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ABSTRACT

Soil acidity has become a serious threat to crop production in most Ethiopian highlands in
general and in the western part of the country in particular. A greenhouse experiment was
conducted using 16 barley (Hordeum wvulgare ssp. vulgare L.) cultivars grown under lime
treated and untreated conditions to evaluate for tolerance to soil acidity and responsiveness
to lime. Treatments were arranged in a randomized complete block design with three
replications. Results showed that all growth parameters of the test cultivars grown under
lime untreated condition were significantly reduced (P<0.05) compared to those grown
under lime treated soil. Significant differences were observed among the barley cultivars for
plant height, leaf number, tiller number, shoot and root weights, root volume, relative yield,
phosphorus concentration in plant tissue and total phosphorus uptake under both lime
treated and untreated soil conditions. Cultivars such as “Dedero”, “Beka”, “Shege”, “Sabini”,
“Eh 1847”7, “HB-42”, “Misrach”, “Dimtu” and “M-21" had higher relative shoot yield while
cultivars such as “Ardu 1260 B”, “Ibon 174/03”, “HB 1307”, “Bekoji-1”, “Cross 41/98” and
“Holker” had lower relative shoot yield relative to the average. Cultivars “Ibon 174/03” and
“Eh 1847” showed higher shoot biomass yield compared to cultivar “Bekoji-1 under lime
untreated soil condition. Under lime treated soil condition, the highest shoot biomass yield
was obtained for cultivar “Ibon 174/03” and the lowest for cultivar “Holker”. Cultivar “ Ardu
1260 B” had higher root biomass yield compared to cultivar “Bekoji-1” under lime untreated
soil condition, whereas cultivar “Cross 41/98” showed higher root biomass yield compared
to cultivar “Sabini” under lime treated soil condition. Cultivars “HB 1307” and “Eh 1847”
had higher total P uptake under lime untreated soil condition compared to cultivars “Cross
41/98”, “Bahati” and “Bekoji-1”. Under lime treated soil condition, cultivars “Cross 41/98”
and “Ibon 174/03” had higher total P uptake when compared to cultivar “Beka”.
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INTRODUCTION

Barley (Hordeum wvulgare L) , a crop
believed to have been cultivated in
Ethiopia as early as 300 BC (Zemede,
2002; Martin et al., 2006) is the fifth most
important cereal crop next to teff, maize,
sorghum and wheat (CSA, 2009). Barley is
the predominant cereal in the high
altitudes areas (>2000 m.asl). In
Ethiopia, low soil fertility and problems
of soil acidity in the highlands and
diseases and pests pressure throughout
the country contributed to the low
national average yield of the crop (Paulos,

2001).

It is estimated that about 40.9% of the
total arable land of Ethiopia is affected by
soil acidity (Abdennaet al., 2007; Taye,
2007), which covers 95% of the cropped
area. Soil acidity and the associated
aluminum (Al) and manganese (Mn)
toxicity is one of major challenges across
the barley growing regions of Ethiopia
(Fite et al., 2007). This problem is further
aggravated by the continuous use of acid-
forming chemical fertilizers like urea and
diammonium phosphate (Abebe, 2007).
Applications of lime, manure, compost,

and other organic fertilizer sources were

recommended to cope with the problem
of soil acidity (Pandey et al, 2007).
However, utilization of lime, manure and
other organic fertilizer sources had their
own technical and or socio economic
constraints (Rao ef al, 1993). When
surface soils are amended with lime, it
fails to increase the pH of the sub-soil,
resulting in restricted root growth and
poor plant growth (Rao et al., 1993;
Abebe, 2007). Limited root growth also
increases the vulnerability of plants to
drought of even short duration (Foy,
1992). More importantly, resource poor
farmers are constrained by unavailability,
transport and high cost of these bulky
materials (Rao et al.,, 1993). In addition,
lime has low mobility and its mechanical
incorporation into the subsoil is often
difficult for small-scale farmers without

tractors and subsoil rippers.

The use of organic matter in the form of
manure and compost may make a
significant contribution to reduce soil
acidity (Wong and Swift, 2003). In
countries like Ethiopia, however, animal
manure and crop residues have
competitive use as fuel and animal feed,
respectively, and large-scale use of this
option is not common (IFPRI, 2010).

Worldwide, the development of varieties
tolerant to soil acidity has been used as a
sound alternative to liming, and other
management options in crops such as

wheat, rice, maize, barley, sorghum and
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rye (Hede et al, 2001; Paterniani and
Furlani, 2002; Kochian et al.,, 2005;
Portaluppi et al., 2010).

Alternative low-cost options of coping
with the problem of soil acidity need to
be developed in Ethiopia, if farmers in
acidic soil areas have to improve yields of
barley crop and remain in production.
Among these options is the use of
cultivars  tolerant to soil acidity.
Genotypic difference for acid soil
tolerance have been reported in many
studies such as Garvin and Carver (2003)
in barley; Ezehet al., (2007), in cow pea;
Foy (1996); Wang et al., (2006) and Yang et
al., (2011) in wheat; Brown and Devine
(1980) in soybean; Ligeyo (2007) in maize.
Thus, the existence of such genetic
variability among crop cultivars in acid
soil tolerance is an important opportunity
to develop varieties that are suitable for
cultivation in acid soils. Therefore, the use
of acid soil tolerant cultivars is a better
option for resource poor farmers to
enhance  barley  production and

productivity on acidic soils. Hence, the

present study was conducted with the
objective of evaluating barley cultivars for
acidic soil tolerance and responsiveness

to lime application.

MATERIALS AND METHODS

Location of the study

This study was conducted in the
greenhouse of Ambo University. Ambo
University is located approximately on
latitude 8° 9' North and longitude 37° 8'
East. Rainfall pattern at Ambo is bimodal
with a mean annual total of 1169.24 mm.
The lowest mean monthly temperature of
13°C is usually recorded in August and
the highest mean monthly temperature of
25.4°C is recorded in February (Ambo

University Meteorological Station).
Experimental treatments and design

The treatments consisted of two lime
treatments (with and without lime) and
16 barley cultivars making up a total of 32
treatments laid out in Randomized
Complete Block Design with three

replications.
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Soil Sampling, pH Calibration and Soil
Analysis

Soil samples (0-20 cm) were collected
from Cheliya district, specifically from
acid soil affected kebeles. The collected
soil was immediately air-dried and sieved
through 2 mm sieve to separate roots
from the soil and homogenized. Before
treating the experimental soil with lime,
the amount of lime required to raise the
soil pH to a level suitable for the growth
of barley was determined in a separate
pre-experiment. Soil pH was measured
potentiometrically with a digital pH
meter in the supernatant suspension of
1:2.5 soils to water ratio. The electrical
conductivity was also measured for the
same supernatant suspension using

conductivity meter.

Available P in the soil samples was
determined following the procedure of
Olsen’s NaHCOs; extraction method
(Olsen et al., 1954). Soil organic carbon
was determined following the wet
digestion method as described by
Walkley and Black (1934). Organic matter
content was determined from the organic
carbon content by multiplying the latter
by 1.724. Cation Exchange Capacity
(CEC) and exchangeable bases (Ca, Mg, K
and Na) were determined by extracting
with 1.0 M ammonium acetate (NH4OAc)
solution at pH 7 (Chapman, 1965). The

extracts of Ca and Mg ions were
determined using Atomic absorption
spectrophotometer (AAS) while K and Na
were determined by flame photometer.
Exchangeable aluminum was determined
by Volumetric-KCl Extraction method.
Percent Al saturation was calculated from
the ratio of exchangeable Al to the CEC.
The soil percent base saturation (PBS) was
calculated from sum of the basic
exchangeable cations (Ca, Mg, K and Na)
as the percentage of CEC.

Experimental materials

A pot experiment was conducted to
evaluate 16 barley cultivars under both
lime treated and untreated soil

conditions.

a. Plant material

A total of sixteen different Dbarley
cultivars (Table 1) collected from Holleta
Agricultural Research Center (Bekoji-1,
Ardu 1260B, Beka, Shege, HB-42, Dimtu,
Bahati, Misrach, Miscal-21, Cross 41/98,
Ibon 174/03, Dedero, Holker, Sabini, HB-
1307 and Eh-1847) were used for the
study. All cultivars were developed and
released by the National Barley
Improvement programme of Holleta
Agricultural Research Center, Ethiopian
Institute of Agricultural Research (EIAR)
and are being cultivated throughout

barley growing areas of the country.
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Table 1: Description of barley cultivars investigated in the experiment

Code of  Variety Origin/Description Source Year of Row
cultivars name of seed release  type
1 Bekoji-1
2 Ardu 1260 B Landrace selection from Arsi HARC 1986 Six row
3 Beka Introduction from France HARC 1973 Two row
4 Shege Landrace selection from Arsi HARC 1996 Six row
5 HB-42 A cross of IAR/H/81/ Comp29 HARC 1985 Six row
// omp14/20/Cost
6 Dimtu landrace selection from Arsi HARC 2001 Irregular
7 Bahati HARC
8 Misrach Landrace selection from Arsi HARC 1998 Six row
9 Miscal-21 Introduction from I CARDA/ HARC 2006 Two row
CIMMYT and developed at
Holetta
10 Cross 41/98 HARC
11 Ibon 174/03 HARC 2003 Two row
12 Dedero Dominant farmers’ variety HARC
13 Holker A cross made at Holetta from HARC 1979 Two row
Hol. mixed and Kenya Research
14 Sabini HARC
15 HB 1307 A cross made from Awura gebs-1 ~HARC 2006 Six row
16 Eh 1847 HARC

*HARC- Holetta Agricultural Research Center

b. Liming Material

c. Fertilizer material

soil and 0.54 g P per 3 kg soil) in the form
of urea and TSP, respectively. N fertilizer
was applied % at planting and 2 at three

weeks after planting, while the whole of

Nitrogen and phosphorus fertilizers were

the phosphorus fertilizer was applied at

applied at the rate of 0.24 g N per 3 kg

sowing time.
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Sowing

Air-dried, sievedand homogenized soil
samples was divided in to two half part
was treated with lime at the rate of 10
g/kg soil to bring the soil pH from 5.2 to
6.8 and the rest was left untreated. Three
kg of each of these two (lime treated and
untreated) soils were filled into plastic
pots of 5 kg capacity. Seeds of the barley
cultivars were sown into the pots and a
uniform amount of nitrogen (N) (0.24 g
per 3 kg soil) and phosphorus (P)
fertilizer (0.54 g per 3 kg soil) in the form
of urea and triple superphosphate (TSP),
were applied respectively. Ten barley
seeds were sown in each pot and the
stands were later on thinned to 5 plants
after the seedlings were well established.
Throughout the growth period, the pots
were watered at field capacity. The plants
in each pot were harvested for biomass

estimation at 65 days after sowing.

Data Collection

Plant parameters such as plant height,
number of leaves per plant, tiller
numbers, shoot weights, root weights
were measured at 65 days after planting
from three randomly selected plants per
pot and the average value of three plants
was used for statistical analysis.
Pconcentration in plant tissue was
determined using vando-molybdate

yellow-method according to Gericke and

Kurmies (1952).Plant total P uptake was
calculated as a product of plant dry
matter and P concentration in plant

tissue.
Statistical Analysis

Data were subjected to analysis of
variance using the GLM procedure of
SAS software version 9.2 (SAS Institute
INC,, Cary, USA). Treatment means were
compared using tukey test at a=5%

significance level.

RESULTS AND DISCUSSION

Effect of lime application on selected
Soil Chemical Properties

Results of the present investigation
showed that liming affected soil pH,
electrical conductivity, cation exchange
capacity, exchangeable bases (Ca, Mg, Na
and K), available P, organic carbon and
exchangeable Al contents. The pH of lime
untreated soil was 5.2 whereas that of
lime treated soil was 6.8 (Table 2). This
observation is in agreement with the
result of Hossner and Juo (1989), who also
reported that reclaiming acid soils by
agricultural liming material increased the
soil pH mainly due to the neutralization
of Al ion in the soil solution by the
hydroxyl (OH) ion provide by the
hydrolysis reaction of the agricultural

liming
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material added to the soils. Soil
exchangeable bases such as Ca, Mg, K
and Na of lime treated soil increased by
572, 111, 50, and 153 percent over that of
lime untreated soil. The CEC of lime
treated soil also increased by 39 percent
over that of lime untreated soil (Table 2).
Effionget al.,, (2006) also reported an
increase in the exchangeable bases as a
result of lime application to soils, which

agrees with our observation. The

exchangeable Al and its percent
saturation =~ were  however, highly
depressed following lime treatment. The
reductions in exchangeable Al and
percent Al saturation of the soils
following lime application were related to
the increased exchangeable bases and soil
pH (Table 2). The results clearly indicated
that lime application could be used to
treat acid soil making it more suitable for

crop production.

Table 2: Selected chemical properties of the experimental soil

Soil properties

Lime untreated soil

Lime treated soil

pH

Available phosphorus (mg/ kg soil)
EC (ds/m)

CEC (cmol(+)/kg)

Exchangeable Ca (cmol(+)/kg)
Exchangeable Mg (cmol(+)/kg)
Exchangeable K (cmol(+)/kg)
Exchangeable Na (cmol(+)/kg)

Al saturation (%)

Exchangeable Al (meq/100g soil)

52 6.8
11.5 11.8
0.21 0.28
20.3 28.3
3.37 22.63
2.62 5.52
0.20 0.30
0.36 091
1.48 ND

0.3 ND

ND - results with less than the method’s detection limit

Effect of acid soil stress and lime

application on plant height

Plant height significantly  differed
(P<0.001) among the barley cultivars
under both lime treated and untreated

soil condition. Plant height of the barley

cultivars was higher under lime treated
than untreated soil condition (Figure 2).
Plant height varied from 40.9 cm for
cultivar “Dedero” to 20.6 cm for cultivar
“M 21”7 under lime treated, and from 38.9
cm for cultivar “Sabini” to 15.8 for

cultivar “Ardu 1260B” under lime
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untreated condition. Cultivars “Sabini”
and “Ibon 174/03” showed significantly
longer plant height compared to cultivars
“HB-42" and “Ardu 1260B” while all the
other cultivars (“Ibon 174/03”, “Dedero”,
“Eh 1847”7, “Dimtu”, “Shege”, “Misrach”,
“HB 1307”, “M-21", “Bekoji-1”, “Holker”,
“Cross 41/98”, “Bahati”, “Beka” and
“HB-42") didn’t significantly differ from
each other in terms of plant height under
lime untreated condition (Figure 2A). On
the other hand, cultivars “Dedero” and
“Sabini” had  significantly  longer
plantheight compared to cultivars “Ardu
1260B”, “Shege”, “HB 427, “Beka”,
“Bahati”, “Bekoji-1” and “M-21" while
the other cultivars (“Sabini”, “Misrach”,
“Cross 41/98”, “Ibon 174/03”, “Dimtu”,
“Holker”, “Eh 1847”and “HB 1307”)
didn’t significantly differ in terms of
plant height under lime treated condition
(Figure 2B). The increased plant height of
the cultivars underlime treated condition
could be ascribed to the ability of lime to
neutralize the aciditywith concomitant
increase in nutrient availability through
better solublization that ultimately
brought about better nutrient acquisition
and enhanced plant growth. The result in
the current study is in agreement with
that of Oluwatoyinboet al., (2005) and
Achalu (2012), who also reported
increased plant height in okra and barley,

respectively with the application of lime

to acid soils. The relatively shorter plants
in the case of lime untreated soil may be
attributed to the toxic effect of excess Al
and Mn, which might have affected root
growth leading to stuntedoverall plant

growth.

Effect of acid soil stress and lime
application on number of tillers per

plant

The number of tillers plant-isignificantly
(P<0.05) differed between cultivars as
well as lime treatments. The number of
tillers plant! were higher for plants
grown in lime treated soil than for lime
untreated soil (Figure 3A and B). Under
lime untreated soil condition, the lowest
tiller number per plant (3) was obtained
for the cultivar “Cross 41/98” whereas
the highest tiller number per plant (8) was
obtained for the cultivar “Eh-1847"
(Figure 3A).For the lime treated soil, the
highest tiller numbers per plant (10 and
11) were recorded for cultivars
“Ibon174/03” and “HB 13077,
respectively whereas the lowest tiller
numbers per plant (4 for both) were
observed for cultivars “Misrach” and
‘Dedero” (Figure 3B). Cultivars “Eh
1847”7, “Ibon 174/03” and “Dedero”, had
significantly more tiller numbers plant?!
as compared to cultivars “HB-427,
“Misrach”, “Sabini” “Bekoji-1” and
“Cross 41/98” while all the other
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cultivars (“M-21”, “Holker”, “HB1307”,
“Bahati”, “Ardu 1260 B”, “Beka”, “Shege”
and “Dimtu”) didn’t significantly differ in
terms of tiller number plant! under lime
untreated soil condition (Figure 3 A). On
the other hand, cultivars “Ibon 174/03”
and “HB 1307” showed significantly
higher number of tiller plant! compared
to cultivars “Dedero”, “Misrach” and
“Ardu 1260 B” while all the other
cultivars (“Bekoji-1”, “M-21", “Shege”,
“Eh 1847”, “Holker”, “Dimtu”, “Cross
41/98”, “Sabini”, “Beka”, “HB-42” and
“Bahati”) didn’t differ in terms of number
of tillers plant?! under lime treated soil
condition (Figure 3B). Generally, lime
application increased the number of
tillers plant! and significant difference
among cultivars was noticed both under
lime treated and untreated soil
conditions. In acid soils, the high
aluminum concentration might have an
inhibitory effect on tillering capacity (Guo
et al., 2004) in barley.

Effect of acid soil stress and lime

application on number of leaves

The number of leaves plant! was
significantly (P<0.001) higher for lime
treated soil than for lime untreated soil.
The barley cultivars significantly differed
in number of leaves plant! (Figure 4A
and B), with cultivar “Holker” and

“Dedero" producing the lowest (4) and

the highest (7) number of leaves per
plant, respectively under lime treated soil
condition. On the other hand, cultivars
“Sabini” and “Bahati” had the highest
leaf number per plant (6 each) whereas
“Ardu 1260 B” had the lowest leaf
number (4) under lime untreated soil
condition  Cultivars  “Sabini” and
“Bahati”, recorded significantly more
number of leaves as compared to cultivar
“Ardu 1260B”, whereas cultivars “Ibon
174/03”, “Dedero”, “Dimtu”, “HB 1307”,
“Cross 41/98”, “Eh 1847”7, “Misrach”,
“Beka”, “Holker”, “M-21", “Bekoji-17,
Shege” and “HB-42” didn’t significantly
differ in number of leaves per plant under
lime untreated soil condition (Figure 4 A).
Under lime treated soil condition, cultivar
“Dedero”, recorded significantly more
number of leaves as compared to cultivar
“Holker” while cultivars “Misrach”,
“Cross 41/98”, “Sabini”, “Ibon 174/03”,
“Bahati”, “HB-42” “HB 1307”, “Beka”,
“M-21", “ Ardu 1260B”, “Dimtu”, Shege”,
“Eh  1847” and “Bekoji-1” didn't
significantly = differ from each other
(Figure 4 B). This difference in number of
leaves plant? of cultivars in response to
liming was in agreement with the results
of Oluwatoyinbo et al., (2005), who also
reported that the number of leaves of
okra increased with lime application. This
idea is also in close conformity with the
results of Zhang et al., (2007), who also
reported that soil acidity led to Al-
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induced leaf necrosis resulting in reduced
healthy leaf number. This result is also
consistent with the report of Foy (1984),
who also observed leaf yellowing and
dropping in response to low soil pH and
also with that of Wang et al., (2006), who
stated that soil acidity led to inhibition of
leaf growth in barley thus resulting in

reduced number of leaves per plant.

Effect of acid soil stress and lime

application on shoot growth

Shoot fresh weight significantly (P<0.05)
differed between lime treated and
untreated soils and between cultivars.
These parameters were higher for lime
treated soil than for untreated soil (Figure
5). The shoot fresh weight significantly
differed among the barley cultivars both
under lime treated and lime untreated
soil condition (Figure 5A and B). The
highest shoot fresh weight of 13.5 and
133 g plant! was obtained for the
cultivars “Ibon 174/03” and “Eh 18477,

respectively;

whereas the lowest shoot fresh weight of
7.3 and 7.8 g plant! was obtained for the
cultivars  “Holker” and “Bekoji-17,
respectively.  Cultivars “HB 13077,
“Misrach” “Beka”, “Dedero”, “M-21",
“Shege”, “Dimtu”, “HB-42”, “Sabini”,
“Ardu 1260 B”, “Bahati” and “Cross
41/98” did not significantly differ in
shoot fresh weight under lime untreated
soil condition (Figure 5 A). For the lime
treated soil, the highest shoot fresh
weight of 19.5 g plant! was recorded for
cultivar “Ibon 174/03” whereas the
lowest shoot fresh weight of 11.5 and 11.5
g plant! was observed for cultivars
“Sabini” and “Holker”. Cultivars “HB
13077, “Cross 41/98” “Eh 1847
“Misrach” “Ardu 1260 B”, “Beka”, “M-
21”7, “Dimtu”, “Bekoji-1”, “Dedero”,
“Shege”, “Bahati” and “HB-42” did not
significantly differ in shoot fresh weight
under lime treated soil condition (Figure

5B).
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The lower shoot fresh weight under lime
untreated soil condition compared to lime
treated soil condition could be attributed
to toxicity and deficiency of some
nutrients which are fundamental to plant
growth. According to Kochianet al.,
(2004); Foy (1992) and Akinrindeet al.,
(2005), the limiting factors for plant
growth in acid soils include the toxic
levels of aluminum (Al), manganese (Mn)
and iron (Fe), as well as deficiencies of
some essential elements, such as
phosphorus (P), nitrogen (N), potassium
(K), calcium (Ca), magnesium (Mg) and
some micronutrients (Mo) which are
needed by plants for their proper growth
and development. Oguntoyinboet al.,
(1996) and Curtin and Syers (2001)
described that the increment in biomass
yield of plants due to liming of acidic
soils may be attributed to the reduction in
acidity (H and Al) ions and reduction in
nutrient deficiency especially of Ca and P.
A study by Oluwatoyinboet al., (2005)
also indicated the possibility of increasing
shoot biomass yield by improving soil
acidity through the application of lime.
According to the author, the increase in
shoot biomass yield as a result of lime
application may be attributed to the
neutralization of Al, supply of Ca and
increasing availability of some plant
nutrients like P. Effect of acid soil stress

and lime application on root growth Root

fresh weight significantly differed
between lime treated and untreated soils
and it was higher for lime treated soil
than for untreated soil (p<0.001). The root
fresh weight also significantly differed
among the barley cultivars both under
lime treated and untreated soil conditions
(Figure 6). The root fresh weight varied
from 102 g/plant for cultivar “Ardu
1260B” to 4.1 g/plant for cultivar
“Holker” wunder lime untreated soil
condition, and from 13.6 g/plant for
cultivar “Cross 41/98” to 6.3 g/plant for
cultivar “Sabini” under lime treated soil
condition. Cultivar “Ardu 1260B” showed
significantly higher root fresh weight
compared to cultivars  “Bekoji-17,
“Sabini” and “Holker”, while the other
cultivars  (“Beka”, “Dedero”, ‘Ibon
174/03”, “Eh 18477, “Bahati”, “M-21",
“HB-42”, “Cross 41/98”, “Misrach” and
“Dimtu”) didn’t significantly differ in
root fresh weight under lime untreated

soil condition (Figure 6A).

On the other hand, cultivar “Cross 41/98”
had significantly higher root fresh weight
compared to cultivar “Sabini”, while all
the other cultivars (“HB 1307B”, “Ardu
1260B”, “Bahati”, “HB 427, “Ibon
174/03”, “Eh 1847”7, “Shege”, “Holker”,
“Misrach”, “Dedero”, “M-21" “Beka”,
“Bekoji-1” and  “Dimtu”)  didn’t
significantly differ from each other in root

fresh weight under lime treated soil
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condition (Figure 6B). Munns and Fox
(1977) also reported that the root growth
of  soybean  cultivars  responded
differently to acid soil, which supports
the present finding. In acid soils,
aluminum and manganese concentrations
are high and have an inhibitory effect on
the root growth (Jayasundraet al., 1998).
This result is in agreement with reports of
Fageria (1985), who also observed
differential responses in root growth
among rice cultivars to different levels of
aluminum toxicity. Al toxicity inhibits
root cell division and elongation, thus
reducing water and nutrient uptake,
consequently resulting in poor plant
growth and reduced yield (Ciamporova
2002).The primary effect of Al-toxicity is
inhibition of root growth, which
eventually  results in  hampered
absorption of water and nutrients
(Deborah and Tesfaye, 2003; Kochianet al.,
2004) and ultimately resulting hampered
growth. In this study, difference among
the barley cultivars in terms of root
growth (root fresh and dry weight and
root volume) was observed under lime
untreated soil condition compared to lime
treated soil. This was in agreement with
report of Delhaize et al., (1991), who also
observed significant inhibitory effect of
AlB* on root growth in wheat cultivars. In
line with this, Conyers et al., (2003) also
reported that, amendment of acid soils

with lime increased pH and reduced the

adverse effects of Al on root growth. Root
volume was significantly affected by lime
treatment (P<0.01). Root volume of the
barley cultivars was generally higher
under lime treated soil condition than
under untreated condition (Figure 7).
Root volume also significantly differed
among the barley cultivars both under
lime treated and untreated conditions
(P<0.001).  Cultivar “Eh1847” and
“Dedero” had the highest root volume
under lime untreated condition compared
to cultivar “Bekoji-1” and “Holker”.
However, all the other cultivars (“Ardu
1260B”, “Beka”, “Bahati”, “HB 1307B”,
“HB-42”, “Misrach”, “M-21", “Ibon
174/03”,  “Shege”, “Cross 41/98”,
“Sabini” and “Dimtu”) didn’t
significantly differ in root volume under
lime untreated condition (Figure 7A).
Under lime treated condition, cultivar
“Cross 41/98” had the highest root
volume (18.3 ml) when compared to
cultivars “Bekoji-1”, “Sabini” and “Beka”,
which had root volumes of 8.7 ml, 8.7 ml
and 8 ml, respectively. Cultivars “HB
1307B”, “HB-42”, “Dedero”, “Bahati”,
“Eh1847”, “M-21", “Ibon 174/03”,
“Shege”, “Misrach”, “Ardu 1260B”,
”Dimtu” and “Holker” didn’t
significantly differ in root volume under

lime treated condition (Figure 7B).

The variation in root volume among the

barley cultivars under lime treated and
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lime untreated soil conditions indicates
that there was a genetic variation among
the cultivars in response to lime
application in resuming root growth.
Since root is the plant organ most affected
by Al toxicity, and more specifically the
root tip is considered to be the root part
most affected by Al toxicity as described
by Archambaultet al., (1997), in acid soil

intolerant cultivars such as Bekoji-1 and
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current investigation, the variability in Al
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Effect of acid soil stress and lime
application on phosphorus

concentration in plant tissue

The concentration of phosphorus (P) in
plant tissue of the barley cultivars was
generally higher under lime treated soil
condition than under lime untreated soil
condition (Figure 10A and B). P
concentration in plant tissue ranged from
1.7 mg/g d.m for cultivar “Bahati” to 2.2
mg/g d.m for cultivar “Shege” for lime
untreated soil, and from 1.6 mg/g d.m for
cultivar “Beka” to 2.5 mg/g d.m for

cultivar “Sabini” under lime treated soil

condition.

Cultivar “Shege” and “Dimtu” had

higher P concentration of 2.2 and 2.1

mg/gd.m under lime untreated condition
when compared with cultivars “Ibon
174/03”, “Misrach” and “Bahati” 1.8, 1.7
and 1.7 mg/g d.m, respectively. All the
other cultivars (“HB-42”, “HB 1307B”,
“Holker”, “Bekoji-1”, “Sabini” “M-21",
“Ardu 1260B”, “Cross 41/98”, “Beka”,
“Eh 1847”, “Beka” and “Dedero”) didn’t
significantly differ in P concentration
under lime untreated condition (Figure
8A). Under

“Sabini”

condition,

“Holker” had

lime treated

cultivar and
higher P concentration of 2.5 and 2.5
mg/g dm cultivars
“Dedero”, “Ibon 174/03” and “Beka”

,which had the P concentration of 1.7, 1.7

compared to

and 1.6 mg/g d.m, respectively. Cultivars
“Shege”, “Bekoji-1”, “HB-42”, “Misrach”,
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”"Dimtu”, “Ardu 1260B”, “Cross 41/98”,
“HB 1307B”, “Bahati”, “Eh1847” and “M-
21”7, didn’t significantly differ in P
concentration ~ under lime treated
condition (Figure 8B). In this study,
liming increased P concentration in plant
tissue due to amendment of soil acidity
and a concomitant increase in P
availability in the soil. The increase in the
P concentration of barley due to liming
may be attributed to the increases in soil
pH, ultimately improving P availability
for plant P acquisition. The P
concentration in the plant tissue both
under lime treated and untreated
conditions  were  however,  quite
lowcompared to the optimum P
concentration in barley given by

Bergmann (1992).

Effect of acid soil stress and lime
application on total phosphorus uptake

The total P uptake was generally higher
for lime treated soil than for untreated
soil (Figure 11A and B). In the present
study, total P uptake ranged from 5.1 mg
plant! for cultivar “HB 1307” to 3.2 mg
plant! for cultivar “Bekoji-1” under lime
untreated condition; and from 8.1 mg
plant?! for cultivar “Cross 41/98” to 4.6
mg plant! cultivar “Beka” under lime
treated condition (Figure 9A and B).
Cultivar “HB 1307”7, “Eh 1847”, “Ibon
174/03” and “Dedero”, had higher total P

uptake of (5.1, 5.0, 4.8 and 4.8 mg plant)
under lime untreated condition compared
with cultivars “Cross 41/98”, “Bahati”
and “Bekoji-1” which had a total P uptake
of 3.6, 3.5 and 3.2 mg plant, respectively.
All the other cultivars (“M-21", “Shege”,
“Dimtu”, “Beka”, “Sabini”, “Misrach”,
“HB-42”, “Ardu 1260B” and “Holker”)
didn’t significantly differ in P uptake
under lime untreated condition (Figure
9A). Under lime treated condition cultivar
“Cross 41/98” and “Ibon 174/03” had
higher P uptake (8.1 and 7.6 mg plant?)
compared to cultivar “Beka” , which had
the least P uptake of 4.5 mg plant?,
whereas cultivars “Sabini”, “Misrach”,
“HB 1307B”, “Ardu 1260B”, “Bekoji-1”,
“Eh1847”, “Dimtu”, “Holker”, “Bahati”,
“Dedero”, “HB-42", “M-21" and “Shege”
didn’t significantly differ in P uptake
under lime treated condition (Figure 9B).
The low total P uptake in acid soil
untreated with lime is due the strong
binding of phosphate ion with Al and Fe
oxides, resulting in reduction of P
availability and uptake by plants. In this
study, liming increased P uptake by
improving soil acidity and improving P
availability. This result is in line with that
of Achaluet al., (2013), who reported
increased P up take of barley cultivars

due to liming of acid soils.
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Effect of acid soil stress and lime

application on Relative shoot Yield

Relative shoot yield was calculated as the
shoot yields, without lime treatment
expressed as a percentage of shoot yields
for similar treatment under limed
condition. In this study, relative shoot
yield varied considerably among the
barley cultivars ranging between 55% for
cultivar “Holker” to 94% for cultivar
“Dedero”. Cultivars such as “Beka”,

“Shege”, “Sabini”, “Eh 1847” and “HB-

[EEN
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o
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20

Relative yield (yield of lime treated

42” had a relative shoot yield of 92%,
91%, 90%, 90% and 89%, which was
higher when compared to cultivars such
as “Cross 41/98” and “Bekoji-1” in which
a lower relative shoot yield of 55% and
61% were recorded, respectively (Figure
10). Those cultivars which had a relative
yield above the average (Dedero, Beka,
Shege, Sabini, Eh 1847 and HB-42,
Misrach, Dimtu and M-21) can be
classified as acid soil tolerant whereas the
rest cultivars can be classified as acid soil

intolerant.

Av. relative yield

Barley cultivars

Figure 10: Relative shoot yields of barley cultivars (broken line indicates average relative

yields of all the cultivars)
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Categorization of barley cultivars into
acid soil tolerance and responsiveness to
lime application

Root and shoot growth were successfully
explored for evaluation of environmental
stresses such as soil acidity, salinity,
drought, and cold (Malatrasiet al., 2002;
Tajbakhshet al., 2006). In the present
study, significant (p < 0.001) genotypic
differences existed in terms of root
growth and shoot biomass under lime
treated and untreated conditions among
the 16 barley cultivars investigated. Ma et
al., (2004) used root and shoot biomass
yield as important parameters to rank
cultivars for acid soil tolerance at early
growth stage. Other parameters such as
relative shoot yield have also been used
to assess cultivars for acid soil tolerance
(Foy, 1996). In the present investigation
shoot weight, root weight, root volume,
relative yield and total p uptake were
considered as reliable parameters for
screening the barley cultivars for acid soil
tolerance. However, only figures showing
categorization was presented only for

shoot fresh weight (Figure 13), while for

other parameters only summary was

presented in Table 5.

Categorization based on shoot and root

growth

Based on shoot fresh weight results,
cultivars 8, 11, 15 and 16 were acid soil
tolerant and responsive to lime
application. On the other hand, cultivars
3,9, 12 and 4 were acid soil tolerant but
were not responsive to lime application.
Cultivar 10 and 12 were responsive to
lime application but were not acid soil
tolerant. Cultivars 13, 1, 7, 5, 6 and 14
were both non responsive to lime
application and acid soil intolerant
(Figure 13). Shoot growth parameters of
seedlings were commonly used to
evaluate genetic variability and to screen
cultivars for acid/ Al tolerance in many
crops and forage species (Foy and
Murray, 1998; Hedeet al., 2001 and Dai et
al., 2011). Thus, in the present study, the
same parameters were considered to
evaluate the barley cultivars for acid soil

tolerance.
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Figure 11: Categorization of barley cultivars for acid soil tolerance and responsiveness to

lime application based on shoot fresh weight (broken lines indicate average shoot fresh weight and

under limed and unlimed condition)

Root growth parameters of crops were
also commonly used to evaluate genetic
variability and to screen cultivars for acid
soil or Al-tolerance in many crops and
forage species (Hedeet al., 2001 and Dai et
al., 2011). Thus, in the present study
similar parameters were also additionally
used to evaluate the barley cultivars for
acid soil tolerance. Cultivars showed
difference in root growth (root weight
and root volume) under both lime
untreated and lime treated soil condition
existence of

indicating the genetic

variation in acid soil tolerance among the
barley cultivars. The primary effect of Al
stress on plants occurs in roots, such as
inhibiting cell division and elongation,
followed by distortion and swelling of
cells, discoloration and death of root and
leaf tips (Hossainet al., 2005).
(1999)

Rengel

reported existence of great
variation among wheat cultivars in terms
of root growth under acidic soil
condition. Under acidic soil condition,
active, phytotoxic forms of Al are released

to the soil solution to levels that can
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inhibit root growth and damage roots
(Delhaize et al., 1993) which may lead to
reduced crop growth and hence yield.
Study by Holford (1997) indicated that
due to adsorption, and /or precipitation

and domination of the organic form of

| 3 <l = N\
Ibon 174/03
without lime ( A) 5 without lime

with lime ( B) without lime

phosphorus in the soil, more than 80% of
phosphorus  become immobile and
unavailable for plant uptake. Especially,
as soils become increasingly acidic,

important nutrients like phosphorus

becomes less available to plants.

""3@
| ".\\:\ ‘-ﬁw

M-21 Cross 41/98

Figure 12: Acid tolerant cultivars (A and B) and a cultivar responsive to lime application (C)

CONCLUSION

Since no any single criteria for screening
cultivars for acid tolerance can be used,
parameters such as shoot weight, root
weight and volume, relative yield and P
acquisition capacity were used to screen
the barley cultivars altogether in the
present study. Cultivars, which met at
least three of the criteria were selected as
acid soil tolerant or responsive to lime
application. Accordingly, as summarized
in Table 5, cultivars 3, 4, 11, 12, 14, 15 and
16 were identified as consistently acid soil
tolerant while cultivars 10, 11, 15 and 16
were identified as consistently responsive
barley cultivars to lime application, as
they fulfilled at least three of the

screening criteria. In conclusion, those

selected acid tolerant barley cultivars can
be recommended to be grown directly by
farmers who have no or less access for
liming materials, whereas the barley
cultivars that was responsive to lime
application can be recommended to

farmers having access to use lime.
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Table 5: Summary of barley cultivars categorization for acid soil tolerance and

responsiveness to lime application

Plant parameters Acid soil tolerant barley Cultivars responsive to lime
cultivars application
Shoot biomass yield 3,8,9,11,15and 16 8,10,11,15and 16
Root biomass (root weight 2,3,7,12and 16 5,7,10,15 and 16
and root volume)
Relative yield 3,4,5,12,14 and 16 1,2,10,11, 13 and 15
Total p uptake 3,4,6,9,11,12,14,15 and 16 1,2,8,10,11, 14,15 and 16
Cultivars meeting most 3,4,9,11,12,14,15and 16 10,11, 15 and 16
requirement
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