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Abstract: The field experiment was conducted during 2019/2020 cropping season to evaluate the response of different
wheat varieties to different rates of NPSB fertilizer at Gimbi District, Western Ethiopia. The experiment was laid out in RCBD
with a factorial arrangement with three replications and consisted of four rates of NPSB fertilizers (0, 50, 100, and 150 kg ha™")
and three bread wheat varieties (Liben, Digalu, and Local). The finding discovered that the effect of variety and NPSB
fertilizer was significant for days to heading, grain per spikes, above-ground biomass, and straw yield. The varietal effect
showed a highly significant effect (p<0.01) on grain yield. Grain yield significantly differed for the local wheat variety and the
other two varieties (Liben and Digalu). However, grain yield did not significantly differ for Liben and Digalu wheat varieties.
The lowest grain yield recorded for the local wheat variety was 1.99 ton ha"'and the highest grain yield was recorded for the
two wheat varieties (Liben and Digalu) which were 3.5 and 3.66 ton ha™, respectively. The highest grain yield was obtained
when bread wheat varieties were fertilized by 150 and 100 kg blended fertilizer (4.18 and 3.87 tons respectively), but both
rates are not significantly different from each other (p<0.01). The varietal effect showed a highly significant effect (p<0.07) on
the harvest index (HI). The harvest index significantly differed between Local and the other two varieties (p<0.01). Based on
the current finding, the grain yield was increased by 44.8 % when the two wheat varieties (Liben and Digalu) were used over
the local wheat variety in that particular area. Therefore, further research has to be conducted to see the performance of these
two wheat varieties in different locations of the district to come up with sound recommendations.
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than for any other food crop. In Africa, also, it is cultivated
on 34.37 million hectares, and from this area; 87.88 million
tons of production was obtained in 2015 [3].

Ethiopia is the second largest wheat producer in sub-
Saharan Africa, after South Africa [5, 6]. Wheat is mainly
grown in the Highlands of Ethiopia, which lie between 6° and
16° N and 35 and 42°E, at altitudes ranging from 1500 to
3000 meters above sea level and with mean minimum
temperatures of 6°C to 11°C [7, 8]. There are two botanical
varieties of wheat grown in Ethiopia: Bread Wheat,
accounting for 60 percent of production, and Durum Wheat,
accounting for the remaining 40 percent [9]. In Ethiopia
wheat has become one of the most important cereal crops
ranking 4th in total grain production (15.6%) and 4™ in area

1. Introduction

Bread wheat (Triticum aestivum L.) is the world’s leading
cereal grain where more than one-third of the world
population uses it as a staple food [1, 2]. Wheat is grown on
220 million hectares of the world’s arable land having 734.24
million tons of production in 2015 and is the crop that is
produced almost all over the world [3]. The challenges of
globally low and fluctuating wheat production, rising
consumer demand, and higher food prices require efforts that
dramatically boost farm-level wheat productivity and reduce
global supply fluctuations. Increasing productivity is
considered to be one of the long-term solutions to these
challenges [4]. Demand for wheat in Africa is growing faster
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coverage next to teff, maize, and sorghum [10]. Wheat
produced in Ethiopia is used mainly for domestic food
consumption, seed, and industrial use. For instance, in
2012/13 household consumption accounted for 58 percent of
the total wheat produced [5]. Wheat accounts for about 10-15
percent of all the calories consumed in the country [11, 12].
The total wheat consumption (for food, seed, and industrial
use) is rapidly increasing at the national level [13]. In terms
of caloric intake, it is the second most important food in the
country next to maize [6, 12], and is the single most
important staple crop imported from abroad and most of the
humanitarian food aid [14]. However, Wheat yield in
Ethiopia is relatively low. Despite the long history of wheat
cultivation and its importance to Ethiopian agriculture, its
average yield is still very low, not exceeding 2.4 tons per
hectare [10] as compared to the world average of 3.0 tons per
hectare [15].

Recent estimates show that farmers in Ethiopia produce on
average 2.1 tons per hectare which consistently lagged 32
percent and 13 percent behind the world and Africa’s average
wheat yields, respectively [7, 16]. These all factors forced the
Ethiopian government to import wheat every year because of
higher demand than its supply [17]. To feed the growing
human population and fill the yield gaps between wheat
consumption and production in Ethiopia, increasing the
production of wheat is paramount important. The status of
wheat production in Ethiopia in 2015 is 4.2 million tons from
1.76 million hectares of land [18]. Oromia accounts for more
than half of the national wheat production (54%) followed by
Ambhara (32 %); Southern Nations, Nationalities, and Peoples
(9 %); and Tigray (7 %) [19]. Increasing wheat production in
Ethiopia can be possible by increasing the productivity of
small holder producers by bringing more improved varieties
and other inputs into more areas of wheat production [20].

The low yield of bread wheat could be mainly due to may
socio-economic, abiotic, and biotic constraints, which
contributed to wheat yield gaps in the country. Factors such
as low and poor distribution of rainfall in lowland areas,
plant lodging, soil erosions, and disease are the causes of
significant wheat yield losses in the country [5]. Weed
infestation is another biotic factor that has been reported as a
major constraint for wheat production. Grain yield losses due
to weed competition have been estimated by various studies
and yield gains with proper weed control have ranged from
35 to 85 percent [21]. The major wheat production constraint
in Ethiopia is related to the use of modern production-
enhancing inputs like improved seeds and fertilizers among
wheat farmers in Ethiopia and these regards the use of
modern agronomic practice in our country, Ethiopia, is
remarkable [22]. Sillanpa [22] reported that, in national input
use in the country, only 8.4 percent and 48 percent for
improved seed and fertilizer are used, respectively. The
application of fertilizer on cultivated land is below the
average rate of the recommendation [7, 23]. Only about one
percent of the wheat area was cultivated using improved
seed-fertilizers packages [24]. Studies also indicate less
adoption of improved seed-fertilizer packages over time, due

to high costs, insufficient credit, and lack of improved
varieties traits farmers needs [25]. As a result, food insecurity
and poverty are prevalent in the country. Adequate nutrients
at each stage of development are essential for maximum
economic yields of wheat. The principles for effective
fertilizer use are to select the right source of nutrients,
applied rate, place, and time. Soil fertility status also varies
within adjacent farms or plots mainly due to preceding
individual farmers’ soil management practices [26].

There is a high demand by both commercial and small-scale
farmers for a wheat crop with higher grain yield and better end-
use quality. However, there is little information on the use of
different types of fertilizers related to research evidence except
for nitrogen and phosphorous (Di Ammonium Phosphate and
urea). According to the soil fertility map of 150 districts in our
country, Ethiopian soils are deficient in about seven nutrients N,
P, S, Cu, Zn, and B [27]. Except for nitrogen and phosphorus,
the effect of different types of fertilizers on the overall
performance of the Bread Wheat variety is an important
knowledge gap that needs investigation. Based on this, NPSB
blended fertilizer was recommended for the soil of the district.
Before the introduction of this blended fertilizer, farmers of the
district used 100 kg ha’ DAP and 50kgha™ urea which was a
blanket application. Currently, in the District, Farmers have been
using 100kg of NPSB Blended based on ATA tentative
recommendations. There is limited research conducted in the
area related to NPSB blended fertilizer and its rates. Farmers of
this particular area also depend mainly on local wheat rather
than using improved varieties and this is one of the important
areas to be investigated. Information about the rats of NPSB
blended fertilizer and varieties on wheat performance has not
been investigated so far in this particular place. Therefore, the
current research was aimed at evaluating the response of
different wheat varieties to different rates of NPSB blended
fertilizer at Gimbi District, Western Ethiopia.

1.1. Specific Objectives

1) To determine the response of wheat varieties to
different rates of NPSB blended fertilizer at Gimbi
district, western Ethiopia

2) To evaluate the performance of different wheat varieties
under different levels of NPSB blended fertilizer at
Gimbi district, western Ethiopia

1.2. Research Questions

1) Does Wheat performance at different levels of NPSB
blended fertilizer differ?

2) Does wheat performance for different varieties of wheat
in Gimbi district differ?

3) Which variety of wheat performs best at what levels of
NPSB blended fertilizer in the Gimbi district?

2. Materials and Methods

2.1. Descriptions of Experimental Site

The experiment was conducted at Gimbi district of West
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Welega Zone, Oromia Regional state, Western Ethiopia. The
experimental area is 346 km away from the Capital City of
the Country (Finfinne). Gimbi is geographically located at
about 9°54'14"N latitude and 37°4'4"E longitude at an altitude
of 2372 meters above sea level.

The experiment was conducted under field conditions

during the 2019/20 rain-fed cropping season at Farmer's field.

The mean maximum and minimum temperatures of the area
are 23.50°C and 12.30°C, respectively with an annual rainfall
of 1559.3mm.

2.2. Experimental Materials

2.2.1. Wheat Varieties

Three bread wheat varieties, which are adapted to similar
agroecology of the area, were used for this experiment. Two
varieties, Digalu and Liben were obtained from Jimma
Agricultural Research Center (JARC). They have relatively the
same area of adaptation and growing period and their
description is given in Table 1 below. One wheat variety which
is called the local wheat variety and is known by farmers of the
area was obtained from farmers around Gimbi (Tole) area.

Table 1. Description of the three bread wheat varieties used during the experiment (2016).

. Year of Area of adaptation Maturity .. Yield potential
Variety Release Altitude (m) Rainfall (mm) days Seed Rate Maintainer 0 ha)
DIGALU 2015 2300-2700 >900mm/annum 125-130 125kg BARC 4-55
LIBEN 2015 2300-2500 >900mm/annum 122-125 125kg BARC 4-5
LOCAL NK* NK NK NK NK NK

Source: Ethiopian Variety Registration bulletin, (2016) *NK= Not Known

Digalu and Liben varieties were selected based on their
yield advantage and tolerance to major Wheat diseases like
Septoria, Yellow, Leaf, and stem rusts and suitability of the
agroecology which is similar to the experimental area which
is discussed by Jimma Agricultural Research Center. Local
variety was used as the standard to compare with the above
two wheat varieties during the experiment.

2.2.2. Fertilizer

Blended NPSB fertilizer which is recommended for the Gimbi
district based on the soil fertility map made was used for the study.
Blended NPSB fertilizer contains 18.9% nitrogen, 37.7%
phosphorus (in the form of P,0s), 6.95% sulfur, and 0.1% boron.
Description of the four rates of blended fertilizers which was
based on the Ethiopian Soil Information System (2016) tentative
recommendation and treatment combination of both varieties with
blended fertilizer were given in the following tables (Table 2 and
Table 3).

Table 2. NPSB Blended fertilizer rates used during the experiment (2016).

Treatment Combinations NPSB Blended (kg/ha) Rates and variety

T10 150 + Digalu
T11 150 + Liben
T12 150 + Local

Fertilizer Rate (kg/ha) N P S B
Blended NPSB 0 0 0 0 0
Blended NPSB 50 9.35 8.228 345 0.125
Blended NPSB 100 18.7 16.456 6.9 0.25

Blended NPSB 150 28.05 24.684  10.35 0.375

The base for the rating was ATA's tentative recommendation (EthioSIS,
2016)

Table 3. Treatment combinations of NPSB blended fertilizer rates and
varieties (2016).

Treatment Combinations NPSB Blended (kg/ha) Rates and variety

T1 0 + Digalu
T2 0 + Liben

T3 0 + Local

T4 50 + Digalu
T5 50 + Liben
T6 50 + Local
T7 100 + Digalu
T8 100 + Liben
T9 100 + Local

2.3. Experimental Design

The experiment was laid out in a Randomized Complete Block
design (RCBD) with a factorial arrangement having 12 (3 x 4)
treatment combinations replicated three times. The size of each
plot was 3m x 4 m (12 m?) and the distance between adjacent
plots and blocks was kept at 0.5m and 1m apart, respectively. A
single plot area has a 7.04 m” net plot and 12m” gross plot areas.
Seeds were sown in rows 20 cm apart by drilling.

2.4. Management of the Experiment

The experimental field was first prepared by a local plow
according to the local farmers’ conventional plowing practice
and prepared as per recommended for the crop. Following the
specification of the design, a field layout was made using the
3, 4, and 5 methods of Pythagoras theorem, and each
treatment was assigned randomly to the experimental units
within a block. The fertilizer application was done based on
the recommended rates. A blended NPSB fertilizer was
applied at sowing. For all treatments, 50kg UREAha™ was
used and applied through a splitting method, 1/3 at sowing,
and the remaining 2/3 was done at 35 days after sowing
equally. Varieties are sown at 20cm spacing between rows
through the drilling system and a 125kg ha™' seed rate was
used. All other management activities like weed management,
urea application method and time of application, and all other
field managements were equally carried out for all treatments.
Weeding was carried out three times manually other crop
management practices were similar for all experimental units.

2.5. Data Collected

2.5.1. Soil Data
Soil samples (0-30 cm depth) were collected at random



8 Dula Teshome and Garome Shifaraw: Response of Npsb Blended Fertilizer and Varieties Onyield and Yield Components of
Bread Wheat (7riticum aestivum L.) at Gimbi District, Western Oromia, Ethiopia

from ten points of the experimental field and thoroughly
mixed to make one representative composite sample across
the experimental field using an auger and bulked before
planting and 2kg of representative composite sample was
used [28]. The sample was air-dried, ground using a pestle
and mortar, and allowed to pass through a 2mm sieve. One
kilogram of the working sample was prepared and
submitted to the Nekemte Soil testing laboratory and
analyzed for selected physicochemical properties mainly;
texture, total N, available P, soil pH, organic matter,
organic carbon, and CEC based on standard laboratory
procedures (Table 4).

Soil texture was expressed by using the Bouyoucos
hydrometer method Day et al.[29]. Available P was extracted
with a sodium bicarbonate solution at pH 8.5 following the
procedure described by Olsen et al. [30]. The pH of the soil
was measured potentiometrically in the supernatant
suspension of a 1:2.5 soil: water mixture by using a pH meter,
and Organic Carbon was determined by following Walkley
and Black titration method [31]. Cation Exchange Capacity
(CEC) was measured by using 1M-neutral ammonium
acetate. Total nitrogen was determined by using the Kjedahl
method as described by Jackson [32].

2.5.2. Crop-Related Data

(i). Crop Phenology

Days to heading: Days’ to heading were measured when
the number of days taken from the day of sowing to the date
of 50% heading [33, 34].

Days to physiological maturity: Days to physiological
maturity were taken when the number of days from sowing to
the date when 90% of the peduncle was turned to yellow
straw color. It was recorded when no green color remained
on the glumes and peduncles of the tagged plant [34, 35].

Plant height (cm): Thirty plants were randomly taken and
tagged for measuring plant height. Plant height was, recorded
from the soil surface to the tip of the spike at physiological
maturity.

(ii). Yield and Yield Components

The number of tillers per plant: First 10 x 20 cm area was
demarcated and the number of plants that exist in this
demarcated area was recorded. At the heading, the number of
plants was recounted and recorded from the first demarcated
area. Then, the difference between the first and the second
was recorded and used to indicate the number of tillers per
plant [4].

The number of productive tillers: Like the number of tillers
per plant, a 10 x 20 cm area was demarcated first after the
emergency, and the number of plants that existed in that area
was counted and recorded [4]. At physiological maturity,
recounting was done on the demarked area; because
maximum tillers were produced during the vegetative phase
and senescence occurs at maturity [36]. Then the difference
between the first and the second was recorded. From the
difference, productive plants are divided into the first count
and recorded as productive tiller per plant.

Number of Grains per Spike: Thirty spikes were randomly
taken and threshed from the net plot area and grains were
counted manually.

Spike length (cm): The length of the spike was measured
after selecting thirty plants randomly and measured from the
node (the first spike branch started) to the tip of the spike.

Above Ground Dry Biomass Yield (ton ha): Above
ground, dry biomass yield was determined by harvesting the
entire net plot after sun drying and converted to tons per
hectare.

Grain Yield (ton ha'): Grain yield was obtained by
harvesting and threshing the seed yield from the net plot area
and converted to ton per hectare.

Straw Yield (ton ha): Straw yield was obtained as the
difference between the total above-ground plant biomass and
grain yield.

Thousand seed weight (g): The seeds were taken from each
plot and 1000 seeds were counted by hand and then weighted.

Harvest index: The harvest index was calculated as a ratio
of grain yield per plot to total above-ground dry biomass
yield per plot.

2.6. Economic Analysis

For economic analysis, a simple partial budget analysis
was employed using the CIMMYT approach [36]. For partial
budget analysis, the factors with significant effects were
considered. The yield was adjusted by subtracting 10% from
the average gain yield. Then after, gross yield benefit was
obtained by multiplying the adjusted yield by the price of
grain (10 birr kg'), Net benefit was calculated, by
subtracting labor cost from gross yield. Finally marginal rate
of return (MRR) was obtained, by dividing the marginal net
benefit to the marginal cost and expressed as a percentage
[36]. The mean market price of wheat was obtained by
assessing the market at harvest (2016 cropping season).

2.7. Data Analysis

Measurements were subjected to ANOVA in Randomized
Complete Block Design and analysis was performed using
SAS software version 9.3. During the analysis, the normality
of the data was checked. Data were normally distributed. We
used the criterion for declaring significance at (p<0.05). The
mean significances of the treatments were separated by
Fisher’s protected LSD-test (5%) and Pearson’s correlation
analysis was done to observe the association between
different parameters.

3. Results and Discussion
3.1. Physicochemical Properties of the Experimental Soil

The experimental site had been under Noug, Common
bean, and maize cultivation before it was used for the present
study. The analytical results indicated that the soil texture of
the experimental area is clay loam (Table 4). Accumulation
of different organic materials during previous growing
seasons might have resulted in high organic carbon content
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(5%), which might have contributed to the very high level of
total N (0.43%) in the soil (Table. 4). Tisdale et al. [37]
indicated that organic matter influences many soil biological,
chemical, and physical properties that favorably influence
nutrient availability and also acts as the main storehouse of
many nutrients like nitrates, phosphates, and others.

The experimental area has high rainfall which makes the

soil pH strongly acidic with a value of 5.39. According to
Mengel and Kirkby [38], the optimum pH range for wheat
production is from 4.1 to 7.4. Wilson et al. [49] also reported
that the preferable pH ranges for most crops and productive
soils are 4 to 8. Thus, the pH of the experimental soil was
within the range for the production of wheat.

Table 4. Physical and chemical analysis of soil in the experiment field before planting at Gimbi District, 2019/20).

Properties Value Status /rating Reference
Chemical properties

pH 1:2.5 (W/V) 5.39 Moderately acidic Rayment and Bruce (1984)
OC (%) 5 High Proffitt (2014)
OM (%) 8.6 High Proffitt (2014)
CEC (meq/100gm soil) 12.199 Medium Proffitt (2014)
Total N (%) 043 Very high Tekalign (1991)
Available P (ppm) 8.442 Low FAO (1990)
Soil texture (%) Clay Loam FAO (1990)
Sand 40

Silt 30

Clay 30

OC=organic carbon, OM=organic matter, P=phosphorus, N=nitrogen

3.2. Crop Phenology

Days to heading

There was a significant interaction between variety and
NPSB blended fertilizer on days to headings. The days to
heading were significant (p<0.05) for variety and blended
fertilizer. Days to heading at all rates of NPSB blended
fertilizer for local wheat variety was not significantly
different. Days to headings at 50, 100 and 150 kg ha” NPSB
blended fertilizer application rate was not significantly
different for Digalu and Liben wheat varieties. Similarly,
days to heading at (0) and 50 kg ha™ fertilizer application
was not significantly different but there is a significant
difference between control and the remaining rates (100 and
150 kg ha™) for Liben wheat variety (Table 5). There was no
significant difference in days to heading between Digalu and
Liben at all rates of NPSB blended fertilizer and they took
the lowest days to heading (56.33 and 56.66 days,
respectively) under control (0) blended fertilizer. Local bread
wheat variety took the longest days of heading under 150kg
ha™ rate of NPSB blended fertilizer application.

The days to heading was varying due to the genetic
character of the plant and blended fertilizer application. This
is, when nitrogen is applied in excess, a flowering of the crop
is delayed because nitrogen facilitates vegetative growth by
affecting the supply of photosynthesis during the critical
period of the reproductive phase and its activity was
increased when other nutrients like boron and sulfur are
existed [40, 41]. This could be attributed to the impact of the
positive interaction of B in the blended fertilizer, Positive
relations between B and N fertilizers for improving crop
growth and yields. Fageria et al.[42]stated B fertilization
along with N fertilizers is required for protein formation,
which is associated with high photosynthetic reactivity,
vigorous vegetative growth, and dark green color. In line

with our finding, Birhanu [43] concluded that the maturity
date of bread wheat varieties was delayed at increased
nitrogen levels and the difference between maturities at a
given rate was due to their genotype and fertilizer rate.

Table 5. Days to Heading as influenced by blended fertilizer and variety
interaction at Gimbi during 2019/20.

Variety  NPSB Blended Fertilizer rate (kg ha')  Days to heading
Digalu 0 56.33¢
50 61.33°
100 61.33°
150 61.66°
Liben 0 56.66%
50 60.66"
100 61°
150 61°
Local 0 74*
50 74°
100 74.3*
150 77.6*
LSD (s 4.17
CV (%) 389

LSD (sw))=Least Significant Difference at 5% level; CV=Coefficient of
Variation; Means in the same column followed by the same letters are not
significantly different at a 5% level of Significance

Days to physiological maturity

The main effect of variety showed a highly significant
effect (p<0.01) on physiological maturity. Physiological
maturity significantly differed between all bread wheat
varieties. The longest and the shortest physiological maturity
days were recorded for local and Liben wheat varieties,
which were 124.16 and 106.75 days, respectively (Table 6).
Liben wheat variety matured earlier than local and Buluk
wheat varieties. Again, Digalu took significantly shorter days
(115.58 days) to mature as compared to the local wheat
variety (Table 6). The difference in days to 90%
physiological maturity among varieties could be attributed to
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the genetic variation among varieties. Brady and Weil [44]
reported that there is a significant difference in maturity and
most of the agronomic parameters of bread wheat are due to
the genetic character of variety and seeding rates.

The main effect of NPSB blended fertilizer was significant
(p<0.05) on average days of physiological maturity. There
was a significant difference on days to physiological maturity
between control and 150kg ha” rates of NPSB blended
fertilizer applications. The longest days to physiological
maturity were recorded for 150kg ha' NPSB blended
fertilizer application, which was 118.78 days (Table 6).

An increasing rate of NPSB blended fertilizer increased
days of physiological maturity. This might be due to the
presence of N promoted vegetative growth and delays in
maturity. Such delay might be attributed to the extension of
the plant's reproductive growth in response to the adequate
and/or abundant supply of N. Nitrogen is among the mineral
nutrient that is important in promoting vegetative growth
including tillering of crops, especially for cereal crop plants
[45]. The result was in agreement with the findings of
Hussein [46] who reported that the increasing rate of nitrogen
fertilizer increase days of physiological maturity.

Plant height: The main effect of variety had highly
significant effect (p<0.0l) on plant height. Plant height
significantly differed between local and the other two wheat
varieties (Buluk and Liben). However, plant height was not
significantly differed between Buluk and Liben wheat
varieties. The highest plant height was recorded for the local
wheat variety which was 117.54cm (Table 6). Even though
there is no significant difference between them, Buluk had
numerically taller Plant height (83.7 cm) than liben (79.69
cm), which might be due to the genotypic variation among
varieties like other phenologies which reflects their different
response to environmental conditions. This result conforms
with the finding of Esayas [34] who reported such significant
differences in height among four durum wheat varieties.

Application of NPSB blended fertilizer showed a highly
significant effect (p<0.0I) on plant height. Plant height was
significantly different between control and other rates of
NPSB blended fertilizer. However, plant height was not
significantly differed between other rates (50, 100, and 150kg
ha) of NPSB blended fertilizer (Table 6). Significantly
lowest plant height was recorded at the control treatment
which was 71cm.

The lowest plant height was recorded at the control
treatment probably because of nutrient deficiency in the soil.
The application of nitrogen and phosphorus probably
increased plant height by promoting vegetative growth,
which is also similarly reported by Dell and Haung [47] on
bread wheat varieties. A report by Mesfin and Zemach [48]
indicated that the application of phosphorus facilitates
growth and development. The result was again in line with
the finding of [34, 49] who reported that the application of

different levels of Boron influenced plant height significantly.

The highest plant height was recorded when the crop was
fertilized with boron. Suleiman [50] indicated that plant
height was linearly increased with increasing levels of NP

fertilization in a barley crop. Sulfur deficiency results in
stunted growth and reduced plant height while the application
of Sulfur increase plant height reported by Wilson et al.[49].

Table 6. Effect of blended fertilizer and the varieties on Physiological
Maturity and Plant height at Gimbi during 2019/20.

Variety PM PH (cm)
Digalu 115.58° 83.7°
Liben 106.75°¢ 79.69°
Local 124.16° 117.54°
LSD (s0s) 3.76 4.65
Fertilizer

0 112.4° 71°

50 115%® 100.4°
100 115.78% 100.96°
150 118.78° 101.47°
LSD (s%) 434 537
CV ¢, 3.84 5.86

PM=physiological maturity, PH=plant height, LSD (sy))=Least Significant
Difference at 5% level, CV=Coefficient of Variation, Means in the same
column followed by the same letters are not significantly different at 5%
level of Significance

3.3. Yield and Yield Components

Number of tillers per plant

The main effect of variety showed a highly significant
effect (p<0.01) on the number of tillers per plant. The
number of tillers per plant has significantly differed between
local and the other two wheat varieties Digalu and Liben
(Table 7). However, the number of tillers per plant was not
significantly differed between Digalu and Liben wheat
varieties. The local wheat variety had the lowest number of
total tillers per plant (5.64) while the number of tillers per
plant for Digalu and Liben did not significantly differ. This
might be attributed to the genetic characteristics of varieties
in tillering which was in agreement with the finding of [34,
51] reported that there is a significant difference in the
number of tillering among wheat varieties.

NPSB blended fertilizer showed a highly significant effect
(p<0.01) on the number of tillers per plant. The number of
tillers per plant was significantly difference between control
and 50kg ha™; between control and 100 Kg ha™'; between
control and 150 kg ha” NPSB blended fertilizer application
(Table 7). However, number of tiller per plant did not
significantly differed between 50 and 100 kg ha™ application
of NPSB blended fertilizer. Significantly highest number of
tillers per plant was recorded at 150kg ha” NPSB blended
fertilizer application, whereas; the lowest number of tillers
was recorded under control treatment (Table 7). Generally,
there was an increasing trend on number of tillers per plant
with increasing NPSB blended fertilizer rates. The probable
reason might be that blended fertilizer plays an essential role
in plant growth and tillers development whereas low dose
caused reduction in above ground vegetative growth of plant.
Leghari et al.[2] indicated that highest number of tillers was
produced with the application of NPKB than control
treatment in bread wheat. Increased number of tillers on
wheat due to N application was also reported by Zao et al.
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[53]. Debritu [54] reported that application of B resulted in

significant positive effects on number of total tillers per plant.

Number of productive tiller per plant

Variety showed a highly significant effect (p<0.01) on
number of productive tillers per plant. Number of productive
tiller per plant did not significantly differ between Digalu and
Liben varieties and produced 7.7 and 6.8 number of
productive tillers per plant, respectively. Local wheat variety
produced the lowest number of productive tillers per plant
(4.56) (Table 7). This is due to different capacity of varieties
in tillering which perform differently in different
environment. The result is again in line with the finding of
[35], who reported that different durum wheat varieties
produced different number of productive tillers due to
different capacity of the varieties.

Application of NPSB blended fertilizer showed a highly
significant effect (p<0.01) on number of productive tiller per
plant. Number of productive tiller per plant significantly
differed between control (0) and 50; between control (0) and
100; between control and 150 kg ha’ NPSB blended
fertilizer applications. Number of productive tiller per plant
did not significant differed between 50 and 100kg; between
100 and 150kg ha NPSB blended fertilizer applications
(Table 7). Significantly, the lowest number of productive
tillers was produced under control treatment.

The reasons for significance among the blended fertilizer
treatments might be application of nitrogen, phosphorous,
sulfur and boron increase the number of effective tillers.
Boron improves root elongation, cell division in the
developing zone of root tips and leaf growth and increase
photosynthesis and flowering of plant [34,49]. Nitrogen is an
integral component of many essential plant compounds such
as amino acids, which are the building blocks of all proteins
including enzymes, nucleic acid and chlorophyll and it
promotes rapid growth through increase in height, tiller
number, size of leaves and length of roots [46]. Esayas [34]
reported that the highest number of effective tiller per plant
was produced when the crop was fertilized with boron. Sulfur
application can increase the uptake of nitrogen which again
promote effective tiller because reproductive growth of
wheat appears to be more sensitive to sulfur deficiency [55].
The result is in agree with the finding of Abedin et al. [56],
who stated that number of fertile tillers of wheat was
significantly improved with application of both N and P
fertilizers.

Spike length

Bread wheat variety showed a highly significant effect
(p<0.01) on spike length. Spike length significantly differed
between local wheat variety and the other two varieties
(Digalu and Liben) (Table 7). However, spike length was not
significantly differed between Digalu and Liben wheat
varieties. The shortest spike length was recorded for local
wheat variety 6.17 cm while the longest spike length was
recorded for the two wheat varieties (Liben and Buluk)
which were 7.22 and 7.76 cm, respectively (Table 7). This is
might be due to genetic variation of the varieties. Mahdi [57]
reported similar finding on seven durum wheat varieties.

NPSB blended fertilizer showed highly significant effect
on spike length. Spike length significantly differed between
control and other rates of NPSB blended fertilizer application.
However, spike length was not significantly differed between
other rates of NPSB blended fertilizer (50, 100 and 150 kg
ha™) (Table 7). The shortest spike length was recorded for
control (3.94cm) while the longest spike length was recorded
for the other rates of NPSB blended fertilizer application
which was 7.6cm, 8.3cm, and 8.37cm, respectively (Table 7).
A spike length was highly and positively correlated with
grains per spike (0.72**), grain yield (0.71**) and harvest
index (0.62**) (Table A1) which shows varieties with high
pike length produced highest grain yield. Application of N
greatly stimulates leaf area growth, resulting in greater
assimilation capacity both before and after anthesis. Similar
result of increment of spike length with increasing N on
bread wheat was reported [57]. Again, the result was in line
with the result of Esayas [34] who reported that there was a
significant effect of different levels of boron on spike length
of bread wheat.

Table 7. Effect of blended fertilizer and the varieties on the Number of tiller
per plant, Number of productive tillers per plant and Spike length at Gimbi
during 2019/20.

Variety NTPP NPTPP SL
Digalu 9.06 7.7 7.76%
Liben 8.17° 6.8 7208
Local 5.64° 456 6.17°
LSD (s%) 1.61 1.45 0.959
Fertilizer

0 2.26° 1.88° 3.94°
50 7.63° 6.41° 7.6°
100 9.28° 7.78% 8.3
150 11.32° 9.33¢ 8.37°
LSD (s%) 1.86 1.68 1.1
CV o) 24.9 23 16.05

NTPP=number of tiller per plant, NPTPP=number of productive tiller per
plant, SL=spike length, LSD (5%)=Least Significant Difference at 5% level;
CV=Coefficient of Variation; Means in the same column followed by the
same letters are not significantly different at 5% level of Significance

Grains per spike

The result of the experiment showed that interaction
between NPSB blended fertilizer and bread wheat variety
was significant (p<0.05) for grain yield per spike (Table 8).
Grain yield per spike was not significantly different at 50,
100 and 150 kg ha™' NPSB blended fertilizer application for
local, Buluk and Liben wheat varieties. Grain yield per spike
did not significantly differ for the control (0) between local,
Digalu and Liben wheat varieties (Table 8). However, grain
yield per spike significantly differed at 50, 100 and 150 kg
ha” of NPSB blended fertilizer applications between local
and the other two wheat varieties (Digalu and Liben) (Table
8). The lowest grain yield per spike was recorded for the
local wheat variety than the two wheat varieties Digalu and
Liben at 50, 100 and 150 kg ha” application of NPSB
blended fertilizer rates. The highest grain per spike was
recorded for liben wheat variety at 150 kg ha” rate of
blended fertilizer. Grain yield per spike linearly increased up
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to 50kg ha NPSB blended fertilizer application while its
yield remains constant beyond 50 kg ha' blended fertilizer
application for the three wheat varieties.

Generally, grains per plant show increasing tendency with
increasing NPSB blended rates. The highest number of grains
per spike was probably attributed to genetic character of the
varieties and reduction of sterility of wheat as B reduces male
sterility of wheat. Menna et al. [58] reported that Grain yield
of wheat is depressed by poor number of grains per spike
which might result from B deficiency. Result was, again, in
agreement with the findings of [2, 34] who reported that,
grains per spike of wheat increase with application of Boron.
Amsal [59] reported that application of boron could bring
improvements in seed yield by increasing number of kernels
per spike.

Above Ground Dry Biomass yield

The result of the experiment showed that interaction
between NPSB blended fertilizer and variety was highly
significant (p<0.01) for above ground biomass yield (Table
8). Above ground biomass yield did not significantly
different at control, 50 and 100kg ha’ blended fertilizer
application between local, Digalu and Liben wheat varieties.
Above ground biomass yield was significantly different at
150kg ha’ NPSB blended fertilizer between local and the
other two varieties (Digalu and Liben) (Table 8). Above
ground biomass yield was increased with blended fertilizer
for Digalu and Liben wheat varieties while its yield
decreased after 50kg ha” blended fertilizer application for
local variety. The lowest above ground biomass yield was
recorded for the local wheat variety than the two wheat
varieties Digalu and Liben at 150kg ha™ blended fertilizer
application rate.

Generally, after 50 kg ha”' application rate of NPSB
blended fertilizer, local variety starts to lodge due to
excessive vegetative growth unlike the other two wheat
varieties (Digalu and Liben). The probable reason was
optimum nitrogen availability plays an essential role in plant
growth whereas low or very high dose of nitrogen caused
reduction in above ground vegetative growth of plant [46].
This might be due to, nitrogen rate significantly influence
protein content and biomass production [40]. But, excess
nitrogen supply, which is governed by genetic character of
the plant, causes higher photosynthetic activities, vigorous
growth, weak stem, dark green color and finally lodging of
the plant [39, 46]. Sulfur is a very important nutrient, which
increases the activity of nitrogen nutrient [55]. The finding
was in agreement with that of Amsal et al.[59], who reported
that biomass yield of wheat showed highly significant
response (p<0.01) with N, S and P application. Also, the
result was in agreement with finding of Debritu [54] who
reported that application of blended fertilizer (26N-11P205-
11K,0-3.5S-0.15B-0.6Zn) showed a highly significant effect
on above ground yield of wheat.

Straw yield

Straw yield was affected significantly by the NPSB
blended fertilizer rates and variety interactions (p<0.05).
Straw yield did not show significant different at control

treatment for all bread wheat varieties tested (Table 8). There
is no significant different between Buluk and Liben wheat
varieties at all levels of NPSB blended fertilizer application
(Table 8). However, at 50 kg ha' blended fertilizer
application the straw yield for local variety was highly
significant different from the other two wheat varieties
(Digalu and Liben).

Straw yield, similar to above ground biomass, was linearly
increased with NPSB blended fertilizer application rates for
both Buluk and Liben bread wheat varieties except for local
wheat variety; which was decreased after 50 kg ha' NPSB
blended fertilize application. The lowest straw yield was
recorded for the local variety than the two wheat varieties
Digalu and Liben at 150kg ha” NPSB blended fertilizer
application rate (Table 8). For local wheat variety, increasing
the rate of NPSB blended fertilizer did not increase straw
yield due to the same reason mentioned for the above ground
biomass probably due to genetic characters of variety and
blended fertilizer. The result was in agreement with the
finding of Amsal et al.[59] who observed that straw yields of
wheat all showed highly significant response (p<0.01) when
N, P and S applied. The main interest of farmers was grain
yield than the straw yield, however, additionally they use
wheat straw for different purposes. They used it for animal
feed, roof thatching materials and they left over their field to
maintain fertility status of their farm land.

Table 8. Effect of blended fertilizer and variety interaction on Grains per
spike, Above Ground Biomass and Straw at Gimbi during 2019/20.

NPS rate

Variety (kg hal) GPS AGB (ton ha)  SY (ton ha™)
Digalu 0 18.4% 453° 3.36°
50 42.63° 8.58%¢ 5.33%
100 47.8% 10.66° 5.58%d
150 48.33% 13.75% 8.58°
Liben 0 18.73% 5.41° 4.08%
50 57.66™ 8.41% 4.49%%
100 57.43% 10.41% 6.05™
150 59.86a 12.83% 8.03°
Local 0 12.43¢ 5.66° ANE
50 26.03¢ 10.33% 8.10°
100 26.43¢ 9.83%¢ 7.23%
150 24.769 7.83¢ 5.66%¢
LSD (s%) 10.12 2.148 1.7
CV o 8.1 14.12 16.9

GPS=grain per spike, ABM= above the ground biomass, SY=straw yield,
LSD (sw))=Least Significant Difference at 5% level; CV=Coefficient of
Variation; Means in the same column followed by the same letters are not
significantly different at 5% level of Significance

Grain yield

Varietal effect showed a highly significant effect (p<0.01)
on grain yield. Grain yield significantly differed between
local wheat variety and the other two varieties (Digalu and
Liben). However, grain yield did not significantly differed
between Digalu and Liben wheat varieties. Lowest grain
yield was recorded from local which was 1.99 ton ha™ and
the highest grain yield was recorded for the two wheat
varieties (Digalu and Liben) which was 3.66 and 3.5 ton ha™!
respectively. The highest grain yield produced by the two
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wheat varieties Buluk and Liben was probably because of
production of higher number of tiller per plant, number of
productive tiller per plant, spike length, grains per spike and
thousand seed weight by these two wheat varieties than the
local wheat variety. These all variables are directly and
highly significantly correlated with grain yield (Appedix
Table 1). In a broad sense, growth in cereals is directly
related to grain yield. Grain yield is the product of the
number of grains per unit area and the weight of individual
grains. Grain yield is an important yield component that
contributes to overall yield of bread wheat. Our result was in
agreement with the finding of Lafarge et al.[35] who reported
as a significant different grain yield was obtained from
different durum wheat varieties.

Application of NPSB blended fertilizer showed a highly
significant effect (p<0.0l) on grain yield. Grain yield
significantly differed between control and 150kg ha
application of NPSB blended fertilizer. Similarly, grain yield
in ton ha' significantly differed between 50 and 100;
between 50 and 150 kg ha™ application of NPSB blended
fertilizer. However, grain yield in ton ha' did not
significantly differed between 100 and 150kg ha' NPSB
blended fertilizer applications which were 3.87 ton ha” and
4.188 ton ha™, respectively. The lowest grain yield (1.15 ton
ha') was recorded from control treatment. The finding
indicated that application of NPSB blended fertilizer at 100
and 150 kg ha™' was not significantly different and increased
grain yield than control and 50kg ha™ applications of NPSB
blended fertilizer. Generally, grain yield was increased
linearly up to 100kg ha™ blended fertilizer application rates
but increasing above 100kg ha' does not significantly
increased grain yield. At control (0) blended fertilizer, the
lowest number of tillers, number of productive tillers, spike
length and thousand seed weight was recorded. Next to
control treatment, application of 50kg blended fertilizer
produced lowest number of productive tillers, grains per
spike and thousand seed weight. The effect of these yield
related parameters might attributed to the lowest grain yield
under control (0) and 50kg ha™ rates of blended fertilizer
applications, respectively.

The probable reasons might be due to the presence of low
nutrients at both control (0 and 50) NPSB blended fertilizer
application. Nitrogen increases grain and dry matter yields,
number of kernels per head and plant height of wheat
reported by Hussain and Shah [46]. Nitrogen is important in
determining the final grain yield of wheat during the rapid
phase of crop development because it is required for high
rates of spikelet initiation, improvement of spikelet fertility,
and increasing grains per fertile spikelet. Increasing levels of
nitrogen under different soils and management conditions
increase grain and dry matter yields of wheat [60]. Nitrogen
application increases the number of effective tillers at late
tillering stage of crop growth of wheat which has direct
relation with grain yield [47]. Again, boron is very important
for seed formation at a critical growth stage of the crop [61].
Adequate application of phosphorus increase grain yield by
enhancing many aspects of plant physiology like

fundamental process of photosynthesis, flowering and seed
formation [46]. The results of Tahir et al.[62] also noticed the
tremendous leaf expansion and photosynthetic activities
improved through the use of boron application that resulted
into plant growth. Riley et al.[63] revealed that application of
boron was the best method to increase grain yield of wheat.
Use of sulphate fertilizers increased 36% wheat grain yield
[64]. The result was in line with the finding of Leghari ef al.
[2] that the highest grain yield was recorded when wheat is
fertilized with NPKB. Our result was also similar with the
finding of Menna et al. [58] who reported that grain yield of
wheat showed highly significant increase (p<0.01) among
treatments with applied NPS.

Grain yield was highly and strongly correlated (Appendix
Table 1) with spike length (r=0.71**), number of tillers
(r=0.87**), number of productive tillers (r=0.86%%*), grains
per spike (r=0.78**) and above ground biomass (r=0.84**)
(Appendix Table 1). This indicates that most of yield related
parameters have contributed to the grain yield of wheat
which was in agreement with the findings of Hussain et al.
[46].

Thousand seed weight

There is highly significant effect of variety (p<0.01) on
thousand seed weight. Thousand seed weight was
significantly differed between local, Digalu and Liben bread
wheat varieties. Local wheat variety had the lowest thousand
seed weight whereas buluk had the highest thousand seed
weight (Table 9). This might be due to different ability of
varieties to partition the dry matter into economic (grain)
yield. The result was in agreement with the finding of Esayas
[34] who reported that there is a variation of thousand seed
weight between durum wheat varieties.

Application of NPSB blended fertilizer showed a highly
significant effect (p<0.01) on average thousand seed weight.
Average thousand seed weight significantly differed between
all rates of NPSB blended fertilizer (Table 9). The highest
(38.86g) and lowest (24.02 g) thousand seed weight were
recorded at 150 kg ha' application of NPSB blended
fertilizer and control treatment, respectively (Table 9). This
might be due to phosphorus and boron nutrient increase the
development of cell division and elongation of developing
root tips and leaf growth, and again facilitate photosynthesis
for seed and grain growth [22, 49, 34]. Boron facilitates
pollen formation, and seed and grain growth is also improved
with boron supply [22]. Sulfur improve seed quality and size
[65]. Tanaka.[66] indicated optimum nitrogen application
increased thousands seed weight of wheat. These results
agree with the findings of Leghari ef al. [2] who reported that
1000-grain weight of wheat was significantly affected by
different NPK and B levels.

Harvest index

Varietal effect showed a highly significant effect (p<0.01)
on harvest index (HI). Harvest index is significantly differed
between Local and the other two varieties. Harvest index did
not significantly differ between Digalu and Liben wheat
varieties. The highest harvest index was recorded for Buluk
and Liben (0.37 and 0.364, respectively) while the local
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wheat variety had significantly the lowest harvest index (0.23)
(Table 9). Local wheat variety had the lowest productive
tillers per plant, spike length, grains per spike and thousand
seed weight than Digalu and Liben wheat varieties. These all
factors makes the variety to produce lowest grain yield than
buluk and liben varieties which makes lowest and higher
harvest index between local and the other (Digalu and Liben)
wheat varieties, respectively. This might be due to inherent
differences between the varieties like other yield components.
These results are also similar to those reported by Esayas [35]
and Leghari et al. [2] were significance difference obtained
with different wheat varieties.

The ANOVA result indicate that NPSB blended fertilizer
showed a highly significant effect (p<0.01) on harvest index.
Harvest index is significantly differed between control and
50; between control and 100; between control and 150 kg ha®
! application of NPSB blended fertilizer (Table 9). However,
harvest index did not significantly differed between 50 and
150 kg ha' application of NPSB blended fertilizer.
Significantly, the highest harvest index (0.388) was recorded
at 100 kg ha™' application of NPSB blended fertilizer while
the lowest harvest index was recorded at control treatment
which was (0.227) (Table 9).

The results might be due to the fact that Boron helps in
fruit setting and grain formation because development of
wheat anthers and pollen is affected by B deficiency.
Therefore, B has also the most pronounced effect on grain
filling. Harvest index in wheat is closely related to the
percentage of productive tillers and generally decreased with
increase N application [67]. Phosphorus has an important
effect on reproduction, photosynthesis and crop maturation
(flowering and fruiting including seed formation) thus
helping to produce quality and quantity of grain yield and
this grain yield has highest correlation with harvest index
[46]. Isayas [34] reported that harvest index showed a
significant variation due to the application of different levels
of B. Leghari et al. [2] reported that use of NPK and boron
proved maximum crop yield and harvest index than control.

The result indicated poor response of wheat at control
(untreated) treatments.

Table 9. Effect of blended fertilizer and the varieties on thousand seed
weight and harvest index at Gimbi during 2019/20.

Variety TSW HI
Digalu 36.26" 0.37°
Liben 34.10° 0.364°
Local 30.18° 0.233°
LSD (5% 1.42 0.044
Fertilizer

0 24.02¢ 0.227°
50 34.68° 0.335°
100 36.49° 0.389°
150 38.86" 0.337°
LSD (0.05) 1.64 0.051
CV (%) 5.01 16.15

LSD (0.05)=Least Significant Difference at 5% level; CV=Coefficient of
Variation; TSW=Thousand Seed Weight HI= Harvest Index; Means in
column followed by the same letters are not significantly different at 5%
level of Significance

3.4. Partial Budget Analysis

The net benefit obtained in response to NPSB blended
fertilizer applied 0, 50, 100 and 150 kg ha” were 10,400;
19,400; 33,900 and 35,500 birr respectively(Table 10). The
higher marginal rate of return with high net benefit was
obtained from 100 kg ha'. Because the marginal rate of
return was above the minimum level (100%). According to
CIMMYT [36], the recommendation is not necessarily based
on the treatment with the highest marginal rate of return
compared to that of neither next lowest cost, the treatment
with the highest net benefit, and nor the treatment with the
highest yield. The identification of a recommendation is
based on a change from one treatment to another if the
marginal rate of return of that change is greater than the
minimum rate of return. Thus, 100 kg ha” NPSB blended
fertilizer is economically beneficial compared to the other
rates.

Table 10. Partial budget analysis of wheat as influenced by the rate of NPSB blended fertilizer application.

Treatment Av.Y (ton ha') ADTY (ton ha) GFB (birr ha™) TVC(Birr ha-1) Net benefit (Birr ha-1) MRR (%)
0 11.55 10.4 10400 0 10400 =

50 29.9 27 20000 600 19400 1500

100 38.7 35 35000 1200 33900 2417

150 41.88 37.5 37500 2000 35500 267

Av. Y= Average Yield, TVC=Total variable cost, ADTY=adjusted yield, GFB= Gross Field Benefit and MRR=Marginal Rate of Return

4. Summary and Conclusion

The experiment was conducted during the 2019/2020
cropping season at Farmers Training Center of Gimbi district,
western Ethiopia. The experiment was laid out in
Randomized Complete Block Design with factorial
arrangement with three replications and consist four rates of
NPSB blended fertilizers (0, 50,100 and 150 kg ha™) and
three bread wheat varieties (Digalu, Liben and Local). The

finding revealed that the interaction effect of variety and
NPSB blended fertilizer significantly influenced (p<0.05)
days of heading, grains per spike, above ground biomass and
straw yield. Digalu and Liben bread wheat varieties took the
lowest days to heading (56.33 and 56.66, respectively) under
control (0) treatment.

The finding indicated that application of NPSB blended
fertilizer at 100 and 150 kg ha™ significantly increased grain
yield than control and 50 kg ha™ applications. Based on the
current finding the grain yield was increased by 44.5 % when
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the two wheat varieties (Digalu and Liben) were used over
the local wheat variety in that particular area. Therefore,
from statistical point of view and its cost of production, 100

account the existing nutrient status of soils and crop
rotation practices being followed in the area.
2) Studies on Boron toxicity level in plant tissue demands

kg rate of NPSB blended fertilizer and, Digalu and Liben investigation.
varieties can be used as a recommended fertilizer rate and
varieties, respectively for bread wheat production at Gimbi  QRCID

district (Tole kebele). The study was carried out in one
season and location, future investigation should emphasize
on different seasons and different locations in the district to
come up with sound recommendations. Future investigation
should also emphasis on the following aspects:

1) Economic analysis of fertilizer applications, taking into
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Appendix
Table Al. Simple correlation among yield and yield components of bread wheat Gimbi during 2019/20.
DH DM PH SL NT NTP GPS AGB GY HI TSW SY

DH 1 0.76** 0.84** -0.07ns -0.12ns  -0.15ns  -0.37* 0.07 ns -0.26 ns  -0.47** -0.12ns  0.34*
DM 1 0.75%* 0.06 ns 0.06 ns 0.02 ns -0.34%* 0.17 ns -0.07ns  -0.33% 0.04 ns 0.36*
PH 1 0.26 ns 0.20 ns 0.16 ns -0.05ns  0.36%* 0.08 ns -0.17ns  0.22ns 0.52%*
SL 1 0.75%* 0.75%* 0.72%* 0.69** 0.71** 0.62** 0.85%* 0.49**
NT 1 0.98** 0.75%* 0.84** 0.87** 0.71%* 0.89** 0.58%*
NTP 1 0.74%* 0.82%** 0.86%* 0.71** 0.88** 0.56%*
GPS 1 0.61** 0.78** 0.80** 0.81** 0.29 ns
AGB 1 0.84%** 0.47** 0.84** 0.87**
GY 1 0.85%* 0.87** 0.48%*
HI 1 0.73** 0.01 ns
TSW 1 0.60**
SY 1

DH=Days of Heading, DPM=Days of Physiological Maturity, PH=Plant Height, SL=Spike Length, NTP=Number of Tillers Per Plant, NPTP=Number of
Productive Tillers Per Plant, GPS=Grains per Spike, AGB=Above Ground Biomass, GY=Grain Yield, HI=Harvest Index, TSW=Thousand Seed Weight,

SY=Straw Yield
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