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Abstract

Due to continuous cultivation high soil acidity, low nutrient inputs and soil fertility depletion has been a major threat to maize
crop production and productivity in Jimma area, Southwestern Ethiopia. Recently, biochar has emerged as a soil amendment to
improve and maintain soil health and enhance soil carbon sequestration. Thus, the experiment was conducted in 2017/18 and
2018/19 cropping seasons with the objective of generating information on the effects of Bio-char and their interactions with lime
and inorganic fertilizers on crop productivity and properties of acid soil at Kersa district, Jimma zone, Southwestern Ethiopia.
Randomized Complete Block Design with three replications was used. The treatment design included: negative control (without
any input), Recommended NP, Bio char at a rate of 10 t/ha (it is the recommended?), Bio char (10 t/ha) + Recommended NP, 50%
Bio char (5 t/ha) + 50% Recommended NP, Bio char (10 t/ha) +Recommended lime (1.5 X EA), 50% Bio char +50%
Recommended lime (1.5 X EA), Recommended NP + Recommended lime (1.5 X EA), and 50% Bio char + 50% Recommended
NP + 50% Recommended lime. The biochar was applied one month before sowing and mixed thoroughly in the upper 15 cm soil
depth. The lime (CaCOs) treatments were broadcasted by hand and mixed thoroughly with soils one month before planting of the
test crop. During the second season, the lime and Biochar treatments were not applied. The recommended NPSB fertilizer was
applied based on the recommendation for maize crop to plot that receive NPSB fertilizer. The result of the experiment revealed
that application of biochar alone and biochar with lime increased soil pH, available p, total N, and OC and decreased
exchangeable acidity. The maximum mean grain yield of 6831.8 kg/ha was recorded from Bio char + Recommended NP plots.
However, the treatment with the highest MRR (marginal rate of return) of 2868% was 50% Bio char + 50% Rec. NP + 50% Rec.
lime with net benefit of (63994 ETB haY).
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1. Introduction

Maize (Zea mays L.), also called corn, is the third most Ethiopia, it is the second most widely cultivated crop and is
important cereal crop in the world after wheat and rice. In grown under diverse agro-ecologies and socioeconomic con-
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ditions [18]. The major constraints affecting maize produc-
tion and productivity are declining soil fertility and inade-
quate crop management practices, imbalance of nutrition,
weed infestation, etc. [8]. Declining soil fertility is funda-
mental impediment to agricultural growth and a major reason
for the slow growth in maize production in Sub-Saharan Af-
rica. Soil acidity is now a serious threat to crop production in
most highland areas of Ethiopia, in general, and in southern
and western parts, in particular. About 43% of the total arable
land of Ethiopia is affected by soil acidity [2]. The problem
is considered to be one of the major bottlenecks to improve
maize production in the country.

Integrated soil fertility management involving the judicious
use of combinations of organic and inorganic resources is a fea-
sible approach to overcome soil fertility constraints and contrib-
ute high crop productivity in agriculture [1]. In degraded and
resource-limited cropping systems, the combined application of
mineral fertilizers and organic inputs is a recommended practice
for soil fertility and crop productivity enhancement. Recently,
biochar has emerged as important soil amendment to improve
and maintain soils health and enhance soil carbon sequestration.
It is a fine-grained carbon rich and highly porous material that is
produced from the thermal conversion (pyrolysis) of biomass in
a low or no oxygen environment [12]. Application of biochar to
acidic soil increases its sorption capacity for nutrients, reduces
the exchangeable acidity, enable to adsorb or retain nutrients
and water, and provides a habitat for beneficial microorganisms
to flourish [13]. Biochar can function as a liming agent by caus-
ing an increase in soil pH and thus improving availability and

uptake of nutrients by plants for various soil types [10]. Thus,
the experiment was conducted with the objective of generating
information on integrated organic and inorganic fertilizer man-
agement of acid soils for increasing the productions and produc-
tivity of maize in the southern and southwestern parts of Ethio-
pia. The specific objectives were: i) to the determine the effects
of Bio char and their interactions with lime and inorganic ferti-
lizers on maize productivity; ii) to the determine the effects of
Bio char and their interactions with lime on selected soil chemi-
cal properties, iii) to determine the economic feasibility of inte-
grated application of biochar and lime on acid soils.

2. Material and Methods

2.1. Description of the Study Area

The study was conducted at Kersa district, Jimma Zone,
Oromia Regional State, Southwestern Ethiopia. Geographically,
the district is located between 7°35'—8°00'N latitudes, 36°46'—
37°14’E longitude. The altitude ranges from 1740 to 2660 m
above sea level and consists of 10 percent dega, and 90 percent
woinadega, agro ecologies. The main rainy season in Kersa area
stretches from March to September and the area receives an
average annual rainfall of 900-1300 mm. Temperatures range
from 20-28<C with variations across specific agro ecologies.
Nitisols is the dominant soil type of the study area.
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Figure 1. Map of the study area, Kersa district.
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2.2. Experimental Design and Procedures

The experiment was conducted in 2017/18 and 2018/19
cropping season at Kersa district on farmers’ field at two
locations. The design of the experiment was RCBD (Ran-
domized Complete Block Design) with 3 replications. The
experiment consisted of 9 treatments: negative control (with-
out any input), Recommended NP of the test crop, Bio char
at a rate of 10 t/ha, Bio char (10 t/ha) + Recommended NP,
50% Bio char (5 t/ha) + 50% Recommended NP rate, Bio
char (10 t/ha) +Recommended lime (1.5 X EA), 50% Bio
char +50% Recommended lime (1.5 X EA), Recommended
NP + Recommended lime (1.5 X EA), and 50% Bio char +
50% Recommended NP + 50% Recommended lime. Biochar
was prepared from coffee husk and applied on a weight basis
one month before sowing and mixed thoroughly in the upper
15 cm soil depth. The (CaCOs) treatments were determined
based on exchangeable acidity. The lime treatments were
applied by hand broadcasted and mixed thoroughly with soils
one month before planting. Permanent plots were used and
treatment applications for the second season did not include
lime and biochar. The recommended NPSB fertilizer was
applied to the plots that receive NPSB fertilizer based on the
recommendation for maize crop.

2.3. Soil Sampling and Analysis

Composite soil samples were collected before planting
for site characterization. Plot level composite samples were
collected after harvest from 20 cm soil depth. All samples
were analysed for pH, available P, total N, organic carbon
(OC), exchangeable acidity. Soil pH was determined by
potentiometric methods at a 1:2.5 soil to water ratio [19].
Total N was analyzed using the Kjeldahl digestion, distilla-
tion and titration method [3]. Available phosphorus by Bray
Il method [4]. Exchangeable acidity was extracted using
unbuffered 1M KCI. Exchangeable cations (Ca, Mg, K and
Na) were determined after extracting the soil samples by
1N ammonium acetate solution at pH 7.0. Exchangeable Ca
and Mg in the extract were measured by atomic absorption
spectrophotometer (AAS), whilst K and Na determined
using flame photometer [19]. The cation exchange capacity

(CEC) was determined by ammonium acetate method at pH:

7 [5].

2.4. Data Analysis

All the relevant data was summarized and subjected to
analysis of variance (ANOVA) using the General Linear
Model of SAS 9.3 [16]. Treatment means were separated
using LSD at 5% probability level. Partial budget analysis
was carried out following [7] procedure based on local mar-
ket price.

3. Result and Discussion

3.1. Effect of Biochar and Lime on Soil
Properties

The results laboratory analysis of initial soil samples indi-
cated that the soils are highly acidic with pHw values of 4.68
for site 1 and 4.36 for site 2. The exchange acidity was 1.2
for site and 2.01 Cmol+/kg soil for site 2. Available P was
very low, 2.85 — 3.56 ppm, and total N varied from 1.12 —
1.15 %. The lab analysis of biochar showed very high pHw:
10.9 and available P content of 31.82 ppm (Table 1). Gener-
ally, the laboratory data showed that the capacity of biochar
to increase soil pH and available soil P is very high, depend-
ing on the rates applied.

Table 1. Descriptions of initial soil of the study area and biochar
results.

Soil

Parameters Coffee husk Biochar
Sitel Site?2

pH-H,0 (1:2.5) 4.68 4.36 10.95

Total N % 1.15 1.12 2.14

Auvailable P. (mg /kg)  3.56 2.85 31.82

ocC 1.2 1.08
Exchangeable acidity 1.2 2.01 -

Laboratory analysis results of soil samples taken after har-
vest indicated that soil pH increased from 4.7 and 4.38 in the
control plots to 6.12 and 5.94 at site | and Il, respectively, with
the application of biochar and/ or lime (Figure 3). The highest
increase was recorded from combined application of Biochar
+ Rec lime followed by sole application of 10 t/ha biochar. In
a similar study by [6] using different biochar materials and
liming, soil pH, cation exchange capacity (CEC) were signifi-
cantly affected by amendment type, application rate, and the
interaction between them. The liming effect of biochar on acid
soils was also reported by [15], who observed changes of
about 1.5 pHw units after biochar amendment. This pH change
was also impacted by the biochar application rate.

Biochar, which is prepared from pyrolysis of plant bio-
mass, is normally highly alkaline material and the alkalinity
varies with respect to feedstock properties used for the bio-
char production. The greater the alkalinity of biochar, the
greater is its ability to reduce soil acidity. Thus, biochar can
function as a liming agent by causing an increase in pH of
soil and thus increasing availability of nutrients and improve
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nutrient uptake by plants for various soil types [11]. The in-
crease in soil pH was also higher for the combined applica-
tion of lime and-biochar. The CaCO; contribute to the rise in
soil pH by reacting with water and CO,, dissociate in to
2Ca*? and 4HCOjy, adsorption of 2Ca™ on the exchange

complex by replacement of H and Al ions and formation of
insoluble AI(OH); [20]. Exchangeable acidity decreased
from 1.2 and 2.01 in the control plots to 0.26 and 0.43
Cmol*/ kg soil in the plots that received biochar and/ or lime
at site 1 and site 2, respectively.
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Figure 2. Effects of biochar on soil pH, Available P and Exchangeable acidity after harvest site 1 and site 2. T1= Control,
T2=Recommended NP, T3=10 t/ha Biochar, T4=5 t/ha Bio char + 50% Recommended NP rate, T5=5 t/ha Bio char + 50% Recommended
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Application of biochar and Lime, alone or in combination,
enhanced available phosphorus contents of site 1and 2 (Figure
3). The highest available P contents (10.84 and 13.90 mg/kg
soil) were obtained from application of Bio char (10 t/ha) +
Rec. NP at site 2 and 1, respectively. The increases in availa-
ble soil P could be attributed to reduced Fe and Al activity due
to increase in the soil pH. In a similar study, [17] found that
application of biochar with or without inorganic fertilizer in-
creased available soil P in acidic soil, a synergistic effect be-
tween biochar and inorganic fertilizer in increasing the soil
available phosphorus. Similarly, increase in soil pH could
have reduced sorption of available soil phosphorus. [9] report-
ed a greater soil available P content in biochar-amended soils
compared to unamended soils and attributed the improvement
to biochar’s capacity to retain and exchange phosphate ions
due to its positively charged surface sites.

Applications of biochar and Rec NP + Lime also increased
soil organic carbon for site 1. However, the combined data
analysis over locations and years does not indicate the influ-
ence of the treatment on soil organic carbon and total N.

3.2. Grain and Biomass Yield of Maize as
Affected by Integrated Use of Biochar and
Lime

Analysis of variance showed that there is significant dif-

ferent among treatment effects at site 1 and 2 during 2018

and 2019 (Table 2). The highest mean grain yield of 9499.3
kg/ha was obtained from 50% Bio char + 50% Rec. NP +
50% Rec. lime treatment at site 1 in 2018. It is statistically
at par with the yields obtained from Bio char + Rec. lime
(7543 kg/ha), Rec NP (7815 kg/ha), and Biochar + Rec NP
(8017 kg/ha). However, from combined analysis of data
over 4 locations and 2 seasons the highest mean yield
(6831.8 kg/ha) was obtained from application of Bio char +
Rec NP, with yield of advantage of 46% over the control
and 12% over the recommended NP. Yet, it was statistical-
ly at par with Rec NP, Rec NP + Rec lime, 50% Rec NP +
50 % Bio char + 50% Rec lime. The results of the study
was in agreement with [21], who reported larger yield in-
creases when biochar was applied together with inorganic
fertilizer treatments. The agronomic data is also supported
by the soil test data in which application of Bio char with
and without lime increase soil pH and available P and de-
creased exchange acidity of soils. [14] reported that biochar
application improved soil quality, increased crop produc-
tion and promoted plant growth.

The treatment effects on biomass yield of Maize were also
significant. The combined analysis of data over locations and
seasons showed that the highest biomass yield (16.4 t/ha)
was obtained from application of Bio char + Rec NP, which
was statistically at par with Rec NP + Rec lime and 50% Rec
NP + 50 % Bio char + 50% Rec lime (Table 3).

Table 2. Mean Grain yield (kg/ha) of Maize affected by Bio- char, NP, and lime treatments.

Treatments Treatments

Control without any input

Rec. NP rate of the test crop

Bio char on rate based 10 t/ha

50% Bio char + 50% Rec. NP rate
50% Bio char +50% Rec. L(1.5 * EA)
Bio char + Rec. L(1.5 *EA)

Bio char + Rec. NP

L N o o B~ W N

Rec. NP + Rec. L (1.5* EA)

50% Bio char + 50% Rec. NP + 50% Rec. L
LSD (0.05)

CV (%)

Year 1 Year 2

Mean 2018-19
s1 S2 Site 1 Site 2
5398.7° 3711.7° 2563.4¢ 3167  3710.2e
7815.7ab 5894 7216.5° 3156  6020.5bac
6282 5067.3% 2703.9¢ 4626  4669.9ed
7203.7°°  5481.3°¢  5689.7°%° 4865  5809.9bc
6751 4907d 4009.2°° 4715  5095.7dc
7545.3% 5538 3793.1¢ 3811  5171.8dc
8017%® 6251.7° 7163.6° 5895  6831.8a
6962.3" 7202.3% 6295.3* 5951  6602.8ba
9499.3 6096° 4765.5™ 5432  6448.2bha
2070.3 900.76 1951.2 NS 1014.9
16.44 9.34 22.1 3853 1047
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Table 3. Mean BY (t/ha) of Maize under Bio- char nutrient sources and limed condition.

Treatments No Treatments description

Control without any input
Recom. NP rate of the test crop
Bio char on rate based 10 t/ha
50% Bio char + 50% Rec. NP rate

Bio char + Rec. L (1.5 X EA)
Bio char + Rec. NP

co ~N o o B~ W N

Rec. NP + Rec. L (1.5 X EA)

50% Bio char +50% Rec. L(1.5 X EA)

50% Bio char + 50% Rec. NP + 50% Rec. L

LSD (0.05)
CV (%)

3.3. Partial Budget Analysis

Year 1
S1

12.4¢
17.9%
12.9°
15.3%¢
15.2%¢
14.1%
17.6®
16.9%°
19.2%
4.46
16.4

S2

8.1le
12.8%
9.53%
12.47%
10.03%*
10.6™
14,53
14.77°
13.57%®

9.77

Year 2

S1

9.48bc
9.13c
14.51a
13.03ba
10.39bc
7.69¢
15.65a
14.78a
16.23a
3.62
16.97

S2

9.98b
14a
14.73a
9.0b
9.42b
10.50b
15.82a
13.77a
16.6a
2.95
13.49

Mean

2018-19

9.99d
13.45b
12.92b
12.45ch
11.27cd
10.72d
16.36a
15.05a
15.97a
1.56
6.87

For lack of consistent data on the value of straw yield of maize, economic analysis was made based on grain yield data only.
The summary of partial budget analysis showed that the highest marginal rate of return, which is 2868.60 %, was obtained

from application of 50% Bio char + 50% Rec. NP + 50% Rec. lime, with net benefit of 63993.6 ETB ha™ (Table 4).

Table 4. Partial budget analysis of integrated biochar, lime and organic fertilizer on maize yield.

Treatments TY

Control without any input 3710.2
Rec. NP rate of the test crop 6020.5
Bio char on rate based 10 t/ha 4669.9
50% Bio char + 50% Rec. NP rate 5809.9
50% Bio char +50% Rec. L(1.5 * EA) 5095.7
Bio char + Rec. L(1.5 *EA) 5171.8
Bio char + Rec. NP 6831.8
Rec. NP + Rec. L(1.5* EA) 6602.8

50% Bio char + 50% Rec. NP + 50% Rec. L 6448.2

ATY

3339.18
5418.45
4202.91
5228.91
4586.13
4654.62
6148.62
5942.52
5803.38

GFB (ET Birr)

40070.16
65021.4

50434.92
62746.92
55033.56
55855.44
73783.44
71310.24
69640.56

TVC (ET Birr)

0
2618.55
5000
3809.28
4337.68
8675.36
7618.55
6293.91
5646.96

NB (ET Birr)

40070.16

62402.85

45434.92

58937.64

50695.88

47180.08

66164.89

65016.33

63993.6

MRR (%)

852.86
D

D

D

D
86.71
158.08
2868.6

TY= Total yield, ATY=Adjusted Total yield, GFB =Gross Field Benefit, TVC=Total variable coast, NB=Net Benefit, MRR=Marginal Rate of

Return

4. Conclusions

A field experiment was conducted in 2017/18 and 2018/19
cropping seasons with the objective of generating information

on the effects of Bio-char and their interactions with lime and
inorganic fertilizers on crop productivity and properties of acid
soil at Kersa district, Jimma zone, South West Ethiopia. The
results of the experiment showed that application of biochar
alone or with inorganic fertilizer and/or lime significantly af-
fected pH, total N, Available P, organic carbon and exchange-
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able acidity of soils. From the combined analysis of data over
4 locations and 2 seasons, application of Bio char + Rec NP
can provide the highest grain yield of maize. However, the
result was not statistically different from yields obtained by
application of Rec NP alone, Rec NP + Rec lime, 50% Rec NP
+ 50 % Bio char + 50% Rec lime. Thus, application of anyone
of the four treatments can provide statistically similar agro-
nomic yields. The advantage of the three treatments over the
Rec NP is maintenance and improvement of soil health. The
results of partial budget analysis showed that highest MRR
(Marginal Rate of Return) can be obtained from the combined
application of 50% Bio char + 50% Rec. NP + 50% Rec. lime.
Therefore, it is recommended that farmers can use 50% Bio
char + 50% Rec. NP + 50% Rec. lime in order to get the high-
est MRR, high agronomic yields, and improved soils quality.
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