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Abstract

Nowadays it is not only the amount of yield that is important, but also the quality of the grain produced, because the quality of
the grain determines the direction of use. In view of this, the current work was conducted in 2017/2018 cropping season with
factorial combinations of two bread wheat varieties (Lemu and Wane), five N-rates (0, 46, 92,138 and 184 kg N ha'l) and two
different locations (Lemu-Bilbilo and Tiyo). The experiment was laid down using a RCBD with three replications. The results
explained that, with the exception of 1000 grain weight (TGW) and hectoliter weight (HLW), the remaining parameters
included in this study are significantly influenced by the interactions of location x N-rate x variety, while the two-way
interactions of location x variety and N-rate x variety were affected all studied parameters except HLW which didn’t affected
by the interaction effects of location x variety. The maximum grain yield (7721 and 7481 kg ha™) was achieved from Wane and
Lemu at Lemu-Bilbilo and Tiyo at N-rates of 184 and 92 kg ha™, respectively. The peak value of gluten index (GI) (87.9 and
87.4%) was determined in Wane and Lemu varieties, respectively, in unfertilized plot and at N rate of 138 kg ha™', sequentially
and at par with 138 and 184 kg ha™ for wane and at par with N rate of 46 kg ha™ plus with unfertilized plot for Lemu variety in
Lemu-Bilbilo. The value of GI recorded at unfertilized plots and N-rate of 46 kg ha™ was significantly at par for Lemu variety,
while for wane significantly the same as the GI obtained at N-rate of 46 and 92 kg ha™ at Tiyo. The effects of N rates at Lemu-
Bilbilo was significantly on the same level, but the peak value of wet gluten (55.1%) and dry gluten (20.7%) were gained at
184 kg N ha™ in Tiyo and significantly the level of 46, 92 & 138 kg N ha™ for dry gluten and 138 kg N ha™ for wet gluten. In
Lemu-Bilbilo the HLW was increased with an increased N-rate, while in Tiyo it had increased to 92 kg N ha™'. Based on
parameters examined, the N rates of 92 and 138 kg ha for both varieties at the Tiyo and Lemu-Bilbilo study sites were
therefore economically justifiable.
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1. Introduction

Wheat is one of the main sources of food in the human di-
et and will become even more important in the future as the
world population continues to grow [23]. It is one of the
most important cereal crops that are grown by small farmers
under rain-field conditions in Ethiopia at high altitudes. In
sub-Saharan Africa, Ethiopia is the second largest wheat
producer next to South Africa [26]. In terms of area coverage,
wheat ranks third next to tef and maize, whereas it ranks
second next to maize in total production in Ethiopia [7]. De-
spite the long history of wheat cultivation and its importance
in Ethiopian agriculture, its average yield is still very low
and does not exceed 3.1 t/ha [7], which is below the world
average of 4.0 t/ha [9].

The low yield and productivity of bread wheat in Ethiopia
and elsewhere are linked to several biotic, abiotic, and man-
agement factors. It is necessary to clearly understand the
environmental and environmental impact of genotype inter-
action in order to meet the expectations of the wheat market
to improve high-yielding, stable genotypes with valued
quality traits [3]. Nitrogen is the vital nutrient involved in the
growth and development of plants. Inadequate nitrogen sup-
ply limits crop yields more often than a lack of other essen-
tial nutrients. This is due to the fact that in different stages of
growth of the plants, various phenomena can cause losses of
supplied nitrogen. However, in order to achieve high N use
efficiency, it is generally necessary to split the nitrogen be-
tween the sowing and a certain growth stage of the culture as
a top dressing application. Top dressing of nitrogen, 4 to 6
weeks after sowing, will supplement nitrogen losses in the
early season through leaching and volatilization, and provide
available fertilizer nitrogen to the plant. The shared applica-
tion of N is one of the methods to improve N use by the cul-
ture while reducing nutrient loss through leaching, denitrifi-
cation, runoff and volatilization [31].

The effects of genotypes and the interaction between the
environmental factors are of great importance for wheat
breeders, agronomists and traders [22]. Nowadays it is not
only the amount of yield that is important, but also the quali-
ty of the grain produced, because the quality of the grain
determines the direction of use. Grain quality is a function of
grain composition, principally in proteins, which depends on
the genotype and the environment. The genetic effect is
mainly reflected by qualitative variation such as protein pol-
ymorphism and secondly by quantitative variation of total
protein or of different units and subunits. In contrast, the
environmental effects such as growing season, site, fertiliza-
tion was mainly reflected by the quantitative variation, such
as in total protein or protein unit and subunit contents [27].
Prior to anthesis, environment affects germination, photosyn-
thesis, tiller formation, and inflorescence development,
thereby impacting grain number. After anthesis, environmen-
tal conditions primarily affect wheat seed size and composi-
tion [11].
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Nitrogen is one of the most important components of plant
nutrition, which not only determines the wheat yield to a
large extent, but above all the grain quality of wheat. How-
ever, in the highlands of Ethiopia, di-ammonium phosphate
and urea are the two most commonly used fertilizers for all
soil types (locations) for sustainable crop production. These
fertilizers are often applied as a blanket recommendation
rates (150 kg ha™ DAP and 100-150 kg ha™ Urea) for wheat
production. In the highlands of Arsi zone where this study
was conducted, similar amounts of N and P were applied to
enhance wheat production and productivity. Most previous
fertilizer studies conducted in the highlands of Ethiopia in
general and the Arsi highlands in particular did not take into
account grain quality and nitrogen use efficiency; they main-
ly focused on grain yield and yield components of wheat [1].
In Ethiopian highlands including study areas there is lack of
research on effects of genotype, the nutrients, the environ-
ment and the interaction of these three factors on the grain
quality of wheat. Therefore, the aim of this study was to de-
termine the influence of the growth location and nitrogen
fertilizer rates on some grain quality characteristics of bread
wheat varieties in the highlands of the Arsi zone in south-
eastern Ethiopia.

2. Materials and Methods

2.1. Description of the Study Area

During the main cultivation season 2017/18, field trials
were carried out in the districts of Lemu-Bilbilo and Tiyo in
the Arsi zone, Oromia regional state, Ethiopia. The districts
of Tiyo and Lemu Bilbilo are 175 and 235 km away from
Addis Ababa in a south-easterly direction. The geographical
location of the test fields is 8 01 'N and 39 09' E and 7 32 '41'
‘N and 39 15' 17 " E for the test sites Tiyo and Lemu-Bilbilo.
The Tiyo test site is at 2200 m above sea level (m.a.s.l.),
while the Lemu-Bilbilo test site is at 2796 m above sea level
[10]. Rainfall data recorded during the growing season
showed that Lemu-Bilbilo had higher rainfall between July
and August than Tiyo and it was even significant in Septem-
ber (Figure 1).

2.2. Soil Sampling and Analyses

Fifteen surface soil samples (0-20 cm) before sowing were
randomly collected from the experimental sites in a zigzag
walk and bulked into one representative composite soil sam-
ple. Three undisturbed soil samples were also collected using
a core sampler to determine bulk density. Soil texture, pH,
organic carbon, total nitrogen and available phosphorus, and
bulk density analyzes were performed according to standard
procedures.
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2.3. Experimental Design and Treatment
Procedures

The trial consisted of a factorial combination of five N-
rates (0, 46, 92, 138 and 184 kg ha™), two bread wheat varie-
ties (Lemu and Wane) and two trial locations (Lemu-Bilbilo
and Tiyo) arranged in a randomized complete block design
with three replications. Lemu and Wane bread wheat varie-
ties were released in 2016 by the Kulumsa Agricultural Re-
search Center for highland and mid to highland agro-
ecologies, respectively. The Lemu variety requires an annual
rainfall range of 800-1100 mm while Wane requires an an-
nual rainfall range of 700-1000 mm during its growing peri-
od. Both varieties had erect type growth habit and were
moderately resistant to stem and stripe rust. The Wane varie-
ty has relatively shorter days to maturity than the Lemu vari-
ety. Lemu variety has the yield potential of 5.5-6 t/ha where-
as; Wane has the yield potential of 5-6 t/ha at research field.
The gross plot sizes of the experiments were 4 m long and
2.6 m wide with 20 cm inter row spacing. The net harvesta-
ble plot sizes of the experiments were 3.20 m long and 2 m
wide (6.4 m? with 16 central rows. The spacing between
plots and blocks were 1 and 1.5 m, respectively. Both bread
wheat varieties were sowed in rows with a manual row
marker with the recommended seed rate of 125 kg ha™. In
Tiyo study site, sowing was undertaken on July 4, 2017 and
the crop was harvested on December 12, 2017, and in Lemu-
Bilbilo study site, the dates of sowing and harvest were July
14, 2017 and January 2, 2018, respectively. Urea (46% N)
fertilizer was used as source of N and was applied in three
split doses (1/3 at sowing, 1/3 at tillering and 1/3 at flower-
ing) as top dress as per the treatments. A basal application of
triple superphosphate (TSP) (20% P) at a rate of 100 kg ha™
was used as a source of phosphorus (P) at the time of sowing
on all experimental units. Other agronomic practices such as
hoeing, weeding, and applying pesticides were properly per-
formed as recommended by the areas.

2.4. Data Collection and Measurements

Grain yield (kg ha™): It was measured from the net har-
vestable plot sizes of 3.20 m long and 2 m wide (6.4 m?).
The samples were cleaned following harvesting and thresh-
ing, weighed using an electronic balance and adjusted to
12.5% moisture rate. Finally, the yield per plot was convert-
ed into per hectare and the average yield given in kg ha™.

Thousand grain weights (g): It was the weight of 1000
kernels as determined by carefully counting the kernel har-
vest of each test plot with a kernel counter and weighing it
using sensitive scales.

Hectoliter weight (HLW): Homogeneous wheat grain
samples were placed in the transfer case of the hectoliter
machine at standard speed. The float was then removed and
ensured that the product in the transfer housing passed into
the measuring housing. After part of the product remaining
on the blade had been removed, the filling process was com-
pleted and the product was weighed with the fine balance
and then changed to kg ha™.

Wet Gluten remained on sieve (g)
Total Wet Gluten (g)

X 100

Gluten Index (%) =

Total dry gluten weight(g) % 100

0/4) =
Wet gluten rate (/0) Weight of flour sample taken(g)

Total wet gluten weight(g)

x 100,

0/) =
Dry gluten rate (A)) Weight of flour sample taken(g)

2.5. Data Analysis

The collected data were subjected to analysis of variance
using the General Linear Model procedure of R computer
software version 4.0.1 [30]. Whenever treatment effects were
significant, the mean differences were separated using the
Tukey test at 5% level of significance [15].

Table 1. Some selected soil-physical and chemical properties of the test sites before sowing.

Soil parameters Tiyo Rating

pH (1:2.5 Water) 5.80 Moderately acidic
Available Phosphorus (mg kg™) 11.40 High

Organic carbon (%) 2.50 Low

Total Nitrogen (%) 0.16 Low

Sand (%) 6.30

Clay (%) 22.50 Clayey

Silt (%) 71.10

Bulk Density (g cm™) 1.30 Low
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Lemu-Bilbilo Rating Reference
5.60 Moderately acidic [24]

16.70 High [20]

2.54 Low [20]

0.15 Low [20]

9.10

40.40 Silty clay Textural class
50.50

1.20 Low [16]
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Figure 1. Average monthly rainfall at the study locations Lemu-Bilbilo and Tiyo in 2017.

3. Results and Discussion

Table 2. Mean squares of analysis of variance for location, nitrogen fertilizer rate, varieties and their interactions.

Sources of variation DF GYD (kg ha™) TGW (g) HLW (kg V) GI (%) WG (%) DG (%)
Replication 2 63133.00%* 12070.00ns 0.62ns 9.00ns 11.00ns 1.84ns
Variety (V) 1 170773.00%* 1249830.00** 10.49%* 70.00%* 106.00** 25.42%%*
Nitrogen (N) 4 19929969.00%** 534894.00** 39.42%* 216.00%* 130.90%* 13.85%*
Location (LOC) 1 0.02ns 352105.00%* 5.21%* 4098.00** 759.10%* 119.44%*
N*V 4 52201.00%* 32172.00%* 0.33ns 116.00%** 88.20%* 13.29%*
V*LOC 1 95600.00%* 213806.00%* 1.15ns 260.00%* 42.00* 16.94**
N*LOC 4 894555.00%* 286705.00%* 8.71** 184.00%* 40.50%* 3.58%*
V*N*LOC 4 43652.00%* 13569.00ns 0.82ns 153.00%* 59.50%** 16.24%*
Error 38 12564.00 11441 0.32 220 9.4 1.28

CV (%) 1.77 2.60 0.69 3.29 6.67 6.40

DF=Degree of freedom, GYD=Grain yield, TGW=1000-grain weight, HLW=Hectoliter weight, GI=Gluten index, WG=Wet gluten, DG=
Dry gluten, *; ** significant at p <0.01 and P < 0.05, respectively, ns=Non significant at 5% significance level.

3.1. Grain Yield

The analysis variance results revealed that grain yield was
significantly (p<0.01) influenced by the main effects of loca-
tion, N rate, varieties as well as the interaction effects of lo-
cation xvariety, location <N rate, N rate x<variety and loca-
tion <N rate xvarieties (Table 2). With regard to the interac-
tion effect of variety > N rate, a significant average yield
increase was observed until the nitrogen fertilizer rate of 92
kg ha, and further increase of N rate from 138 to 184 kg ha’

! did not give a significant increase of grain yield for both
Lemu and Wane varieties (Figure 2). The rate of increase
then declined as yield approached a maximum due to, partic-
ularly, increased lodging and/or disease severity with incre-
mental N rate. With respect to the location %N rate, the grain
yield was consistently increased with increasing N rate and
the highest grain yield (7558.0kg ha™) was recorded at 184
kg N ha™ in Lemu-Bilbilo whereas; grain yield was increased
up to N rate of 92 kg ha™ and then decreasing from N rate of
138 to 184 kg ha™ at Tiyo (Table 4). This might be due to
precipitation difference among experimental location and at
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Lemu-Bilbilo the maximum rainfall was recorded in August
which causes leaching of the applied nitrogen (Figure 1).
With adequate moisture, however, grain yield at first in-
creased rapidly with incremental increases in N application.
As to the interaction effect of location < N rate x variety,
grain yield significantly increased with increasing N rate and
the highest grain yield was recorded at the peak N rate from
both varieties at Lemu-Bilbilo experimental area while; only
increasing up to N rate of 92 kg N ha™ and then decreasing
as N rate increased from 138 to 184 kg h™for two varieties at
Tiyo (Table 3). The maximum grain yield was gained at the
peak N rate of 184 kg/ha for both varieties at Lemu-Bilbilo
experimental site, but the yield difference obtained at N rate
of 184 and 138 kg ha™ as well as among N rate of 138 and 92
kg ha was significantly at par for Lemu variety at this site

b
c
==
6000 -
™
s
2 d 4
o 4000 - =
&
-
|
=
© 2000~
0- LI L
Control M N2

FH

whereas; the peak grain yield was recorded at N rate of 92 kg
ha™ and didn’t show significant among varieties in Tiyo at
this N rate (Table 3). This clearly indicated that, responses of
varieties for N rate are different across growth environments.
These findings were in line with the work of [19] who stated
grain yield and quality parameters of wheat genotypes were
affected by genotype and environmental interaction. It has
been also suggested that genetic potential alone is not suffi-
cient to explain grain yield in wheat since agronomic factors
(soil structure, depth, fertilization, amount of rain and its
distribution) and other factors, such as biotic and abiotic
stress have an effect on this trait, and therefore in attempts to
increase the potential of grain yield, in addition to improving
the genetic structure, it is necessary to enhance biotic and
abiotic factors [5].

B w

Varieties

. Lemu
I:I Wane

M3 M4

Mitrigen fertilizer rate (kg/ha)
Figure 2. Interaction effect of nitrogen rate and varieties on yield of wheat. N1: 46 kg/ha, N2: 92 kg/ha, N3: 138 kg/ha, N4: 184 kg/ha.

Table 3. Interaction effects of location, N rate and varieties on grain yield and some quality attributes of bread wheat.

Location Variety N rate (kg ha™) GYD (kg ha™) GI (%) WG (%) DG (%)
Lemu-Bilbilo Lemu 0 4086.0a 82.9ghi 47.1defg 18.0cdefg
Lemu-Bilbilo Lemu 46 5493.0bc 80.2fgh 44 9bcdef 18.1cdefg
Lemu-Bilbilo Lemu 92 6809.0def 78.7efg 35.8ab 13.4ab
Lemu-Bilbilo Lemu 138 7027.0efg 87.4hi 37.1abc 14.7abe
Lemu-Bilbilo Lemu 184 7394.0ghi 73.1def 44 2bcdef 17.0cde
Lemu-Bilbilo Wane 0 3958.0a 87.9i 34.6a 13.4ab
Lemu-Bilbilo Wane 46 6196.0b 77.0efg 40.2abed 15.4abcd
Lemu-Bilbilo Wane 92 6662.0cde 78.6¢efg 45.3cdef 17.8cdefg
Lemu-Bilbilo Wane 138 7138.0fgh 86.3hi 46.8def 17.9cdefg
Lemu-Bilbilo Wane 184 7721.0i 82.5ghi 47.1defg 17.3cdef
Tiyo Lemu 0 4295.0a 77.8efg 40.8abcd 15.1abed
Tiyo Lemu 46 6541.0bcd 75.6¢efg 46.3cdef 17.5cdefg
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Location Variety N rate (kg ha™) GYD (kg ha™) GI (%) WG (%) DG (%)
Tiyo Lemu 92 7481.0hi 64.2bc 44.5bcef 16.3bed
Tiyo Lemu 138 7115.0fgh 60.3bc 50.9efg 19.9efg
Tiyo Lemu 184 6795.0def 62.6bc 53.71g 20.5efg
Tiyo Wane 0 4099.0a 52.2a 42.9abcde 18.4defg
Tiyo Wane 46 6329.0bc 65.9cd 52.0efg 20.9¢g
Tiyo Wane 92 7348.0ghi 71.7de 52.91g 20.7fg
Tiyo Wane 138 6849.0def 58.3ab 53.5fg 20.2efg
Tiyo Wane 184 6668.0cde 60.9bc 56.6g 20.9¢
CV (%) 1.8 33 6.7 6.4

GYD=Grain yield, GI=Gluten index, WG=Wet gluten, DG= Dry gluten. Means with the same letter(s) in the same column of each trait are

not significantly different at 5% probability level.

3.2. Thousand Grain Weight

Location, varieties, N rate, and their corresponding two
way interactions significantly (p<0.01) affected thousand
grain weight (TGW), while their corresponding three way
interactions were showed non- significant (Table 2). The
results showed that the thousand grain weight of wheat sig-
nificantly increased with increasing N rate and the greatest
value was recorded at N rate of 184 kg ha™* in Lemu-Bilbilo,
but at Tiyo it was increased up to the N rate of 92 kg ha™* and
then decreasing from 138 to 184 kg N ha™. The value of
thousand grain weight gained at N rate of 92 kg ha™ at Tiyo
significantly at par with that of at N rate of 184 kg h™ in
Lemu-Bilbilo (Table 4). This result showed that the reaction
of nitrogen fertilizers on this trait varies from location to

bc bc

4000-  f eEf def B
o
£ 3000-
T
=z
c
W - i
aaDDD
&
[}
[}

1000 -

I:I_ - —
Control M M2

location. This result was compared with those of [13] who
reported that the thousand grain weight was significantly
influenced by the nitrogen rate. As with other quality charac-
teristics, the authors also said that the thousand grain weight
is site-specific. The interaction of varieties and N rate
showed that the thousand grain weight of both Lemu and
Wane varieties was significantly increased up to an N rate of
92 kg ha® and the application of nitrogen fertilizers above
this amount gave no response (Figure 3). This suggests that,
in addition to the increased N rate in the soil, it can also be
attributed to the prevailing cold and windy weather condi-
tions during the grain filling period. Similar to this finding,
recent reports showed that environmental conditions and
fertilizers application had a significant impact on the 1000-
grain weight and hectoliter weight of various wheat geno-

types [2].

FH =

cde

Varieties

. Lemu
I:I Wane

M3 M4

Nitrigen fertilizer rate (kg/ha)

Figure 3. Interaction effect of nitrogen rate and varieties on 1000-grain weight of wheat. N1: 46 kg/ha, N2: 92 kg/ha, N3: 138 kg/ha, N4:

184 kg/ha.
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Table 4. Interaction effects of location and N rate on grain yield and some quality attributes bread wheat.

Location Nrate (kgha')  GYD (kgha') TGW (g)
Lemu-Bilbilo 0 4022.0a 3844.0ab
Lemu-Bilbilo 46 6344.0b 4075.0cd
Lemu-Bilbilo 92 6736.0c 4171.0de
Lemu-Bilbilo 138 7083.0d 4315.0ef
Lemu-Bilbilo 184 7558.0¢ 4543.0g
Tiyo 0 4197.0a 3751.0a
Tiyo 46 6435.0b 3947.0abc
Tiyo 92 7415.0¢ 4463.0fg
Tiyo 138 6982.0d 4033.0bcd
Tiyo 184 6731.0¢c 3987.0bcd
CV (%) 1.8 2.6

HLW (kghl')  GI(%) WG (%) DG (%)
80.6¢ 85.4f 40.9a 15.7a
82.0de 78.6¢ 42.6a 16.7ab
82.8ef 78.7¢ 40.5a 15.3a
83.1ef 86.9f 41.9a 16.3a
83.4f 77.8¢ 45.7ab 17.2abc
76.2a 65.0bc  41.9a 16.8ab
77.8b 70.7d 49.1bc 19.2¢d
82.5¢f 67.9cd  48.7bc 18.5bed
81.3cd 59.3a 52.2¢d 20.1d
80.7¢ 61.7ab  55.1d 20.7d
0.7 33 6.7 6.4

GYD=Grain yield, TGW=Thousand grain weight, HLW=Hectoliter weight, GI=Gluten index, WG=Wet gluten, DG= Dry gluten. Means with
the same letter(s) in the same column of each trait are not significantly different at 5% probability level.

3.3. Hectoliter Weight

Hectoliter weight is considered as one of the important
tool in wheat grading system and imperative in the grain
trade because most grains are sold at a certain hectoliter
weight. The analysis of variance results clearly demonstrated
that the hectoliter weight was significantly (p<0.01) affected
by the main effects of locations, N rates and varieties as well
as by location x N rate interactions (Table 2). It has been
reported that hectoliter weight varies according to the seed
shape, volume and density of grain and it is also affected by
the plant’s ability of adaptation to the environment [6]. Hec-
toliter weight was linearly increased with increasing N rate at
Lemu-Bilbilo while significantly increased up to N rate 92
kg ha in Tiyo experimental site (Table 4). The maximum
hectoliter weight (83.4 kg hI™) was recorded at 184 kg N ha™
in Lemu-Bilbilo and didn’t show significant with N rates of
92 and 138 and with 92 kg N ha® at Tiyo. Agreeing with
these results [25] found that under more favorable growing
conditions slight increase hectoliter weight in response to N
fertilizer application. The hectoliter differences might be
partially attributed due to different growing and environmen-
tal conditions prevailed during growing periods [17].

3.4. Gluten Index

The gluten index is defined as the percentage of wet gluten
that remains on a special sieve during preparation and cen-
trifugation according to the prescribed standardized proce-
dure and is an important quality indicator [18]. Analysis of
variance indicated that gluten index was significantly
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(p<0.01) influenced by the main effects of location, varieties,
N rates and their corresponding two and three way interac-
tions (Table 2). This result was confirmed with the findings
of [21] who revealed that genotypes, growing environments,
and their interaction significantly affected gluten index, with
the highest effect being from the genotypes. The three-way
interactions of location, N-rate and varieties showed that the
gluten index was lowered from the N-unfertilized plot to N-
rate of 92 kg ha™ for both varieties in Lemu-Bilbilo, then the
fluctuations of its values whereas; at Tiyo, the gluten index
for the Lemu variety decreased to an N-rate of 138 kg ha™,
but conversely, the gluten index for the Wane variety rose to
an N-rate of 92 kg ha™ and the values were above this rate
vary (Table 3). The gluten index (GI) values vary from 73.1
to 87.9 % at Lemu-Bilbilo whereas from 52.2 to 77.8 % at
Tiyo. The gluten quality is weak (Gl < 30%), normal (GI =
30-80%), or strong (GI > 80%) [8].

According to this rating the GI gained from both varieties
at different N rates falls under normal to strong at Lemu-
Bilbilo and normal gluten at Tiyo experimental site, respec-
tively. With contrary to location with variety interactions
results showed significantly the highest gluten index was
recorded at Lemu-Bilbilo experimental site from both varie-
ties than Tiyo experimental site. The more gluten index ad-
vantage of 18.2 and 33.5% were gained at Lemu-Bilbilo
from Lemu and Wane varieties, respectively than at Tiyo
experimental site (Table 5). These results revealed that glu-
ten index difference of varieties were due to the function of
growth locations. Significantly the peak gluten index was
gained from Lamu variety than Wane at Tiyo but, the non-
significant difference among varieties was observed at
Lemu-Bilbilo. Agreeing these results [29] stated that the glu-
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ten index had little dependence on the environment being
determined to the greatest extent by the genotype. Confirmed
with these results it was stated that the gluten index was a
stable technological quality trait, dependent on the genotype
[4]. As indicated in figure 4, cross over interactions was oc-
curred among varieties with response to nitrogen fertilizer
rates and the gluten index of Lemu variety was decreased as
N rate increased from 0 to 92 kg ha™ whereas the inverse

relationship was occurred for Wane variety as N rate in-
creased from 0 to 92 kg ha™. This shows the gluten index
was depend on the variation in response of varieties to dif-
ferent nitrogen concentrations. Other study also found that
the cultivar was the most important factor influencing gluten
index, but environmental and management factors also exert-
ed a strong influence [14].

Table 5. Interaction effects of location and varieties on grain yield and some quality attributes of bread wheat.

Location Variety GYD (kgha')  TGW (g)
Lemu-Bilbilo Lemu 6362.0ab 4105.0b
Lemu-Bilbilo Wane 6335.0a 4274.0c
Tiyo Lemu 6445.0b 3832.0a
Tiyo Wane 6259.0a 4240.0c
CV (%) 1.8 2.6

Gl (%) WG (%) DG (%)
80.5¢ 41.8a 16.1a
82.5¢ 42.8a 16.4a
68.1b 47.3b 17.9b
61.8a 51.6¢c 20.2¢c
33 6.7 6.4

GYD=Grain yield, TGW=Thousand grain weight, GI=Gluten index, WG=Wet gluten, DG= Dry gluten. Means with the same letter(s) in the
same column of each trait are not significantly different at 5% probability level.

84

CV(%) = 3.30
82

80 +
78 4
76 4

74 4

Gluten index (%)

72 4

70

B8

66 T T

Standard error=1.40

—dh— Lemu
—{— Wane

50

100 150

200

Nitrogen rate (kg/ha)

Figure 4. Interaction effect of nitrogen rate and varieties on gluten index of wheat.

3.5. Wet Gluten

Wet gluten is the rubbery mass that remains after washing
the dough obtained from wheat flour, with water or other
solution, in certain conditions, to remove the starch and other
soluble compounds of the sample [12]. It was significantly
(p<0.01) affected by the main and two as well as three inter-
action effects of location, N rates and varieties (Table 2). The

84

three way interactions of location, N rate and variety showed
that the wet gluten of Wane variety significantly increased
with increasing N rate at both Lemu-Bilbilo and Tiyo exper-
imental sites, but the wet gluten of Lemu variety was in-
creased with increasing N rate only at Tiyo and consistently
decreased up to N rate of 92 kg ha™ then showed fluctuation
of its values at Lemu-Bilbilo experimental sites (Table 3).
The highest wet gluten (47.1%) was recorded at unfertilized
plot and at N rate of 184 kg ha™ from Lamu and Wane, re-
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spectively at Lemu-Bilbilo and showed non-significant with
N rate of 46 kg ha™*. This difference might be due to genetic
makeup of varieties. At Tiyo experimental site the wet gluten
obtained from both varieties didn’t show significant among
all N rates. The interaction effects of location and N rate
presented in Table 4. The wet gluten difference between N
rates at Lemu-Bilbilo showed non-significant and showed
significant at Tiyo. The peak wet gluten (20.7%) was record-
ed from N rate of 184 kg ha™ and didn’t show significant
with the N rates of 46, 92 and 138 kg ha™ at Tiyo whereas
showed significant with all N rates at Lemu-Bilbilo experi-
mental site. As showed in figure 5 the wet gluten of Wane
variety slightly increased with increasing N rates whereas the
wet gluten of Lemu variety was decreased sharply from N
rates of 46 to 92 kg ha™ then increased as N rate changed
from 92 to 184 kg ha™ and non-significant differences were
observed among N rate of 46 kg ha™ and above this rates for
both varieties.

CV (%)= 630
Siandard error = 1.67

o Lemu

55 - —fp— Wane

30

45 A

Wet gluten (%)

40

35

0 50 100 150 200

Nitrogen rate (kgtha)

Figure 5. Interaction effect of nitrogen rate and varieties on wet
gluten of wheat.

3.6. Dry Gluten

Dry gluten gives the dry matter of gluten protein present in
flour and water absorption capacity of gluten present in flour.
It was significantly (p<0.01) affected by the main effects of
location, N rates, and varieties plus by their two way interac-
tions and three way interactions of location <N rate > varie-
ties (Table 2). With respect to three way interactions of loca-
tion, N rate and variety, the results revealed that the dry glu-
ten of Wane variety significantly increased with increasing N
rate up to N rate of 138 kg ha™ at Lemu-Bilbilo and from 92
to 184 kg N ha™ for Lemu variety at Tiyo experimental site
(Table 3). Consistent with this result a recent study by [28]
found that genetics, management and environment can have
an effect on wheat quality. Significantly the higher dry glu-
ten was obtained from both varieties at Tiyo experimental
site and didn’t show significant among varieties at Lemu-
Bilbilo whereas significantly the higher dry gluten (20.2 %)
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was gained from Wane variety at Tiyo experimental site
(Table 5). The interaction effects of location and N rate dis-
played in Table 4. The highest value of dry gluten (20.7%)
was recorded at Tiyo and showed significant with all N
treatments at Lemu-Bilbilo, but only showed significant with
unfertilized plot at Tiyo. With concern to the interactions
effect of N rate and varieties the dry gluten of Lemu variety
was increased with increasing N rate up to 92 kg ha™ where-
as for Wane variety dry gluten was increased from N rate 92
to 184 kg ha™, but the dry gluten recorded at 46 kg N ha™
didn’t show significant with the rest N rates except with con-
trol plot for both varieties (Figure 6).
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Figure 6. Interaction effect of nitrogen rate and varieties on dry
gluten of wheat.

4. Conclusions

The pre-experiment soil analysis results showed that the
soils of Tiyo and Lemu-Bilbilo experimental sites had clayey
and silty clay textural classes, which were classified as mod-
erate acidity, low organic carbon, low total nitrogen, and
high available phosphorus, respectively. The results of this
study also concluded that main effects of N fertilization, lo-
cation, varieties as well as their two and three-way interac-
tions have a large impact on grain yield, gluten index, wet
and dry gluten of bread wheat. The 1000-grain weight was
influenced by the main effects N rate, location, varieties and
their corresponding two way interactions while hectoliter
weight was significantly affected by the interaction effects of
location and N rate in addition to the main effects. The high-
est grain yield was achieved at 184 kg N ha™ for both varie-
ties at Lemu-Bilbilo and was not significant at 138 kg N ha™
for the Lemu variety, while at 92 kg N ha™ on the Tiyo test
site for both varieties. The thousand grain weight and the
hectoliter weight were significantly increased with increasing
N rate in Lemu-Bilbilo, but up to an N rate of 92 kg ha™ in
Tiyo. The gluten index values vary from 73.1 to 87.9% for
Lemu-Bilbilo, while they vary from 52.2 to 77.8% for Tiyo.
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The wet gluten of the Wane variety increased significantly
with increasing N-rates at both locations, but in Tiyo the wet
gluten obtained from both varieties did not show significant
below all of the N-rates. The dry gluten of the Wane variety
was increased to an N rate of 138 kg ha™ in Lemu-Bilbilo
and from 92 to 184 kg N ha™ for the Lemu variety on the
Tiyo test site. Thus, the N rate of 92 at Tiyo and 138 kg ha™
at Lemu-Bilbilo were economically feasible to produce
grains of the Lemu and Wane varieties with good quality
characteristics. However, even though this experiment was
conducted at two locations in a single cropping season, it is
better to add locations and cropping year to give sound rec-
ommendation.
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