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Abstract: Lupine has traditionally been intercropped with food barley in northwest Ethiopian highlands. But, there
is no any documented information about the optimum plant population and time of white lupine intercropping with
food barley in these areas. Hence, a field experiment was conducted on plant population and time of lupine
intercropping with food barley in 2017 and 2018 main cropping season in Gozamin highland, northwest Ethiopia, to
determine the optimum plant population and time of lupine intercropping for maximum productivity of food barley
fields. Factorial combinations of three plant population (500000, 250000 and 166667 plants/ha) and four time of
lupine additive series intercropping (simultaneously, two weeks, four weeks and six weeks after barley sowing) with
food barley were laid out in randomized compete block design with three replications. Sole food barely and sole
lupine were included as a comparison purpose. The results indicated that there was no significant difference among
treatment combinations for biomass and grain yields of food barley. However, highly significant differences among
treatment combinations were observed for biomass and grain yields of lupine. The highest land equivalent ratio
(1.48), relative economic efficiency (42.61%), and net economic return (Birr 38,160/ha) with acceptable higher
marginal rate of return (598.68%) were recorded in the combination of 166667 plants/ha plant population and
simultaneous time of lupine additive intercropping with food barley.

Keywords: Additive intercropping, economic efficiency, Hordeum vulgare, land equivalent ratio, Lupinus albus,
productivity efficiency
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1. Introduction specially in northwest Ethiopian highlands as

Ethiopia is the second populous country in Africa
after Nigeria and agriculture is the main stay of its
economy (MoFED, 2016). Its highlands are
especially important for human trafficking and crop
production, while about 90% of the total human
population and crop production of the country are
found in these highlands (Hurni et al., 2010) that
account only about 46% of the national surface area
(Teklu, 2005). Subsistent smallholder crop-livestock
mixed farming is the main agricultural system of
Ethiopian highlands (Likawnt et al., 2010) and food
barley (Hordeum vulgare L.) is one of the major food
cereal crops grown in these highlands (Alemayehu et
al., 2011; CSA, 2018). Since time immemorial, white
lupine (Lupinus albus L.) has also been grown

multipurpose legume crop used for reclaiming the
crop soils especially after cereals, as well as for
supplementing the household food security (as a good
protein source) and incomes of farmers from its
market sales (Hibstu et al., 2016; Akale et al., 2019).
Lupine in most towns and cities of Ethiopia has also
been used widely as a preferred snack food in both
local and modern bear houses (Likawnt et al., 2011).
On top of its high protein and fiber contents, lupine
does have nutraceutical potential (combination of
nutrition and pharmaceutical use) and have some
health-protecting effects through preventing and
controlling metabolic syndrome risk factors including
abdominal obesity, increased triglyceride level,
decreased HDL  cholesterol concentration,
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hypertension, and hyperglycaemia (Hodgson and
Lee, 2008; Sedlakova et al., 2016; Villarino et al.,
2016). This is due to causing the feeling of satiety
(appetite suppression) and affecting the energy
balance, affecting favorably glycaemia, improving
the defecation and the levels of blood lipids, and
having positive effect on hypertension (Hodgson and
Lee, 2008; Tizazu and Emire, 2010).

Both food barley and white lupine productions in
northwest Ethiopian highlands have however been
facing big challenges of low productivity (CSA,
2018) and diminishing the cultivation area (Hibstu et
al., 2016), respectively. On the one hand,
productivity of barley fields in Ethiopia is low below
the world average and beyond meeting the ever
increasing food demand of rapidly growing highland
population (CSA, 2018). As the result of high
population growth, on the other hand, cultivated land
in Ethiopian highlands has been becoming the
scarcest resource for crop production and farmers
have been forced to abandon crop rotation (Getachew
et al., 2020) and give more priority to produce major
cereals including food barley than white lupine, and
thereby production of white lupine in northwest
Ethiopian highlands has been declining steadily
(Hibstu et al., 2016).

Hence, there is a need for enhancing the productivity
of barley fields, as well as for expanding the
production of white lupine in Ethiopian highlands,
while beyond its food and economic contributions to
poor smallholder farmers, white lupine plays a
special role in raising the fertility of acidic crop soils
of Ethiopian highlands effectively through its high
symbiotic nitrogen fixation and soil phosphorous
mobilization ability (Beneberu et al, 2019). Under the
current circumstances of cultivated land and crop
production in northwest Ethiopian highlands,
increasing the productivity of barley fields and
expanding the production of lupine in these areas can
be possible through intercropping or mixed cropping
of white lupine with food barley (Akale et al., 2019).
Inter cropping/mixed cropping is the practice of
cultivating two or more crops in the same piece of
land at the same time or relayed (Yayeh et al., 2019),
and it is commonly practiced by smallholder farmers
mainly in the tropics (Panda, 2010; Seran and
Brintha, 2010). Intercropping (in row planted crop

fields) or mixed cropping (in broadcast planted
fields) is among the most efficient land used systems
adopted in tropical regions, where farmers have only
limited access to agricultural inputs (Laurent et al.,
2015).

Several authors described intercropping as an
ecological intensification practice which has been
widely used to boost crop productivity, increase crop
diversity (Yayeh et al., 2014), enhance the land
utilization ratio (Laurent et al., 2015), minimize crop
failure due to adverse effects of biotic and abiotic
factors (Dai et al., 2017), improve the use of limited
resources (Tsubo et al., 2005), protect soil against
erosion, improve soil fertility, increase stability of
yield (Yayeh et al., 2020), reduce labor peaks,
provide higher returns (Yayeh et al., 2019) and
supply a balanced diet compared to sole cropping.
This is mainly because of that intercropping is
important to optimize the use of time, space and
physical resources compared to sole cropping (Zhang
and Li, 2003). Cereal-legume is the common
combination used in most intercropping systems
(Seran and Brintha, 2010), while legumes fix
atmospheric nitrogen gas and make it available to
plants on top of their other additional intercropping
advantages.

Some low input farmers in northwest Ethiopian
highlands have traditionally intercropped lupine with
cereals mainly with food barley in additive design
(ANRS Bureau of Agriculture, 2020), where the sole
recommended plant density of the major crop barley
is constant with varying the density of the minor crop
lupine (Yayeh et al., 2020). Since farmers don’t
compromise the yields of major crops, proper
additive intercropping can make the interest of
farmers possible. Optimal additive intercropping
enables farmers to get satisfactory additional yield
from a secondary crop on top of a major crop yield
obtained from its sole cropping. This is indeed
possible when a secondary (minor) crop doesn’t
negatively affect the growth and yield of a major crop
significantly apart from its economically sound
additional yield gain (Yayeh et al., 2019, 2020).
Hence, it is very essential to investigate the optimal
plant density and time of intercropping of a
secondary crop with a major crop in additive design
for maximizing the productivity and profitability of
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the crop land (Akale et al., 2019). However, there is
meager information on optimal plant density and time
of lupine additive intercropping with food barley in
the country. Therefore, the present study was devised
to determine the optimum plant population and time
of lupine additive intercropping with food barley in
northwest Ethiopian highlands.

2. Materials and Methods

2.1. Description of the study site

A rain-fed field experiment was conducted during the
main cropping season of 2017 and 2018 at trial-

demonstration site of Debre Markos University in the
main campus, in Gozamin District, Northwestern
Ethiopia. Geographically, the study site is located at
10°21° N latitude and 37° 43°E longitude with an
altitude of 2446 meter above sea level. It is found 300
kilometer northwest of Addis Ababa and 265
kilometer southeast of Bahir Dar. According to 36
years (1981-2016) recorded weather data (Debre
Markos Meteorology Station, 2017), the mean annual
rainfall of the experimental site is 1380 mm with
average minimum and maximum temperatures of
15°C and 22°C, respectively (Figure 1).
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Figure 1: Average monthly rainfall, and minimum and maximum temperatures of the experimental site for 36 years from
1981 to 2016 (Tmax = maximum temperature; Tmin = minimum temperature)

To characterize the soil of the experimental site, a
composite soil sample was taken before sowing and
analyzed for important physicochemical properties.
The composite soil sample was prepared by thorough
mixing of seven soil samples collected randomly in a
crisscross fashion of the whole experimental plot at a
plow depth of 0-20 cm using an augur. It was then air
dried up to attaining the constant weight and crushed
with motorized grinder and sieved with a 2 mm
diameter screen for further laboratory analysis that

was done at Debre Markos Soil Laboratory. Particle
size distribution (soil texture) was determined by
hydrometer method (Bouyoucos, 1962; Gee and
Bauder, 1986), while soil pH was measured using a
digital pH meter in a 1:2.5 soil-water suspension as
described by Panda (2010). Organic carbon (OC) was
determined by wet digestion Walkley and Black
method (Heanes, 1984). Determination of total
nitrogen (TN) was carried out through micro-
Kjeldahl digestion method (Bremner and Mulvaney,
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1982). Available phosphorus (AP) was determined by
calorimetrically using Olsen’s method (Olsen et al.,
1954), while cation exchange capacity (CEC) was
determined using titration method (FAO, 2008). Lab
analysis results of pH, CEC, OC, TN and AP status
of the experimental soil before starting the
experiment were rated according to Panda (2010),
Landon (1991), Charman and Roper (2007), Havlin
et al. (1999) and Tekalign et al. (1991) respectively,
while texture of the soil was classified according to
Brady and Weil (2017).

Laboratory analysis results of the experimental soil
just before starting the study are presented in Table 1.

The soil laboratory results showed that texture of the
experimental soil was clay as per the soil texture
triangle matrix of Brady and Weil (2017). According
to Panda (2010), the experimental soil was
moderately acidic. Cation exchange capacity (CEC)
of the soil was also moderate (Landon, 1991).
Organic carbon (OC), total nitrogen (TN) and
available phosphorous (AP) contents of the
experimental soil were low as per rating made by
Charman and Roper (2007), Havlin et al. (1999), and
Tekalign et al. (1991), respectively (Table 1).

Table 1: Physicochemical properties of the experimental soil before starting the study

Soil properties Value Rating category Rating reference
pH (H,0) 5.67 Moderately acidic Panda (2010)
CEC (cmol(+)/kg) 26.80 Moderate Landon (1991)
Organic carbon (%) 1.56 Low Charman and Roper (2007)
Total nitrogen (%) 0.16 Low Havlin et al. (1999)
Available P (ppm) 30. 29 Low Tekalign et al. (1991)
Particle distribution Bouyoucos (1962)

Sand (%) 18.00

Silt (%) 20.00

Clay (%) 62.00

Textural class Clay Brady and Weil (2017)

CEC = cation exchange capacity, P = phosphorus, pH = potential of hydrogen

2.2. Experimental planting materials

A six-row food barley variety of HB-1307 and local
variety of white lupine were used as a test crops. The
six-row food barley variety HB-1307 was developed
and released by Holetta Agricultural Research Center
in 2006. This variety has been released for mid and
high altitude barley growing areas due to its
superiority in grain yield performance, stability and
wide adaptation. It has also good physical grain
quality, resistance to leaf rust and scald, moderate
resistance to net and spot blotch, lodging tolerance
and good biomass yield. Local variety of white lupine
is well adapted in mid and high altitude areas and
currently grown in the study area, as well as its seed
is also easily available in the local markets.

2.3. Experimental treatments, design and
procedures
Factorial combinations of three plant population
(500000, 250000 and 166667 plants/ha) and four
time of lupine additive intercropping
(simultaneously, two weeks, four weeks and six
weeks after barley sowing) with food barley, as well
as two sole cropping as comparison were laid out in
randomized compete block design with three
replications. Detail treatment combinations and sole
crops used for the experiment are presented in Table
2. The gross plot size was 4.0 m x 3.2 m (12.8 m%
with the net plot area of barley was 3.8 m x 2.8 m
(10.64 m® both in the intercropping and sole
cropping. The net plot size of lupine in the sole
cropping was 3.8 m x 2.4 m (9.12 m?), but in the
intercropping it was variable depending on the plant
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population. Adjacent plots and blocks were separated

with 0.5 m and 1.0 m wide paths, respectively.

Table 2: Intercropping treatment combinations and sole crops used for the experiment

Lupine plant population  Time of lupine intercropping with food barley

(plants/ha) Simultaneously (P1)  2WABS (P2)  4WABS (P3)  6WABS (P4)
500000 (R1) R1P1 (T1) R1P2 (T4) R1P3 (T7) R1P4 (T10)
250000 (R2 R2P1 (T2) R2P2 (T5) R2P3 (T8) R2P4 (T11)
166667 (R3) R3P1 (T3) R3P2 (T6) R3P3 (T9) R3P4 (T12)

Barley sole cropping (T13)
Lupine sole cropping (T14)

WABS = weeks after barley sowing, T = treatment

In both experimental years of 2017 and 2018, the
selected experimental plots were plowed repeatedly
by oxen using local plowing tool ‘“Maresha” as
conventionally practiced by the surrounding farmers.
Experimental plots were then prepared manually as
per the design and treatments using necessary farm
tools. After starting the reliable rainfall, seeds of food
barley were drilled in 20 cm spaced rows at the
recommended plant population of 100 kg/ha on 22
and 14 June 2017 and 2018, respectively. Lupine
seeds in sole cropping were planted at 40 cm inter-
row and 10 cm intra-row spacing on the same date of
barley sowing, while lupine seeds in the
intercropping were planted after every two rows of
barley (equivalent to the recommended 40 cm inter-
row spacing of sole lupine) at intra-row spacing of 5,
10 and 15 cm (equivalent to 500000, 250000 and
166667 plants/ha, respectively) on different dates as
per the treatments. All experimental plots including
sole lupine plots were received a basal application of
NPS (19% N, 38% P,0s, 7% S) at the rate of 100
kg/ha during planting of barley. Urea (46% N) at the
rate of 100 kg/ha was also applied in split into barley
plots in such a way that one third of it was applied as
basal during planting and the remaining two third as
side-dressing at tillering growth stage. Beyond
fertilizers applied to food barley, any additional
fertilizers were not specifically applied to white
lupine in the intercropping treatments. Other all
remaining agronomic practices were also carried out
as per their recommendations used for food barley
and lupine productions in the study area (ARARI,
2003).

2.4. Crop yield data collection

After physiological maturity, both barley and lupine
plants were allowed to dry as stand up and harvested
manually with sickle at the ground level. The

harvested pieces of bunches were further subjected to
sun drying till their weight attained constant and the
above-ground biomass of the component crops per
net plot area was measured with sensitive weighing
balance. Grains of the component crops were further
recovered and weighed after threshing, winnowing
and cleaning. The grain yields of barley and lupine
were adjusted to 12% and 10% contents, respectively.
Above ground biomass and grain yields obtained
from the net plot areas were finally converted to
hectare basis.

2.5. Crop yield data analysis

Data of biomass and grain yields of the component
crops collected in 2017 and 2019 were separately
subjected to analysis of variance (ANOVA) using
general linear model (GLM) procedures of SAS
version 9.4 (SAS, 2013). Since values for the error
mean square of the two years were homogeneous, the
data were combined over years (Gomez and Gomez,
1984). Year was considered as a random variable in
the combined analysis. Whenever the combined
ANOVA result showed significant difference
between treatments for a parameter, further mean
separation was done using Tukey test using the same
statistical software.

2.6. Production efficiency assessments

Land equivalent ratio (LER), area time equivalent
ratio (ATER), crop equivalent yield (CEY), relative
production efficiency (RPE) and relative economic
efficiency (REE) are some of the common methods
used for assessing the production efficiency of
cropping systems (Samant, 2015; Yayeh et al., 2020).
LER is a measure of the efficiency of land use in an
intercropping system. It indicates the efficiency of
intercropping for wusing the resources of the
environment compared with sole cropping (Yayeh et
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al., 2020; zhang et al., 2014). The LER was
calculated using the formula outlined by Yayeh et al.
(2020):

LER = TG [

Where, Yi and Ym were yields of component crops
in intercrop and sole cropping, respectively, and n
was the number of the crops involved.

The critical value of LER was one. When LER was
one, there was complementarity between component
crops. When the LER was greater than one, the
intercropping favored the growth and yield of the
component crops. In contrast, when LER was lower
than one, the intercropping negatively affected the
growth and yield of the component species.

ATER was also calculated using the formula
sketched by Yayeh et al. (2020) as:

(PLERb*Tb)+(PLERI*TL)
- [2]

ATER =

Where, PLERb and PLERI were partial land
equivalent ratios of barley and lupine, respectively;
Th, Tl and T were the durations of barley and lupine
maturity, as well as the total duration of the
intercropping system, respectively.

Like that of LER, the critical value of ATER was
one. When ATER was equal to one, there was
complementarity between the component crops.
When the ATER was greater than one, intercropping
favored the growth and yield of the component crops.
In contrast, when ATER was lower than one,
intercropping negatively affected the growth and
yield of the component crops.

To estimate CEY, the average yield of the component
crops was primarily converted into the main crop
barley equivalent yield (BEY) on a price basis
following Samant (2015) and Yayeh et al. (2020).

BEY (kgha') = LY (kg ha')s (AE2E00y g

Where, LY was the lupine yield; Pl and Pb were
prices of lupine and barley, respectively, in Ethiopian
Birr per kg (ETB kg™).

The CEY was then the summation of barely yield and
barley equivalent yield (BEY). RPE and REE were
further estimated on the basis of CEY using the
formulae sketched by Yayeh et al. (2020) as the
followings:

RPE% = (=) X 100 [4]
REE% = (*2=222) x100 5]

Where, CEYi and CEYs were crop equivalent yields
of intercropping and sole cropping systems,
respectively; NRi and NRs were net returns of
intercropping and  sole  cropping  systems,
respectively.

Positive results of RPE indicated the superiority of
the new intercropping system of white lupine with
food barley over the existing system of sole cropping.
Whereas, negative results of RPE indicated
inferiority of the new intercropping system under the
existing sole cropping. Higher REE was inferred as
the better cropping system.

2.7. Partial budget analysis

Partial budget analysis was used to assess the
economic advantage of the cropping systems by
estimating total variable cost, gross return, net return
and marginal rate of return on hectare basis following
the procedures described by CIMMYT (1988). Seeds
of the component crops, soil fertilizers and labor (for
land preparation, sowing, fertilize application,
harvesting, threshing and cleaning) were the main
variable costs of the experiment. Costs of barley and
lupine seeds were estimated at the local market prices
of Ethiopian Birr 20 and 15 per kg, while costs of
labor and fertilizers (Urea and DAP) were estimated
at Ethiopian Birr 100 per manday and 13 and 15 per
kg, respectively. Barley and lupine grain yields were
adjusted by reduction of 10% to reflect the actual
productivity of farmers as described by CIMMYT
(1988). Gross return was hence estimated as the
multiple of the adjusted grain yields of the
component crops (barley and lupine) and their farm
gate prices of Ethiopian Birr 15 and 10 per kg,
respectively. Net return was estimated by subtracting
the total variable cost from the gross benefit, while
marginal rate of return (MRR%) was estimated as the
percentile ratio of the net return and variable cost
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differences of the intercropping treatments and the
control (barley sole cropping). Mathematically, MRR
was calculated as follow:

(NRs—NRp)

MRR(%) = ((TVCS—TVCp)

)x100 [6]
Where, NRs and NRp were the immediate
succeeding and preceding net returns of the treatment
combinations, while TVCs and TVCp were the
immediate succeeding and preceding total variable
costs of the treatment combinations, respectively,
after putting the TVC in ascending orders.

Acceptability of intercropping by farmers is best
judged by the marginal rates of return (MRR), which
is considered as an appropriate indicator for
maximum profit of the cropping systems (Kiwia et
al., 2019) and it was used for ranking the
intercropping  treatments of the experiment.
According to Kiwia et al. (2019), MRR less than
50% is considered low and unacceptable to farmers,
while MRR > 100% is a higher cut-off value that has
been recommended for the technology, which
involves significant change from current farmer
practices.

3. Results and Discussion

3.1. Grain and biomass yields

The results of analysis of variance showed that both
grain and above ground biomass yields of food barley
were not significantly (P>0.05) influenced by both
main and interaction of plant population and time of
lupine additive intercropping. However, main and
interaction of plant population and time of lupine
additive intercropping with food barley highly
significantly (P<0.01) affected both grain and above
ground biomass yields of lupine (Table 3). In the
intercropping treatments, the highest grain and
biomass yields of lupine were recorded in the
combination of 166667 plants/ha plant population
(15cm intra-row spacing) and simultaneous planting
of lupine on the same date of barley sowing.
Simultaneous planting of lupine on the same date of
barley sowing at its plant population of 250000 and
500000 plants/ha (10cm and 5¢cm intra-row spacing,
respectively) gave the second and third highest grain
and biomass yields of lupine in food barley-lupine
intercropping systems (Table 3). Lupine grain and
biomass vyields were reduced consistently as its
intercropping time after barley sowing prolonged and

its plant population increased (Table 3).

Table 3: Average grain and biomass yields of the component crops as influenced by plant population and time of lupine
additive intercropping with barley in 2017 and 18 in Gozamin highland

Lupine intercropping with barley Food barley Lupine
SR (plants/ha) Intercropping time GY (ton/ha) BY (ton/ha) GY (ton/ha) BY (ton/ha)
500000 SMPwB 1.78 7.49 1.46° 1.95°
2WABS 1.87 7.53 0.64° 1.12"
4WABS 2.02 7.70 0.53% 0.95%
6WABS 2.10 7.84 0.27' 0.88¢
250000 SMPwB 1.91 8.04 1.75° 2.12°
2WABS 2.03 8.19 0.84 0.8
4WABS 2.17 8.26 0.80" 0.91¢
6WABS 221 8.32 0.44" 0.879
166667 SMPwB 1.94 8.17 2.33° 2.74°
2WABS 2.10 8.31 1.01° 1.35°
4WABS 2.24 8.54 0.90° 1.18%
6WABS 2.29 8.63 0.56g" 0.86¢
Barley sole cropping 2.51 9.88 - -
Lupine sole cropping - - 3.29°% 4.65%
Sig. difference NS NS ** **
SE+ 0.09 0.88 0.03 0.05
CV (%) 7.82 10.64 5.02 5.89

SR = plant population; SMPwB = simultaneous planting with barley; 2WABS = two weeks after barley sowing;
4WABS = 4 weeks after barley sowing; 6WABS = six weeks after barley sowing; GY = grain yield; BY = above
ground biomass yield; **highly significant at P<0.01; NS = not significant at P>0.05; means followed with the same

letter are not significant at P>0.05.
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The non-significant difference between the barley-
lupine intercropping for the yield related parameters
of barley indicated that the associated lupine did not
cause severe competition for the limited growth
resources on the main crop. On the contrary, both
biomass and grain yield of lupine in the intercropping
treatments were lessen below that of sole lupine
cropping, indicating the growth dominance of barley
over lupine in their intercropping systems. Similar
results were also reported by Yeyeh et al. (2014),
who showed that seed proportions in the lupine-
barley intercropping did not affect all yield related
parameters of barley. This is further supported by
Adipala et al. (2002), who reported that maize yields
were not significantly affected by the inclusion of
cowpea in different time of planting in maize-cowpea
intercropping experiment.

Consistent reduction of lupine grain and biomass
yields with the prolong of lupine intercropping time
after barley sowing would be associated to the
increase of barley over shading effect, as well as to
the progress of soil moisture stress as the
advancement of drying season after August.
Declining of lupine grain and biomass yields with the
increase of lupine plant population in barley-lupine
intercropping might related to the increase of intra-
specific competition among lupine plants for light
and moisture. These results are supported by other
cereal-legume intercropping works (Tilahun, 2002;
Egbe, 2010; Addo-Quaye et al., 2011). The present
results clearly showed that delay intercropping of
lupine after barley sowing was less advantageous
than simultaneous intercropping with barley sowing,
while lupine grows slower than barley. Besides, plant
population of lupine in barley-lupine intercropping

would be lower than the recommended plant
population of sole lupine cropping.

3.2. Production efficiency

Influences of plant population and time of lupine
additive intercropping with barley on various
production efficiency measures including land
equivalent ration (LER), area time equivalent ratio
(ATER), crop equivalent vyield (CEY), relative
production efficiency (RPE) and relative economic
efficiency (REE) are presented in Table 4. LER of
intercropping treatment combinations was ranging
from 0.84 to 1.48 (Table 4). Those intercropping
treatments having <1 LER are disadvantageous than
sole cropping, while those intercropping treatments
having >1 LER are more advantageous than sole
cropping. As shown in Table 4, several intercropping
treatments resulted in the LER values of .05 to 1.48,
indicating their yield advantages from 5% to 48%,
respectively, over sole cropping. Compared the sole
cropping, the treatment combination of 16667
plants/ha plant population and simultaneous
intercropping of lupine with barley sowing (SMPwB)
gave the highest yield advantage (48%), followed by
the combination of 250000 plants/ha plant population
and simultaneous intercropping of lupine with lupine
sowing with 30% yield advantage. This revealed that
sole cropping would require 48% and 30% more land
area to equalize the vyield obtained from these
intercropping treatment combinations, On the
contrary, the highest yield reduction (-16%) was
recorded in the combination of 500000 plants/ha
plant population and intercropping of lupine after six
weeks of barley sowing (6WABS) compared to that
of the sole cropping.
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Table 4: Average production efficiency of barley-lupine intercropping as influenced by plant population and time of
lupine additive intercropping in 2017 and 2018 in Gozamin highland

Lupine intercropping with barley

SR (plants/ha) Intercropping time LER ATER CEY (Vha) RPE (%) REE (%)
500000 SMPwB 1.15 0.88 2.75 9.84 -3.26
2WABS 0.94 0.63 2.29 -8.45 -26.40
4WABS 0.97 0.64 2.37 -5.29 -22.41
6WABS 0.84 0.51 2.08 -16.90 -37.09
250000 SMPwB 1.30 1.00 3.08 23.04 19.62
2WABS 1.05 0.75 2.56 1.99 -7.03
4WABS 1.11 0.76 2.71 8.14 0.76
6WABS 0.97 0.60 2.39 -4.46 -15.18
166667 SMPwB 1.48 1.19 3.49 39.28 42.61
2WABS 1.15 0.82 2.77 10.71 6.45
4WABS 0.97 0.69 2.34 -6.66 -15.54
6WABS 0.97 0.62 2.37 -5.40 -13.94
Barley sole cropping 1.00 1.00 251 0.00 0.00
Lupine sole cropping 1.00 1.00 2.19 -12.50 -12.64

SR = plant population; SMPwB = simultaneous planting with barley; 2WABS = two weeks after barley sowing;
AWABS = 4 weeks after barley sowing; 6WABS = six weeks after barley sowing; LER = land equivalent ratio;
ATER = area time equivalent ratio; CEY = crop equivalent yield; RPE = relative production efficiency; REE =

relative economic efficiency

Except the combinations of 166667 and 250000
plants/ha plant population with simultaneous
intercropping of lupine with barley, all other
intercropping treatment combinations resulted in
ATER values <1, indicating their yield disadvantages
below the sole cropping. The intercropping treatment
combination of 166667 plants/ha plant population
and simultaneous planting of lupine with barley
sowing resulted in the highest ATER (1.19). This
showed that intercropping of lupine with barley in
this treatment combination favored the growth and
yield of the component crops by 19% over the sole
cropping. The ATER value of lupine intercropping
with barley at 166667 plants/ha plant population and
simultaneous planting of lupine with barley sowing
was one, indicating growth and yield
complementarity between the component crops at
this intercropping treatment combination.

The highest CEY (3.49 t/ha) was also recorded from
the intercropping treatment combination of 166667
plants/ha plant population and simultaneous planting
of lupine with barley sowing (Table 4). The
intercropping treatment combination of 250000
plants/ha plant population and simultaneous planting
of lupine with barley sowing gave also the second

highest CEY (3.08 t/ha)). The CEY values of
intercropping treatment combinations less than that
of barley sole cropping (2.51 t/ha) indicated their
yield inferiority performances below barley sole
cropping. Several intercropping treatment
combinations also generated negative RPE and REE,
indicating their yield inferiority performances below
barley sole cropping. Similar to LER and CEY, the
highest positive RPE (39.28%) and REE (42.61%)
were also recorded from the intercropping treatment
combination of 166667 plants/ha plant population
and simultaneous planting of lupine with barley
sowing (Table 4). The second highest positive RPE
(23.04%) and REE (19.62%) were also obtained from
the intercropping treatment combination of 250000
plants/ha plant population and simultaneous planting
of lupine with barley sowing. These and other few
intercropping treatment combinations generated
higher and positive RPE and REE showed their
superiority over the existing sole cropping.

Results of the present study showed that additive
intercropping of white lupine with food barley at its
optimum plant population and intercropping time
gave higher LER, ATER, CEY, RPE and REE than
the existing sole cropping of the component crops. In
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agreement to these results, several additive
intercropping studies such as pea-wheat (Naudin et
al., 2010), cluster bean-beet root (Sankaranarayanan
et al., 2011), white lupine-small grain cereals (Yayeh
et al., 2014), and haricot bean/sweet lupine-finger
millet (Yayeh et al., 2019, 2020) at the optimum
plant populations of the secondary legume crops also
showed higher LER, RPE and REE compared to the
respective sole cropping of the main crops. All these
results revealed that intercropping of suitable
legumes with cereals at their optimum plant
population and intercropping time are more efficient
than the existing sole cropping of the component
crops in crop production and resource utilization. Li
et al. (2013) indicated that inter-specific interactions
between legumes and cereals at their optimum plant
population make cereals to acquire more soil
nitrogen, which pushes the legumes to fix more
nitrogen and thus improves the land use efficiency of
the system.

3.3. Economic profitability
Similar to production efficiency measures, the

acceptable MRR (598.68%) was recorded at the
combination of 166667 plants/ha plant population
and simultaneous intercropping of lupine with barley
sowing (Table 5). Similarly, several workers also
reported that legume-cereal intercropping systems at
their optimum plant population resulted in
significantly higher NRs with acceptable MRRs
(>100%) than the existing sole cropping of the
component crops (Seran and Brintha, 2010; Yayeh et
al., 2014; FAO, 2015; Alemayehu et al., 2016; Wang
et al., 2017; Marcello, 2018; Yang et al.; 2018;
Yayeh et al., 2019). According to FAO (2015),
intercropping of suitable secondary crop species with
main crops at their optimum plant populations is
highly recommendable for small scale farms (which
are of labor intensive) for maximizing crop
productivity and return sustainably much better than
that of sole cropping. As it wouldn’t be easy for field
management especially for inter-row movements,
intercropping may not however suitable to large
mechanized crop farms.

highest NR (Ethiopian Birr 38,160/ha) with

Table 5: Average economic profitability of barley-lupine intercropping as influenced by plant population and time of
lupine additive intercropping in 2017 and 2018 in Gozamin highland

Lupine intercropping with barley TVC GR NR MRR (%) Rank
PP (plants/ha) Intercropping time (ETB/ha)  (ETB/ha) (ETB/ha)
Barley SC 7100.00 33885.00 26785.00 -
166667 SMPwB 9000.00 47160.00 38160.00 598.68 1
2WABS 9000.00 37440.00 28440.00 D -
4WABS 9000.00 38340.00 29340.00 D -
6WABS 9000.00 35955.00 26955.00 D -
250000 SMPwB 9650.00 41535.00 31885.00 D -
2WABS 9650.00 34965.00 25315.00 D -
4WABS 9650.00 36495.00 26845.00 D -
6WABS 9650.00 33795.00 24145.00 D -
500000 SMPwB 11300.00  37170.00 25870.00 D -
2WABS 11300.00  31005.00 19705.00 D -
4WABS 11300.00  32040.00 20740.00 D -
6WABS 11300.00  30780.00 19480.00 D -

PP = plant population; SC = barley intercropping; SMPwB = simultaneous planting with barley; 2WABS = two
weeks after barley sowing; 4WABS = 4 weeks after barley sowing; 6WABS = six weeks after barley sowing; TVC
= total variable cost; GR = gross return; NR = net return; MRR = marginal rate of return; ETB = Ethiopian Birr; D =

dominance
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4. Conclusion

In all assessment methods employed in the study,
166667 plants/ha plant population at simultaneous
intercropping time of lupine with barley gave the
highest LER, CEY, RPE, REE and NR with 48%,
39.04%, 39.28%, 42.61% and 42.47% more
advantages, respectively, than that of barley sole
cropping. The plant population of 250000 plants/ha
at simultaneous intercropping time of lupine with
barley gave the second highest LER, CEY, RPE
and REE with 30%, 22.71%, 23.04% and 19.62%
more advantages, respectively, than that of barley
sole cropping. At simultaneous intercropping time
of lupine with barley, the plant population of
166667 plants/ha plant population of lupine
additive intercropping with barley is hence
suggested as the best recommendations to barley
growing smallholder farmers in Gozamin highlands
and similar areas in northwest Ethiopian highlands
for enhancing the productivity of barley fields
sustainably.
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