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This study was conducted at on station of Jinka agricultural research center with objective of 
identifying appropriate fertilizer rate and spacing for Pennisetum pedicellatum grass. The splits of 
grass were planted on plot area of 4 m × 3 m=12 m2 under fertilizers rate of 50 kg ha-1 DAP and 50 kg 
ha-1 urea (R1); 100 kg ha-1 DAP and 150 kg ha-1 urea (R2) and 100 kg ha-1 DAP and 200 kg ha-1 urea 
respectively with spacing 0.25 cm × 0.5 cm (L1), 0.5 cm × 0.75 cm (L2), 0.75 cm × 1 m (L3) and 1 m × 
1.25 m (L4) in randomized completed block design with three replications in factorial arrangements. 
The results indicated that dry matter yield and tillers per plant were significantly affected (P<0.05) by 
intra row spacing between the L1 and L2, L1 and L3, and L1 and L4; but it was not significantly 
(P<0.05) affected intra row spacing among L2, L3 and L4. The results from the current study also 
revealed that significantly (P<0.05) highest dry matter yield and tillers per plant were obtained for 
application of 100:150 kg ha-1 DAP and urea and but it was not significant (P>0.05) for plots that had 
fertilized with 50:50 kg ha-1 DAP and urea and 100:150 kg ha-1 DAP and urea respectively. The 
promising dry matter yield t/ha was obtained from intra row spacing L1 with application of fertilizer 
rate R2. Therefore, it was recommended that those farmers who live within area where land shortage 
problem to use finding from our study in order to improve the dry matter production. Whereas, it is 
better to apply 100:150 kg ha-1 DAP and urea for youth/non-employed group and investors who are 
participated in forage seed production.
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INTRODUCTION
Ethiopia is one of the highest livestock populations in Africa. 
However, its contribution to the national economy and 
herders’ livelihood is low due to different reasons. Among 
these, the poor nutrition is the most limiting one. Similarly, in 
to the study area the livestock nutrition is entirely depended 
on feed from natural pasture. It is apparent that the natural

pasture based, livestock production are greatly influenced by
the nutritional dynamics of pasture forages, especially during
the dry seasons [1]. This is triggering to high mortality, longer
calving intervals and substantial weight loss of livestock. In
this regards, pursuing a locally adaptable feeds is one of the
appropriate strategies to improve dry matter and nutrient
supply in to study area. The Pennisetum pedicellatum is one
which indigenous to the Ethiopia and belonging to the family
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Abstract



of Poaceae. The research findings indicated that grass is a 
perennial which has an extensive root system that anchors 
well with the soil and has high green biomass production 
potential which ranging from 30 t/ha-109 t/ha [2]. It grows 
upright with the potential of reaching up to 90 cm-120 cm 
based on soil fertility. Conversely, it has been currently 
utilized as means of soil conservation practices, rehabilitate 
degraded land, animal feed improve grazing land and provides 
a small business opportunity. 

Moreover, previous findings had been demonstrated that the 
biomass production potential of Pennisetum pedicellatum 
grass can be influenced by forage management tools such 
as date of harvesting, height at harvesting and plant 
spacing. However, with this promising potential, the 
biomass production potential and agronomic parameter of 
Pennisetum pedicellatum under different fertilizer rate 
and spacing has not evaluated in to the study area. 
Therefore, this study was initiated with objective of 
identifying appropriate fertilizer rate and spacing for 
production of Pennisetum pedicellatum grass [3].

MATERIALS AND METHODS

Description of Study Site
This study was conducted at on station of Jinka agricultural 
research center in 2015 main cropping seasons. The Jinka 
agricultural research center was located between 40°43'North 
to 60°46'North latitude and 350°79'East to 360°06'East 
longitude and 1450 m above sea level. The average annual 
rainfall of the study area is 840 mm and the average annual 
minimum and maximum temperatures are ranging between 
16.8°C and 27.8°C. The main rainy fall has been started from 
March and extends up to June and interrupted by some dry 
periods in July and August. The soil of the experimental site is 
loam (Figures 1 and 2) [4].

Figure 1: Cumulative amount of rain fall (mm) in to study area 
during trial period.

Figure 2: The mean temperature (Temp (°C)) and cumulative 
precipitation (mm) in to study area during trial year.

Experimental Design and Treatments
The Pennisetum pedicellatum grass splits were planted on 
plot area of 4 m × 3 m=12 m2 under fertilizer rate 50 kg ha-1 
DAP and 50 kg ha-1 urea (R1); 100 kg ha-1 DAP and 150 kg ha-1 
urea (R2); and 100 kg ha-1 DAP and 200 kg ha-1 (R3) 
urea respectively. The intra row spacing used in this study was 
0.25 cm × 0.5 cm (L1), 0.5 cm × 0.75 cm (L2), 0.75 cm × 1 
m (L3) and 1 m × 1.25 m (L4) between plants and row 
respectively. The experimental design used in this study 
was randomized completed block design with fertilizer 
rate and spacing replicated three times in factorial 
arrangements [5].

Data Collection and Site Managements
The site managements and harvesting was done according to 
the recommendations. The growth data like tillers per 
plant and plant height were measured when plant was 
at 50%flowering by taking five plants from middle of two 
rows per plots. Conversely, in order to measure, dry 
matter yield at 50% flowering, the sample per treatment 
was taken by randomly placing three quadrants per plot 
which had an area 0.5 m × 0.5 cm=0.25 m2 by using the 
sickle. The harvested samples were measured right in the 
field and had brought to Jinka agricultural research center and 
manually chopped in to small pieces using sickle made 
pooled in to one representative and 500 g allotted in to 
oven dried at 105°C for overnight. The DM yield was 
calculated by final oven dried weight was divided for the 
fresh weight before oven and then multiplied by 100 [6].

Data Analysis
The data such as plant height, tillers per plant and DM yield 
were subjected to Analysis of Variances (ANOVA) using the 
General Linear Model (GLM) procedure of Statistical Analysis 
System (SAS) software. The significant differences among the 
means of treatments was declared at P ≤ 0.05 and means 
were separated using Duncan’s Least Significant Difference 
(LSD) test with model of Yijk=μ+Fi+Sj+Hi*Sj+eijk, where; 
yijk=all dependent variables (plant height, tiller number per 
plant and dry matter yield); μ=overall mean; Fi=the effect of 
ith fertilizer rate; Sj=the effect of jth spacing between plants
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and rows; Fi*Sj=the interaction effects of fertilizers rate and 
spacing and eijk=random error [7].

RESULTS AND DISCUSSION

Dry Matter Yield, Plant Height and Tiller per Plant 
Affected by Spacing
The dry matter yield, plant height and tillers per plant 
affected by fertilizer rate and spacing are presented in Table 1 
below. The result revealed that significantly higher (P<0.05) 
dry matter yield obtained from our study for L1 than L2, L3 
and L4 but it was not significant difference (P>0.05) among 
the L2, L3 and L4. From this study it was observed that the 
more dry matter yield (t/ha) obtained for closer spacing area 
than wider spacing areas. This is due to higher plant 
populations per unity area. The study reported by shown that 
dry matter yield for Pennisetum pedicellatum grass was 
decrease from 16.5 t/ha to 15.70 t/ha when as spacing area 
was increased from 10 cm × 50 cm to 50 cm × 50 cm between 
plant which is corresponds to the results from our study. 
Meanwhile, also, the from the central rift valley Ethiopia 
reported that the dry matter yield of the Napier grass was 
increased from 8.87 t/ha to 11.84 t/ha as spacing between 
plant decreases from 1 m × 0.5 m to 0.5 m × 0.5 m. While, the 
study reported by had indicated that the dry matter yield of 
Napier grass was increased from the 3,383 kg/ha to 4, 209 
kg/ha as spacing increased from 50 cm × 50 cm to 75 cm × 7 
cm which is contradicted to our result from the current study 
[8].

The tillering performance is an important morphological 
characteristic to be considered during selection of 
appropriate forage crops to improve production and 
productivity. The findings had obtained from this study shown 
that the number of tillers per plant were not significantly 
(P>0.05) differed among the spacing L2, L3 and L4 but 
significant (P<0.05) between L1 and L2, L1 and L3, and L1 and 
L4. The maximum tillers per plant were observed from the 
widest area (1 m × 1.25 m) while the minimum tillers per 
plant were from the narrowest area (0.25 cm × 0.5 cm). This is 
clearly exhibited that there was positive correlation which

showed that as area of spacing between plants and row 
increased, the number of tillers were increased. This is due to 
increases area between plant and rows had allowed the 
availability of nutrients to the plants freely through reducing 
competitions among the plant populations. Report had 
demonstrated that tillers per plant for Pennisetum 
pedicellatum grass were increased from 73.3 to 83.9 when as 
plant spacing increased from 10 cm × 50 cm to 50 cm × 50 cm 
respectively which is analogous to results from the our study. 
Meanwhile, reported that when sufficient space is available to 
the individual plant, there is capacity to increase the tillers 
per plant. Moreover, observed the lowest number of tillers at 
spacing of 10 cm × 10 cm and the highest number of tillers 
observed at 20 cm × 20 cm spacing which corresponding to 
results from our study [9].

Plant height is an important component which helps in the 
determination of growth potential of forage species. The 
result obtained from this study revealed that there is 
significance difference (P<0.05) for the plant height between 
L1 and L2, L1 and L3 and L1 and L4 and but not significance 
difference (P>0.05) among L2, L3 and L4. The taller plant 
height for narrowest spacing from this study is due to higher 
plant populations which lead higher competition for the 
nutrients which is tends to be longer in height than spread 
growth. Reported that plant height of Pennisetum 
pedicellatum grass decreased from 67.30 cm to 65.70 cm as 
plant spacing increased from 10 cm × 50 cm to 50 cm × 50 cm 
respectively which is similar to results from the our finding. 
Moreover, reported that a narrow intra-row spacing of 10 cm 
produced taller height in finger millet plants than 20 cm intra 
row spacing which is corroborated to finding from our study. 
On the other hands, the study reported by different authors 
who demonstrated that at wider plant spacing higher plant 
height than narrowest spacing which is contradicted to results 
obtained from our study. In general, findings obtained from 
the current study for height of Pennisetum pedicellatum grass 
L1 was relatively comparable to values of 90 cm-120 cm under 
different management practices in Ethiopia conditions [10].

Plant spacing

Parameters 0.25 × 0.5 cm 0.5 × 0.75 cm 0.75 × 1 m 1 m × 1.25 m CV LSD

DM t/ha 27.195a 22.013b 20.84b 21.592b 5.7 3.62

Plant height (m) 105.67a 78.12b 77.88b 69.46b 4.89 19.95

Tiller per plant 88.08b 105.98ab 111.63a 120.08a 5.29 27.25

Dry Matter Yield, Plant Height and Tillers per Plant 
Affected by Fertilizer Rate
The effect of fertilizer rate on dry matter yield, tillers per plant 
and plant height are presented in Table 2 below. The 
result from this study revealed that significantly (P<0.05) 
highest dry matter yield was obtained from the land 
fertilized with  100:200  kg ha-1   DAP   and  urea  and  but  not 

significant (P>0.05) for land had received 50:50 and 100:150 
kg ha-1 DAP and urea respectively. The highest dry matter 
yield for the plots fertilized with 100 kg ha-1 DAP and 200 
kg ha-1 urea is due to sufficient provision of nitrogen and 
phosphorus that enhances photosynthetic process by the 
plants and hence more vegetative production and dry 
matter yield. The study made by indicated that the  dry  matter 

Hidosa D, et alPage 3

Table 1: The main effect of spacing on dry matter, tillers per plant and plant height of Desho grass.
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yield of oat was significantly increased from 15.85 t/ha to 
23.07 t/ha as nitrogen fertilizer rate increased from the 40 kg 
ha-1 to 80 kg ha-1 respectively which supports the findings 
from the our study [11]. Conversely, significantly higher 
(P<0.05) tillers per plant were observed for the land fertilized 
with 100 kg ha-1 DAP and 200 kg ha-1 urea than land fertilized 
with 50:50 kg ha-1 and 100:150 kg ha-1 DAP and urea but not 
significant (P>0.05) for land received 50:50 kg ha-1 and 
100:150 kg ha-1 DAP and urea. The higher tillers per plant for 
land fertilized with 100 kg ha-1 DAP and 200 kg ha-1 urea is 
due to higher amount of fertilizer enhanced the production 
vegetative growth and allowed to cover more space on 
ground which promoted absorption of sun light and hence the 
assimilation process. The report had demonstrated that tillers 
per plant was significantly increased as nitrogen fertilizer rate 
increased which is supports findings from our study. Likewise, 
also, observed the  higher  increment tillers per  onion plant as 

increasing nitrogen fertilizer rates. In general, higher tillersper 
plant of Desho grass from the current study than the 
values of 48 and 50 reported for the same plant. The longer 
plant height (P<0.05) was observed for the land fertilized with 
50 kg ha-1 DAP and 50 kg ha-1 urea respectively than land 
fertilized with 100:150 and 100:200 kg ha-1 DAP and urea. The 
longer in height (cm) for land fertilized with 50 kg ha-1 DAP 
and 50 kg ha-1 and urea than land fertilized with 100:150 and 
100:200 kg ha-1 DAP and urea from this study might be due to 
either difference in soil parameters or agroecology difference 
in experimental site. They had been observed that land 
fertilized with 69 kg ha-1 increased plant height by about 10%
but further application did not triggering the further 
increments in plant height. In contradicting to results from 
our study, the earlier research reports were shown that 
increments in plant height of crops as increase nitrogen rates 
[12].

Parameters Fertilizer rate

50:50 kg ha-1 100:150 kg ha-1 100:200 kg ha-1 0:0 CV LSD

DM yield t/ha 23.97a 24.89a 28.64b 15.15c 8.98 5.67

Plant height (cm) 135a 93.5b 96.87b 73c 9.52 41.23

Tillers per plant 110a 115a 140b 84c 12.33 32.45

Interaction Effects of Spacing and Fertilizer Rates on 
Plant Height
The least square means of interaction effect of fertilizer rate 
and spacing on plant height is presented in Table 3 below. The 
results from this study indicated that plant height was 
significantly affected by fertilizer rate and intra row spacing. 
However, dry matter and tillers per plant were not affected by 
fertilizer rate and intra row pacing and it is not presented 
under this section. The result obtained from this study shown 
that plant height is significantly (P<0.05) decrease as intra row 
spacing was increased by the keeping the constancy in 
fertilizer rate and while, plant height is increased as fertilizer 
rate increased by keeping intra row spacing as constant. 
Generally from the this study, the interaction effect of 

fertilizer rate and intra row spacing indicated that higher plant 
height was observed for closer area with higher fertilizer rate 
application while the shortest plant height was observed for 
widest area with fertilizer rate of 100:150 kg ha-1 DAP and 
urea respectively. The tallest plant height at closer area with 
higher dose of fertilizer rate is due to combination effect 
which attributed to increasing fertilizer rate may be the 
increase availability of nitrogen in the soil for uptake by plant 
roots that may have enhanced vegetative growth through 
increasing cell division and elongations. The study made by 
were confirmed that increased rate of nitrogen application 
and intra row spacing had induced an increase in plant height 
of onion plant which is corresponds to findings from our study 
[13].

Spacing Fertilizer rate

50:50 kg ha-1 100:150 kg ha-1 100:200 kg ha-1 00:00 LSD

0.25 m × 0.5 m 105.28b 103.73b 155.48a 80.21c 62.3

0.5 m × 0.75 m 97.85bc 90.63bc 104.00ade 76.15f 8.34

0.75 m × 1 m 87.48bc 68.17de 102.2a 65.68e 16.78

1 m × 1.25 m 71.33de 64.92de 86.67ac 58.33ef 18.54
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Table 2: The main effect of fertilizer rate (DAP: Urea) on dry matter, tillers per plant and plant height.

Table 3: Interaction effects of spacing and fertilizer rates on plant height (cm).
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CONCLUSION
Result from this study revealed that the dry matter yield and 
plant height were decreased as increase intra row spacing 
between plant but tillers per plant increased as intra row 
spacing increases. Moreover, also, dry matter yield and tillers 
per plants increased as fertilizer rate increase but plant 
decreased as fertilizer rate increase. The promising dry matter 
yield t/ha was obtained from intra row spacing (0.25 cm × 0.5 
cm) with application of fertilizer rate 100:150 kg ha-1 DAP and
urea respectively. Therefore, it was recommended that those
farmers who live within area where land shortage problem to
use finding from our study in order to improve the dry matter
production. Whereas, it is better to apply 100:150 kg ha-1 DAP
and urea for youth/non-employed group and investors who
are participated in forage seed production. Moreover, the
information such as chemical compositions, leaf to stem ratio
and feeding values of Pennisetum pedicellatum grass under
different spacing and fertilizer rate which is not studied in the
current study due to lack of budgets should be studied in
future in order to fill this research gaps.

REFERENCES
1. Sun J, Wang Y, Piao S, Liu M, Han G, et al. (2022) Toward

a sustainable grassland ecosystem worldwide.
Innovation. 3(4):100265.

2. Lemecha F, Thiengtham J, Tudsri S, Prasanpanich S (2013)
Survey of goat feed sources and supplements in central
rift valley of Ethiopia. Agri Nat Res. 47(5):712-719.

3. Hidosa D, Tesfaye Y, Feleke A (2017) Assessment on feed
resource, feed production constraints and opportunities
in Salamago Woreda in South Omo zone, in South
Western Ethiopia. Acad J Nutr. 6(3):34-42.

4. Tilahun G, Asmare B, Mekuriaw Y (2017) Effects of
harvesting age and spacing on plant characteristics,
chemical composition and yield of Desho grass
(Pennisetum pedicellatum Trin.) in the highlands of
Ethiopia. Trop Grassl-Forrajes Trop. 5(2):77-84.

5. Melander B, Cirujeda A, Jorgensen MH (2003) Effects of
inter-row hoeing and fertilizer placement on weed

growth and yield of winter wheat. Weed Res. 43(6):
428-438.

6. Wittwer RF, King RH, Clayton JM, Hinton OW
(1978) Biomass yield of short-rotation American
sycamore as influenced by site, fertilizers, spacing and
rotation age. South J Appl For. 2(1):15-19.

7. Gebretsadik K, Dechassa N (2018) Response
of Onion (Allium cepa L.) to nitrogen fertilizer rates
and spacing under rain fed condition at Tahtay
Koraro, Ethiopia. Sci Rep. 8(1):9495.

8. Hiltbrunner J, Liedgens M, Stamp P, Streit B (2005) Effects
of row spacing and liquid manure on directly
drilled winter wheat in organic farming. Eur J Agro.
22(4):
441-447.

9. Behera SK, Srivastava P, Tripathi R, Singh JP, Singh N
(2010) Evaluation of plant performance
of Jatropha curcas L. under different agro-practices
for optimizing biomass     case       study.     Biomass
Bioenerg. 34(1):30-41.

10. Pellet D, El-Sharkawy MA (1993) Cassava varietal
response to phosphorus fertilization. I. Yield, biomass
and gas exchange. Field Crops Res. 35(1):1-1.

11. Katterer T, Hansson AC, Andren O (1993) Wheat
root biomass and nitrogen dynamics-effects of
daily irrigation and fertilization. Plant Soil. 151:21-30.

12. Sibhatu      B,      Berhe      H,      Gebrekorkos     G,      Abera
K (2016) Determination of planting spacing for
improved yield and yield components of
Dekoko (Pisum sativum var. abyssinicum)   at    Raya
Valley, Northern Ethiopia. Afr J Plant Sci.
10(8):157-161.

13. Larsen SU, Jorgensen U, Kjeldsen JB, Lærke PE (2014)
Long-term   Miscanthus   yields   influenced   by   location,
genotype, row distance, fertilization and   harvest  season. 
Bioenerg Res. 7:620-635.

Hidosa D, et alPage 5

Volume 08 • Issue 02 • 12(QI)

https://www.cell.com/the-innovation/fulltext/S2666-6758(22)00061-3?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2666675822000613%3Fshowall%3Dtrue
https://www.cell.com/the-innovation/fulltext/S2666-6758(22)00061-3?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2666675822000613%3Fshowall%3Dtrue
https://onlinelibrary.wiley.com/doi/10.1046/j.0043-1737.2003.00359.x
https://onlinelibrary.wiley.com/doi/10.1046/j.0043-1737.2003.00359.x
https://onlinelibrary.wiley.com/doi/10.1046/j.0043-1737.2003.00359.x
https://academic.oup.com/sjaf/article-abstract/2/1/15/4794293?redirectedFrom=fulltext
https://academic.oup.com/sjaf/article-abstract/2/1/15/4794293?redirectedFrom=fulltext
https://www.nature.com/articles/s41598-018-27762-x
https://www.nature.com/articles/s41598-018-27762-x
https://www.nature.com/articles/s41598-018-27762-x
https://www.sciencedirect.com/science/article/abs/pii/S1161030104000565?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1161030104000565?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0961953409001998?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0961953409001998?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0378429093901316?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0378429093901316?via%3Dihub
https://academicjournals.org/journal/AJPS/article-abstract/6E4430159495
https://academicjournals.org/journal/AJPS/article-abstract/6E4430159495
https://academicjournals.org/journal/AJPS/article-abstract/6E4430159495

	Contents
	Determination of Appropriate Fertilizer Rate and Intra Row Spacing for Biomass of Pennisetum pedicellatum in South Omo Zone, South Western Ethiopia
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Description of Study Site
	Experimental Design and Treatments
	Data Collection and Site Managements
	Data Analysis

	RESULTS AND DISCUSSION
	Dry Matter Yield, Plant Height and Tiller per Plant Affected by Spacing
	Dry Matter Yield, Plant Height and Tillers per Plant Affected by Fertilizer Rate
	Interaction Effects of Spacing and Fertilizer Rates on Plant Height

	CONCLUSION
	REFERENCES




