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ABSTRACT

A study was conducted to evaluate the effects of plant spacing and N fertilizer application on plant morphology of
Brachiaria hybrid cv. Mulato Il grass. A factorial experiment with 3 urea fertilizer levels (0, 50 and 100 kg/ha) and 4
spacing between plants and rows (20 x 20, 30 x 40, 40 x 60 and 50 x 80 cm) with 3 replications was used. Data collected
on agronomic characteristics were plant height (PH), number of tillers per plant (NT/P), number of leaf per tiller (NL/T),
number of leaves per plant (NL/P), leaf length (LL), leaf width (LW) and leaf area (LA). Results indicated that the
agronomic parameters were significantly (P<0.05) affected by main effect and interaction effects of spacing and fertilizer
levels. The highest NT/P, LN/T and LN/P were recorded for wider plant spacing (50 x 80 cm) with higher urea fertilizer
level (100 kg/ha) (S4F3) and narrower plant spacing (20 x 20 cm) with medium higher fertilizer level (1000 kg/ha) (S1F3)
gives longer plant and longer leaf. Therefore, it is concluded that it would be beneficial to produce Mulato Il grass using a
50 x 80 cm spacing and 100 kg/ha urea fertilizer for maximum yield with best quality forage. Similar studies need to be
conducted over much longer periods to determine to what extent these findings relate to performance over the life of a
permanent pasture.
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INTRODUCTION

Livestock are an important component of nearly all farming systems in Ethiopia, providing milk, meat, draught power,
transport, manure, hides and skins and serve as a source of cash income (Funk et al. 2012). The subsector contributes about
16.5% of the national Gross Domestic Product (GDP) and 35.6% of the Agricultural GDP. It also contributes 15% of
export earnings and 30% of agricultural employment. The livestock subsector currently supports and sustains livelihoods
for 80% of the total rural population (Samson and Frehiwot 2014). Despite the importance of livestock in the country,
productivity is low (Sintayehu et al. 2010). One of the major constraints leading to such low productivity is shortage of
feed in terms of both quantity and quality, especially during the dry season (Ahmed et al. 2010), combined with high feed
prices (Sintayehu et al. 2010).

In order to solve the shortage of feed and increase livestock production, it is necessary to introduce and cultivate
high-quality forages with high yielding ability and adaptation to the biotic and abiotic environmental stresses (Kahindi et

al. 2007). Improved grasses, many of African origin, have greater palatability and productivity than other indigenous
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species and are therefore desirable additions to pastures and common grazing areas (Alemayehu 2002). Among the
improved forage crops introduced into Ethiopia, Mulato 11 grass, which is the result of crosses of Brachiaria ruziziensis, B.
brizantha and B. decumbens, is claimed to have the capacity to provide a significant amount of quality forage (CIAT
2006).

The optimization of production and nutritive value of grass can be achieved by planting on fertile soils (ILRI
2010) and utilizing forage management tools such as plant spacing (Sumran et al. 2009). Nitrogen fertilizer application is a
common practice since this nutrient is found to be one of the most limiting factors influencing yield and chemical
composition of grass pasture including crude protein (CP) concentration and digestibility, increases in which improve
livestock production (Marques et al. 2017). Nevertheless, information regarding the effects of fertilizer levels and plant
spacing on plant morphology of Mulato Il grass is scarce in our country and specifically in the study area. I conducted the
present study in order to generate information on plant morphology of Mulato Il grass at different plant spacings with

different rates of nitrogen fertilizer.

MATERIALS AND METHODS
Description of the Study Area

The experiment was conducted in Chagni Ranch, Guangua Woreda, Awi Zone, Amhara National Regional State,
Ethiopia. Chagni (10°57'N, 36°30'E; 1,583 masl), located at 528 km from Addis Ababa and 186 km west of Regional
town, Bahir Dar, is the administrative center of Guangua District (Asnake 2009). The area has average annual rainfall
of 1,689 mm and mean minimum and maximum annual temperatures of 23 °C and 30 °C, respectively (Chagni ranch

office).
Experimental Layout, Design and Treatments

The study was conducted using a 3 x 4 factorial arrangement in a randomized complete block design (RCBD) with 3
replications. The factors were 3 levels of urea fertilizer (0, 50 and 100 kg/ha) and 4 spacings (20 x 20, 30 x 40, 40 x 60 and

50 x 80 cm) between plants and rows, respectively, giving 12 treatment combinations (Table 1) and 36 experimental plots.

Table 1 shows S1 = 20 x 20 cm spacing; S2 = 30 x 40 cm spacing; S3 = 40 x 60 cm spacing; S4 = 50 x 80 cm
spacing between plants and rows, respectively; T = treatments 1-12; F1= 0 kg urea/ha; F2 = 50 kg urea/ha; F3 = 100 kg

urea/ha.

Each plot was 3 m long by 3.2 m wide with a gross plot size of 9.6 m? and the total experimental area was 12.6 m
by 41.5 m (522.9 m?). The spacings between plots and replications were 0.5 and 1.5 m, respectively. Treatments were

randomly assigned to plots within each replication.

Table 1: Treatment Combinations

» ] Spacing
Fertilizer Level S1 2 3 Sz
F1 F1 X S1[T1]F1 X S2[T2]| F1 X S3[T3] |F1 X S4[T4]
F2 F1 X S1[T5]|F2 X S2 [T6]| F2 X S3[T7] |F2 X S4[T8]
F3 F3 X S1[T9JF3 X S2 [T10] F3 X S3 [T11]F3 X S4 [T12]
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Land Preparation, Experimental Management, Soil Sampling and Analysis

Land was oxen-ploughed and harrowing and bed preparation were carried out before planting manually. Root splits of
Mulato Il grass were collected from Finota Selam grass nursery site at an age of 7 months regrowth and planted at the
experimental site on 6 September 2017. Urea was purchased from the local market and applied by split application with
half applied at planting and the remainder at 30 days after planting with different levels based on treatment. Weeding was
done manually during the experimental period. The experiment was irrigated once a week when rain was limited, with
precautions taken to avoid contamination of treatments by cross flooding. Soil samples were taken by auger from the center
and corners of the experimental site prior to planting and from the individual plots immediately after harvesting to a depth
of 15 cm. The collected samples were thoroughly mixed, dried, ground and preserved in plastic bags for chemical analysis
to evaluate total nitrogen, available phosphorus, pH, organic matter and organic carbon. Total N was determined using the
Kjeldahl procedure (Bermner and Mulvaney 1982) and available P using the Olsen method (Olsen et al. 1954). The total
organic carbon of soil was determined based on the Walkely-Black chromic acid wet oxidation method. Organic matter
(OM) was calculated indirectly from organic carbon (OC) concentration by multiplying OC by 1.724 and the pH was
determined using the method described by Van Reeuwijk (1993).

Plant Morphology Data Measurement

Data on the plant morphology of the Mulato Il grass were recorded at 90, 105, 120, 135 and 150 days after planting (with
15 days interval). Plant height was measured from ground level to the tip of the main stem using a tape measure. Tiller
number per plant was determined by counting the number of tillers on the 10 randomly selected plants per plot. Leaf
number was also determined by counting the number of leaves on the 10 randomly selected plants per plot Leaf length per

plant was measured from the base of the collar region of the leaf to the tip of the leaf.
Statistical Analysis

Data were subjected to analysis of variance (ANOVA) using the General Linear Model (GLM) procedure of the Statistical
Analysis System (SAS 2007). Differences among treatment means were determined using Duncan’s Multiple Range Test

(DMRT) at P<0.05. The statistical model used was:
Yiik= p+ Bi + Fj + Sk+ (FS)jk + €ijk.
where
Yijk = the response variable;
p = overall mean;
Bi = i'" block effect;
Fi- " main factor effect (fertilizer level);
Sk =" main factor effect (spacing);
(FS)i = i interaction effect (fertilizer level x spacing); and

gijk = random error.

Impact Factor(JCC): 5.0148 — This article can be downloaded from www.impactjournals.us



http://www.impactjournals.us/

[ 20 Wondimagegn Tadesse Alem |

RESULT AND DISCUSSIONS
Plant morphology of Brachiaria Hybrid (Mulato 1) grass
Tiller Number per Plant

The effect of N fertilizer level and spacing between plant and raw, and interaction was highly significant (p<0.01)
on number of tiller. The highest tiller number was recorded at 100kg/ha urea level where as lowest was at non fertilized
one at different sampling days (Table 2). This indicates, the tiller number was increased as urea level increased may be due
to enhancing development of new shoots of grass by increasing soil fertility. This result is conformity with Tessema et al.,
(2003) reported that; Tillers per plant was significantly affected by fertilizer application which increased as fertilizer level
increased. Similarly Abdi (2014) on cenchrus ciliaris and panicum maximum showed tiller number increased with
increasing rate of fertilizer indicating fertilizer application enhanced development of new shoots and encourages the
development of new tillers. The numbers of tillers in all N treatments were higher than control (no N fertilizer) (Joorabi et
al., 2014). In contrast to this, N significantly affected tiller numbers of the grasses, with 40 kg/ha N producing nearly 50%
more tillers than plants receiving no N and N at 80 kg/ha reduced tiller numbers. This reduction may have been due to an

abundance of green leaves from high N reducing tillering (Charouvanh et al., 2011).

Number of tillers per plant was significantly (p<0.05) affected by spacing, with highest value of at 50x80 spacing
between plant and row (Table 2). In this study the tiller number was high at wider spacing, this may due to reduce
competition of light, moisture, nutrient and space between plant which enhance nutrient consumption and new tiller
initiation. The result is similar with other study (Genet, et al., 2017) reported that plant spacing had significant effects on
tiller numbers. Corresponding number of tillers for different plant spacings were low at closest and high at wide spacing. In
similar way, the number of tillers per plant of Bana grass increased as plant spacing increased due to that; at wider spacing,
light can easily penetrate to the base of the plant, competition for nutrients is less and this may have stimulated tiller
development (Birhanu, 2005). The highest and lowest tiller number in lemongrass was found at wider and closer inter row
spacing respectively. In general, as the plant to plant and row to row spacing gets narrower, the number of tillers per hill
decreased linearly. The reduction in tiller number per hill with deceasing intra and inter-row spacing may be due to
superior plant competition for incident light, soil nutrient, soil moisture and mutual shading of each other at high plant
density than at low plant density (Lulie and Chala, 2016). Nadaf (2009) on Chloris gayana and Coelachyrum piercei
reported among the row-spacings, the mean number of tillers in wider was significantly higher than in closest spacing.
Tillers per plant generally explained most of the differences in dry matter yield among sites and plant spacings. Orchard

grass tiller more with greater plant spacing (Sanderson and Elwinger, 2002).

The interaction was also (p<0.01) significant on number of tillers. The highest tiller number was recorded at wider
spacing (50x80cm) with 100kg/ha urea, this may be due to the reduction of competition of adequate ventilation and
nutrients between plant which increased by increasing urea level. Similar to this, Olanite (2010) found that plants received
N at the various levels generally performed better than the control (zero N fertilizer) for all the growth parameters under
the different plant spacing arrangements. Tiller number were greater at less dense row spacing that received high fertilizer
level (120 and 180 kg N/ha).
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Table 2: Tiller Number Per Plant

Days
Fertilizer kg/ha 90 105 120 135 150 165
0 5.77° 8.81° | 18.91° | 21.3° 29.91° 58.27°
50 7.882 11.8% | 21.33% | 24.25° | 35.14® 81.3?
100 8.11* | 12.52* | 23.55% 302 38.91° 88.21°
P-value <0.001 | <0.01 | <0.01 | <0.001 | <0.001 | <0.001
Spacing
Table 2 Contd.,
20x20 5.81° 8.38° | 19.29° | 19.48° 25.77° 59.58°¢
30x40 6.33° | 8.59° | 19.59° | 20.37° | 29.55° | 73.55°
40x60 7.29° | 10.96° | 21.26° | 25.59° | 39.18* | 81.59®
50x80 9.59% | 14.92% | 24.92* | 35.29% | 44.11° 88.992
P-value <0.01 | <0.001 | <0.01 | <0.001 | <0.01 | <0.001
Fertilizer * Spacing
0 * 20x20 4.44° 8.16° | 18.88° 20 23.447 40.77¢
0*30x40 gede 8.55% | 18.11° | 20.55% | 29,33 | §3,21¢
0*40x60 5.44% | 9,11° | 18.11° | 20.11% | 37.44bc¢ | 3 219
0*50x80 7.22°¢4 | 9.44° | 20.55° | 24.55° | 29.44%f | 65,88¢
50*20x20 6.33% | 10.22° | 19.55° | 16.78" | 27.55%f | 69.66™
50*30x40 7.66 | 10.66 | 18.11° | 21.55% | 29.55%¢f | 73 33«
50*40x60 9.11° | 12.11° | 27.11° | 34.44° | 38.89°d | 83.88bc
50*50x80 8.44° | 10.22"° | 20.55¢ | 24.22% | 4455° | 98.33®
100*20x20 6.66"% | 6.78° | 19.44° | 21.66% | 26.33%" | 68.33“
100*30x40 5.33% 6.55¢ | 22,55 | 19 29.77%f | 84,11
100*40x60 7.33%d | 11.66° | 18.55° | 22.22% | 41.22" | 97.66®
100*50x80 13.11% | 25.11* | 33.66* | 57.11* | 58.33* | 102.76°
p-value <0.001 | <0.001 | <0.001 | <0.001 | <0.01 | <0.001
CVv 19.79 23.1 15 15.49 18.53 11.57
SE 1.43 2.47 3.19 3.9 6.42 8.79

20x20cm, 30x40cm, 40x60cm, 50x80cm are spacing between plant*between raw, 0= Okg/ha urea, 50= 50kg/ha
urea, 100= 100kg/ha urea, CV = coefficient of variation, SE = standard error, means with different letters at same category

are indicated significant different, whereas means with the same letters showed non-significant
Plant Height

The effect of spacing, urea level and their interaction was significant (p<0.05) on plant height (Table 3). The narrowest
spacing gave highest plant height and which reduced as the spacing increased; this may be due to that; Interplant
competition in grass causes rapid and exhaustive height increments. This result is in line with Birhanu (2005) plant height
of Bana grass was the highest at low inter-and intra-row spacing as compared to wider spacing. Contrary to this, plant
height increased with the lower spacing densities on the field showing observable differences on maize (Ukonze et al.,
2016). Similarly, Nadaf, et al. (2009) reported that Cenchrus ciliaris had significantly higher mean plant height of 114.5
cm at 100--cm row spacing than at 50--cm row spacing (110.5 cm). No significant differences between plant spacing on
plant height was detected among the spacing levels, but the narrower plant spacing 10cm gave the tallest plants compared
to 15cm and 20cm (Martin ceasar lolia lamina, 2007). In addition, Plant height of Sorghum was not affected by row

spacing in studies for which plant height data were available (John et al., 2012).

Plant height was also significantly affected (p<0.05) by urea level. It was highest at 100kg/ha fertilized and lowest

at non-fertilized (Table 3). This result indicates that, as the fertilizer level increased the plant height increased because of
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increasing required nutrient (N) for grass development. This result is similar with Mechi (2015) on Zea maize reported the
increases in plant height with respect to increased N application rate could be due to the maximum vegetative growth of the
plants under higher N availability. The rates of N application significantly affected plant height of Zea maize. It increased
with increasing N rates. So, the maximum plant height was obtained with the highest N rate, while the least value was
recorded in plots without N application (Sharifi and Namvar, 2016). Application of nitrogen fertilizer showed significantly
higher plant height of cowpea than that obtained in control group having no fertilizer (Hasan, et al., 2010). In contrary to
this, plant height is not significantly affected by fertilizers. The non significant response of the crop obtained in this study
may be due to the previous experiments in the site and the different agronomic practices done on it (Ahmed et al., 2013)
and no difference was observed for height among the different nitrogen rates on cenchrus ciliaris and panicum maximum
(Abdi, 2014).

The fertilizer level and spacing interaction also significantly affect (p<0.05) plant height. The highest value was
observed at interaction 20x20cm spacing and 100kg/ha urea (Table 3). In contrary, plant height on Zea maize increased
significantly with the increase in the rate of nitrogen application and inter row spacing. The increases in plant height with
respect to increased N application rate could be due to the maximum vegetative growth of the plants under higher N
availability. At wider spacing there is low competition for growth resources and plant height increased with lower plant
densities (Mechi, 2015). Similarly, Olanite, et al. (2010) on Sorghum reported as, plant height was greater at less dense
row spacing that received 120 and 180 kg N/ha).

Table 3: Plant Height

Days

Fertilizer (kg/ha) 90 105 120 135 150 165

0 4.83° 5.2° 14.5° 18.88° 21.36° 33.13°
50 5.55° 6.47° 17.55° 20.3% 23.47° 34.33°
100 6.932 8.372 22.05° 21.61° 28.77% 41.24°
P-value <0.001 | <0.001 <0.001 <0.001 <0.001 <0.01

Spacing (cm)
20x20 8.942 9.472 22.59° 24.25° 28.03% 41.92°
30x40 5.09° 5.87° 17.59° 21.48° 23° 36.22°
40x60 4.94° 5.53° 17.00° 17.51° 25.14° 34.25°
50x80 4.11° 5.84° 14.96° 17.81° 21.96° 36.77°
P-value <0.001 | <0.001 <0.001 <0.05 <0.001 <0.001
Fertilizer * Spacing

0 * 20x20 46.16° 6.32¢4€ 16.77%¢ 19,17 %def 21.55%f 36.32°
0*30x40 4,220 4.85% 15¢f 21.11b« 21.17%f 36.33°
0*40x60 5.05¢f 4.339 13.44% 15.89f 22.22%f | 32,99°¢
0*50x80 3.88 5.29¢7 12.789 19.44bcdef 20.55°f 36.55°
50*20x20 8.33° 8.42° 16.78%¢ 23.55° 22cdef 28.66°
50*30x40 5.16%¢ 5, 7200 18P 20.33bcde 23cdef 36.33°
50*40x60 4,33%f 5.530€f 19.22° 20, 22bcde 29.11° 37.33°
50*50x80 4,390%f 6.22%% 16.22%¢ 17.17%f 19.77° 34.99°¢
100*20x20 12.332 13.682 34.22° 30.11° 40.55? 60.772
100*30x40 5.89° 7.03° 19.7° 22.99°¢ 24.89% 32.99°¢
100*40x60 5.44° 6.74% 18.33" 16.44° 24.11% 32.44°¢
100*50x80 4.05°f 6.03¢def 15.88% 16.89%f 25.55° 38.77°
p-value <0.001 | <0.001 <0.001 <0.001 <0.001 <0.001
CVv 115 10.64 6.68 10.96 8.26 9.8

SE 0.66 0.71 1.2 2.22 2.02 3.66
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20x20cm, 30x40cm, 40x60cm, 50x80cm are spacing between plant*between raw, 0= Okg/ha urea, 50= 50kg/ha
urea, 100= 100kg/ha urea, CV = coefficient of variation, SE = standard error, means with different letters at same category

are indicated significant different, whereas means with the same letters showed non-significant
Leaf Number per Tiller

Number of leaf per tiller was significantly (p<0.05) affected by spacing, fertilizer level and their interaction (Table 4). The
highest leaf number per tillier was recorded at highest (100kg/ha) fertilizer levll as compared to other levels of urea. This
indicates the number of leaf per tiller was increased as fertilizer level increased; may be due to as fertilizer level increase
the soil fertility also increased. The highest leaf number per tiller was recorded at wider spacing (50x80cm) with 100kg/ha
urea, this may be due to the reduction of competition of adequate ventilation and nutrients between plant which increased

by increasing urea level; this enhance formation of new leaves.

The spacing between plant and raw was also significantly (p<0.05) affect the leaf number per tiller which
increased as spacing become wide, this may be because of as spacing is wide the plants absorbed soil nutrients freely and
they become vigorous. The maximum mean was recorded at wider as compared to narrow spacing (Table 4). In wider
space the plants have less competition of light, moisture, space, nutrient and the individual tiller become branching of

leafy. However, effect of planting patterns was not significant affect leaf number per tiller (Birhanu, 2005).

Table 4: Leaf Number per Tiller

Days

Fertilizer (kg/ha) 90 105 120 135 150 165
0 3.06° 4.72 5.43° 5.45P 5.75° 7.24
50 3.13° 4.76 5.64° 6.00% 6.36° 7.3
100 4.34° 5.09 6.27° 6.28° 7.332 7.52
P-value <0.001 >0.05 <0.01 <0.05 <0.05 >0.05
Spacing (cm)

20x20 3.07 4.27° 5.36° 5.33 6.03° 6.44°
30x40 3.54 4.83° 5.59° 5.7 6.18° 7.21°¢
40x60 3.61 52 5.77° 6.18 6.59% 7.51%
50x80 3.83 5.332 6.42 6.41 7.112 8.257
P-value >0.05 <0.05 <0.01 >0.05 <0.001 | <0.01

Fertilizer * Spacing

0 * 20x20 2.38° 4cd 5.33¢% 5.33 5.77° 6.55
0*30x40 3.59vcd 4.66° 5.11¢% 4.67° 5.66° 7.44
0*40x60 3.29bcde 4,89 5.11¢% 5.33 5.44° 6.77
0*50x80 3ede 5.33° 6.223cd 6.44% 6.11°° 8.22
50*20x20 2.58¢% 5.11° 5.660¢% 5.22b¢ 5.88° 6.1
50*30x40 2.75% 5P 5e 6.55% 6° 7.44
50*40x60 3.92v¢ 4,89 5.89acde 6.78% 6.78 8.44
50*50x80 3.27bcde 4 gabede 5.44°¢ 6.78 7.22
100*20x20 4.25% 3.72¢ 5.11¢% 5.44°¢ 6.44°° 6.66
100*30x40 4.27® 4,77 6.67% 5.89%°¢ 6.89% 6.77
100*40x60 3.62bcd 5.22° 6.33%°¢ 6.44% 7.55% 7.33
100*50x80 5.222 6.66° 7° 7.33% 8.442 9.33
p-value <0.001 <0.001 <0.05 <0.05 <0.01 >0.05
CVv 17.28 10.79 10.5 13.55 11.81 12.76
SE 0.6 0.52 5.78 0.8 0.76 0.93
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20x20cm, 30x40cm, 40x60cm, 50x80cm are spacing between plant*between raw, 0= Okg/ha urea, 50= 50kg/ha
urea, 100= 100kg/ha urea, CV = coefficient of variation, SE = standard error, means with different letters at same category

are indicated significant different, whereas means with the same letters showed non-significant
Leaf Number per Plant

Inter raw and intra raw spacing, fertilizer levels, and their interaction was significantly (p<0.05) affect leaf number per
plant (Table 5). The number of leaf per plant was increased as fertilizer level increased. This may be due to higher number
of tiller per plant was recorded at this level as a result of increasing soil fertility and soil nutrient. Contrary to this, number
of leaves per plant of Rhodes grass was not significantly affected by fertilizers. The non significant response obtained in
this study may be due to the previous experiments in the site and the different agronomic practices done on it (Ahmed et
al., 2013). The highest leaf number per plant was recorded at wider spacing (50x80cm) with 100kg/ha urea, this may be
due to the reduction of competition of adequate ventilation and nutrients between plant which increased by increasing urea

level; this enhance formation of new leaves.

Spacing between plant and raw was also significantly (p<0.05) affect leaf number per plant. The number of
leaf per plant was slightly increased as spacing become wider; this may be due to higher tillering and less
competition between plants. The value collected at narrow spacing (20x20cm) was lowest as compared to wider
spacing (50x80cm) spacing (Table 5). The present result agree with the result observed by Lulie and Chala (2016),
who reported that the higher leaves number per hill was observed at wider intra and inter row spacing. The increased
leaf number per hill at wider row spacing probably due to higher tiller number of lemongrass at larger intra and inter
row spacing. Contrary to this, leaf humber per plant, which in part, determines the photosynthetic capacity of the
plants, was not significantly affected by plant spacing (Birhanu, 2005; Genet et al., 2017). Similarly, no significant
differences in number of leaves per plant between plant spacing were reported. This could be attributed to difference

in environmental conditions (Martin ceasar lolia lamina, 2007).

Table 5: Leaf Number per Plant

Days

Fertilizer (kg/ha) 90 105 120 135 150 165

0 18.17¢ 42° 103.69° 113.9° 184.71° 338.82°

50 25.25° 51.81° 121.43° 139.5° 205.68" 562.062

100 36.47° 71.442 151.29% 165.72 284.082 649.05°

P-value <0.001 | <0.001 <0.001 <0.001 <0.001 <0.001

Spacing (cm)

20x20 18.42° 36.51° 103.41° 88.45° 152.95¢ 368.62°

30x40 21.8° 41.83 110.76° 110.47¢ 186.16° 502.12°

40x60 26.74° 55.57° 123.8° 149.02° 257.25° 564.5%

50x80 39.572 86.45° 163.9 210.85% 302.952 631.292

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Fertilizer * Spacing

0 * 20x20 10.58¢ 31.61b¢ 99.88¢ 97.78% 127.12f 230.04

0*30x40 21.21b% | 40,04 92.56¢ 96.22¢¢ 174.07°" | 389.67%f
0*40x60 19.24%4 | 46.38° 93.76¢ 106.88% | 252.42° | 343,06
0*50x80 21.67°% | 49,99 | 12855°¢ | 154.71° | 185.25%f | 392520
50*20x20 16.45% | 52,79k | 111.13«@ 78.38° 161.58°" | 426.82%f
50*30x40 21.22b4 | 54,05 91.48¢ 134.43% | 179.64%" | 546.47°%
50*40x60 35.57° 59.39° 159.98° 211.62° | 211.72°% | 630.56"
50*50x80 27.75°° | 41.04> | 123.12% | 13357% | 269.78" 644.39°
100*20x20 28.24b¢ 25.13° 99.23¢ 89.2¢ 170.15°F | 449.01¢%¢
100*30x40 22.96° 31.4¢ 148.23 | 100.76% | 204.77°% | 570.32°«
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Table 5 (Contd.,)
100*40x60 25.41°¢ | 60.96° 117.65°% | 128.57% 307.6° 719.88%®
100*50x80 69.28% 168.29% 240.032 344.272 453.81° 856.972
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Ccv 30.83 28.42 19.52 17.67 17.72 20.4
SE 8.21 15.66 24.49 24.69 39.84 10.39

20x20cm, 30x40cm, 40x60cm, 50x80cm are spacing between plant*between raw, 0= Okg/ha urea, 50= 50kg/ha
urea, 100= 100kg/ha urea, CV = coefficient of variation, SE = standard error, means with different letters at same category

are indicated significant different, whereas means with the same letters showed non-significant
Leaf Length

Leaf length was significantly (p<0.05) affected by spacing at 90, 105, 120 and 165 sampling day; but not significant at
other days. In this study the longest leaf length was recorded at narrow inter and intra-raw spacing (20x20cm) with value of
and smallest at wider spacing (50x80cm) (Table 6). This may be due to that; in narrow spacing the plant competition was
high which increase individual weak leaf length but not number. This study supported by Genet et al. (2017) reported as
individual leaves were longer at narrow than wider spacing plant spacing. Birhanu (2005) report opposite effect on Bana
grass, where the leaves obtained from the relatively narrow spacing were shorter in length from the leaves obtained on
plants for relatively medium and wider planting patterns.

The fertilizer level also highly (p<0.01) affect individual leaf length at different sampling, which was increased as
fertilizer level increased from Okg/ha to 100kg/ha (Table 6), this may be urea has ability to increase the absorption of

required nutrient from soil which enhance growth development of leaves.

Leaf length was also significantly (p<0.05) affected by interaction between spacing and fertilizer level. The

longest leaf was recorded at 20x20cm between plant and raw spacing which fertilized with 100kg/ha urea (Table 6).

Table 6: Leaf Length

Days

Fertilizer (kg/ha) 90 105 120 135 150 165

0 11.16° 3.83° 15.97° 16.42° 19.3° 23.24°
50 13.078 14.06° 17.52 17.75® 20.04° 25.1%
100 13.728 16.19° 182 19.142 22.72% 26.12
P-value <0.001 <0.05 <0.01 <0.05 <0.001 | <0.05

Spacing (cm)
20x20 14.062 15.482 18.922 19.03 21.37 27.84%
30x40 12.83% 15.452 17.19° 17.98 21.51 23.99°
40x60 11.96° 15.292 16.62°¢ 16.63 20.46 23.88°
50x80 11.76° 12.59° 15.88° 17.43 19.4 23.55°
P-value <0.01 <0.05 <0.001 >0.05 >0.05 <0.01
Fertilizer * Spacing

0 * 20x20 11.96%¢ 14.22% | 16.44%¢ 15.77% 19.22" 22.9°
0*30x40 10.66% 14.44® | 16.57*¢ | 18.06®¢ | 18.89 24.5°
0*40x60 11.18% 14.55% 15.64% 15.44% 18.66" 22.9°
0*50x80 10.84% 12.11° 15.22¢ 16.42% 20.44° 22.4°
50*20x20 15.228 14.78® 19.55% 20.66% 20.66° 26.9°
50*30x40 14.76® 14.7% 17.33% | 18.11%°¢ | 21.66® 23.2°
50*40x60 10.61° 13.44® 15.89% 18.33%¢ | 21.16® 24.3°
50*50x80 11.7% 13.33% | 17.22%e 13.88¢ 16.67° 25.8°
100*20x20 15% 17.442 20.782 20.66% 24.22° 33.5%
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100*30x40 13.092bcd 17.222 17.66°% 17.77° 242 24.2°
100*40x60 14.05%¢ 17.772 18.33%¢ 16.11% 21.55® 24.3°
100*50x80 12.74%d | 12 33® 15.22¢° 22?2 21.11%® 22.3°
p-value <0.001 >0.05 <0.01 <0.01 <0.001 <0.01
CVv 10.02 16.41 6.87 11.69 8.34 9.9

SE 1.26 2.41 1.17 2.07 1.72 2.45

20x20cm, 30x40cm, 40x60cm, 50x80cm are spacing between plant*between raw, 0= Okg/ha urea, 50= 50kg/ha

urea, 100= 100kg/ha urea, CV = coefficient of variation, SE = standard error, means with different letters at same category

are indicated significant different, whereas means with the same letters showed non-significant

Leaf Area

The data regarding leaf area showed that the main effect and interaction of fertilizer level and plant and raw spacing effect

was no significant (p>0.05) on leaf area (Table 7). The leaf area was ranged from 24.87 cm? to 30.27 cm?. This result is

similar with Mechi (2015), where data regarding leaf area showed that the main effect and the interaction effect of N level

and inter row spacing had no significant effect on maize leaf area. Similarly, no significant difference between plant

spacing on leaf area was detected among the different spacing levels (Martin ceasar lolia lamina, 2007). Contrary to this,

plant leaf area was affected significantly as observed between the highest and lowest populations. The leaf area reduced

with closer plant density (Ukonze et al., 2016).

Table 7: Leaf Area

Days
Fertilizer (kg/ha) 90 105 120 135 150 165
0 13.57° | 20.38 | 27.02 24.45 28.54 | 38.78
50 18.29* | 2155 | 26.26 26.78 32.32 | 40.99
100 17.63* | 24.71 | 28.02 27.24 34.82 | 41.93
P-value <0.05 >0.05 | >0.05 >0.05 >0.05 | >0.05
Spacing (cm)
20x20 18.12 25.02 | 30.71 27.12 31.9 44.1
30x40 18.39 23.64 | 27.83 26.08 33.31 40.1
40x60 16.04 224 23.95 26.24 32.79 | 38.83
50x80 13.44 17.79 25.9 25.18 29.58 | 39.23
P-value >0.05 >0.05 | >0.05 >0.05 >0.05 | >0.05
Fertilizer * Spacing
0 * 20x20 13.02 23.71 | 3141 22.89¢ 27.95 | 38.16
0*30x40 14.16 21.05 | 25.69 26.17% | 29.26 | 39.95
0*40x60 14.17 20.13 | 24.08 23.73%¢ 27.3 39.8
0*50x80 12.95 16.62 26.9 253¢ 29.68 | 37.22
50*20x20 22.51 23.82 | 29.92 32.21° 31.77 | 42.84
50*30x40 22.42 23.66 | 29.77 25.89%¢ | 35.33 | 40.66
50*40x60 14.22 21.46 | 20.85 31.06® 37.3 37.34
50*50x80 14.03 17.27 | 24.51 17.97¢ 24.86 | 43.16
100*20x20 18.83 27.53 | 30.82 26.26® | 35.98 | 51.29
100*30x40 18.58 26.23 | 28.03 26.2%¢ 35.34 39.7
100*40x60 19.72 25.61 | 26.93 23.91% | 33.76 | 39.35
100*50x80 13.35 1949 | 26.31 32.58? 34.19 | 37.35
p-value >0.05 >0.05 | >0.05 <0.05 >0.05 | >0.05
CVv 25.2 24.73 | 22.93 17.53 19.62 | 17.49
SE 4.15 5.49 6.21 4.58 6.26 7.09
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20x20cm, 30x40cm, 40x60cm, 50x80cm are spacing between plant*between raw, 0= Okg/ha urea, 50= 50kg/ha

urea, 100= 100kg/ha urea, CV = coefficient of variation, SE = standard error, means with different letters at same category

are indicated significant different, whereas means with the same letters showed non-significant
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