Ethiop. J. Agric. Sci. 30(2) 13-30 (2020)

Effects of Spacing of Elephant Grass and Vetch
Intercropping on Agronomic Performance and Herbage
Yield of Elephant Grass
Bizelew Gelayenew1*, Berhan Tamir1, Getnet Assefa2 and Fekede Feyissa2
Addis Ababa University, College of Veterinary Medicine and Agriculture, P.O. Box 34, Debre Zeit, Ethiopia;
2
Ethiopian Institute of Agricultural Research (EIAR), P.O. Box 2003, Addis Ababa, Ethiopia

1

አህፅሮት

ይህ ምርምር የተካሄደው በተለያዩ የመስመር እና እፅዎት መካከል የዝሆኔ ሳርን እያራራቁ በመትክል
እና መኖ ጓያ ዝርያዎችን ቀላቅሎ በመዝራት በዝሆኔ ሳር ቁመት ፣የቅጠል እና ግንድ ማመዛዘን፣ ቲለር
ቁጥር፤ የጸደቀው ቁጥር ፣ ብሎም የደረቀ ምርት (DMY) መጠናቸው ተገምግመዎል፡፡ የመስክ ምርምሩ
በመኖ ሰብሎች ላይ የተካሄደው በሆለታ እና በደብረዘይት ግብርና ምርምር ማዕከል እንደ አዉሮፓዉያን
አቆጣጠር በ2016 እና በ2017 በዎናው የመኸር ወቅት በማዕከላዊ የኢትዮጰያ ደጋማው አካባቢ ነው፡፡
የጥናቱ አዘገጃጀት የሚያካትተው ዝሆኔ ሳር ለብቻው፤ ከቪሽያ ዳሲካርፓ እና ከቪሽያ ቪሎሳ ጋር
ተቀላቅለው በአራት የተለያዩ የመስመር እና የዝሆኔ ሳር መካከል እያራራቁ በመትክል S1(75*75),
S2(100*50) , S3(125*25) እና S4(50*50 ሳ.ሜ) ተከናውኗል:: የጥናቱ አዘገጃጀት ህብር በሶስት ገዜ
የረድፍ ድግግሞሽ በ13.5ካሬ ሜትር ማሳ ላይ በrandomized complete block design መሰረት
ተካሂዷል፡፡ አብዛኛው የተለኩ ባህሪያት የጎላ ልዩነት በጥናቱ አዘገጃጀት፣ አመታት እና የጥናት ቦታዎች
መካከል አሳይተዎል፡፡ መኖ ጓያ ከዝሆኔ ሳር ጋር ሲቀላቀሉ በ70.0 እና በ8.5% አብላጫ የምርት
ጥቅም ከዝሆኔ ሳር ብቻውን ከተተከለው በሆለታ እና በደብረ ዘይት በቅደም ተከተላቸው መሰረት
አስገኝተዎል፡፡ እንዲሁም በቦታዎች እና አመታት ሲጣመሩ ደግሞ አማካይ አመታዊ ደረቅ ምርት 9.47,
12.16 እና 12.01ቶን በሄ/ር ዝሆኔ ሳር ለብቻው፤ ከቪሽያ ዳሲካርፓ፤ ቪሽያ ቪሎሳ ጋር ተቀላቅለው በቅደም
ተከተላቸው በስረት አስመዝግበዎል፡፡ የሁለቱ ቦታዎች ሲጣመሩ የዝሆኔ ሳር በመስመር እና በእፅዎት
መካከል በማራራቅ ሲተከሉ በS4, S3, S2 እና S1 በቅደም ተከተላቸው በ12.96, 11.02, 10.55 እና
10.32ቶን በሄ/ር ደረቅ ምርት አስገኝተዎል፡፡ S4 በ17.6, 22.8 እና 25.6% ደረቅ የምርት አብላጫ
ጠቀሜታ ከS3, S2 እና S1 ጋር ሲነጻጸር በቅደም ተከተላቸው የሰጠ ስለሆነ የመጀመሪያ ተመራጭ
አድርጎታል፡፡ ይህ ጥናት ሲጠቃለል በዝሆኔ ሳር መስመር እና መካከል በ50 ሴንቲ ሜትር ተራርቀው
ሲተከሉ እና የመኖ ጓያ ዝርያዎችን ዘር (25ኪ.ግ በሄ/ር) የዝሆኔ ሳር ከተተከለ ከሶስት ሳምንታት በሓላ
ሲዘራ አመታዊ ደረቅ የዝሆኔ ሳር ምርታማነትን በከፍተኛ መጠን ያሻሻለ መሆኑን ከጥናቱ ለመረዳት
ተችሏል፡፡ ስለዚህ ዝሆኔ ሳር ብቻውን የሚተክሉ ገበሬዎች መኖ ጓያ እየቀላቀሉ በመዝራት ከብቶቻቸውን
ቢመግቡ የተሻለ ነው፡፡

Abstract
An experiment was conducted to investigate the effects of different spacing of
elephant grass (Pennisetum purpureum) and vetch (Vicia dasycarpa and Vicia
villossa) intercropping on plant height, leaf to stem ratio, tillering, stand count, and
subsequent dry matter yield (DMY) of elephant grass. The forages for field
experiment were evaluated during the main cropping season of 2016 and 2017 at
Holetta and Debre Zeit Agricultural Research Centers in the central highlands of
Ethiopia. The treatments consisting of three vetch intercropping (pure stand elephant
grass, elephant grass intercropped with V. dasycarpa and V. villosa) and four
spacing of elephant grass S1(75*75), S2(100*50), S3(125*25) and S4(50*50 cm).
The treatment combinations were planted on 13.5m2 plots using randomized
complete block design with three replications. Most measured traits revealed
significant (P<0.05) differences between the treatments, years and locations. Vetch
intercropping resulted 70.0 and 8.5% yield advantage over pure stand elephant
grass at Holetta and Debre Zeit, respectively. When combined over locations and
years, average annual DMY was 9.47, 12.16, and 12.01 t/ ha for elephant grass
planted in pure stand, intercropped with V. dasycarpa and V. villosa respectively.
In the combined analysis, herbage DM produced 12.96, 11.02, 10.55, and 10.32 t/ha
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when planted at spacing of S4, S3, S2, and S1, respectively. S4 had 17.6, 22.8 and
25.6% higher DMY advantage when compared with S3, S2 and S1, respectively. In
conclusion, vetch intercropping (at a seed rate of 25 kg/ha) three weeks after
elephant grass establishment at inter and intra row spacing of 50 cm substantially
improve annual DM yields of elephant grass. Hence, it could be advisable to be
adopted by farmers who grow elephant grass in pure stands as livestock feed.

Introduction
Ruminant livestock production is constrained by chronic shortage of feed in most
developing countries (Devendra and Leng, 2011). In Ethiopia, the main feed resources for
livestock are natural pasture and crop residues, which are characterized by low quality to
support sustainable animal production. The current trends also indicate that the existing
grazing lands are heavily overstocked and shrinking from time to time due to expansion
of cropping to nourish the rapidly increasing human population in the developing
countries (Kechero, 2008). To improve the ever-increasing demand for animal products in
developing countries like Ethiopia, options that enhance the supply of high quality
livestock feed is a priority in feed resource development (Getnet, 2007).
Forages are certainly known as a cost effective feed rather than commercial concentrates.
The substitution of forages to concentrates from 30 to 70% in dairy cattle diet could
reduce up to 30% cost of production (Sanh et al., 2002). Amongst the improved forage
crops introduced in Ethiopia, elephant grass could play an important role in providing a
considerable amount of quality forage, both for the smallholder farmers as well as
intensive livestock production systems (Seyoum et al., 1998). It is propagated
vegetatively using stem cuttings and root splits (Tessema, 2008) which usually vary
across agro-ecologies (Getnet and Gezahagn, 2012). Yields of the grass vary depending
on genotypes (Cuomo et al., 1996), edaphic and climatic factors, and management
practice (Chaparro et al., 1996). The main limiting factor of grasses is low protein supply.
Forage grasses are commonly intercropped with legumes to produce high quantity of
forage with more balanced nutrition for livestock feeding (Mwangi et al., 2002; Koc et
al., 2013). Legumes increase soil nitrogen through their nitrogen fixation ranging from 32
to 115 kg/ha in symbiosis with rhizobium bacteria (Iannetta et al., 2016). This can in turn
decrease subsequent fertilizer use for crops grown thereafter, a reduction between 23 and
31 kg N, ha (Preissel et al., 2015). Therefore, legume intercropping with grasses allow
lower inputs through reduced fertilizer and pesticide requirements, and it contributes to a
greater uptake of water and nutrients, increased soil conservation, increased efficiency of
land use, enhancing the capture and use of light, controlling weeds, high productivity and
profitability (Coll et al., 2012; Akman et al., 2013) compared to mono cropping systems.
Two vital components of technology for grasses are proper plant spacing and adequate
nitrogen fertilization, which play a key role in the development of fast growing and
profusely tillering grasses like elephant grass (Bilal et al., 2000). Plant spacing influence
on total dry matter yield of elephant grass (Wijitphan et al., 2009). Despite the potential
role of elephant grass as a source of forage, adequate studies have not been made on
agronomic management practices such as different spacing of elephant grass and vetch
intercropping which would help to improve its agronomic performance and herbage
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productivity. Therefore, the objective of this study was to evaluate the effects of inter and
intra row spacing of elephant grass and vetch intercropping on agronomic performance
and subsequent dry matter yield of elephant grass in the central highlands of Ethiopia.

Materials and Methods
Experimental locations
The experiment was conducted at Holetta and Debre Zeit Agricultural Research Centers
of the Ethiopian Institute of Agricultural Research (EIAR). Holetta Research Center is
situated at an altitude of 2400 meter above sea level (m.a.s.l.) between 9° 00`N latitude
and 38° 30`E longitude. The area has a bimodal rainfall where about 75% falls during the
main rainy season (June to September) and the rest 25% during the short rainy season
(February to May). Average maximum and minimum temperature of the area is 23.6 oC
and 6.3oC, respectively. The minimum temperature sometimes drops below zero when
frost occurs during November to January (HARC, 2003). Debre Zeit Agricultural
Research Centre is located at an altitude of 1850 m.a.s.l. between 90 N latitude and 390E
longitude. It also experiences a bimodal rainfall pattern with a long rainy season (June to
October) and a short rainy season (March to May). Average maximum and minimum
temperature of the area is 26.8oC and 11.6oC, respectively. The Long term (1971-2017)
and the experimental period weather data of Holetta and Debre Zeit are shown in Figures
1 and 2. Prior to planting, representative soil samples were taken from the experimental
fields using soil-sampling augur at a depth of 0 to 30 cm layer. The composite samples
were analyzed for its physico- chemical analysis and presented in Table 1.
Table 1. Physico-chemical properties of the soil experimental locations (depth 0-30 cm)
Location

pH

PAvailable
(ppm)

Clay
(%)

Texture
Sand
(%)

Silt
(%)

Textural
class

Holetta

5.19

6.45

66.66

19.16

14.26

Clay

NTotal
(%)
0.19

Debre Zeit

6.24

25.45

61.67

22.5

15.83

Clay

0.14

OC
(%)

Nutrient
OM
(%)

1.57
1.17

Soil
type

2.7

CEC
(meq/100
g soil)
23.33

Nitosol

2.01

42.42

Vertisol

P = phosphorus; N = nitrogen; OC = organic carbon; OM= organic matter; CEC = cation exchange capacity;
ppm = parts per million; meq = milli equivalent; g=gram
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Figure 1. Long-term average (LTA) (1971-2017) and during the experimental period (year 1 (2016) and year 2 (2017))
maximum and minimum air temperature (°C) at Holetta (1a) and Debre Zeit (1b)
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Figure 2. Long-term average (LTA) (1971-2017) and experimental period (year 1 (2016) and year 2 (2017)) total annual
rainfall (mm) and mean relative humidity (%) at Holetta (2a) and Debre Zeit (2b).

Experimental design and treatments
The experiment was laid out in a Randomized Complete Block Design (RCBD) with three
replications. The treatments were set in a 3x4 factorial arrangement as follows:
a) Three intercropping/cropping methods
1) Elephant grass (Accession No. 14984) pure stand
2) Elephant grass intercropped with vetch - Vicia dasycarpa
3) Elephant grass intercropped with vetch - Vicia villosa
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b) Four planting spaces of elephant grass as described in table 2
Table 2. Description of spacing
Spacing
S1

Inter row s pacing
(cm)
75

Intra row spacing
(cm)
75

S2

100

50

S3

125

25

S4

50

50

Field preparation and forage establishment
The experimental field at both the locations was plowed and harrowed using a tractor
mounted moldboard plow and disc harrow. Elephant grass (Accession no 14984) root
splits obtained from Holetta research center were planted on 1 July 2016 and 14 July 2016
at Holetta and Debre Zeit, respectively on a plot size of 13.5 m2 (2.25 m x 6 m). Seeds of
the two vetch species (V. dasycarpa and V. villossa) were also obtained from Holetta and
sown according to the treatment set up, at the rate of 25 kg/ha by broadcasting uniformly
over three weeks established elephant grass plots. The vetch seeds sown were mixed with
the upper soil layer using hand hoeing to facilitate germination. At both locations,
fertilizer at the rate of 100 kg/ha DAP (18 kg N and 46 kg P2 O5) was uniformly applied
for all treatment plots at the time of elephant grass planting to enhance better root
development. Hand weeding and hoeing were done during establishment and after every
harvest of elephant grass to facilitate regrowth.

Data collection and sampling
Harvesting of elephant grass and vetch intercropping was made when the vetch reaches at
a stage of 50% flowering. During harvesting of elephant grass, each plant constituted a
bunch of tillers. Plant height (cm) of elephant grass and vetch species was determined by
recording an average height of five randomly selected plants per plot and measured from
the ground to its highest tip of the plant using a height measuring marked timber prior to
harvesting. The forages were harvested about 5 to 10 cm from the ground using sickles.
The fresh weight of the harvested herbage in each plot was measured using spring
balance. Fresh subsamples of 900 g were taken from each plot and from each plant
species, separately. Forage samples were chopped and shredded to facilitate drying.
Drying was done using a forced air draft oven at 650C for 72 hours. Dry matter percentage
was estimated by dividing the dried forage sample by the fresh sample and multiply it by
hundred. The dry biomass yield (DM, t/ha) was calculated using the following formula as
DM yield (t/ha) = TFW x (DWss /HA x FWss) x 10
Where; TFW = total fresh weight kg/plot, DWss = dry weight of subsample in grams, FWss =
fresh weight of subsample in grams, HA = Harvest plot area in square meters and 10 is a constant
for conversion of yields in kg/m2 to t/ha.
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The leaf to stem ratio (LSR) of elephant grass was determined by harvesting five
randomly selected plants and partitioning into leaf and stem fractions for each plot. The
fresh leaves and stems were weighed separately and dried in forced air draft oven to
constant weights and proportions on dry matter basis were determined. Stand count (the
bunch against to the initially planted root splits) of elephant grass (a bunch considered as
one plant) per plot was taken during every harvest to determine its stand count as a
percentage of the total number of plants initially planted root splits per plot (S1= 24 root
splits per plot (13.5m2), S2= 30 root splits, S3= 45 root splits and S4= 60 root splits were
used).

Statistical analysis
The collected field performance data (plant height, leaf to stem ratio, number of tillers,
stand count and biomass yield) were analyzed using analysis of variance (ANOVA)
procedures of SAS (SAS, 2002) version 9.1. Least significance difference (LSD) at 5%
significance level was used for comparison of means. The following general model was
used for data analysis:
Yijklm = μ + Bi + Sj +Ik + Ll+ Hm+ (S*I)jk+ eijklm; where Yijklm = the measured response, μ = the
overall mean; Bi= the effect of the ith block; Sj= the effect of the jth spacing (j=4); Ik = the effect of
the kth vetch intercropping (k= 3); Ll = the effect of the lth location (l= 2); Hm = the effect of mth
year of harvesting (m= 2); (S*I)jk= the interaction of plant spacing and vetch intercropping; eijklm =
the random error.

Results and Discussion
Agronomic performance
Overall, there were no significant interactions between the effects of the main treatment
variables (vetch intercropping and plant spacing) so main effects only are presented
except for leaf to stem ratio in the combined analysis over years at Holetta, over locations
in year 1 and over years and locations (P<0.05) ( Table 4).

Plant height at harvest
Elephant grass did not attain the recommended harvesting height (100.0 cm to 150.0 cm)
during the establishment year (year 1 harvesting) at Holetta. This was in line with the
previous reports of Fekede et al. (2005) and Kariuki et al. (2016) in elephant grass in
Ethiopia and Kenya, respectively. This was expected due to its slow rate of growth during
the establishment year in the cool highlands like Holetta. On the other hand, height of
vetch species was higher than that of elephant grass during establishment year at Holetta.
This could be due to their dominance and better competition for resources. However, in
the second year (year 2 harvesting) elephant grass attained the recommended harvesting
height (100.0 cm to 150.0 cm) within three months during the active growing period in
the area. The mean plant height observed in the present study was in agreement with
previous finding of Fekede et al. (2005) in the central highlands of Ethiopia. In contrast,
elephant grass attained the range of recommended harvesting height during both year 1
and 2 at Debre Zeit. Unlike at Holetta, shorter plant height of vetch species was recorded
in vetch intercropping at Debre Zeit during both years indicating that elephant grass better
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expressed its genetic potential relatively under warmer than cooler environmental
conditions.
Spacing of elephant grass had no significant (P>0.05) effect on height of elephant grass
except the combined analysis of vetch species height (Table 3). The present result was
consistent with the finding of Genet et al. (2017) who reported that Desho grass spacing
(10 x 50, 30 x 50, 50 x 50 cm) had no significant effect on plant height at harvest. In the
present study, the mean height of elephant grass was 98.5 cm over locations and years.
This figure was closely lower than the value (109.6 cm) reported by Fekede et al. (2005)
at Holetta. The low moisture stress encountered, minimum temperature (frost) and higher
maximum temperature in the establishment year of the study period might have resulted
in non-significant effect of spacing on elephant grass and vetch species height except for
combined analysis of vetch species over locations (Figure 1 and 2). Height of vetch
intercropping at harvest was in order of increasing with a decreasing in spacing of
elephant grass (S1>S2>S3>S4) in the combined analysis. It could be attributed to more
competition of vetch intercropping at a lower spacing (high density) of elephant grass for
light. This finding was consistent with the value reported by Taleie et al. (2012) who
observed that taller stevia plants were achieved by the closer (lower) spacing (50×20 cm).
Such an increase in plant height with increased plant density (lower spacing) might be
explained by increased activity of stem growth hormone for plant sun light competition.
In contrary to the present study, Mujeeb-ur-Rahman et al. (2007) reported that the wider
spacing resulted in the tallest plant height and was due to lesser competition for nutrients,
moisture, and CO2 among the roots of the plants.
Table 3. Mean plant height (cm) of elephant grass and vetch species as affected by vetch intercropping and plant
spacing (combined over years at each location)
Treatment
Holetta
Debre Zeit
Mean
Elephant
Vetch
Elephant
Vetch
Elephant
Vetch
Vetch Intercropping
Pure stand Elephant G
91.1
103.6
97.3
Elephant G + V. dasycarpa
97.9
147.8
100.9
130.5
99.4
139.2
Elephant G + V. villosa
94.4
149.4
103.1
133.6
98.8
141.5
P-value
0.0814
0.6665
0.4436
0.5270
0.5579
0.4492
Plant Spacing (cm)
S1 (75 x 75)
94.8
145.3
100.9
126.8
97.8
136.0bc
S2 (100 x 50)
94.4
145.9
102.1
124.5
98.3
135.2c
S3 (125 x 25)
93.7
147.3
106.4
141.5
100.1
144.4ab
S4 (50 x 50)
94.7
156.0
100.1
135.4
97.8
145.7a
Mean
94.41
148.60
102.56
132.06
98.49
140.33
SEM
0.38
0.53
0.33
0.59
0.28
0.40
CV (%)
10.97
9.08
7.57
12.50
9.69
10.85
P-value
0.9896
0.1930
0.1176
0.0577
0.7178
0.0327
a-c

Means followed by different superscripts within a column are significantly different (P<0.05);
Elephant G = elephant grass.

Leaf to stem ratio of elephant grass
The combined analysis showed that leaf to stem ratio (LSR) of vetch intercropping was
significantly (P<0.05) different (Table 4). Higher LSR of elephant grass was recorded in
vetch intercropping (Vicia villosa and Vicia dasycarpa) and the lower was recorded for
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pure stand elephant grass with a mean of 2.53 at Holetta. Similarly, higher LSR was
recorded in vetch intercropping (Vicia dasycarpa and Vicia villosa) than pure stand
elephant grass with a mean value of 1.88 at Debre Zeit. The current results were within
the range values (1.13 to 4.84) reported for different elephant grass accessions in the
central highlands of Ethiopia (Gezahagn et al., 2016) and cultivars ranged from (0.74 to
3.18) in Malaysia (Zailan et al., 2018). Whereas, at both locations the current mean results
were higher than the figure (1.38) reported by Kawub et al. (2014) in elephant grass in
Uganda. Higher LSR was recorded for vetch intercropping (Vicia dasycarpa and Vicia
villosa) than pure stand elephant grass when combined over locations at each year. Other
documented research results showed that the LSR of elephant grass can range from 1.7 to
3.1 in Thailand (Tudsri et al., 2002) and from 1.65 to 6.1 in Kenya (Mwendia et al.,
2006). Results of this study were also agreed with the earlier reported ranges.
Spacing of elephant grass was significantly (P<0.05) affect the LSR of elephant grass at
Debre Zeit in the combined over years (Table 4). The highest LSR was recorded at a
wider spacing of S1 (75 cm * 75 cm) and the lowest was obtained at S3 (125 cm * 25 cm)
when combined over years at Debre Zeit with an overall mean of 1.88. The present result
was comparable with the findings of Tessema et al. (2003) who reported LSR of 1.91 for
elephant grass planted at a spacing of 100 cm * 50 cm, but higher than the figure (1.49)
reported by Taye (2004) at a spacing of 50 cm * 50 cm. There was a significant (P<0.05)
effect of vetch intercropping and plant spacing interaction on LSR of elephant grass at
Holetta, in year 1 and the combined analysis over years and locations with an overall
mean of 2.53, 2.64 and 2.21, respectively. These results were higher than the figures
reported by Tessema et al. (2003) and Taye (2004).Generally, the trend of LSR value was
decreased for all vetch intercropping almost in order of decreasing plant spacing; at all
plant spacing S1 (75 cm * 75 cm) gave the highest LSR and S3 (125 cm * 25 cm) gave
the least.
Table 4. Mean leaf to stem ratio of elephant grass as affected by vetch intercropping and plant spacing (combined
over years and locations)

a, b

Treatment
Vetch Intercropping
Pure stand Elephant G
Elephant G + V. dasycarpa
Elephant G + V.villosa

Holetta

Debre Zeit

Year 1

Year 2

Mean

2.33b
2.55ab
2.71a

1.65b
1.95a
2.04a

2.34b
2.68a
2.89a

1.64b
1.86a
1.82a

1.99b
2.25a
2.38a

P-value
Plant Spacing (cm)
S1 (75 x 75)
S2 (100 x 50)
S3 (125 x 25)
S4 (50 x 50)
Mean
SEM
CV (%)
P-value
I*S

0.0345

0.0005

0.0025

0.0022

0.0001

2.63
2.56
2.41
2.53
2.53
0.08
19.66
0.6240
0.0396

2.11a
1.80b
1.75b
1.86b
1.88
0.07
17.85
0.0103
0.0536

2.92
2.59
2.44
2.59
2.64
0.08
19.53
0.0528
0.0164

1.82
1.77
1.71
1.77
1.77
0.06
12.38
0.5082
0.3781

2.37a
2.18ab
2.08b
2.20ab
2.21
0.05
18.41
0.0280
0.0035

Means followed by different superscripts within a column are significantly different (P<0.05); Elephant G =
elephant grass; Year 1= 2016 harvesting; Year 2= 2017 harvesting; I= vetch intercropping; S= plant spacing; I*S=
interaction of vetch intercropping and plant spacing
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Tillering performance of elephant grass
The number of tillers per plant (elephant grass) varied significantly (P< 0.05) in vetch
intercropping when combined over locations for year 1 (Table 5). Comparable and higher
number of tillers was recorded in Vicia dasycarpa and Vicia villosa intercropping than
pure stand elephant grass. In contrast, non-significant (P> 0.05) results were reported by
Fekede et al. (2005) in vetch intercropping. More number of elephant grass tillers was
produced at Debre Zeit than Holetta in both pure stands and vetch intercropped plots. The
low stand count of elephant grass at Debre Zeit as indicated in Table 6 might be
accelerated componentry growth to produce more number of tillers. The mean number of
tillers produced per elephant grass (Debre Zeit vs Holetta) was 44.3 vs 32.1, 47.5 vs 32.9
and 48.0 vs 32.0 for pure stand elephant grass, Vicia dasycarpa and Vicia villosa
intercropping, respectively. At Debre Zeit and Holetta, the present results were higher and
within the range value (26.4 to 38.2) reported by Gezahagn et al. (2016), respectively and
higher than the value (21.3) reported by Zhang et al. (2010) in pure stand elephant grass.
Similarly, mean tiller numbers per plant (year 2 vs year 1) was 58.3 vs 18.0, 60.6 vs 19.8
and 61.9 vs 18.6 for pure stand elephant grass, Vicia dasycarpa and Vicia villosa
intercropping, respectively. Year 1 is the establishment year where plant tends to
establish its root system from where tillers emerge in the subsequent growing season
(Year 2) and it could be due to the perennial nature of elephant grass, which produces
more number of tillers per plant and high vegetative growth, as reported by Tessema
(2005). Year 1 result in this study was lower than the figure reported for elephant grass in
Ethiopia (Fekede et al., 2005) and for Brachiaria grass in Kenya (Nguku et al., 2016). In
year 2, about 4.0% and 6.1% number of tillers per plant (elephant grass) was produced in
Vicia dasycarpa and Vicia villosa intercropping, respectively than the pure stand elephant
grass. This might be due to vetch dominance during the establishment year of the grass
and resulted in the death of some plants during the dry season that could be compensated
by producing more number of tillers in the subsequent year (year 2). This result was in
agreement with the finding of Fekede et al. (2005) in Ethiopia.
The number of tillers per elephant grass varied significantly (P< 0.05) at different spacing
of elephant grass when combined over years at each location, combined over locations at
year 2 and combined over locations and years. The highest number of tillers per elephant
grass was recorded at a spacing of S1 (75 cm * 75 cm) followed by S2 (100 cm * 50 cm),
S3 (125 cm * 25 cm) and the lowest were recorded at a spacing of S4 (50 cm * 50 cm) in
order of decreasing at Holetta. More or less similar trends were also observed at Debre
Zeit, combined over locations at year 2 and combined over locations and years. Year 2
mean number of tillers per elephant grass in the current result was higher than the value
(54.3) reported by Kesang et al. (2015) in elephant grass hybrid and comparable with the
figure (60.0) documented by Nyambati et al. (2010) in elephant grass. The present result
was comparable with the findings of Yasin et al. (2003) and Zhang et al. (2010) who
reported higher number of tillers at a higher spacing of elephant grass. It could be high
competitions for nutrients, water and sunshine at a narrow (closer) spacing of elephant
grass. Similarly, the highest density in the cultivation line, there is greater competition for
light, spacing, moisture and nutrients of plants, reducing the stimulation of tillering during
the growing period as reported by many researchers (Tessema, 2008; Wijitphan et al.,
2009; May et al., 2016).
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Table 5. Mean number of tillers per plant in elephant grass as affected by vetch intercropping and plant spacing
(combined over years and locations)
Treatment
Vetch Intercropping
Pure stand Elephant G
Elephant G + V. dasycarpa
Elephant G+ V. villosa
P-value
Plant Spacing (cm)
S1 (75 x 75)
S2 (100 x 50)
S3 (125 x 25)
S4 (50 x 50)
Mean
SEM
CV (%)
P-value

Holetta

Debre Zeit

Year 1

Year 2

Mean

32.1
32.9
32.4
0.7981

44.3
47.5
48.0
0.3832

18.0b
19.8a
18.6ab
0.0350

58.3
60.6
61.9
0.5285

38.2
40.2
40.2
0.3363

36.7a
32.5b
30.6b
30.2b
32.5
0.25
13.55
0.0001

49.2a
45.4ab
51.5a
40.4b
46.6
0.38
21.78
0.0099

19.5
18.6
18.8
18.3
18.8
0.18
12.81
0.5225

66.3a
59.3ab
63.3a
52.2b
60.3
0.39
18.13
0.0023

42.9a
38.9b
41.1ab
35.3c
39.5
0.23
19.81
0.0006

a-c

Means followed by different superscripts within a column are significantly different (P<0.05); Elephant G = elephant
grass; Year 1= 2016 harvesting; Year 2= 2017 harvesting

Stand count of elephant grass
Stand counts of elephant grass has shown significant (P<0.05) difference due to treatment
effects over years and locations (Table 6). Mean stand count (%) of pure stand elephant
grass and vetch intercropping during the two years period was lower than the figure
(73.4%) reported by Fekede et al. (2005) through the three years experimental period in
Ethiopia, but higher than those values (55.6%) reported by Ramadhan et al. (2015) in
Kenya. The stand count of elephant grass was reduced in the second year following vetch
intercropping during the establishment year that may have dominated the grass and
resulted in the drying out of some plants during the dry season. This was supported by a
similar study in the central highlands of Ethiopia (Fekede et al., 2005). The effect of vetch
(Vicia dasycarpa and Vicia villosa) intercropping reduced the stand count of elephant
grass by 7.4 and 27.8 %, respectively as compared to the pure stand elephant over
locations and years.
The stand count of elephant grass was significantly (P< 0.05) affected by spacing of
elephant grass combined over years at Holetta and combined over locations and years.
Comparable and higher figures were recorded at a wider spacing of S2 (100 cm * 50 cm)
and S1 (75 cm * 75 cm) than S3 (125 cm * 25 cm) and S4 (50 cm * 50 cm). This could be
attributed to the higher competition of plants for resources when planted at high plant
density. The combined analysis has shown a stand count of 59.4 %. Tessema (2005)
reported higher mean stand count of 89.9 % for different accessions of elephant grass.
The low moisture stress encountered, minimum temperature (frost) and higher maximum
temperature in the establishment year of the study period might have resulted in the low
stand count of elephant grass (Figure 1 and 2).
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Table 6. Mean stand count (%) of elephant grass as affected by vetch intercropping and plant spacing (combined over
years and locations)
Treatment
Vetch Intercropping
Pure stand Elephant G
Elephant G + V. dasycarpa
Elephant G + V. villosa
P-value
Plant Spacing (cm)
S1 (75 x 75)
S2 (100 x 50)
S3 (125 x 25)
S4 (50 x 50)
Mean
SEM
CV (%)
P-value

Holetta

Debre Zeit

Year 1

Year 2

Mean

75.7a
71.6a
61.4b
0.0001

55.5a
50.6a
41.3b
0.0002

68.4a
63.0a
54.0b
0.0001

62.8a
59.2a
48.8b
0.0006

65.6a
61.1b
51.4c
0.0001

70.5ab
74.8a
68.3b
64.7b
69.6
0.35
12.70
0.0095

52.0
50.6
45.5
48.6
49.2
0.40
23.29
0.3644

64.4
65.4
60.1
57.3
61.8
0.38
16.45
0.0730

58.1
60.0
53.7
55.8
56.9
0.41
21.21
0.4364

61.2ab
62.7a
56.9b
56.6b
59.4
0.28
18.69
0.0472

a-c

Means followed by different superscripts with in a column are significantly different (P<0.05); S1= 24 root splits of
elephant grass per plot (13.5m2) planted initially; S2= 30 root splits per plot; S3= 45 root splits per plot; S4=60 root
splits per plot; Elephant G = elephant grass; Year 1= 2016 harvesting; Year 2= 2017 harvesting

Herbage yield of elephant grass and vetch species
Dry matter yield (DMY) of vetch intercropping varied significantly (P<0.05) at Holetta
combined over years and locations (Tables 7 and 8). The result showed that vetch
intercropping gave higher DM yield than the pure stand elephant grass in both the
locations over years. Vicia villosa intercropping gave higher DM yield at Holetta in year
1. On the other hand, Vicia dasycarpa intercropping gave better DM yield at Debre Zeit in
year 2. Vetch intercropping gave higher overall mean DM yield at Debre Zeit than
Holetta. Year of harvesting was also affected the DM yield of vetch intercropping and the
overall mean DM yields were 8.03 and 14.39 t/ha for year 1 and 2, respectively.
Generally, at Holetta intercropping Vicia dasycarpa and Vicia villosa gave 67.1 and 72.9
% more DM yield advantages than the pure stand elephant grass, respectively. Similarly,
at Debre Zeit, intercropping Vicia dasycarpa and Vicia villosa gave 11.0 and 6.0 % more
DMY than the pure stand elephant grass, respectively. This could be due to nitrogen
accretion from the vetch to the grass through nitrogen fixation (Tessema and Baars,
2006). This shows vetch intercropping could be more advantageous in the cooler areas
like Holetta where elephant grass requires more time for establishment and fodder
production. In vetch intercropping treatment the dry matter yield (DMY) of vetch species
was significantly (P<0.05) varied over years and locations (Table 8). The DMY of Vicia
villosa was significant and higher than Vicia dasycarpa.
Combined analysis over locations and years also indicated that vetch intercropping gave
higher DM yield than the pure stand elephant grass. The DM yield of pure stand elephant
grass (9.47 t/ ha) was in line with the value (9.2 t/ha) reported earlier by ILRI, (2010). It
was also shown that intercropping Vicia dasycarpa and Vicia villosa had more DM yield
advantages of 28.4 and 26.8 % over the pure stand elephant grass, respectively. A
considerable variation in terms of DM yield was observed among vetch intercropping and
the pure stand elephant grass, which was in agreement with other findings (Fekede et al.,
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2005; Samuel et al., 2015). Combined analysis of vetch intercropping and pure stand
elephant grass in the current study was also closer and within the range values (10 to 15
DM t/ ha/year) reported for pure stand elephant grass under rain fed conditions at Holetta
(Seyoum et al., 1998).
Dry matter yield of pure stand elephant grass and vetch intercropping varied significantly
(P<0.05) at different spacing of elephant grass (Table 7). Total dry matter yield of pure
stand elephant grass and vetch intercropping was increased with plant density at Debre
Zeit and year 1. The combined analysis has also showed a similar trend in dry matter
yield. Furthermore, S4 (50 cm * 50 cm) at narrower (lower) spacing of elephant grass
resulted in 17.6, 22.8 and 25.6 % more DM yield advantage over S3 (125 * 25), S2 (100
cm * 50 cm) and S1 (75 cm* 75 cm), respectively. These could be attributed to greater
number of plants per unit area (higher density of plants). Similarly, Wijitphan et al.
(2009) indicated that there were significant effects of spacing of pure stand elephant grass
(50 cm * 80 cm) on total DM yields. Dry matter yield differences observed among the
tested spacing of elephant grass were in agreement with the findings of Muhammad et al.
(2003) and Geren et al. (2015) who reported higher herbage yield at the lower spacing of
pure stand elephant grass (45 cm * 45 cm) in Pakistan and giant king grass (70 cm * 50
cm) in Turkey, respectively. In contrast, Genet et al. (2017) reported that plant spacing
(10 * 50, 30 * 50 and 50 * 50 cm) had no significant effect (P>0.05) on DM yield of
Desho grass in northwestern highlands of Ethiopia. The overall mean DM yield recorded
in this study was within the range values reported by Gezahagn et al. (2016; 2017) in
which DM yields of different elephant grass accessions was ranged from 7.05 to 13.06
t/ha at 100 cm * 50 cm spacing of elephant grass in Ethiopia. The combined analysis of
overall mean DM yield (11.22 t/ha) in the current study was also comparable with the
findings of Gezahagn et al. (2016) who reported 11.04 t/ha at 100 cm * 50 cm spacing of
elephant grass. Generally, pure stand elephant grass and vetch intercropping combined
over years gave higher DM yield at Debre Zeit than Holetta. This could be associated
with the warm weather condition which supports fast growth and higher DM production
of elephant grass.
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Table 7. Mean annual herbage dry matter yield (t/ha) of elephant grass + vetch species as affected by vetch intercropping
and plant spacing (combined over years and locations)
Treatment
Holetta
Vetch Intercropping
Pure stand Elephant G
Elephant G + V. dasycarpa*
Elephant G + V. villosa*
P-value
Plant Spacing (cm)
S1 (75 x 75)
S2 (100 x 50)
S3 (125 x 25)
S4 (50 x 50)
Mean
SEM
CV (%)
P-value

5.90b
9.86a
(35.0)
10.20a
(42.3)
0.0001
8.46
(45.4)
7.98
(45.0)
8.35
(44.8)
9.84
(45.9)
8.66
0.17
25.2
0.0668

Location
Debre Zeit
13.03

Year

Mean

Year 1

Year 2

6.14b

12.78b

14.46 (29.8)

8.58a

13.81 (17.5)

(56.2)

15.74a

9.47b

(2.3)

12.16a (21.3)

9.37a (66.9)

14.64ab (3.2)

12.01a (28.1)

0.4111

0.0001

0.0374

0.0001

12.17b (19.6)

7.00c (83.1)

13.63 (3.0)

10.32b (30.1)

13.12b (16.2)

7.29c (72.0)

13.81 (3.4)

10.55b (27.1)

13.68ab (12.9)

8.41b (60.4)

13.62 (3.0)

11.02b (25.0)

16.09a (12.7)

9.43a (64.1)

16.50 (2.2)

12.96a (24.7)

13.77
0.23
26.79
0.0163

8.03
0.14
18.38
0.0001

14.39
0.23
26.97
0.0827

11.22
0.14
26.06
0.0008

a-c

Means followed by different superscripts within a column are significantly different (P<0.05); *Figures in parenthesis are
percentage of vetch species DMY from the total DMY (Elephant grass + Vetch species); Elephant G = elephant grass ; Year
1= 2016 harvesting; Year 2= 2017 harvesting; SEM-standard error of the mean; CV- coefficient of variation.

Table 8. Mean annual herbage dry matter yield (t/ha) of vetch species (legumes) as affected by vetch intercropping and plant
spacing (combined over years and locations)
Treatment
Holetta
Vetch Intercropping
Pure stand Elephant G.
Elephant G + V. dasycarpa
Elephant G + V. villosa
P-value
Plant Spacing (cm)
S1 (75 x 75)
S2 (100 x 50)
S3 (125 x 25)
S4 (50 x 50)
Mean
SEM
CV (%)
P-value
a, b

Location
Debre Zeit

Year

Mean

Year 1

Year 2

3.45b
4.31a
0.0024

1.74b
2.42a
0.0011

4.83b
6.27a
0.0001

0.36b
0.47a
0.0008

2.59b
3.37a
0.0001

3.84
3.59
3.74
4.35
3.88
0.14
23.86
0.2199

2.39
2.13
1.76
2.05
2.08
0.12
32.48
0.1658

5.82
5.25
5.08
6.04
5.55
0.14
16.76
0.0523

0.41
0.47
0.41
0.36
0.41
0.05
25.55
0.1032

3.11
2.86
2.75
3.20
2.98
0.12
22.58
0.0778

Means followed by different superscripts with in a column are significantly different (P<0.05); Elephant G = elephant
grass; Year 1= 2016 harvesting; Year 2= 2017 harvesting
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Conclusions
The experiment showed that vetch intercropping with elephant grass at different inter and
intra row spacing in the year of establishment responded differently for most measured
agronomic traits and herbage yield of elephant grass over the testing locations and years.
Higher herbage yield of elephant grass was recorded at Debre Zeit than at Holetta,
indicating that elephant grass better expressed its genetic potential relatively under
warmer than cooler environmental conditions. Vetch intercropping with elephant grass
resulted 70.0 and 8.5% herbage dry matter yield advantage than the pure stand elephant
grass at Holetta and Debre Zeit, respectively when planted using S4 (50 cm * 50 cm)
spacing of elephant grass. This indicates that vetch intercropping during the establishment
year of the grass could be an ideal means to produce significant amount of forage per unit
area of land due to the added effect of the legumes (vetch species) in the central highlands
where perennial grasses including elephant grass are slow to establish and produce very
low amount of forage. In general, Vicia dasycarpa and Vicia villosa intercropping (at a
seed rate of 25 kg/ha) three weeks after elephant grass establishment at a spacing of
50 cm * 50 cm (between rows and plants) has resulted in higher annual herbage
productivity in the tested locations, and hence advisable to be adopted by farmers who
grow elephant grass in pure stands as livestock feed.
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