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Morphological characteristics,
dry matter yield, and nutritive
value of maralfalfa grass
(Pennisetum spp.) grown under
different planting densities in the
central highlands of Ethiopia
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2Ethiopian Institute of Agricultural Research, Livestock Research Directorate, Addis Ababa, Ethiopia,
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Introduction: Maralfalfa grass (Pennisetum spp.) is known for its high dry matter

productivity and nutritive value. However, information on agronomic

management practices to improve yield and nutritive value in Ethiopia is sparse.

Materials and method: The experiment consisted of 7 plant densities (33,333 [75

cm × 40 cm]; 26,667[75 cm × 50 cm]; 25,000 [100 cm × 40 cm]; 22,222 [75 cm ×

60 cm]; 20,000 [100 cm × 50 cm]; 16,667 [100 cm × 60 cm]; and 13,333 [125 cm

× 60 cm] plants per hectare, and arranged in randomized complete block design

with three replications.

Results: The results indicated that the year had a significant (P<0.001) effect on

measured traits. Plant densities had no significant (P>0.05) effect on the number

of nodes and leaves per plant, leaf length, and basal diameters. The number of

tillers per plant varied significantly among plant densities only in the first year at

the 1st harvest. Plant height in the first year was significantly (P<0.01) greater than

in the second year.

Discussion: Annual dry matter production and annual crude protein production

of Maralfalfa grass were not significantly affected by plant density. Nutritive value

parameters (CP, Ash, NDF, ADF, ADL, and IVDMD) were not significantly (P > 0.05)

influenced by plant density. Using a lower plant density could reduce the amount

of planting material, transport, and labor costs.
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Conclusion:However, further studies on Maralfalfa grass should be conducted in

multi-locations of Ethiopia both under rain-fed and irrigated conditions with

various agronomic practices.
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1 Introduction

Maralfalfa grass (Pennisetum spp.) is a perennial tropical grass

that belongs to the Poaceae family. It is a hybrid between napier

grass (Pennisetum purpureum) and pearl millet (Pennisetum

glaucum) with 2n = 3x = 21 chromosomes (Hanna et al., 1984;

Clavero and Razz, 2009). In different studies, maralfalfa is referred

to as Pennisetum spp. (Ramirez et al., 2006), with the genotype of

Pennisetum purpureum (Marquez et al., 2007) and the giant king

grass (Geren and Kavut, 2015). Maralfalfa grass can be grown under

a wide range of ecological conditions up to 3,000 m above sea level.

Maralfalfa can be grown on a wide range of soil types, but it grows

best in deep, well-drained, friable loams with a pH of 4.5 8.2

(Nyambati et al., 2010). It is propagated using stem cuttings, root

splits, or rhizomes (Singh et al., 2013). The species is widely

cultivated in numerous countries in Latin America (Correa,

2006), sub-tropical regions of Asia (Karforma, 2018), Southern

Europe (Clavero and Razz, 2009), and Africa (Obok et al., 2012).

Maralfalfa has a great potential as a forage for ruminant

animals, as it has a high level of fodder production and provides

40–60 tons of dry matter ha−1 year−1 (Bolonio et al., 2015).

Moreover, due to its fast growth rate, intake potential, and

nutritive value, it is the best option to increase feed availability

for livestock production (Ramirez et al., 2006; Bolonio et al., 2015).

Maralfalfa can reach up to 3–4 m in height and has an acceptable

nutritional content for animal feed. It is also tolerant to heat and

flooding (Correa et al., 2004). Most importantly, maralfalfa has a

14.4% crude protein (CP) content, which is high for grasses but

lower than those of forage legumes, such as alfalfa, which have a CP

content ranging from 15% to 22% (Scholtz, 2008).

Studies by Clavero and Rass (2009) and Marquez et al. (2007)

indicated that due to its high biomass and nutritive value, maralfalfa

grass could provide a considerable amount of quality feed for

ruminant livestock producers. Maralfalfa grass can be cut and fed

in several forms, such as chopped fresh, without chopping, made

into silage, and dried and baled into hay (Santos et al., 2013; Geren

and Kavut, 2015). It is best used in a “cut-and-carry” system directly

or mixed with other legume forages to achieve the necessary daily

nutrient requirement of the animal (Criscioni et al., 2016). Dry

matter yield varies depending on genotypes, edaphic and climatic

factors, and management practices (Malley et al., 1996). The studies

performed by Palacios-Diaz et al. (2013) and Clavero and Razz
02
(2009) suggested that the nutritive value of maralfalfa grass is

influenced by management practices.

In Ethiopia, this species was recently introduced from Spain and

tested under different agro-ecologies in the country. Then, it was

registered as a variety by the Ministry of Agriculture (MOA, 2018).

However, despite its introduction and registration, the grass is not

well used by livestock producers. Moreover, no detailed studies have

been made on the agronomic requirements of maralfalfa grass in

different agro-ecological regions of the country. Because of its

potential contribution to livestock feed, an understanding of the

effects of various management practices on the yield and nutritive

value of maralfalfa grass is very important.

Using the right planting density is an important factor in

maximizing the herbage yield of Pennisetum species (Danalatos

et al., 2007; Tessema, 2008). Plant density is one of the important

agronomic factors affecting the yield and quality of forage crops

(Tessema, 2008; Ansah et al., 2010; Palacios-Diaz et al., 2013).

Currently, the spacing often used for napier grass in Ethiopia is 100-

cm inter-row and 50-cm intra-row spacing. Owing to their

morphological and genetic differences, understanding the effect of

plant density on growth, development, yield, and forage quality will

allow for improving management and benefits from potential forage

crops such as maralfalfa grass. Therefore, we conducted this study

in the central highlands of Ethiopia with the objective of

determining the optimal plant densities of maralfalfa grass for dry

matter yield (DMY) and nutritive value.
2 Materials and methods

2.1 Description of the study site

The study was performed at Holetta Agricultural Research

Center, located in the central highlands of Ethiopia. The center is

located at an elevation of 2,400 m above sea level with the coordinates

9° 3′ 47.9′N and 38° 30′ 24.9′E. The long-term (30 years) mean

annual rainfall of the area is 1,055 mm, with a bimodal rainfall

distribution with the majority (70%) falling in the periods from June

to September, whereas the remaining (30%) falls from February to

April (EIAR, 2005). The area has an average relative humidity of 60%

and mean maximum and minimum temperatures of 22.2°C and 6.1°

C, respectively. The weather data during the experimental periods
frontiersin.org
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(2019 and 2020) at the Holetta experimental station are indicated in

Figure 1. Compared with the long-term records, both 2019 and 2020

had greater annual rainfall with means of 1,344 mm and 1,265 mm,

respectively. Comparing the single months of the experimental years,

the greatest rainfall was recorded in August with 356 mm and 334

mm in 2019 and 2020, respectively. The mean monthly maximum

temperature in April was 17.8°C and 17.1°C for 2019 and 2020,

respectively. The mean monthly minimum temperature in October

and December was 13.2°C in 2019 and 2020. However, no major

differences were observed between the experimental years in mean

annual temperatures. The farming area is characterized by a mixed

crop–livestock production system.

The soil of the area is mainly nitisol with an acidic pH of 4.9, an

organic carbon content of 1.8%, total nitrogen of 0.18%, and

available phosphorus of 5.6 parts per million (ppm), and with

different proportions of clay, sand, and silt (Table 1).
2.2 Experimental treatments, design, and
forage establishment

The treatments consisted of seven planting densities, as

indicated in Table 2. The experiment was laid out as a

randomized complete block design with three replicates, in a total

of 21 3.0 m × 7.5 m experimental units spaced 1 m and 1.5 m apart

between plots and blocks, respectively. Maralfalfa grass, which was

registered as a variety by the Ministry of Agriculture, was planted

under rain-fed conditions in mid-July (13 July 2018) in a well-

prepared experimental field. We planted the grass in its vegetative

form using root splits (Singh et al., 2013). We applied phosphorus

fertilizer at the rate of 100 kg/ha to all plots at planting in the form

of diammonium phosphate [DAP: 18% N, 20% P, and 1.5% S Urea

(46% N)] fertilizer at the rate of 109 kg ha−1. This was applied in

split applications, with one-third applied during the short rainy

season and the remaining two-thirds at the beginning of the main

rainy season at every harvest. Uniform trial management to all

treatments, such as hand weeding and hoeing between rows, was

carried out during establishment and after every harvest of the grass

to facilitate regrowth.
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2.3 Data collection, sampling,
and measurements

Experimental data were taken for each treatment on

morphological, agronomic, and nutritional quality traits. The

survival rate and percentage of plot cover were observed at 8

weeks to assess the establishment performance. The number of

nodes per plant (NNPP), number of leaves per plant (NLPP), leaf

length (LL), number of tillers per plant (NTPP), and basal diameter

(BD) were recorded on 10 randomly taken samples plants and their

means were recorded for all treatments. The leaf-to-stem ratio (LSR)

was measured on five sample plants and partitioned into leaf and

stem fractions to determine the ratio of the dry weight of the leaves to

the weight of the stems. The plant height (PH) was measured from

10 randomly selected plants in each plot from the ground to the tip

of the plant, whereas leaf length (LL) records of flag leaf length were

taken from the bottom, middle, and top of the sample plants and
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FIGURE 1

Mean monthly rainfall and temperature during 2019 and 2020 in Holetta. Source: Holetta Agricultural Research Center Metrological data records.
TABLE 1 Physical–chemical properties of the soil of the study area.

Parameters Values Methods of analysis

pH (1 : 2.5
soil: H2O)

4.94 Potentiometric method

Organic carbon
(OC %)

1.90 Dichromate oxidation method (Walkley and
Black 1934)

Total nitrogen
(TN %)

0.18 Kjeldhal method (Jackson, 1958)

P (mg kg−1) 5.60 Bray II (Bray & Kurtz, 1945)

K (mg kg−1) 5.03 NH4OAc method (Okalebo et al., 1993)

Ca (mg kg−1) 29.50 NH4OAc method (Okalebo et al., 1993)

Mg (mg kg−1) 13.70 NH4OAc method (Okalebo et al., 1993)

Na (mg kg−1) 0.16 NH4OAc method (Okalebo et al., 1993)

Soil texture (%)

Clay 67 Bouyoucos hydrometric method

Sand 18 Bouyoucos hydrometric method

Silt 15 Bouyoucos hydrometric method
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their means were used for the analysis (Aklilu and Alemayehu,

2007). For DMY determination, whole plants from each plot size of

22.5 m2 were cut at about 10 cm above ground manually using a

sickle, and the fresh yield was measured using a spring balance. A

500 g fresh weight from each plot was taken and chopped into small

sizes to facilitate drying. The samples were dried using an oven at 65°

C for 72 h (Getnet and Ledin, 2001). The DMY was computed from

the samples in each plot. CP yield (CPY) was computed using the

formula: CPY (t ha−1) = CP% × DMY divided by 100.
2.3.1 Chemical analysis
Chemical analyses were carried out at the International Livestock

Research Institute (ILRI) feed nutrition laboratory. The dried samples

were ground in a mill to pass through a 1-mm sieve size used for

laboratory analyses. The ground samples were dried overnight at 65°C

in an oven to constant moisture. The DM, ash, and organic matter

contents of the feed samples were determined following the procedure

of AOAC (1990). The total ash content was determined by combusting

the samples in a muffle furnace at 550°C for 6 h. The N content of the

samples was determined according to the micro-Kjeldahl method

AOAC (1990) and the percentage of N was multiplied by 6.25 to get

the total CP content. Neutral detergent fiber (NDF), acid detergent

fiber (ADF), and acid detergent lignin (ADL) were determined

according to the procedure of Van Soest and Robertson (1985). In

vitro dry matter digestibility (IVDMD) was made according to Tilley

and Terry (1963).
Frontiers in Animal Science 04
2.4 Statistical analysis

The data were subjected to analysis of variance using SAS

software (SAS, 2011). Prior to the analysis we tested the

homogeneity of error variances using Bartlett (1947) test. Least

square means (ls-means) were calculated, and the significance level

was determined as a p-value < 0.05. The following statistical model

(Equation 1) was used:

Yijk = m + Ti + Bk + Yj + (TY)ij + eijk, (1)

where Yijk is the response variables, m is the overall mean, Ti is

the effect due to plant density ith, Bk is the effect due to block kth, Yj

is the effect due to the year (j is 2019 and 2020), (TY)ij is the effect

due to the interaction effect between ith treatment and jth year, and

eijk is the random error.
3 Results

3.1 Survival rate and plot cover

The survival rate and plot cover of the maralfalfa grass planted

in different plant densities are shown in Figure 2. There was no

statistical difference (p > 0.05) among the plant densities for survival

rate or plot cover of the grass. The survival rate ranged from 90% to

100%, and plot cover ranged from 46% to 68%.
TABLE 2 Experimental treatments.

Treatments
Spacing (cm)

Area/plant (m2) Number of plants ha−1

Inter row Intra row

T1 75 40 0.75 × 0.4 = 0.30 33,333

T2 75 50 0.75 × 0.5 = 0.38 26,667

T3 75 60 0.75 × 0.6 = 0.45 22,222

T4 100 40 1.00 × 0.4 = 0.40 25,000

T5 100 50 1.00 × 0.5 = 0.50 20,000

T6 100 60 1.00 × 0.6 = 0.60 16,667

T7 125 60 1.25 × 0.6 = 0.75 13,333
15
25
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65
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85
95

105

1 2 3 4 5 6 7

Treatments 

Maralfalfa grass survival rate and plot cover Survival Rate (%)

Plot cover (%)

FIGURE 2

Survival rate and plot cover percentages of maralfalfa grass planted under different plant densities observed 8 weeks after planting.
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3.2 Effects of planting density, year, and
their interactions

The mean square for planting density over the years and their

interactions with the measured morphological traits are indicated in

Table 3. The measured agronomic characteristics were not

significantly influenced by planting densities. Similarly, there was

no significant (p > 0.05) interaction effect between planting density

and year. On the contrary, PH, NTPP, total DMY, and crude

protein yield (CPY) were significantly (p < 0.001) affected by

the year.
3.3 Year effects on yield and
yield components

The overall means of the NTPP, PH, annual DMY, and annual

CPY of maralfalfa grass planted at different plant densities during

2019 and 2020 are shown in Table 4. The NTPP, PH, DMY, and

CPY were highly different (p < 0.01) across the years. The means of

NTPP recorded in year 2 increased by 89.74% compared with those

of year 1. The DMY and CPY differed significantly (p < 0.001), and

the DMY and CPY in the second year (2020) increased by 65% and

66% compared with those of the first year (2019), respectively.
3.4 Planting density effects on the
morphological characteristics of
maralfafa grass

The morphological characteristics of maralfalfa grass under the

different planting densities are shown in Table 5. The planting
Frontiers in Animal Science 05
densities had no significant (p > 0.05) effect on the NNPP, the

NLPP, LL, BD, and LSR of maralfalfa grass.
3.5 Plant height at harvest and the number
of tillers per plant

The mean PH and mean NTPP of maralfalfa grass under seven

planting densities in 2019 and 2020 are indicated in Table 6. There

was no significant difference (p > 0.05) among planting densities for

plant height in the establishment year, while PH was significantly

(p < 0.05) affected by planting densities in the following year.

Accordingly, the tallest mean PH was recorded in T7 (125 cm × 60

cm), followed by T6 (100 cm × 60 cm) and T5 (100 cm × 50 cm).

The lowest plant height was recorded in T4, but was statistically

similar among T1 (75 cm × 40 cm), T2 (75 × 50 cm), and T2 (75 ×

60 cm). However, for the 2019 and 2020 cropping seasons, the

overall mean PH was not affected (p > 0.05) by planting density. The

NTPP increased with the decreasing plant density, and this was

pronounced only in the establishment year.
3.6 Dry matter and crude protein yields

The DMYs and CPYs showed insignificant (p > 0.05) differences

among planting densities in both years (Table 7). The mean annual

DMY in the establishment year under different planting densities

was 13.8 t ha−1 ± 0.8 t ha−1, whereas in the annual cumulative yield

in the second-year harvest achieved 22.0 t ha−1 ± 0.7 t ha−1. The

overall mean of the DMY obtained in 2019 and 2020 under different

planting densities was 17.9 t ha−1 ± 0.7 t ha−1. The greater

competition associated with greater planting densities did not
TABLE 3 Statistical analysis of the planting density and year effects and their interactions.

Morphological measures
Mean squares

Mean CV (%)
Treatment Year Treatment * year

Plant height (cm) 34.10ns 8,401.8** 13.63 ns 128.58 3.5

Number of tillers per plant 64.97ns 84,641.0** 62.83 ns 80.3 14.9

Dry matter yield (t/ha) 5.20ns 786.6** 8.30ns 17.68 22.7

Crude protein yield (t/ha) 0.21ns 19.0** 0.15 ns 2.69 24.4
fron
Ns, non-significant (p > 0.05); **, significant (p < 0.001); CV (%), coefficient of variation in percentage.
TABLE 4 Number of tillers per plant, plant height, annual dry matter yield, and annual crude protein yield of maralfalfa grass in 2019 and 2020.

Years NTPP PH (cm) DMY (t ha−1) CPY (t ha−1)

2019 35.7b ± 1.4 142.1a ± 0.5 13.8b ± 0.8 2.1b ± 0.1

2020 125.2a ± 2.2 114.4b ± 1.3 22.0a ± 0.7 3.4a ± 0.1

Mean 80.5 ± 1.3 128.3 ± 0.7 17.9 ± 0.7 2.7 ± 0.1

CV (%) 14.9 3.5 22.7 24.4

p-value 0.001 0.001 0.001 0.001
NTPP, number of tillers per plant; PH, plant height; DMY (t ha−1), dry matter yield tons per hectare; CPY (t ha−1), crude protein yield tons per hectare; CV, coefficient of variation.
The means within a column followed by different supper script letters are significant different (p < 0.001).
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result in lower dry matter production than lower planting densities.

The CPY did not vary significantly among the different planting

densities. The mean CPY in the first year was 2.1 t ha−1 ± 0.1 t ha−1,

whereas in the following year it was 3.4 t ha−1 ± 0.1 t ha−1. The

overall annual mean of CPY attained over the 2019 and 2020

seasons under different planting densities was 2.7 t ha−1 ± 0.1 t ha−1.
3.7 Trends of dry matter and crude protein
yields at harvest

The trends of DM and CPYs of maralfalfa grass under different

plant densities during 2019 and 2020 are shown in Figures 3, 4.

Three harvests were made in the establishment year, whereas six
Frontiers in Animal Science 06
harvests were achieved in the second year. However, plant density

did not affect the DMYs or CPYs at each harvest. During the 2019

cropping season, the DMY at first harvest (DMY1) was slightly

increased for T3 (75 cm × 60 cm) relative to T1 (75 cm × 40 cm), T2

(75 cm × 50 cm), and T4 (100 cm × 40 cm) to T7 (125 cm × 60 cm).

For harvest 2 (DMY2), the DMY decreased for T3 (75 cm × 60 cm)

but slightly increased from T4 to T7. The DMY3 showed curvilinear

decreasing trends from T3 (75 cm × 60 cm) to T6 (100 cm × 60 cm).

In the second year, DMY1 and DMY2 showed almost similar trends

and were greater than DMY4 and DMY6, whereas DMY3 showed

inconsistent trends among treatments. In the DMY5 harvest, T1 (75

cm × 40 cm), T4 (100 cm × 40 cm), and T7(125 cm × 60 cm)

showed increasing trends as compared with the DMYs achieved in

the rest of the treatments. The CPY3 in the first year showed a
TABLE 5 Morphological characteristics of maralfalfa grass under different planting densities.

Treatments Mean ± SE

NNPP NLPP LL (cm) BSD (mm) LSR

T1 (75 cm × 40 cm) 3.9 ± 0.3 7.6 ± 0.3 74.6 ± 1.8 21.2 ± 1.2 2.7 ± 0.2

T2 (75 cm × 50 cm) 3.6 ± 0.2 7.6± 0.2 82.0 ± 6.3 22.3 ± 0.5 1.65 ± 0.5

T3 (75 cm × 60 cm) 4.1 ± 0.3 7.8 ± 0.5 73.3 ± 3.1 22.6 ± 0.9 2.7 ± 0.5

T4 (100 cm × 40 cm) 3.6 ± 0.2 7.4 ± 0.2 75.7 ± 4.2 20.9 ± 0.4 3.3 ± 0.4

T5 (100 cm × 50 cm) 3.5 ± 0.1 7.4 ± 0.2 76.6 ± 4.2 24.2 ± 1.8 2.2 ± 0.3

T6 (100 cm × 60 cm) 3.8 ± 0.3 7.8± 0.2 79.3 ± 2.2 21.5 ± 0.6 2.5 ± 0.2

T7 (125 cm × 60 cm) 4.4 ± 0.1 7.4 ± 0.2 74.1 ± 2.8 20.9 ± 1.3 2.4 ± 0.7

Mean 35.7 ± 1.4 7.6 ± 0.2 13.8 ± 0.8 2.1 ± 0.1 142.1 ± 0.5

CV (%) 10.2 6.1 7.8 8.6 29.2

p-value 0.12 0.88 0.07 0.36 0.27
fro
LSR, leaf-to-stem ratio; NNPP, number of nodes per plant; NLPP, number of leaves per plant; LL, leaf length (cm); BD, stem basal diameter; SE, standard error; CV, coefficient of variation.
TABLE 6 Plant height and number of tillers per plant (mean ± SE) of maralfalfa grass under seven planting densities during the 2019 and 2020
cropping years.

Treatments Mean ± SE

2019 2020 Overall

PH (cm) NTPP PH (cm) NTPP PH (cm) NTPP

T1 (75 cm × 40 cm) 142.7 ± 3.4 30.0 ± 0.6 111.8b ± 1.1 129.7 ± 6.9 127.3 ± 7.1 79.9 ± 22.5

T2 (75 cm × 50 cm) 142.1 ± 4.9 34.8 ± 0.9 112.7b ± 1.7 114.4 ± 12.2 127.4 ± 6.7 74.6 ± 18.6

T3 (75 cm × 60 cm) 143.8 ± 1.8 35.8 ± 4.2 113.0b ± 3.1 121.0 ± 7.7 128.4 ± 7.1 78.4 ± 19.5

T4 (100 cm × 40 cm) 141.3 ± 4.4 35.9 ± 1.2 110.7b ± 0.8 130.1 ± 10.2 126.0 ± 7.1 83.0 ± 21.6

T5 (100 cm × 50 cm) 143.3 ± 3.1 38.2 ± 2.6 115.7ab ± 1.5 128.4 ± 13.5 129.5 ± 7.1 83.3 ± 21.1

T6 (100 cm × 60 cm) 139.7 ± 5.9 33.6 ± 2.4 116.5ab ± 2.6 125.5 ± 3.9 128.1 ± 5.9 79.5 ± 20.7

T7 (125 cm × 60 cm) 146.1 ± 2.4 39.9 ± 1.6 120.7a ± 2.1 127.5 ± 11.7 133.4 ± 5.9 83.8 ± 20.3

Mean 142.1 ± 0.5 35.7 ± 1.4 114.4 ± 1.3 125.2 ± 2.2 128.3 ± 0.7 80.5 ± 1.3

CV (%) 4.8 10.9 3.0 13.7 3.4 14.1

p-value 0.94 0.12 0.04 0.91 0.13 0.79
PH, plant height; NTPP, number of tillers per plant; DMY, dry matter yield; CPY, crude protein yield; SE, standard error; CV, coefficient of variation. The means within a column followed by
different supper script letters are significantly different (P<0.05).
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curvilinear decreasing trend from T3 (75 cm × 60 cm) to T6 (100

cm × 60 cm). In the second year, CPY1 and CPY2 were equivalent

but were greater than CPY4 and CPY6, whereas CPY3 showed

inconsistent trends among treatment. The CPY consistently

followed similar trends as those of DM production in both

cropping seasons.
3.8 Chemical composition and in vitro dry
matter digestibility

The nutritional contents and in vitroDM digestibility of maralfalfa

grass under different planting densities are shown in Table 8. The

contents of DM, ash, CP, neutral detergent fiber (NDF), acid detergent

fiber (ADF), and in vitro dry matter digestibility (IVDMD) of

maralfalfa grass were not influenced by planting density. The overall

mean was 15.3 ± 0.2 for CP%, and 58.2 ± 0.4 and 60.4 ± 0.3 for NDF

and IVDMD %, respectively.
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4 Discussion

The survival rate of maralfalfa grass was not influenced by the

plant densities. Similarly, the plot cover measured at 8 weeks after

the establishment date was not affected by planting density. The

insignificant contribution of different planting densities of the

maralfalfa grass on the survival rate and plot canopy cover might

be due to the good establishment and tillering performances of the

grass in the study area. A study done by Kebede et al. (2016)

suggested that the establishment performance of the same species or

variety varied across different locations due to soil and climatic

variations. The establishment and survival rate are strongly related

to the rooting ability of seedlings. This indicated that maralfalfa

grass is well established and highly adapted to nitisol soil types

consisting of clay soil texture and tolerant to acidic soils. The results

of this study agree with Geren and Kavut (2015), who noted that

maralfalfa grass can adapt to a wide range of soil particles, from

sandy to clay, and a pH range of very acidic to alkaline in Ethiopia.
TABLE 7 Annual dry matter yield and annual crude protein yield (t ha–1) of maralfalfa grass under seven planting densities during the 2019 and 2020
cropping years.

Treatments Mean ± SE (t ha–1)

2019 2020 Overall

DMY CPY DMY CPY DMY CPY

T1 (75 cm × 40 cm) 13.6 ± 0.8 2.1 ± 0.2 22.8 ± 1.2 3.5 ± 0.1 18.2 ± 2.8 2.8 ± 0.5

T2 (75 cm × 50 cm) 13.5 ± 1.2 1.9 ± 0.1 20.7 ± 2.1 2.9 ± 0.3 17.1 ± 1.9 2.5 ± 0.3

T3 (75 cm × 60 cm) 14.0 ± 2.6 2.1 ± 0.3 20.3 ± 2.1 3.1 ± 0.4 17.1 ± 2.1 2.3 ± 0.3

T4 (100 cm × 40 cm) 12.1 ± 1.6 2.0 ± 0.2 24.3 ± 3.5 3.9 ± 0.5 18.3 ± 3.2 3.0 ± 0.5

T5 (100 cm × 50 cm) 12.7 ± 2.1 1.9 ± 0.3 21.7 ± 1.7 3.3 ± 0.3 17.2 ± 2.3 2.6 ± 0.4

T6 (100 cm × 60 cm) 12.1 ± 2.3 1.9 ± 0.4 20.1 ± 1.1 3.2 ± 0.3 16.1 ± 2.1 2.6 ± 0.3

T7 (125 cm × 60 cm) 15.5 ± 1.8 2.3 ± 0.2 24.1 ± 3.9 3.5 ± 0.5 19.8 ± 2.7 2.9 ± 0.4

Mean 13.8 ± 0.8 2.1 ± 0.1 22.0 ± 0.7 3.4 ± 0.1 17.9 ± 0.7 2.7 ± 0.1

CV (%) 24.3 23.2 22.9 25.4 21.4 22.8

p-value 0.87 0.96 0.88 0.85 0.08 0.08
fron
DMY, dry matter yield; CPY, crude protein yield; t ha−1, ton per hectare; SE, standard error; CV, coefficient of variation.
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FIGURE 3

Dry matter yield (DMY) of maralfalfa grass at three or six harvest dates under different planting densities during 2019 and 2020, respectively.
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The significant effect of years on PH, NTPP, DM, and CPY may

be due to the variation in weather effects (Tessema, 2005); however,

it is more likely related to cumulative time from establishment.

Thus, significant differences were observed in yield-related traits

across the years. Similar to the current study, Habte et al. (2020)

indicated that year had a significant (p<0.01) effect on the NTPP,

PH, and the LSR of napier grass. Our finding also agrees with Geren

and Kavut (2015), who reported that the interactions of year and

planting density of maralfalfa were not significant.

The year effect on the measured traits of maralfalfa grass could

be due to new tillers emerging from the mother plants with more

developed root systems in terms of depth and width in the soil

profile and utilizing nutrient reserves available in the soil. Geren

and Kavut (2015) indicated that the average number of tillers in the

first year (44 tillers) of maralfalfa grass was significantly lower than

the second year (62 tillers). Tessema (2008) also reported that the

number of tillers of napier grass attained in the second year was

approximately seven times higher than in the first year. The DM

production also varied over the year, and this might have been due

to the regeneration of stems and a greater number of tillers and

developed roots to take up available water and nutrients from the
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soil (Tegami and Mello, 2007; Wijitphan et al., 2009). Tessema

(2005) reported that due to its perennial nature, as the pasture

period increases, napier grass produces more tillers and greater

vegetative growth of napier grass accessions in the north-western

parts of Ethiopia. The DMY obtained in the first year was almost

similar (13.06 t ha−1) to the first-year DMY of napier grass

accessions planted at 100 cm × 50 cm spacing reported by

Gezahagn et al. (2017).

In contrast to the present study, Karanja (1984) indicated that

narrow spacing resulted in a greater number of, and longer,

internodes than wider spacing in napier grass. The study done by

Tessema (2008) indicated that plant densities affected leaf length,

basal circumference, and nodes per plant in the second year. The

presence of a greater proportion of leaves is a good nutritive value

indicator, but the planting density in the current study did not

significantly influence the LSR of maralfalfa grass. The LSR of plants

mainly depends on the number of leaves per plant, leaf length, and

thickness of the stem. The nutritive value of any forage crop is

highly influenced by leafiness, leaf length, and the nature of the

stem. In contrast to the present study, Tessema and Baars (2003)

and Taye (2004) found that the LSR of napier grass planted at 100
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FIGURE 4

Crude protein yield (CPY) of maralfalfa grass at three or six harvest dates under different planting densities during 2019 and 2020, respectively.
TABLE 8 Nutritional contents and in vitro dry matter digestibility of maralfalfa grass under different planting densities.

Trt Nutritional composition and in vitro dry matter digestibility (%)

DM Ash CP NDF ADF ADL IVDMD

T1 91.8 ± 0.1 12.7 ± 0.3 15.2 ± 1.1 59.7 ± 1.5 43.8 ± 1.3 6.1 ± 0.3 59.5 ± 1.1

T2 91.9 ± 0.3 12.8 ± 0.9 14.6 ± 1.4 58.8 ± 1.9 42.8 ± 1.3 6.1 ± 0.4 60.0 ± 1.3

T3 91.8 ± 0.1 12.6 ± 0.5 15.1 ± 0.9 58.8 ± 0.7 42.9 ± 0.6 6.1 ± 0.2 59.7 ± 0.1

T4 91.9 ± 0.1 14.0 ± 0.7 16.3 ± 0.2 56.0 ± 1.1 41.1 ± 0.5 5.8 ± 0.1 61.6 ± 0.5

T5 91.9 ± 0.1 12.3 ± 0.4 15.1 ± 0.3 57.6 ± 0.6 42.4 ± 0.6 6.2 ± 0.2 60.2 ± 0.2

T6 91.8 ± 0.1 12.8 ± 0.5 16.0 ± 0.5 58.2 ± 1.4 42.4 ± 1.5 5.9 ± 0.1 60.6 ± 0.9

T7 91.8 ± 0.1 13.5 ± 0.1 14.8 ± 0.5 58.1 ± 0.2 42.7 ± 0.3 5.9 ± 0.1 60.8 ± 0.2

Mean 91.8 ± 0.1 12.9 ± 0.2 15.3 ± 0.2 58.2 ± 0.4 42.6 ± 0.1 6.0 ± 0.1 60.4 ± 0.3

CV (%) 0.2 7.1 7.3 3.6 3.7 4.8 1.9

p-value 0.95 0.33 0.52 0.52 0.64 0.61 0.47
fro
T1 = 75 cm × 40 cm, T2 = 75 cm × 50 cm; T3 = 75 cm × 60 cm; T4 = 100 cm × 40 cm; T5 = 100 cm × 50 cm; T6 = 100 cm × 60 cm; T7 = 125 cm × 60 cm.
DM, dry matter; NDF, neutral detergent fiber; ADF, acid detergent fiber percentage; ADL, acid detergent lignin; CP, crude protein; IVDMD, in vitro dry matter digestibility; SE, standard error;
CV, coefficient of variation.
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cm × 50 cm spacing was greater than that planted at 50 cm × 50 cm,

with values of 1.91 and 1.49, respectively.

The NTPP was not influenced by plant densities in our study,

although one may hypothesize that because plants with wider

spacing in the establishment season may have reduced inter-tiller

competition for space, moisture, and nutrients during early growth.

Although different from the current study, Geren and Kavut (2015)

reported that the planting density significantly affected the NTPP.

Similarly, Tessema (2008) reported that planting density

significantly influenced the NTPP from napier grass: he reported

62.3 tillers from wider rows (175 cm × 25 cm) versus 24.3 tillers

from narrower (50 cm × 75 cm) rows.

In agreement with Tessema (2008), there was no significant

effect on the PH of napier grass due to planting density in the first

year but there was in the second year. The PH range obtained in the

first and second years of the present study lies between the reported

heights (100 cm to 150 cm) of napier grass (Muia et al., 1999;

Fekede et al., 2005; Kariuki et al., 2016).

The DMY difference across the years might have been due to

improving vegetative growth as the pasture period increased in

perennial grass (Ndikumana, 1996). The greater DMYs obtained at

the third harvest (DMY3) during the establishment year and DMY5

during the following year might have been due to the harvests in

September and August during the main rainy seasons when rainfall

was sufficient for growth. In agreement with the present finding,

Berihun (2005) reported that an insignificant difference in DMY of

napier grass was attained under different plant densities. In contrast

to the present study, Wijitphan et al. (2009) reported that napier

grass in different planting spaces (50 cm × 40 cm, 50 cm × 60 cm, 50

cm × 80 cm, and 50 cm × 100 cm) had a significant effect on DM

yield, and the greatest total DMY (70.84 t ha−1) was obtained from 3

years’ cumulative harvest from a 50 cm × 40 cm row spacing in

Thailand. A study done by Tessema (2008) on napier grass under

different planting densities indicated that the DM yield increased as

plant density increased. Generally, the variations of DMY at

different harvest times may have been due to harvesting at

different growth periods. The trends of CPY were consistent with

similar trends for DMY as the CPY was computed from the DMY

and because the CP content was relatively non-varying.

The insignificant differences in the chemical analysis and

IVDMD of maralfalfa grass at different plant densities is likely

because all the treatments were harvested at similar growth stages

with similar LSRs. The nutritional quality of forages is influenced by

the environment (climate), management factors, soil characteristics,

and age at harvest (Getnet and Ledin, 2001; Tessema et al., 2011;

Keba et al., 2013). Tessema (2008) and Wijitphan et al. (2009)

reported that the DM, NDF, ADF, CP, and ADL contents of napier

grass were not influenced by plant densities. Marafalfa grass is

known to have a high CP content and the present study also

indicated that the grass had an overall treatment mean value of

15.3 ± 0.2 CP% content, which is above the minimum CP level of

7% required for optimum rumen function for ruminant animals

(Van Soest, 1984). The grass is categorized as a medium protein

source of forage (Lonsdale, 1989). Except for the CP of T1 and T3

plant densities, the CP of the planting densities can satisfy the

minimum CP content (150 g/kg DM) required for lactation and
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growth of cattle (Norton,1982). However, compared with high

nutritional quality grasses, such as Kikuyu grass (Pennisetum

clandestinum) with 21.9% CP and 27.4% ADF, maralfalfa grass

had lower CP and higher fiber contents (Echavarria et al., 2020).

The mean values of the NDF content of maralfalfa under different

plant densities lie between 45% and 65%, a range that is

recommended as medium-quality roughage (Singh and Oosting,

1992). The IVDMD value of maralfalfa in the current study was

almost similar to the digestibility of tropical grasses, which lies

between 50% and 60% (Owen and Jayasuria, 1989).
5 Conclusion

Plant densities had no significant effect on the measured

morphological traits, DM production, and nutritional quality of

maralfalfa grass. It is recommended that the farmers should

consider the availability of planting materials, labor, and

transportation cost for the planting materials without

compromising the DM production. Thus, using 125 cm × 60 cm

inter- and intra-row spacing with 13,333 plant population ha−1 can

be an appropriate planting density for an optimum DM production

in the study area and similar agro-ecologies of the country.

However, further studies on maralfalfa grass should be conducted

in multiple locations in Ethiopia under both rain-fed and irrigated

conditions and with various agronomic practices.
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