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Abstract

Article Information

Declining soil fertility is one of the major problems causing yield reduction of barley in
Southwestern Ethiopia. Therefore, field experiments were, carried out at Adiyo and Ghimbo
districts, Kaffa Zone, Southwestern Ethiopia, to determine the effects of combined
application of farm yard manure (FYM) and vermi compost (VC) with inorganic NP on
growth, yield and yield components of food barley. The treatments included combinations of
two rates (2.5 and 5 t ha™) of FYM and two rates (2.5 and 5 t ha™) of VC with 25%, 50%
and 75% of recommended rates of inorganic NP, respectively. In addition, 100%
recommended rate of inorganic NP (23 kg N ha™ and 46 kg P,Os ha™) and zero rates were
used for comparison. The experiments were laid out in a randomized complete block
design with three replications. The results revealed that applying 5 t ha® FYM combined
with 75% inorganic NP gave the highest number of productive tiller m™ (227 and 215) and
grain number spike™ (37 and 36.7) and grain yield (3668 and 3486 kg ha™) of barley at
Adiyo and Ghimbo, respectively. The application of 5 t ha™ FYM in combination with 75%
inorganic NP has increased grain yield by 69.30% and 43.45% at Adiyo and by 66.86% and
45.49% at Ghimbo over the control and the application of 100% recommended rate of NP
fertilizers, respectively. Similarly, the economic evaluation indicated that the application of 5
t ha™ FYM + 75% inorganic NP gave the highest net return which is 15,858.50 Ethiopian
Birr ha™ at Adiyo and 13,108.00 Ethiopian Birr ha™ at Ghimbo. Hence, it can be concluded
that, the use of combined application of FYM (5 t ha™) with 75% of recommended rates of
inorganic NP in the study areas and other locations with similar agro-ecologies can
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INTRODUCTION

Food barley (Hordeum vulgare L.), belonging to
Poaceae family, is one of the most important staple food
crops in the world. It is a cool season, most dependable
and early maturing cereal crop with relatively high yielding
potential in diverse agro-ecologies including marginal
areas where other cereal crops are not adapted (Martin et
al., 2006). Barley can be cultivated at altitudes between
1500 and 3500 m.a.s.| but it is predominantly grown
between altitudes of 2000 to 3000 m.a.s.| in Ethiopia
(Berhane et al., 1996). Barley cultivation and its use in
Ethiopia is unique in that in no other country the crop is
grown in environments so diverse in terms of altitude,
rainfall, soil and farming systems.

Barley grain consists of mainly carbohydrates,
proteins, and lipids. The grain is used locally for the
preparation of different food stuffs such as injera,
porridge, kolo, and local drinks such as tela, and borde in
Ethiopia. The straw is used as animal feed especially
during dry season. It is also useful for thatching roofs and

as bedding materials. In Kaffa Zone of Southwestern
Ethiopia, barley is one of the major and widely cultivated
small cereal crops. Nationally, it covers 1,018,752.94 ha
of land with the production of 1,781,652.208 t. In Kaffa
Zone alone, barley covers 10,027.76 ha and 13,305.79 t
in production (CSA, 2013). However, this yield is far lower
than the world average (145.12 million t) according to
(FAO, 2013) mainly due to declining soil fertility.

One of the contributing factors to low yield generally in
Ethiopia and particularly in the study areas was the
inadequate agronomic management practices specifically,
inadequate and inappropriate application of fertilizer and
manure by barley growers. Barley is a gross feeder crop,
requiring large quantities of fertilizers. However, intensive
use of only chemical fertilizers without supplementing
organic sources and the high cost of chemical fertilizers
which are not affordable by the small holder farmers in the
study areas accompanied by high amount of rainfall that
might have caused leaching of macro- and micro-nutrients
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create a number of problems which have significantly
reduced soil fertility and crop productivity (Personal
Communication)

Continuous uses of inorganic fertilizers lead to
deterioration of soil chemical and physical properties,
biological activities and thus in general the total soil health
(Mahajan et al., 2008). Nutrients supplied exclusively
through chemical sources, though enhance vyield initially,
lead to unsustainable productivity over the years
(Satyanarayana et al., 2002; Mahajan et al., 2008). Thus
the negative impacts of chemical fertilizers, coupled with
their high prices, have prompted the interest in the use of
organic fertilizers as source of nutrients. Organic fertilizer
application has been reported to improve crop growth by
supplying plant nutrients including micro-nutrients as well
as improving soil physical, chemical, and biological
properties thereby provide a better environment for root
development by improving the soil structure (Dejene and
Lemlem, 2012).

So far, many research findings have shown that
neither inorganic fertilizers nor organic sources alone can
result in sustainable productivity (Satyanarayana et al.,
2002; Godara et al., 2012). Furthermore, the price of
inorganic  fertilizers is increasing and becoming
unaffordable for resource-poor smallholder farmers. The
best remedy for soil fertility management is, therefore, a
combination of both inorganic and organic fertilizers,
where the inorganic fertilizer provides readily available
nutrients and the organic fertilizer mainly increases soil
organic matter and improves soil structure and buffering
capacity of the soil (Godara et al., 2012). The combined
application of inorganic and organic fertilizers, usually
termed as integrated nutrient management, is widely
recognized as a way of increasing yield and or improving
productivity of the soil sustainably (Mahajan et al., 2008).
Several researchers (Singh and Agrawal, 2001; Mahajan
et al., 2008; Getachew, 2009; Gafar et al., 2012) have
demonstrated the beneficial effect of integrated nutrient
management in mitigating the deficiency of several
macro- and micro-nutrients. In view of this fact, identifying
the optimum dose of integrated nutrients application is
crucial and is required for maintaining adequate supply of
nutrients for increased yield.

However, research on integrated nutrient management
for barley production has not been yet conducted in Kaffa
Zone, Southwestern Ethiopia. This study was, therefore,
conducted to determine the effect of the combined
application of FYM and VC with inorganic NP fertilizers on
the growth, yield and yield components of food barley and
to determine appropriate rates of combined FYM and VC
with inorganic NP fertilizers for improved productivity of
the crop.

MATERIALS AND METHODS

Description of the Study Site

The experiment was conducted in two districts namely,
Ghimbo and Adiyo of Kaffa Zone, Southwestern Ethiopia,
during 2013 main cropping season. Ghimbo and Adiyo
districts are located at 8° 06" N, 36° 28" E, 2002 m.a.s.l.
and 9° 05" N, 42° 33" E, 2350 m.a.s.l., respectively. The
rainfall pattern of these areas is characterized by bimodal
distribution with small rainy season belg (March-June) and
main rainy seasons Meher (July-November) (Banti, 2009).
The annual total rainfall was 1120 mm at Ghimbo and

Sci. Technol. Arts Res. )., April-June 2014, 3(2): 34-42

1367 mm at Adiyo with respective mean annual
temperature of 14.7 and 19.7 °C.

The soil physico chemical analysis of the study areas
revealed that the soils of the experimental field were clay
loam and clay in texture at Adiyo and Ghimbo,
respectively. The results also indicated that the soil of
Adiyo and Ghimbo are slightly acidic with pH of 6.03 and
5.70, respectively. The soils have medium organic carbon
and total N (%) at Adiyo and low organic carbon and total
N (%) at Ghimbo. Available P (ppm) is low both at Adiyo
and Ghimbo (Table 2).

Table 1: Organic matter, N, P, K & moisture composition
of the FYM and VC used in the experiment.

Parameter FYM Vermi compost
Organic matter (%) 9.77 5.56
Total N (%) 1.77 1.26
Available P (%) 0.62 0.41
Available K (%) 2.55 2.24
Moisture content (%) 20 14

Treatments and Experimental Design

The treatments consisted of combinations of two rates
of FYM (2.5 and 5 t ha™) and two rates of VC (2.5 and 5 t
ha™) with three recommended rates (25, 50 and 75%) of
inorganic NP fertilizers. In addition, 100% recommended
rate of inorganic NP fertilizer (23 kg N and 46 kg P20s)
and zero rates were used for comparison. Thus there
were 14 treatments. The experiment was laid out in a
randomized complete block design with three replications.
The gross and net plot sizes were 2.4 m x 3 mand 1.6 m
x 2.6 m, respectively. A food barley variety called
‘GABULA’ was used as a test crop. The variety was
released in 2007 by Hawassa Agricultural Research
Center, Ethiopia, for its high vyield and promising
agronomic performances in the study areas. The variety
matures in 95 days and has an average height of 100 cm
(MoARD, 2007).

Experimental Procedures

Farm yard manure (FYM) was applied on dry weight
basis three weeks prior to planting and thoroughly mixed
with the soil in the field. Well decomposed vermi compost
(VC) was applied during planting time on treatment basis.
The organic carbon, N, P, K and moisture contents of the
FYM and VC used in the experiments were determined.
All P and half of the N fertilizer sources for the respective
inorganic NP treatments were applied at planting. The
remaining half of the inorganic N fertilizer was applied at
tillering stage by side drilling.

Prior to planting, surface (0 - 30 cm) soil samples, from
five spots across the experimental fields, were collected in
a zigzag pattern, composited, and analyzed for soil
physico-chemical properties and the results are depicted
in Table 2.

Soil texture was determined using Bouyoucos
hydrometer method (Bouyoucous, 1951); soil pH at 1:2.5
soils to water ratio by pH digital meter (Page, 1982); soil
organic carbon by wet digestion method (Walkley and
Black, 1954) and total N by Kjeldhal method (Jackson
1973). Available phosphorus was determined by the
Olsen method (Olsen et al., 1954); the cation exchange
capacity (CEC) using 1M-neutral ammonium acetate
(Jackson, 1973).
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Table 2: Physico-chemical characteristics of soil of the
experimental sites

Soil parameters - Districts -
Ghimbo Adiyo
Textural composition (%)
Sand 18.0 17.9
Silt 21.0 26.9
Clay 61.0 55.2
Textural class Clay Clay loam
pH 5.70 6.03
Organic Carbon (%) 1.30 1.52
Total N (%) 0.08 0.11
Available P (mg kg™ 6.70 7.10
CEC (cmol/kg) 20.15 18.05

The barley seeds were planted in rows spaced 20 cm
apart by hand drilling at the seed rate of 120 kg ha™".
Weeds were removed manually three times (i.e. at early
tillering, maximum tillering and booting stages). No
insecticide or fungicide was applied as there was no
serious incidence of insect pests or diseases. Harvesting
was done manually using hand sickles. The harvested
product was sun-dried for 8 days and threshing and
winnowing were done subsequently.

Data Collection

Days to heading were recorded when the ears or
panicles were fully visible on 50% of the plants from each
plot by visual observation and days to physiological
maturity were recorded when 90% of the plants reached
maturity in each plot, i.e. when grains were difficult to
divide by thumb nail. Number of productive tillers m? was
counted from two random 1m X 1m areas (5 rows of 1m
length) within the net plot area at physiological maturity
and the average was recorded as number of productive
tiller m® Plant height (cm) was determined from
measurements of 10 randomly pre-tagged mother shoots
from ground level to the top of the spike excluding the
awns at physiological maturity. Likewise, the spikes in the
pre-tagged 10 plants were collected and the total grains
were counted to record the number of grains per spike.
Thousand grains were counted in each plot using
electronic seed counter from a bulk of threshed grain and
their weight was measured using a sensitive balance at
harvest and the weight was adjusted to 12.5% moisture
content.

The total aboveground dry biomass vyield including
straw and spikes of plants in a net plot area was
measured using spring balance after sun drying to a
constant weight. Then threshed and the grain yield per net
plot was weighed and adjusted to 12.5% moisture
content. Harvest index was calculated as the ratio of grain
yield to total aboveground dry biomass and expressed in
percentage.

Statistical Data Analysis

The agronomic data were subjected to analysis of
variance (GLM procedure) using SAS software program
version 9.2 (SAS Institute, 2003). Homogeneity of
variances was evaluated using the F-test as described by
Gomez and Gomez (1984) and since the F-test has
showed heterogeneity of the variances of the two
locations for most of the agronomic parameters, separate
analysis was used for the two locations. The Fisher’s
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protected least significant difference (LSD) test at 0.05
probability level was employed to separate treatment
means where significant treatment differences existed.

Partial Budget Analysis

The partial budget analysis as described by CIMMYT
(1988) was done to determine the economic feasibility of
the fertilizer application. It was calculated by taking into
account the additional input cost (variable cost) involved
and the gross returns obtained from different treatments.
The variable cost also included the labor cost involved for
harvesting, threshing and winnowing of the produce as
this varied according to the vyield obtained from a
particular treatment. For determining gross returns, the
prevailing local market price at the harvest of barley (5.50
and 5.00 Ethiopian Birr kg'l, at Adiyo and Ghimbo,
respectively) was used for computation. The net returns
were calculated by subtracting the cost of treatment from
its gross returns, i.e. RNR = GR-VC where, RNR
Relative net returns, GR = Gross returns, and VC
Variable cost.

RESULTS AND DISCUSSION

Phenological and Growth Parameters

There was no significant difference in the number of
days to heading and maturity due to the application of
different rates of VC and FYM in combination with varied
rates of inorganic NP both at Adiyo and Ghimbo (data not
shown). However, the application of fertilizers of any
source, irrespective of their doses hastened days to
heading and maturity as compared to no fertilizer
application.

On the other hand, there was significant (P<0.05)
effect of combined application of organic and inorganic
fertilizers on plant height. Results showed that all the
treatments increased plant height over the control (Table
3). The tallest plants were obtained at the rate of 5 t ha™
FYM + 75% of recommended NP at Adiyo and from the
application of 5 t ha™ VC + 75% recommended inorganic
NP at Ghimbo. However, the shortest plants were from
the control both at Adiyo and Ghimbo. It was observed
from both Adiyo and Ghimbo that plant height increased
when organic fertilizer sources were combined with
increased rate (75%) of inorganic NP in most plots.

The possible reason for maximum height in FYM or
VC plus mineral NP treatment might be that the mineral
NP sources fulfilled the NP requirements at early growth
stages while farmyard manure and vermicompost
provided the crop with maximum nutrients in later stages.
Thus, combination of (FYM + inorganic NP and VC +
inorganic NP) might have nourished the crop in initial
stages as well as in the later growth stages. The result of
this experiment agreed with the finding of Amanuliah and
Maimoona (2007) who reported that the use of increased
rates of FYM and N increased plant height of wheat and
the shortest plants recorded from the control treatment.
Also in agreement with this result, Ofosu and Leitch
(2009) reported that plant height of spring barley
increased with organic manure application as compared
to inorganic fertilizer alone. Similarly, Getachew (2009)
reported that the use of organic manures in combination
with mineral fertilizers maximized the plant height than the
application of inorganic fertilizers alone.
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Yield Components

It was observed that the combined application of
organic and inorganic fertlllzers also increased the
number of productive tillers m? both at Adlyo and
Ghimbo. As a result, the application of 5t ha™ FYM with
75% inorganic NP resulted in the highest number (227)
and (215) of productive tillers m? at Adiyo and Ghimbo,
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respectively. This treatment gave 65.63% and 66.83%
increase over the control treatment at Adiyo and Ghimbo,
respectively (Table 3). This might be due to the increased
rate of FYM which might have attributed to the increased
availability of NPK, improvement of soil water holding
capacity and reduction of volatilization of nitrogenous
fertilizer to NH3 gas.

Table 3: Plant height (cm), number of productive tillers m? and number of grains spike‘1 of barley as influenced by
integrated nutrient management at Adiyo and Ghimbo, Southwestern Ethiopia

Treatment Adiyo Ghimbo

Plant Number Number Plant Number Number

height of tillers  of grains height of tillers of grains
2.5that VC+25% RDF 95.1%" 158.0% 28.0% 95.0" 144.0°f 27.3%
2.5t ha™ VC+50% RDF 97.3"" 162.0° 29.0% 98.1° 153.0% 26.0%
2.5tha’ VC+75% RDF 101.8° 178.0° 31.0°° 102.3% 165.0% 27.3%
2.5t ha FYM+25% RDF 96.0%" 164.0° 29.0% 97.6% 149.0°f 28.0%
2.5t ha® FYM+50% RDF 100.6°* 191.0° 33.0%° 101.0° 173.0° 33.0%°
2.5t ha' FYM+75% RDF 103.0%° 206.0° 36.3% 103.6% 187.3° 36.3°
5tha™ VC+25% RDF 97.6% 178.0° 33.0%° 100.3°% 157.0% 29.6°
5tha™ VC+50% RDF 101.6° 186.0° 30.7°%¢ 101.6% 174.0° 32.6°
5tha™ VC+75% RDF 104.0% 188.0° 34.0%¢ 104.3? 178.0™ 29.6°
5tha™ FYM+25% RDF 101.3° 211.3.0°  34.1*¢ 99.6% 209.0° 34.3%
5tha™ FYM+50% RDF 104.0%° 218.0% 36.0%° 101.6% 207.0° 36.3°
5tha®’ FYM+75% RDF 105.3% 227.0% 37.0% 103.0%° 215.0% 36.7%
100% RDF 99.6% 145.0° 37.0%¢ 99.6% 137.0' 34.3%
Control 94.3" 78.0' 26.0% 94.49 71.3 23.3°
LSD (5%) 3.03 13.99 5.565 2.73 14.18 4.92
CV (%) 1.63 4.70 10.62 1.45 5.11 8.20

Means followed by the same letter within a column are not significantly different to each other at 5% level of significance
* FYM = Farm Yard Manure, RDF = Recommended Dose of inorganic NP Fertilizer, VC = Vermi Compost

It was also observed that as rate of inorganic NP
increased from 25 to 75% there was increase in number
of productive tillers m~ % poth at Adiyo and Ghimbo. The
increased number of productive tillers m? at higher NP
rates might be due to vigorous growth and development of
the crop because the nutrients applied from inorganic
sources coupled with organic sources might have
attributed to more availability of N that played a vital role
in cell division. Similarly, Fageria (2009) reported that rice
tillering was minimized in the plot that did not receive P
fertilization compared to the plot that received N and P
fertilizers in upland rice. The favorable effects of NP might
have Ied to the production of more number of productive
tillers m™ at higher levels of NP (Igtidar et al., 2006).

At later crop growth stages, however, the
mineralization of FYM and VC coupled with increased
doses of inorganic NP might have contrlbuted to the
increased number of productive tillers m’ 2 over the control.
The mineralization of FYM and VC gradually releases
essential nutrients over a period than the applied
inorganic NP, hence reducing their leaching and
improving the efficiency of their uptake on account of
reduction in synchrony time of the crop nutrient demand
and manures nutrient release contributed to the increased
number of productive tillers m?.

Similar to the effect on number of productive tillers m?
the application of 5 t ha™ FYM in combination with 75% of
inorganic NP fertlllzer resulted in the highest number of
grains splke both at Adiyo (37.00) and Ghimbo (36.7)

showing an advantage of 29.72% at Adiyo and 36.51% at
Ghimbo, respectively, over the control (Table 3). The
possible reason for the increased number of grains spike'1
could be that mineral fertilizer and mineralization of
organic fertilizer sources throughout the growing period
did not put the plants in nutrient stress at any stage
resulting in maximum grain production. In agreement with
these results, several workers (Singh and Agarwal 2001;
Igbal et al. 2002; Arif et al. 2006) have reported significant
increase in the number of grains splke of wheat by
applying organic manures and mineral fertilizer in
combination as compared to inorganic fertilizer application
alone.

The highest thousand grain weight (45.00 g) was
obtained when 5 t ha FYM was applied in combination
with 25% recommended rate of inorganic NP at Ghimbo
while at Adiyo the highest thousand grain weight (44.33 g)
was obtained due to the application of 5 t ha™ FYM in
combination with 75% recommended rate of inorganic NP.
In agreement to this result, Mehta (2005) reported
S|gn|f|cantly higher wheat thousand grain welght with FYM
(25t ha ) + Leucaena biomass (2.5t ha’ ) + 75% RDF
than 100% recommended rate of inorganic NP fertilizer
and attributed this to better availability of nutrients. In
contrast to this result, Oo et al. (2010) reported non-
significant effect of organic fertilizers on thousand grain
weight of rice.

The lowest thousand grain weights 36.00 g at Ghimbo
and 35.67 g at Adiyo were recorded from the control plots.
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This decrease in thousand grain weights could be due to
shrivelled seeds that have less size which contributed to
the less thousand grain weight. These results were in
agreement with Rasool et al. (2008) who reported that
thousand grain weight of wheat was significantly
increased with the use of recommended dose of inorganic
NPK in combination with FYM. Similarly, Saidu et al.
(2012) also obtained the highest 1000 wheat grain weight,
from application of 5 t ha™ FYM in combination with 50%
inorganic NP while the lowest 1000 grain weight was
recorded from no fertilizer application.
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From this experiment it was observed that the
application of 100% recommended rate of inorganic NP
resulted in lower thousand grain weights both at Adiyo
and Ghimbo compared to the combined application of
organic and inorganic fertilizers in most treatments (Table
4). This could be due to the fact that 100% recommended
rate of inorganic NP was not sufficient during grain filling
of crop so that the grain with small size were harvested
and resulted to lower thousand grain weight.

Table 4: Thousand grain weight and grain yield of barley as influenced by integrated nutrient management at Adiyo and

Ghimbo, Southwestern Ethiopia

. Adiyo Ghimbo
Treatment Grain yield Grain yield
TGW (g) (kg h ayl) TGW () ayl)
2.5tha’ VC + 25% RDF 37.00™ 1796.3" 36.33" 1525.79
2.5tha™ VC + 50% RDF 40.33"°¢ 1912.0"" 36.50°' 1756.3%9
2.5tha™ VC + 75% RDF 39.67° 2215.0% 38.00% 1973.3°
2.5 tha™ FYM+25% RDF 38.33% 1860.0%" 38.33% 1640.3"
2.5 tha™ FYM+50% RDF 42.33% 2578.3% 42.00"° 2365.7%
2.5 tha™ FYM+75% RDF 43.67° 3132.0° 44.66% 3026.7°
5tha™ VC + 25% RDF 41.33%°cce 2280.3% 40.00% 2066.0%
5tha™ VC + 50% RDF 39.67° 2171.7°% 40.00* 2343.7%
5tha™ VC + 75% RDF 41.00% 2568.0° 41.00° 2050.3%
5 tha™ FYM+25% RDF 43.33%° 2755.3° 45.00% 2573.7°
5 tha™ FYM+50% RDF 43.67° 3349.7° 44.33% 3293.0%
5 tha™ FYM+75% RDF 44.33% 3668.0° 43.67° 3486.0°
100% RDF 39.00%" 2074.0%" 40.33% 1900.0°'
Control 35.67° 1126.0' 36.00°' 1155.0"
LSD (5 %) 3.96 317.14 2.56 320.68
CV (%) 6.11 6.86 3.67 7.67

Means followed by the same letter within a column are not significantly different at 5% level of significance,
* FYM = Farm Yard Manure, RDF = Recommended Dose of inorganic NP Fertilizer,
VC = Vermi Compost, TGW= Thousand grain weight

Grain Yield, above Ground Dry Biomass Yield and
Harvest Index

There was highly significant (P < 0.001) effect of
combined application of organic and inorganic fertilizers
on grain yield both at Adiyo and Ghimbo. The highest
grain yields of 3668.00 kg ha™ and 3486.00 kg ha™ at
Adiyo and Ghimbo, respectively, were obtained from the
application of 5 t ha’ FYM combined with 75%
recommended inorganic NP (Table 4). These were
followed by the application of 5 t ha® FYM with 50%
recommended rate of inorganic NP.

This indicates that the application of 5 t ha™ FYM +
75% inorganic NP were optimum for the maximum
productivity of barley crop in the study areas and more
than this rate might cause yield decreases. Similarly,
Singh et al. (1995) reported that increasing NP beyond
the optimum requirement level of the crop resulted in
decline of grain yield in rice. The maximum grain yields
obtained from the combined application of 5 t ha™ FYM
with 75% recommended rate of inorganic NP had an
advantage of 43.45% over the application of 100%
recommended rate of inorganic NP at Adiyo and 45.49%
at Ghimbo, respectively.

The increase in yield of barley due to the integration of
FYM with 75% inorganic fertilizers over 100% of inorganic
NP might be due to the addition of nutrients from the

FYM, which indicates that even full rate of inorganic NP
was not adequate for barley production both at Adiyo and
Ghimbo and additional fertilizers are required. This result
was in agreement with the finding of Abay and Tesfaye
(2012) who reported that the application of inorganic
fertilizers (NP or NPK) with FYM gave a better yield of
barley than the application of 100% inorganic fertilizers
alone. This indicates that application of FYM is more
important than the application of inorganic fertilizers alone
which might be attributed to the beneficial effects of FYM
on the soil's physical, chemical and microbiological
properties (Chong, 2005). The increased yield due to the
application of 5 t ha™ FYM with the combination of 75% of
inorganic NP in these areas on the other hand could be
due to the balanced supply of essential nutrients from
their integration.

The present trend of increase in vyield with the
combined application of organic and inorganic fertilizers
over the control was in conformity with the findings of
Parihar et al. (2010) who reported that the combined
application of FYM and inorganic NPK fertilizers increased
the yield of pearl millet crop by improving the physical and
chemical properties of the soil.

Though the application of VC did not perform better
than FYM with respect to yield and yield components of
barley in this experiment, the report of Ranva and Singh
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(2006) indicated that VC in wheat resulted in a significant
increase in all of the growth parameters and yield
attributes than the application of FYM. The low
performance of VC in this study could be the low organic
matter and NPK content of VC compared with FYM. On
the other hand, the source from which VC was made may
not be as nutritious as FYM as well as the acidic soil of
the study area might not be comfortable for the
decomposition of VC. Similarly Yavarzadeh and
Shamsadini (2012) reported that the effectiveness of VC
fertilizer depends on the resources from which it was
made and its decomposition and productivity is more
efficient in neutral soil pH condition.
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Above ground biomass yield was significantly (P<0.05)
influenced due to the combined application of organic and
inorganic fertilizers both at Adlyo and Ghimbo.
Accordingly, the application of 5 t ha™ FYM in combination
with 75% inorganic NP gave the highest biomass yield of
8259.3 and 8065.0 kg ha® at Adiyo and Ghlmbo
respectively (Table 5). This was followed by 5 t ha™ VC +
75% inorganic NP with biomass yield of 7564.0 kg ha™ at
Adiyo and 5t ha™ FYM +50% inorganic NP with biomass
yield of 7381.0 kg ha™ at Ghimbo. The possible reasons
for the difference results at the two locations from different
treatments could be the difference in the initial soil
constituents and agro-ecologies.

Table 5: Above ground dry biomass yield and harvest index of barley as influenced by integrated nutrient management

at Adiyo and Ghimbo, Southwestern Ethiopia

Adiyo Ghimbo
Treatment” AGDB Yield Harvest Index AGDB Yield Harvest Index

(kg ha) (%) (kg ha™) (%)
2.5tha’ VC + 25% RDF 4337.3' 41.43 3825.3' 39.87°
2.5tha™ VC + 50% RDF 4821.3" 39.65% 4268.7" 41.30°
2.5tha™ VC + 75% RDF 7049.7% 31.40° 6914.7°° 29.08°
2.5 tha™ FYM+25% RDF 5752.3¢ 32.39° 5646.7°' 28.53"
2.5 tha™ FYM+50% RDF 6173.3" 41.86%° 5796.0°' 41.00%
2.5 tha™ FYM+75% RDF 6775.3° 46.22% 7261.0°° 41.76°
5tha™ VC + 25% RDF 6581.7°%" 34.83% 6666.0° 31.01°
5tha™ VC + 50% RDF 7066.3° 30.79° 7059.0” 33.26°
5tha™ VC + 75% RDF 7564.0° 33.95° 5103.3" 40.24°
5 tha™ FYM+25% RDF 6479.0°' 42.51%° 6176.3% 41.85°
5 tha™ FYM+50% RDF 7177.0% 46.80° 7381.0%° 44.72°
5 tha™ FYM+75% RDF 8259.3% 44.42%° 8065.0° 43.17°
100% RDF 4925.7" 42.02%° 4679.0%" 40.77°
Control 3525.0/ 30.77° 3677.0' 31.57°
LSD (5%) 509.84 5.28 698.15 6.13
CV (%) 3.80 8.18 6.89 7.44

Means followed by the same letter within a column are not significantly different at 5% level of significance,
* FYM = Farm Yard Manure, RDF = Recommended Dose of inorganic NP Fertilizer,
VC = Vermi Compost, ABGD= above ground dry biomass

Generally, it was observed that except the combined
application of 2.5t ha™ VC with 25 and 50% inorganic NP
fertilizers both at Adiyo and Ghimbo, the combined
application of organic and inorganic fertilizers have
resulted in higher aboveground biomass yield than the
application of 100% recommended rate of inorganic NP
alone. This implies that integrated use of organic and
inorganic fertilizers responded better to increase
productivity than the use of inorganic fertilizer alone in the
study areas. Likewise, Shata et al. (2007) suggested that
by the use of mixed chemical and bio fertilizers not only
production can be kept at optimum level, but also the
amount of chemical fertilizer to be used can be reduced.
Plant bio-chemical activities improve by absorption of
nutrients from soil and this increase the grain yield and
biological yield plant™.

Harvest index was significantly influenced by the
combined application of organic and inorganic fertilizer
sources (Table 5). The highest harvest indices, i.e.
46.80% at Adiyo and 44. 72% at Ghimbo were recorded by
the application of 5 t ha™ FYM + 50% inorganic NP. From
this experiment, it was observed that the increased rate of

FYM and inorganic NP has increased the harvest index of
barley both at Adiyo and Ghimbo. The possible reason
could be the increased rate of FYM and inorganic NP that
might have increased the efficiency of the barley to
partition the dry matter to the seed. Similarly, Mooleki et
al. (2004) indicated the increased rate of either FYM or
inorganic NP has increased the harvest index of rice.

The result of this experiment also indicated that the
lowest harvest index (28.53% at Ghimbo and 30.79% at
Adiyo) were recorded from the application of 25t hat
FYM + 25% inorganic NP and from 5t ha VC + 50%
inorganic NP, respectively (Table 5). This was because of
that these treatments had higher aboveground biomass
yield that narrowed the gap between grain yield and
aboveground biomass yield and lead to the less harvest
index compared to the control plot both at Adiyo and
Ghimbo.

Economic Evaluation

The economic analysis revealed that highest net
returns of Birr 15,858.50 ha™ at Adiyo and 13, 108 00 at
Ghimbo were obtained by the application of 5 t ha™ FYM
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+ 75% inorganic NP followed by 5 t ha'! FYM + 50%
inorganic NP which gave net return of Birr 14,197.35 ha™
at Adiyo and 12,187.00 at Ghimbo. On the other hand, the
lowest net return was received from no fertilizer
application both at Adiyo and Ghimbo (Table 6 and 7). In
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line with this result, Abay and Tesfaye (2012) reported
that the application of 46 kg N + 40 kg P + 20t FYM ha
gave the highest net return and the lowest net return was
obtained from no fertilizer application in barley.

Table 6: Partial budget analysis to estimate net benefit as influenced by integrated nutrient management on barley at

Adiyo, Southwestern Ethiopia

Treatment " Yield_l Gross ret_ulrn Total co_sit Net returln
(kg ha™) (ETB ha™) (ETB ha™) (ETB ha™)
2.5tha® VC + 25% RDF 1796.3 9879.65 3150.50 6729.15
2.5tha® VC + 50% RDF 1912.0 10516.00 3177.80 7338.20
2.5tha® VC + 75% RDF 2215.0 12182.50 3321.60 8860.90
2.5 tha FYM+25% RDF 1860.0 10230.00 3222.50 7007.50
2.5 tha FYM+50% RDF 2578.3 14180.65 3562.50 10618.15
2.5 tha FYM+75% RDF 3132.0 17226.00 3633.20 13592.80
5tha®VC + 25% RDF 2280.3 12541.65 4227.00 8314.65
5tha VC + 50% RDF 2171.7 11944.35 4756.00 7188.35
5tha™ VC + 75% RDF 2568.0 14124.00 5136.00 8988.00
5 tha™ FYM+25% RDF 2755.3 15154.15 4135.00 11019.15
5 tha™ FYM+50% RDF 3349.7 18423.35 4226.00 14197.35
5 tha™ FYM+75% RDF 3668.0 20174.00 4315.50 15858.50
100% RDF 2074.0 11407.00 3425.00 7982.00
Control 1126.0 6193.00 2820.00 3373.00

ETB= Ethiopian Birr and the local market price of food barley at harvesting time at Adiyo was 550.00 birr/100kg
and gross return was the product of market price and grain yield.
* FYM = Farm Yard Manure, RDF = Recommended Dose of inorganic NP Fertilizer, VC = Vermi Compost

Table 7: Partial budget analysis to estimate net benefit as influenced by integrated nutrient management on barley at

Ghimbo, Southwestern Ethiopia

Treatment Ggna’)  (ETBhah  (ErBha)  (E1Bha)
2.5tha™ VC + 25% RDF 1525.7 7628.5 2852.50 4776.00
2.5tha™ VC + 50% RDF 1756.3 8781.5 3022.50 5759.00
2.5tha™ VC + 75% RDF 1973.3 9866.5 3236.00 6630.50
2.5 tha™ FYM+25% RDF 1640.3 8201.5 3282.50 4919.00
2.5 tha™ FYM+50% RDF 2365.7 11828.5 3488.50 8340.00
2.5 tha™ FYM+75% RDF 3026.7 15133.5 3566.00 11567.50
5tha™ VC + 25% RDF 2066.0 10330.0 3666.00 6664.00
5tha™ VC + 50% RDF 2343.7 11718.5 4390.00 7328.50
5tha™ VC + 75% RDF 2050.3 10251.5 4418.00 5833.50
5 tha™ FYM+25% RDF 2573.7 12868.5 4225.00 8643.50
5 tha™ FYM+50% RDF 3293.0 16465.0 4278.00 12187.00
5 tha™ FYM+75% RDF 3486.0 17430.0 4322.00 13108.00
100% RDF 1900.0 9500.0 3395.00 6105.00
Control 1155.0 5775.0 2882.00 2893.00

ETB= Ethiopian Birr and the local market price of food barley at harvesting time at Ghimbo was
500.00 birr/100kg and gross return was the product of market price and grain yield.
* FYM = Farm Yard Manure, RDF = Recommended Dose of inorganic NP Fertilizer, VC = Vermi Compost

High net return from the foregoing treatments could be
attributed to high yield and the low net return was
attributed to low yield. From the economic point of view
also, it was apparent that 5 t ha™ FYM+ 50% of inorganic
NP and 5 t ha’ FYM +75% of inorganic NP were more
profitable than the rest of treatments both at Adiyo and
Ghimbo.

CONCLUSIONS

It can be concluded from the present study that the
growth, yield components and vyield of barley at both
locations responded significantly to integrated application
of organic and inorganic fertilizers. Significant increases
were recorded in the number of productive tillers m?2,
number of grains spike® and thousand grain weight,
aboveground dry biomass and grain yield of barley with
the combined application of organic and inorganic

40



Mitiku Woldesenbet et al,

fertilizers than the application of inorganic NP alone. The
higher thousand grain weight, number of grains splke

and number of productive t|IIers m™ were obtalned from
the application of either 5 t ha™ or 2.5 t ha® FYM with
different NP rates than the combination with VC both at
Adiyo and Ghimbo. From the range of treatments tested,
the combined application of 5 t ha® FYM + 75%
recommended rate of inorganic NP gave the highest grain
yields both at Adiyo and Ghimbo. Likewise, the economlc
analysis indicated that the application of 5 t ha® FYM +
75% inorganic NP gave the highest net return (15,858.50
Ethloplan Birr ha ) at Adiyo and (13,108.00 Ethiopian Birr
ha’ ) at Ghimbo. Hence, it is suggested that, farmers |n
Kaffa Zone could use the combination of FYM, i.e. 5t ha™

with 75% recommended rate of inorganic NP in order to
achieve higher grain yield and economic return from
barley cultivation. Therefore, in the light of the significant
response of barley to integrated fertilizer application,
further studies aimed at promoting integrated soil fertility
management and formulation of fertilizer
recommendations on yearly soil and plant test bases over
locations can be useful.
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