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Abstract: Coffee (Coffea arabica L.) is indigenous to the tropical rain forests of Ethiopia in the South and Southwest where
there was persistent usage since ancient times. Coffee soils in the south-western parts of Ethiopia can be attributed to excessive
accumulations of aluminum, iron or manganese which leads to deficiencies of phosphorus other nutrients. This low soil pH and
nutrient deficiencies encountered in the soils of the study area are expected to decrease the growth and dry matter of coffee
seedlings. Liming is more effective in combination with phosphorus fertilization or that the secondary effect of liming is higher
phosphorus fertilizer availability to the coffee seedlings. The research was conducted at Jimma Agricultural Research Center,
south west Ethiopia to evaluate the response of lime and phosphorus rates on coffee seedlings dry matter production and
partitioning. The experiment was laid out in a randomized complete block design with 3 replications. The treatments were
arranged in factorial combinations of five levels of lime (0, 5, 10, 15 and 20 g) and four levels of phosphorus (0, 400, 600 and
800 mg) 2.5 kg-' top soil. The statistical data was analyzed through SAS software and treatment means were compared at 5%
probability using Duncan Multiple Range Test. The results revealed that the interactions of lime and P rates significantly
increased dry matter production, partitioning and shoot to root ratio. The maximum dry matter production, partitioning and
shoot to root ratio were recorded from the interaction of 10 g lime and 800 mg P rates 2.5 kg-' top soil. Hence, combined
application of 10 g lime and 800 mg P rate 2.5 kg-' top provides the optimum dry matter production, partitioning and shoot to
root ratio for the growth of coffee seedlings under nursery conditions.
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can then be inferred that the infertility of the coffee soils in
the western, south-western, and southern parts of Ethiopia
can be attributed to excessive accumulations of aluminum,
iron and manganese causes for deficiencies in available
phosphorus and basic cations [10-21]. In the high rainfall
areas of western Ethiopia are strongly acidic, high in
exchangeable aluminum throughout the profile, but low in
CEC, exchangeable bases, available phosphorus, and organic
matter [2]. Under these conditions, increased levels of lime
and phosphorus application significantly correlated with
many of the agronomic parameters, and that the interaction
effect thereof was significant. In order to counteract the
effect of soil acidity on crop growth, liming is a traditional
practice often applied to soils to restore Ca and Mg

1. Introductions

In Ethiopia coffee Arabica coffee is an important export
crop traded globally and is a major foreign exchange earner
for the country. Ethiopia is one of the major coffee producer
in Africa and is the 6™ producer in the world contributing to
about 4.8% of the total world coffee production [14]. Coffea
arabica is an indigenous to the tropical rain forests of
Ethiopia in the South and southwest where there was
persistent usage since ancient times [6-8]. Coffee can adapt
to different soil types and the soil requirements for
sustainable high yield of arabica coffee should be of deep
profile, over about 180 cm, moderately to heavy texture,
good drainage and of high organic matter content [4-17]. It
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availability for plants and adjust soil [5]. Naidu et al. [16]
observed the beneficial effect of liming in reduced
micronutrient toxicity while increasing the availability of Ca,
P, Mo and Mg in the soil. The soil is poor in plant available
soil P Dbecause of high P-fixing capacity. Fertilizer
experiments on some crops at the area have shown that P is
the limiting nutrients to crop production with a significant
yield increase and profitable return to the application of these
nutrients [17]. Thus, low soil pH is considered to be the main
cause of yield reduction for all crops in general and acid
sensitive crops in particular in the study area. This low soil
pH and nutrient deficiencies encountered in the soils of the
study area are expected to decrease the growth and dry matter
of coffee seedlings. Adding lime or other materials can raise
the soil pH to the ideal range for coffee seedlings production
create an environment for the healthy functioning of
microbes, and increase levels of calcium or magnesium ions.
Then both soil physical and chemical conditions and the
proportion of available nutrients determine coffee seedling
vegetative growth and its latter health and vigorous seedlings
for transplanting to main field. Hence, there is now a new
interest in using chemical fertilizers in combination with lime
sources with the basic concept to maintain and increase soil
fertility for increased sustained crop production by
optimizing all possible sources in an integrated and judicious
manner within a given ecological, social and economic
setting. Liming is more effective in combination with
phosphorus fertilization to enhance phosphorus fertilizer
availability to the optimum growth of coffee seedlings [5].
Similar benefits of lime and P application on crop responses
and improvements of soil properties have also been reported
in highly acidic soils [12]. This research activity was
conducted to evaluate the response of lime and mineral
phosphorus fertilizer on dry matter production and
partitioning of hybrid coffee seedlings growth on acidic
Nitisols soil in case of Jimma southwest Ethiopia.

2. Material and methods
2.1. Descriptions of the Study Area

The study was conducted at Jimma Agricultural Research
Center coffee seedlings nursery site. The experimental soil
type was Eutric nitisol. The center is geographically located
between 7° 46' N, latitude 36° 47' E longitudes at an altitude
1750 meter above sea level. The area receives mean annual
rainfall of 1737 mm with maximum and minimum
temperature of 25.21°C and 12.21°C, respectively. Eutric-
Nitisols are the dominant reference soil groups in the study
areas [7].

2.2. Experimental Material, Design and Procedures

Hybrid coffee Gawe which was highly yielding variety
was used for the experiments. The treatments were arranged
factorial randomized complete block design with having lime
rates (0, 5, 10, 15 and 20 gram) and phosphorus rates (0, 400,
600 and 800 mg) per experimental pot. Lime CaCo3 was

applied before one month of sowing time and TSP fertilizers
were treated at the stage of true leaf emerged. N
recommended fertilizer rate was applied at the stage of first
leaf, second leaf and forth pair of leaf. Nursery
management’s practices watering, mulching, weeding were
conducted according to Tesfaye [22].

2.3. Data Collections

The coffee seedlings were uprooted when attain at sixth pair
of leaves. The stem, branches, leaves and roots were separated
by cutting the plant with sharp clean knife. The vegetative
parts were removed, washed, weighed and dried separately in
the shade. All coffee seedlings parts leaf, stem and root were
separately placed in labeled paper bag and dried oven at 70°C
for 24 hours to a constant weight and dry matter was measured
for each samples using sensitive balance. The dry matter of
roots, were determined by weighing the root materials
separated from the aerial part of the plant on analytical balance.
The mass of dry matter of the aerial part was obtained by the
sum of the weight of the dry mass of leaves, stems and
branches. The total dry matter was obtained by the sum of the
dry matter arial part and the dry matter roots. The dry weight
of each part was used to determine the dry matter partition to
stem, leaves and roots. Shoot to root ratio was determined as
(stem and leaf dry matter divided to root dry matter) of the
coffee seedlings [23].

2.4. Statistical Analysis

The data were subjected to analysis of variance (ANOVA)
Statistical analysis software version 9.3 Treatment means
were separated using DMRT test at (5%) probability level

3. Result and Discussions
3.1. Total Dry Matter Production

Lime and P rates and their interactions significantly
affected total dry matter production (Figure 1). However the
maximum 0.837 g total dry matter was recorded from the
interactions of 10 g lime and 800 mg P rate. While the lowest
0.293 g dry mater contents of coffee seedlings recorded from
higher lime rates and P 20 g. The reduction in total dry matter
content of coffee seedlings at higher lime rate attributed to a
reduction in the solubility and availability of P to crops
which might be caused by the formation of insoluble Ca-P
compounds in the soil and reduced the availability of macro
nutrients and P deficiency Fe, Mn, Zn and B deficiency [11-
13]. Similarly, on control plots 0.413 g was recorded. On
control plot the major constraints to seedlings growth through
increasing in the concentration of H, Al and Mn and
decreasing in basic cations of magnesium, calcium and
potassium Moreover, it causes deficiency of P and
molybdenum (Mo) through decreasing their solubility [1].

Additions of 5 g and 10 g lime showed 0.437 and 0.580 g
dry matter content respectively. But the further increments
leads to reduce as the lime rate increased from 15 g and 20 g
which were resulted to 0.347 and 0.293 g dry matter content
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respectively. In line with these work Anteneh [3] reported
that as the lime rate increased from the optimum level the
total dry mater production decline contrary. As compared to
plots which brought the highest recorded total dry matter,
there was 47.22 % decrement of total dry mater observed.
However, Kampareth [15] and Fageria and Baligar [12]
reported that heavier applications lime to the soil produced in
the plant tissues an increase of calcium and a decrease, of
nitrogen, phosphorus and potassium. Although soil analysis
indicated that available phosphorus increased with lime

applications, total phosphorus in plant tissues decreased with
each increment of lime ions in the soil solution. An
applications of P with the increasing rates boosted linearly
the dry matter content of the coffee seedlings 400 mg P, 600
mg P and 800 mg P rates showed linearly increments 0.440,
0.533 and 0.657 g respectively (Figure 1). Phosphorus was
one of the most limiting and an important nutrient for coffee,
because it causes an increase in root development and plant
vigor to ensure the formation of seedlings with high total dry
matter contents [13-18]
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Figure 1. The interactions effects of lime and phosphorus rates on total dry matter productions.

3.2. Leaf dry Mater Production and Partitioning

Dry matter production and partitioning was one of the
parameters which determine the ability of coffee seedlings to
produce and allocate the dry biomass in to their leaf, stem
and root parts. Lime and P rates and their interactions

significantly affected leaf dry matter production and
partitioning. The maximum leaf dry matter production
partitioning (Figure 2) were recorded from the combined
application of 10 g lime and 800 mg P rate which gave 0.34 g
dry matter and 50.70 % partitioning respectively
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Figure 2. Effects of lime and phosphorus rates on leaf dry matter partitioning.

The applications of lime rates were enhance coffee
seedlings leaf dry matter production and partitioning.
Whereas lime rates 5 and 10 g gave 0.17 g and 0.26 g dry
matter and 40.91 and 40.68 % partitioning respectively.
Further applications of lime 15 and 20 g contrary decreased
to 0.13 g and 0.11 g dry matter and 37.14 and 29.73 %
partitioning (Figure 2 and Table 1). Similarly, leaf dry matter
production and partitioning was affected by P rates.

Application of with increasing P rates enhances dry matter
production and partitioning. Regarding to this 0.17, 0.24 and
0.32 g dry matter and 37.50, 40.00, and 41.27 % partitioning
observed from 400 mg P, 600 mg P and 800 mg P treated
plots respectively. Fageria and Baligar [12] reported that an
application of P with the increasing rates improves leaf dry
matter production and partitioning.
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Table 1. The interaction effect of lime and phosphorus rates on leaf dry
matter production.

Lime rates Phosphorus rate (mg)

(g) 0 400 600 800

0 0.168" 0.17¢" 0.24° 0.32"
5 0.17" 0.21°em 0.27°¢™m 0.32%
10 0.26<  0.27* 0.32" 0.34°
15 0.13% 0.15" 0.22°1 0.29
20 0.119 0.15" 0.178" 0.20™
CV % 12.40

plot 10 g lime and 800 mg. Whereas 10 and 15 g lime rates
applied plot showed 0.12 and 0.15 g stem dry matter and
27.27 and 23.94 % partitioning respectively.

Different letters within a column and row represent significant differences at
5% level

3.3. Stem Dry Matter Production and Partitioning

Stem dry matter production and partitioning significantly
affected by lime and P rates and their interactions (Figure 3
and table 2). The maximum 0.27 g stem dry matter
production and 30.99 % partitioning were recorded from the

Table 2. The interaction effects of lime and phosphorus rates on stem dry
matter production and partition.

Lime rates Phosphorus rate (mg)

(g) 0 400 600 800

0 0.104 0.12M 0.13" 0.15®

5 0.12" 0.15% 0.16% 0.17%

10 0.15® 0.17° 0.20° 0.27°

15 0.104 0.114 0.114 0.13"

20 0.08™ 0.09' 0.114" 0.11%

CV % 5.78

Different letters within a column and row represent significant differences at
5% level
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Figure 3. Effects of lime and phosphorus rates on Stem dry matter partitioning.

Although an application of P rates treatments showed an
increasing rate of stem dry mater production partitioning linearly
with increasing applied P rates. Regarding to this 0.12, 0.13 and
0.15 g dry matter and 22.73, 30.00 and 30.16 % partitioning
observed from 400 mg P, 600 mg P and 800 mg P treated plots
respectively. This was confirmed with the works of Anteneh [3]
reported that applications of P with the increasing rates enhance
stem dray matter production and partitioning.

3.4. Root Dry Matter Production and Partitioning

Lime and P rates and their interactions showed statically
significance difference among the treatments (Figure 4 and
Table 3). The maximum 0.27 root dry matter production and
23.94 % Partitioning recorded from 20 g lime and 800 mg P
rate respectively.
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Figure 4. Effects of lime and phosphorus rates on root dry matter partitioning.
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However application of 5 and 10 g lime rates showed
dramatically increased root dry mater production 0.15 and
0.17 g productions and decreased partitioning 31.82 to
30.90 % respectively. Further addition rates from 15 g to 20
g which gave 0.12 and 0.10 g production and increased
34.29 to 43.3% partitioning respectively.

Table 3. The interaction effect of lime and phosphorus rates on root dry
matter production and partition.

Lime rates Phosphorus rate (mg)

() 0 400 600 800

0 0.13™ 0.15" 0.16% 0.20¢

5 0.15" 0.15% 0.17° 0.21%
10 0.17% 0.22° 0.24° 0.27°

15 0.12} 0.117 0.13™ 0.15"
20 0.10’ 0.10’ 0.119 0.13™"
CV % 7.01

Different letters within a column and row represent significant differences at
5% level

Root dry matter partitioning was enhanced with various P
rates. Although application of 400 mg P, 600 mg P and 800
mg P rates showed linearly increasing dry matter 0.15, 0.16
and 0.20 g productions and contrary decreasing 32.50, 30.00
and 28.57 % dry matter partitioning. Coffee root dry matter
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partition one of the most important parameters which showed
the ability of the seedlings to distribute the dry matter part
across to their root parts. Anteneh [3] reported that the
increase in dry matter partitioned to roots with increasing
lime rate could be attributed to the impaired chemical
characteristics of the soil, such as increase in pH and
decrease in available P. This finding agrees with the findings
of Taye et al. [19] reported enhanced partitioning of the total;
assimilate to roots of coffee seedlings under relatively
nutrient deficient and poor physical media condition. This
depicts that root is much stronger sink of the total assimilate
under relatively nutrient stressed condition.

3.5. Shoot to Root Ratio

Lime and P rates and their interactions improved shoot to
root ratio of coffee seedlings (Figure 5). The combined
effects of lime and phosphorus treated plot showed the
highest coffee seedling shoot to root growth rate as compared
to lime and P alone plots (Figure 5). Accordingly the highest
shoot to root ratio 3.40 % recorded from combined lime and
phosphorus treatments of 10 g lime and 800 mg phosphorus
rates. The similar work also reported by Taye [20] showed
that, high quality coffee seedlings with balanced shoot to root
ratio need to be produced under optimum soil environments.
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Figure 5. The combined effects of lime and phosphorus rates on shoot to root ratio.

The lowest 1.31 shoot with root ratio was recorded from
1.31 shoot to root ratio recorded from 20 g lime treated plots.
Fageria and Baligar [12] reported that over applications of
lime leads to at highest Phosphorus fertilizers was fixed by
Ca™? and retarded the growth of the coffee seedlings, this is
due to the roots share more of the total assimilates than the
shoot and subsequently leading to a typical decrease in shoot
to root dry matter ratio. Although lime applied treatments 5 g,
10 g showed 1.95 and 2.14 shoot to root ratio further
applications 15 g and 20 g decreasing 1.92 and 1.31shoot to
root ratio. The response of 400 mg P, 600 mg P and 800 mg P
rates showed that there was linearly increment 2.08, 2.33 and
2.50 of shoot to root ratio (Figure 5).

4. Conclusion

Soil acidity is one of the major problems that significantly
lower the productivity of many cultivated soils in south west
Ethiopia especially in area of high rain fall. Soil acidity is

characterized by low pH and the abundance of acidic cations
(H, Al Fe, and Mn) on system colloid soil solution. The low
pH affects significantly the fixation and the availability of
soil nutrients such as available phosphorous and basic cations.
The abundance of acidic cations on system colloid soil
solution can be toxic to crop growth and leads to reduced
crop yield. Soil acidity can be amended by adding liming
materials to the soil Reductions in the dry matter production
of shoots and roots and in the shoot/root ratio in the coffee
seedlings, A" accumulated in the roots and a small part of it
was translocated to the aerial part. The research activity was
conducted to evaluate the response of lime and phosphorus
rates on dry matter production and partitioning of hybrid
coffee seedlings under acidic nursery media at Jimma south
west Ethiopia. The result revealed that the maximum dry
matter production, portioning and shoot to root ratio were
recorded from 10 g lime and 800 mg Phosphorus rates 2.5
Kg-' soil This increment in dry matter of coffee seedlings
with application of P fertilizer might be due to the adequate
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supply of P could be attributed to an increase the dry matter
contents of the seedlings. This in turn increased
photosynthetic area which demonstrates a strong correlation
with dry matter accumulation and yield. Increased dry matter
yield of coffee seedlings due to liming is attributed to the
beneficial effect of ameliorating the soil, which increased the
Ca-saturation and availability of major nutrients, especially
phosphorus and other basic cations. In general 10 g lime and
800 mg phosphorus rates gave better dry matter production,
partitioning and shoot to root ratio which contribute for
vigorous and healthy coffee seedlings to transplant for the
main filed.
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