrification inhibitors (with a 50-year history
worldwide) have not been used in the agricultural production
of Iran. This research, therefore, investigated the effect of
using nitrapyrin (a nitrification inhibitor) on nitrogen use
efficiency (NUE), yield and yield components, protein
content, and some morphological and physiological traits of
barley.

MATERIALS AND METHODS

Barley seeds of Walfajr and Roodasht varieties irradiated
with gamma rays were used in this study. Roodasht variety is
obtained from two barley varieties, Walfajer and Zarjoo, and
accounts for the highest area of barley cultivation in cold and
temperate regions of the country. The advantages of this
variety include average growth period, resistant to logging
and grain loss, resistant to salinity, resistant to spike axis
fragility, moderately cold-resistant in non-stress conditions,
resistant to barley leaf diseases in saline conditions, and semi-
sensitive to barley leaf diseases (e.g. brown spots and
powdery mildew disease) in non-saline conditions. This
cultivar has the spring-fall growth type, with six-row spikes,
and salinity tolerance is one of its prominent traits.

Half of the field was plowed in October 2017 and 2018, and
then plowed twice by perpendicular discs to crush lumps and
unify the field soil, followed by leveling operations. The other
half of the filed was only plowed once by perpendicular discs
followed by leveling operations. The field was then furrowed
at a distance of 15 cm by a furrower. Total area of the
experimental field was 540 m? (18 x 30 m).

Soil samples were taken in a zigzag and randomized from at
a depth of 0-40 cm from different parts of the Zafaranieh
research field affiliated to Karaj Nuclear Agricultural
Research Center. The samples were then combined and sent
to the soil laboratory. The recorded results are presented in
Table 1.
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Table 1: Soil profile of Zafaranieh research field, Karaj, Iran

CCE OC TDS EC pH SP PWP FC Soil texture (%) Soil depth
) mg/L  Ms Clay  Silt  Sand cm
16:0 042 375 06 78 268 16:8 212 201 587 0-20
166 025 417 07 717 260 16:5 188 200 612 20 -40
CCE OC TDS EC H SP PWP FC Soil texture (%) - Soil depth
(%) mg/L  Ms P (%) Clay Silt Sand cm
160 042 375 06 78 268 168 212 201 587 0-20
166 025 417 07 77 260 165 188 200 612 20 -40

Characteristics and type of statistical design used
in field study

The present experiment was implemented as a split plot
factorial design based on a randomized complete block
design with three replications. The main factor in this study
was tillage system (T) in main plots and secondary factors of
nitrogen fertilizer (N) and barley varieties (V) were placed as
factorial in sub-plots. T, N, and V were evaluated at two,
three, and two levels, respectively.

Main factor

T at two levels

to: Conventional tillage (with disk)
ti: Minimum tillage (by disk)
Secondary factor

N at three levels

no: No use of urea fertilizer (zero)
n;: 150 kg/ha of urea fertilizer

ny: 150 kg/ha of urea fertilizer with an inhibitor (nitroperne)
V at two levels

Vo: Walfair Cv.

v1: Roodasht C.

The traditional irrigation method was used in this study. The
field was prepared to apply the main factor after determining
the field area to calculate a half for the tillage with disk
operation and the other half for disk only operation before
cultivation.

Data from the two crop years were collected, tested for
experimental error uniformity, and analyzed by combined
analysis of variance using the SAS statistical software. Mean
values were compared by Duncan’s test at 5% level using the
same software. Charts were drawn by the Excel software.

Measurement of physiological traits
Chlorophylls b, a, and a + b

Chl.a= (1225 X Ags3) — (2.79 x Aga7)
Chl.b = (21.5 x Aga7) — (51 X Age3)

Chl. a +b= (7.15 x Age3) — (18.71 x Aga7)

Measurement of biochemical traits
1) Grain fiber

2) Grain starch
3) Grain protein content
4) Calculation of grain protein yield per hectare

Grain protein yield per hectare was calculated by the
following formula.

Grain yield x protein (%)

5) Nitrate reductase (NR)
6) Grain N content
7) Plant N content

ResuLTs AND DiscussioN
Chlorophyll a (chl. a)

During minimum tillage, the leaves were fresher, retained
their green color, and increase chlorophyll a. On the other
hand, photosynthetic rate and chlorophyll synthesis decreased
in conventional tillage.

Nitrogen deficiency in plants causes premature aging of
plants, breakage of chloroplasts, hydrolysis of thylakoid
proteins, and decrease of chlorophyll a content. Chlorophyll
degradation can also be considered as a preliminary step in
protein degradation. Therefore, application of N fertilizer
increases nutrients and photosynthetic ability of the plant. It
also increases leaf number and area and number of stomata,
thereby increasing the amount of photosynthetic enzymes and
chlorophyll a in the plant, which is in agreement with those
of, for example, Mohammadzadeh et al. (2012) and El-Tayeb
(2006) [10- 111,

Chlorophyll content decreased under N deficiency due to
chloroplast degradation under these conditions and declined
pigment production. Freshness and bold color of the plant
leaves with an increase in N fertilizer result from the fact that
more supply of suitable nutrients enabled the plant to increase
pigment production and further facilitate the transfer of
photosynthates in the plant. Obviously, increased chlorophyll
synthesis and improved photosynthesis will provide
favorable conditions for achieving better performance.

[ 1004
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Chlorophyll b

In N deficient conditions, chlorophyll b decreases due to the
degradation of chloroplasts in these situations resulting in
decreased pigment synthesis. N deficiency at the post-
flowering period also causes rapid aging in many plant
species, the most noticeable sign of which is leaf yellowing
and reduced chlorophyll, which corresponds to those of, for
example, Mohammadzadeh et al. (2012) and El-Tayeb (2006)

[10, 11]

According to the present results, it can be concluded that
increasing N fertilizer led to increased chlorophyll b in
Rhoodasht V compared to the control in both conventional
and minimum T conditions, resulting from better nutrient
supply and more transfer of photosynthates in the plant.
Therefore, application of N fertilizer combined with
nitrapyrin in both conventional and minimum T conditions
increased soil nitrate uptake to the plant root and elevated
plant nitrogen content, thus affecting stomatal conductance

and transpiration, stimulating further photosynthesis, and
synthesizing more chlorophyll b.

Total chlorophyll

N deficiency in the plant causes reduced leaf area, early leaf
aging, reduced leaf number, declined chlorophyll content,
and most importantly, decreased photosynthetic rate during
the growth stage, which is in agreement with those of
Shokhmgar et al. (2013), El-Tayeb (2006), and others [ 11,
According to the results, it can be concluded that increasing
N fertilizer resulted in increased total chlorophyll in
Rhoodasht V in both conventional and minimum tillage
conditions compared to the control. This resulted from the use
of nitrapyrin inhibitor that increases the plant chlorophyll
content by providing nutrients, improving soil pH, and
increasing photosynthesis capacity. Therefore, it stores
materials, prevents nutrient leaching and loss, and raises
chlorophyll content in these conditions. N is an essential
element for chlorophyll formation and plays an important role
as an energy carrier during photosynthesis.
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Figure 1: Comparison of mean chlorophyll a contents in two tillage methods

chi. b (mg/g fw)

0 ==

Crop yess 20162017

Crog year 2017-2018

[ 147

149

| Cee—— 168

17

Figure 2: Comparison of mean chlorophyll b contents in two tillage methods
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Total Chl. (Mmg/g fw)
\

=
Crop year 20162017 Crop year 20172018
B common plaw 445 a5t
500 517

Minimum plow

Figure 3: Comparison of mean total chlorophyll in two tillage methods

Table 2: Two-year composite analysis of chlorophyll a, chlorophyll b, and total chlorophyll

Source of changes df Mean of squares
Chl. a Chl. b Total Chl.
Year (Y) 1 0.049"¢ 0.017™¢ 0.125™¢
Repeat (year) 4 0.028 0.010 0.026
Tillage (T) 1 3.108™ 0.864™ 7.2517
YxT 1 0.004 ™ 0.002™¢ 0.0004 ™
Main error 4 0.012 0.004 0.019
N fertilizer (N) 2 4.114™ 1.254™ 9.903™
Variety (V) 1 0.172" 0.227™ 0.795™
Y xN 2 0.002 " 0.001 ™ 0.006™¢
YxV 1 0.012 0.000001 "¢ 0.012™¢
TxN 2 0.143™ 0.030" 0.296™
TxV 1 0.008 ™ 0.015™¢ 0.047m™¢
VxN 2 0.025™ 0.009 ™ 0.062™¢
YxNxT 2 0.0007 ™ 0.0006"™¢ 0.00004 "¢
YxVxT 1 0.0008 ™* 0.00003 "¢ 0.001 ™
YxNxV 2 0.012 0.00001 ™ 0.012™¢
VxNxT 2 0.035™ 0.003 ™ 0.018™
YxNxTxV 2 0.005"™¢ 0.0003 ™ 0.007 "™
Sub error 40 0.026 0.009 0.026
Total 71 - - -
CV (%) 5.05 5.94 3.39

** and **: significant at the 5% and 1% probability levels, respectively.
n.s: non-significant difference

Table 3: Comparison of Triple Interaction of Tillage, Nitrogen and Barley Cultivars on Chlorophyll a,
Chlorophyll b and Total Chlorophyli

Total Chl. Total Chl. Chl. b Chl. b Chl. a Chl. a
(mg/g fw) (mg/g fw) (mg/g fw) (mg/g fw) (mg/g fw) (mg/g fw) v N fertilizer Tillage
2017-2018 2016-2017 2017-2018 2016-2017 2017-2018 2016-2017
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379h 373¢g 1.18 g 1.17 g 2.61f 2.56 f Vo NO TO
4.6le 4.56d 1.52 ef 1.51 ef 3.09 cd 3.05cd Vo N1
479e 4.69 cd 1.57 de 1.53 de 321c¢ 315¢ Vo N2
4.09¢g 4 fg 1.36f 1.35f 273 ef 2.65 ef Vi NO
474 ¢ 4.67 cd 1.62 cde 1.60 cde 3.12cd 3.07 cd V1 N1
5.20d 5.04 be 1.71 bed 1.69 bed 3.48b 3.34 bc V1 N2
420 ¢ 4.11ef 1.39f 1.36f 28le 2.75 def Vo NO T1
535cd 529b 1.78 bc 1.75 be 3.57b 3.54 ab N4 N1
5.66 b 5.67a 1.88 ab 1.82 ab 378 a 385a Vo N2
445¢f 4.39 de 1.46 ef 1.43 ef 2.98d 2.95 cde \%! NO
S54lc 5.37 ab 1.81b 1.80 ab 3.59b 3.57 ab Vi N1
594 a 5.69a 2.03a 194 a 391a 375a V1 N2

Numbers with at least one common letter in each column have no significant difference based on Duncan's test at 5% level.

Grain fiber content

ANOVA results showed that simple tillage effect on grain
fiber was significant at 1% Duncan level. Also, minimum
tillage treatment increased grain fiber by 11.21% and 8.62%
in 2017 and 2018, respectively. Interaction of three factors (T
x N x V) on grain fiber was also significant at 1% level.
Comparison of means revealed the highest grain fiber content
(2.85% and 2.92% in 2017 and 2018, respectively) was
observed for Roodasht V in treatments with minimum tillage
and urea fertilizer plus nitrapyrin. In minimum tillage
conditions, therefore, grain fiber in TIN2V1 increased 41.8%
and 39.71% in 2017 and 2018, respectively, compared to
control (TINOVO). Thus, N fertilizer can increase grain fiber
content by providing nutrients for plant and transferring
material to grains in minimum tillage condition.

Grain starch content

ANOVA showed significant simple effect of tillage on grain
starch at 1% Duncan level. According to Duncan’s test at 5%
level, the highest mean grain starch content (68.11%)
belonged to minimum tillage in 2017 and no significant
differences were observed between the two tillage treatments
in 2018, hence, the two levels were assigned to a single
statistical group.

The interaction of three factors (T x N x V) was not
significant on the grain starch. Comparison of means also
indicated that the highest mean grain starch content (67.56%
and 68% in 2017 and 2018, respectively) was observed for
Roodasht V in treatments with conventional tillage and urea
fertilizer plus nitrapyrin.

Grain protein content
As shown by ANOVA results, simple effect of tillage on seed
protein was significant at 1% Duncan level. Since soil

absorbs more moisture and organic matter and provides to the
plant in minimum tillage condition, grain protein content will
increase due to increased transfer of photosynthates to the
grain.

The simple effect of N fertilizer on grain protein was
significant at 1% level. The grain filling period increases as a
result of N fertilizer application, and grain protein content
also rises because of increased production and transfer of
photosynthates to grains. Barley can absorb nitrogen and
synthesize protein until its late growth period. For this reason,
the NR enzyme, responsible for reduction of nitrate absorbed
by the plant and incorporation into protein production during
wheat aging, is abundantly present in the plant, which is in
line with the results of Moraghebi et al. (2011) [121,

With an increase in the amount of consumed nitrogen, grain
N content and consequently protein content increased in late
stages of the plant growth using the residual nitrogen in the
soil and plant tissues. This is because NR enzyme
(responsible for reduction of nitrate absorbed by the plant and
its incorporation into protein production) is abundantly
present at the time of plant aging.

In both conventional and minimum tillage conditions, the use
of urea fertilizer plus nitrapyrin increased nutrient availability
and elevated protein synthesis in Roodasht V by increasing
cell polysomes. Also, grain soluble protein content decreased
without the use of N fertilizer due to the lack of nutrients in
the plant, which reduced the protein content of grains.
Accordingly, the use of urea fertilizer plus nitrapyrin
improves the photosynthesis and total dry weight of the plant,
thereby increasing the grain protein content with rising plant
dry weight.
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Grain protein yield per hectare

Results of ANOVA showed that simple effect of tillage on
grain protein yield was significant at 1% Duncan level.
According to mean comparisons with Duncan's test at 5%
level, minimum tillage treatment led to increased grain
protein yield by 31.52% and 33.72% in 2017 and 2018,
respectively. The simple effect of N fertilizer on grain protein
yield was significant at 1% level. In fact, N fertilizer
deficiency at vegetative growth stage decreases plant yield
due to decreased leaf area and low dry matter content

produced at this stage. Low leaf area index at the early
flowering and grain filling stages decreases the rate of current
photosynthesis, which forms a major part of grain yield, and
ultimately reduces grain yield. Consequently, a reduction in
grain protein yield should be expected with the declined grain
yield under these conditions compared to those of N fertilizer
application. These results show that grain protein yield
increased significantly with the remarkable rises of grain
yield and protein content by the application of urea fertilizer
plus nitrapyrin. Increased grain protein yield to some extent
was reported by some researchers [,
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Figure 4: Comparison of average grain fiber contents at different levels of N fertilizer
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Protein content (%)
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Figure 6: Comparison of average grain protein contents at different levels of N fertilizer

a)

Protein yield (|
g

=}
=3
c

°
8

E

g

g

Y
8

g

200

100

o}

o

Crop year 2016-2017

Crop year 2017-2018

’E Without Urea fertilizer 424.78 451.43
" urea fertilizer 649.29 678.83
[m i 76416 816.44

Urea fertilizer Nitrapyrin

Figure 7: Comparison of mean grain protein yield at different levels of N fertilizer

Table 4: Two-year composite analysis of grain fiber, starch, and protein contents and protein yield per hectare

Source of changes df Mean of squares
Grain fiber (%) Grain starch (%) Grain protein (%) Grain protein yield/ha
Year (Y) 1 0.076™* 2.606™* 2.860" 24331.812™
Repeat (year) 4 0.012 4.019 0.436 1360.713
Tillage (T) 1 0.968" 174.533" 44,730 568492.514"
YxT 1 0.010™* 0.061 ™ 0.175™ 2109.143"*
Main error 4 0.018 4.384 0.111 630.892
N fertilizer (N) 2 2.092™ 323.315™ 65.886" 767846.306™
Variety (V) 1 0.255™ 58.500™ 4.575™ 49789.583™
Y xN 2 0.003™* 1.705"* 0.217™ 1379.963"*
YxV 1 0.0008 ™* 0911 0.025™ 291.974"
TxN 2 0.109™ 4,753 3.092™ 32043.470™
TxV 1 0.022"¢ 15.773 " 0.042 1073.621"*
VxN 2 0.007"* 0.094 " 0.221™ 2164.508"*
YxNxT 2 0.001™* 0.480™* 0.222"* 1161.863"*
YxVxT 1 0.002™* 0.823"¢ 0.120™* 16.695™*
YxNxV 2 0.007™* 0.092"* 0.096™* 680.066 "*
VxNxT 2 0.053™ 3.155m 0.120™* 9164.513™
YxNxTxV 2 0.002"* 0.364 " 0.005™* 113.554 "
Sub error 40 0.007 3.990 0.283 1060.424
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Total

71

CV (%)

3.68

2.99

4.52

5.15

** and **: significant at the 5% and 1% probability levels, respectively.

Table 5: Comparison of triple interaction between tillage (T), N fertilizer, and barley varieties (V) on grain fiber,
starch, and protein contents and protein yield per hectare

. - ) - Grain Grain . Grain Qrain Qrain
Grain protein yield Grain protein yield . . Grain starch starch fiber fiber
(kg/ha) (kg/ha) prt()gzln prt();?m ) ) ) (/)  V Nfertilizer Tillage
2017-2018 2016-2017 2017-2018 2016-2017 2017-2018 22(())1167— 22%1178— 22%1167—
366.02 i 33471 946 ¢ 9.26 1 60.86 f 60.70 i 2.05f 1.84h VO NO TO
555.75 ef 549.79 g 11ef 10.76 fg 66.26 cde 65.66 efg 2.28¢e 2.19fg VO N1
684.22 d 628.69 ef 12.30d 11.70 de 67.70 bed 67.53 cde 2.53 cd 2.50cde VO N2
437.36 h 405.20 i 10.03 fg 9.70 hi 62.33 ef 62.40 hi 2.13 ef 207g V1 NO
603.29 ¢ 591.90 fg 1130 e 11.20 ef 67.13 bed 66.50 def 242d 235ef VI N1
684.98 d 665.68 de 12.66 cd 12.33 cd 68 bed 67.56 cde 2.50d 242de V1 N2
479.27 gh 467.08 h 10.06 fg 10.23 gh 61.93 ef 63.26 gh 2.09 f 202g VO NO Tl
769.53 ¢ 714.24 cd 13.16 cd 12.53 cd 68.96 bed 68.30bcd 2.58becd  2.55bcd VO N1
896.76 b 812.27b 14.16 ab 13.50 b 70 abc 69.33 be 2.67 bc 2.65bc VO N2
523.09 fg 492.12h 10.76 ef 10.40 fgh 64.93 def 64.56 fgh 2.17 ef 212 ¢ V1 NO
786.74 ¢ 741.63 ¢ 13.60 be 12.70 bc 71.76 ab 70.43 b 2.73b 271ab VI N1
999.81 a 949.98 a 15.05 a 14.46 a 73.73 a 72.80 a 292 a 285a VI N2

Values with at least one similar letter in each column have no significant difference based on Duncan's test at 5% level.

Nitrate reductase (NR)

Interaction of three factors (T x N x V) was significant on NR
at 1% level. Comparison of means showed that the highest
average NR (12.19 and 12.48 mmol/g WW in 2017 and 2018,
respectively) belonged to Roodasht V in treatments with
conventional tillage and urea fertilizer plus nitrapyrine.
Therefore, average NR increased in TON2V1 treatment by
71.93% and 58.17% in 2017 and 2018, respectively,
compared to control treatment (TONOVO0) under conventional
tillage conditions.

The highest average NR (17.27 and 18.13 mmol/g WW in
2017 and 2018, respectively) was recorded for Roodasht V in
treatments with minimum tillage and urea fertilizer plus
nitrapyrine. Therefore, average NR increased in TON2V1
treatment by 63.69% and 68.02% in 2017 and 2018,
respectively, compared to control treatment (TONOVO0) under
minimum tillage conditions.

Grain N content

Preferred ammonium uptake versus nitrate, increased
ammonium retention in soils treated with nitrate inhibitors,
synergism between ammonium and nitrate, and increased N
uptake rate were some of the reasons that increased grain N

uptake in the present study, which is in agreement with those
of Kiani (2012) and Fangueiro et al. (2009) !> 14,

Interaction of three factors (T x N x V) was significant on
grain N content at 1% level. Comparison of means indicated
that the highest average grain N levels (119.56 and 121.73
mg/kg in 2017 and 2018, respectively) belonged to Roodasht
V in treatments with conventional tillage and urea fertilizer
plus nitrapyrin. Therefore, average grain N contents increased
in TON2V1 treatment by 43.01% and 43.16% in 2017 and
2018, respectively, compared to control treatment (TONOVO)
under conventional tillage conditions.

According to the results, both conventional and minimum
tillage with the application of nitrification inhibitor increased
grain N levels in Rhoodasht V compared to the control. This
results from reduced N loss through denitrification and
consequently improved N supply to grains, an increase in the
grain nitrogen availability over a longer period due to
relatively higher amounts of soil ammonium, and root
ammonium nutrition.

Plant N content
High levels of organic matter and nutrients in the soils of
minimum tillage treatment led to a significant response to the
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plant N content. Barley N contents increased in N, and N3
fertilizer treatments by 14.95% and 18.59% in 2017, and by
14.08% and 18.77% in 2018, respectively, compared to N1.
This can be attributed to a decline in nitrification rate and
prolongation of N usability in the soil as a result of using the
nitrification inhibitor, which corresponds to that of Kiani
(2012) 131,

Interaction of three factors (T x N x V) was not significant on
the plant N content. Comparison of means revealed that the
highest average plant N levels belonged to Roodasht V

(361.46 mg/kg) in 2017 and Walfajr (373.26 mg/kg) in 2018
within treatments with conventional tillage and urea fertilizer
plus nitrapyrin. Therefore, it can be concluded that average
plant N content increased in Roodasht V compared to control
treatment under both conventional and minimum tillage
conditions. This resulted from the use of nitrapyrin, which
reduced the energy for absorption and synthesis by the use of
ammonium compared to nitrate. Additionally, nitrapyrin
acidifies the root environment and facilitates nitrate uptake
through simultaneous transfer of proton/nitrate, eventually
improving plant yield by increasing nitrogen uptake in the
plant.
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Figure 8: Comparison of mean nitrate reductase (NR) in two barley cultivars
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Figure 9: Comparison of mean grain nitrogen in two barley cultivars
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Figure 10: Comparison of average plant nitrogen in two barley cultivars

Table 6: Two-year composite analysis of nitrate reductase (NR), grain nitrogen, and plant nitrogen

Source of changes df Mean of squares
NR Grain N Plant N
Year (Y) 1 3.822" 379.960" 767.666"
Repeat (year) 4 0.391 18.307 8.983
Tillage (T) 1 157.679" 11120.375™ 10860.923"
YxT 1 0.001™s 97.068 ™ 14.133s
Main error 4 0.173 18.629 55.057
N fertilizer (N) 2 153.113" 12086.587"" 23832.915™
Variety (V) 1 12.013™ 928.805™ 1094.340™
Y xN 2 0.296 " 27.107" 20.167™
Y xV 1 02927 1.0277s 0.1337
TxN 2 11.065™ 1209.113" 209.893 "
TxV 1 0.005™s 0.375m 21.233ms
VxN 2 2517 18.465 1344330
YxNxT 2 0.621"s 7.722m8 49.540"s
YxVxT 1 0.075"s 8.000 ™ 7.933ms
Y xNxV 2 0.315ms 278" 15.853s
VxNxT 2 3.636” 206.929" 92.223 1
YxNxTxV 2 0.160™s 1.4027s 5.0150s
Sub error 40 0.253 19.736 68.736
Total 71 - - B
CV (%) 4.16 3.72 232

** and **: significant at 5% and 1% probability levels, respectively.
n.s.: non-significant difference

Table 7: Comparison of triple interaction of tillage (T), nitrogen (N) fertilizer, and barley varieties (V) on nitrate
reductase (NR), grain nitrogen, and plant nitrogen

Plant N Plant N

Grain N Grain N NR NR
(Tgka) P (mg/kg) (mgkg)  (Mmoligw)  (Mmolgiw) v . N Tilage
VA S 20172018 20162017  2017-2018 2016-2017
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309.53 h 30423 f 85.03 i 83.60 f
34983 ¢ 343.40d 109 ef 103.56
37326 cd 360.50 ¢ 120.66 d 1184

319.20 gh 316.23 ef 96.13h 95.13 ¢
366.66 d 35933 ¢ 115.23 de 11430 d
371.16d 361.46 ¢ 12173 d 119.56 d
332.03 fg 2113 98.03 gh 95.16 ¢
37733 cd 377.70b 14320 ¢ 133.53 ¢
395.56 ab 390.90 ab 152.56 b 145.63 b
337.50 ef 330.50 de 103.56 fg 99.60 ¢
387.26 be 381.90 ab 14523 ¢ 135.16 ¢
402.03 a 395.73 a 168.26 a 160.26 a

7891 7.091 VO NO TO
11.28 ef 11.16 ef Vo N1
12.09 de 11.80 de 0 N2

9.62h 8.95h Vi NO
11.75 de 11.32 def V1 N1

12.48 d 12.19d \%! N2
10.79 fg 10.55 fg VO NO Tl
1359 ¢ 14.02 ¢ VO N1

16.13b 15b 0 N2
10.15 gh 10.07 g V1 NO

14.03 ¢ 1322¢ \31 N1

18.13a 17.27a V1 N2

Values with at least one similar letter in each column have no significant difference based on Duncan's test at 5% level.

DiscussioN AND CONCLUSION

Barley is one of the most adaptable cereals produced in
favorable weather conditions in fertile soils with high water
retention and a pH of 7-8. The plant is more resistant to
drought than wheat hence it can produce the highest yield in
a climate where water restricts cereal production. The water
use efficiency (WUE) in barley is higher than that of wheat
under drought stress. In addition, WUE is higher in varieties
with rootlet than rootlet-free ones. Barley is sensitive to flood
conditions. The grain filling pattern of barley is similar to that
of wheat. Current photosynthesis supplies a large portion of
the carbohydrate needed for grain filling. Spike
photosynthesis provides 30-43% of final grain weight !5,

This study was conducted to investigate the effect of two
tillage levels and urea fertilizer with nitrapyrin (a nitrification
inhibitor) for increasing NUE on quantitative and qualitative
traits of barley varieties.

In both conventional and minimum tillage, the use of urea
fertilizer plus nitrapyrin conditions increased nutrient
availability and elevate protein synthesis in Roodasht V by
increasing cell polysomes. Also, the grain soluble protein
content decreased in the absence of N fertilizer due to the lack
of nutrients in the plant, leading to declined protein content
of the grains. As a result, the use of urea fertilizer with
nitrapyrin improved both the photosynthesis and total dry
weight of the plant, along with elevated grain protein content
with rising the plant dry weight.

Since grain protein yield is a function of grain protein content
and grain yield, increases in these two traits can improve
grain protein yield. According to the results, it can be
concluded that the conventional and minimum tillage
conditions with the use of urea fertilizer plus nitrapyrin led to
increased grain protein yield compared to the control. This
resulted from the use of more accessibility of N fertilizer in
the plant, resulting in the transfer of water and photosynthates

from the source to the destination (grains) for grain filling,
which creates larger grains and increases grain yield and
protein content, thereby raising grain protein yield.

Due to the fact that nitrogen fertilizer deficiency reduces the
number of cells and photosynthates in the plant, NUE in the
application of nitrapyrin inhibitor was higher than that under
the nitrapyrin-free condition. The concomitant use of
nitrapyrin with urea fertilizer could reduce the amount of N
fertilizer consumption and consequently increased further
transfer to the plant, which is economically of high
importance and reduces production costs. Nitrapyrin
inhibitor, therefore, can be identified as an effective agent in
reducing N fertilizer loss and thus increasing both N transfer
from soil to the plant and its yield.

The NR enzyme rises with increases of nutrients and nitrogen
content in the plant, which provide greater amount of nitrogen
to the grain and plant, thus producing more chlorophyll and
increasing grain yield.

A positive significant correlation was also observed between
NR and grain yield at 5% level. NR increased with rising
nitrogen content and led to improved grain and plant nitrogen
levels, thereby raising harvest index, N efficiency, grain
yield, and chlorophyll production.
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