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ABSTRACT: Two indigenous rangeland forage species, Cenchrus ciliaris and Coelachyrum piercei, were investigated for their response to
varying inter-row (50 and 100-cm) and inter plant spacing (25, 50 and 100-cm) under drip irrigation along with the perennial popular forage,
Rhodes grass (Chloris gayana). Expression of traits, such as plant stand, plant height, number of tillers, number of panicles and seed yield,
differed under varying inter-row and inter-plant spacing in different harvests. The grass species produced higher seed yield due to less
interplant competition under wider (100-cm) than under narrow row (50-cm) spacing. Chloris gayana produced highest mean seed yield in
wider inter-plant spacing (100-cm) under both inter-row spacings, viz. 100-cm (488 kg/ha) and 50-cm (449 kg/ha), followed by Cenchrus
ciliaris (449 kg/ha under 100-cm and 377 kg/ha under 50-cm row spacing) and Coelachyrum piercei (274 kg/ha under 100-cm and 210
kg/ha under 50-cm row spacing). In respect of seed quality for samples harvested selectively or in bulk, the three grasses showed very low
germination when tested immediately (1-2 weeks) after harvest, not only for bulk seed (0 to 1.5%) but also for selected seed (0.8% to 2.8%).
Mean germination of grass species recorded after 12 months of harvests was significantly greater (53 %) than that recorded after 5 months
(34 %) of harvests. Of the three grass species, Cenchrus ciliaris recorded significantly (p<0.01) highest germination % (50 %) followed by
Chloris gayana (41 %) and Coelachyrum piercei (39 %). Selected seeds had significantly (p<0.01) higher germination (53 %) than bulk
seeds (33 %).

Keywords: Grass species, Cenchrus ciliaris, Chloris gayana, Coelachyrum piercei, spacings, growth attributes, seed yield, germination,
Sultanate of Oman.

Introduction

The Sultanate of Oman has a large area of rangelands collected under the International Center for Agriculture
especially in the Dhofar mountain areas of South Oman and Research in the Dry Areas (ICARDA) Arabian Peninsula
the mountains of the North Oman. More than 90 germplasm  Research Program (APRP) between 1998 and 2002. These
samples of different indigenous forage species have been are part of the local genetic diversity and are under use by
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Table 1. Values of some physical and chemical characteristics of
the experimental soil at the Livestock Research Center, Rumais.

Chracteristics

Physical:
Coarse sand (%) 21.70
Fine sand (%) 63.00
Silt (%) 3.90
Clay (%) 11.40
Texture Sand
Chemical:
EC (1:5)dS 5.70
pH (1:5) 7.80
Soluble Cations (meq./100g)
Na 65.90
K 0.77
Soluble Anions (meq./100g)
Cl 59.50
N (%) 0.04
Av.P (meq./100g) 15.76

grazing animals. Rangeland grass or pasture species
appear to have been neglected as material for investigation,
especially concerning the agronomic aspects of seed
production. As grass species have evolved as perennials
for vegetative forage yield, they have very low seed
productivity (Chatterjee and Das, 1989 and Boonman,
1972). As such, the productivity and availability of seeds
in the inflorescence per se at harvest have been observed
to be important factors in the seed production of any grass
species (Chatterjee and Das, 1989: Loch and Clark, 2000).
Plant density is less meaningful in perennial pasture species
as subsequent branching or tillering can compensate more
rapidly for low plant density establishment. However,
row spacing, continued cultivation and thinning of stands
provide means of influencing shoot density (Humphreys,
1978).

Row culture has been recommended for many tropical
pasture species. Owen (1951) found Paspalum dilatatum to
give a seed yield of 182 kg/ha in row culture as compared
to 139 kg/ha in broadcast swards. Some studies have
demonstrated merits of low seeding rates or wide spacing
for perennial grass seed crops (Evans, 1959 and 1962;
Lambert, 1963). Low plant density tends to produce high
fertility of tillers and more efficient seed production, since
barren shoots contribute little to developing grain. On
the other hand, in annual pasture crops like Stylosanthes
humilis, Shelton and Humphreys (1971) found that the
seed rate and the row spacing had special significance in
balancing seed yield. Seed yield was highest to the extent
of 690 kg/ha at an optimum density (850 plants/ m?),
whereas both very low (10 to 250 plants/ m?) and very
high densities (3800 plants/ m?) reduced seed yield.

Indigenous rangeland grass species, being more
palatable for grazing animals and favoured by herders,
are decreasing in the rangelands. In order to popularize
these pasture species for cultivation under existing fodder
production systems or re-vegetation of barren rangelands,
seed production methods have to be standardized for

specific irrigation system towards maximization of seed
yield. Investigations were therefore undertaken over
2001-2003 under ICARDA-APRP in these two indigenous
rangeland species and existing forage species under drip
irrigation. The objective was to study the effect of inter-
row and inter-plant spacing on the seed yield and related
characters and to select appropriate inter-row and inter
plant spacings to produce maximum seed yield.

Materials and Methods

The grass species under study included two indigenous
rangeland forage species, Buffel grass-Cenchrus ciliaris
L. (UAE) and Coelachyrum piercei L. (UAE), collected
under [CARDA-APRP Phase-I (Peacock et al., 2000) and
Rhodes grass (Chloris gayana Kunth.)- Katambora. The
trial was set out in a modified three factor Randomized
Complete Block Design, with three replications involving
three grass species as the first factor, two inter-row spacing
(50 and 100-cm) as the second factor and three inter-plant
spacing (25, 50 and 100-cm) as the third factor. This was
done under drip irrigation on a site consisting of sandy soil
at Livestock Research Station, Rumais (Table 1). There
were three and two four-meter rows per plot respectively
at 50 and 100-cm spacing.

Four to five seeds were sown just within 2.50 cm
depth of sandy soil (Table 1) at drip points. Ten to fifteen
granules of systemic insecticide, Carbofuron (Furadon)
were broadcast around each hill to protect seeds from
ants. The crop was fertilized with 150 kg N, 150 kg P,O,
and 150 kg K O per hectare per year in the form of urea,
triple super phosphate and potassium sulfate. The entire
quantities of potassium and phosphate fertilizers were
applied after the establishment of seedlings while 1/3 N
was applied in two split doses - 1/2 N with P and K or after
each harvest and remaining 1/2 N at flag leaf emergence.
Nine seed harvests were taken up during the period of
experimentation. The first harvest of the grass species was
taken 125-135 days after seeding, whereas subsequent
harvests were done at intervals of 60-70 days after visual
confirmation of seed formation from the plot samples.

The data on five traits were recorded at harvest: plant
stand (zero to 10 scale (0-100%)), plant height (cm),
number of tillers/ plant, number of panicles per plant and
seed yield (with husk) (g) per plot (Im x 4m). These are
considered as stable and reliable indicators of growth. The
plant stand of each plot was scored on a recommended
scale of zero to 10, where score multiplied by 10 indicates
plant stand in percentage. Plant height (cm) from ground
to tip of the panicle and number of panicles were recorded
on five randomly selected plants, whereas seed yield was
recorded from the plants of three random sites of 1 m? in
each plot.

The data were subjected to ANOVA considering
harvests, inter-row spacing, inter-plant spacing and grass
species as factors using the MSTAT-C computer program
(Gomez and Gomez, 1984). The bulk seed and selected
seed samples of each harvest were tested for germination
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using the Top of Paper (TP) method with five replications
(Agrawal, 1980) not only at harvest but also after five and
twelve months of each harvest. The data on germination
were subjected to ANOVA, considering harvests, seed
type, time of test and grass species as factors. The
comparisons of means were made using corresponding
LSD’s for the factors and interactions whose effects were
found significant.

Results and Discussion

Table 2 shows the ANOVA with respect to plant stand
(%), plant height (cm), number of tillers / plant, number of
panicles / plant and seed yield (kg/ha). In respect of plant
stand the main effects of all factors and effects of 2- factor
interactions (harvest x inter-row spacing, harvest x inter-
plant spacing, harvest x grass species, inter-row spacing
x grass species and inter-plant spacing x grass species)
and that of one 3-factor interaction (such as harvest x
inter-row spacing x grass species) were highly significant
(p<0.01). In the case of plant height, the main effects of
all factors, effects of 2- factor interactions (harvest x inter-
row spacing, harvest x inter-plant spacing, harvest x grass
species and inter-row spacing x grass species), effects of
two 3- factor interactions (harvest x inter-row spacing x
grass species and inter-row spacing x inter-plant spacing x
grass species) and also the effect of four factor interaction,
were highly significant (p<0.05).

For number of tillers, the main effects of all factors
and their interactions except the effects of one 2-factor
interaction (harvests x inter-plant spacing) and one 3-
factor interaction (harvest x inter-plant spacing x grass
species) and that of 4-factor interaction, were significant
to a highly significant (p<0.01).

In number of panicles, effects of the main factors and
effects of four 2- factor interactions (inter-row spacing
X inter-plant spacing, harvests x grass species, inter-row
spacing x grass species and inter-plant spacing x grass
species) and also effects of two 3-factor interactions
(harvest x inter-row spacing x grass species and inter-row
spacing x inter-plant spacing x grass species) were highly
significant (p<0.05). In respect of seed yield (with husk),
all the main effects and all the effects of interactions,
except that of two 2-factor interactions (inter-row spacing x
inter-plant spacing and inter-row spacing x grass species),
were highly significant (p<0.05) (Table 2).

There was differential expression of the traits in the
three grass species under varying inter-row and inter-plant
spacing. Table 3 depicts the means over nine harvests of
five characters studied under two inter-row and three inter-
plant spacings. Only the significant interactions involving
grass species with other factors have been discussed.

Plant Stand (%)

Chloris gayana and Cenchrus ciliaris appeared more
persistent as evidenced by higher mean plant stands
over harvests during period of experimentation. Chloris
gayana had significantly (p<0.05) higher mean plant stand

(91.7 %) than Cenchrus ciliaris (88.1 %) under inter-row
spacing of 100-cm. However, there was no significant
difference (p>0.05) between the plant stands of Chloris
gayana (90.7 cm) and Cenchrus ciliaris (90.8 cm) under
inter-row spacing of 50-cm (Table 3). Coelachyrum piercei
was less persistent with low plant stands. In general, plant
stands persistency of all grass species was of higher order
under inter-row spacing of 100-cm. This is also evidenced
by significantly (p<0.05) higher mean value of plant
stands (87.7%) found under inter-row spacing of 100-cm
than that under 50-cm (82.6 %) (Table 3).

Plant Height

Among the grass species, both Cenchrus ciliaris and
Chloris gayana had recorded mean plant height of over
100 cm, significantly different (p<0.05) to Coelachyrum
piercei (62.6 to 72.7 cm) in both the row-spacings (Table
3). Cenchrus ciliaris had significantly higher mean plant
height (p<0.05) of 114.5 cm at 100-cm row spacing than at
50-cm row spacing (110.5 cm). On the other hand, Chloris
gayana had no differential response to two row-spacings
(p>0.05) in respect of plant height (Table 3). Interplant
spacings had no significant effect in either of the row
spacings with respect to mean plant height over harvests
(Tables 2 and 3). Cenchrus ciliaris had significantly higher
values of plant height under all interplant spacings in both
the row spacings than Chloris gayana and Coelachyrum
piercei. In respect of the effect of the row spacing, 100-cm
row spacing had significantly higher (p<0.05) mean plant
height (96.9 cm) than 50-cm (92.4 cm) (Table 3). There
existed highly significant effects of 3-factor interaction
involving grass species, row and plant spacings (Tables
2 and 3). As a result, Cenchrus ciliaris was found to show
significantly (p<0.05) the highest plant height in inter-
plant spacing of 100 cm under both inter-row spacings
viz. 100-cm (115.5 cm) and 50-cm (113.8 cm), followed
by Chloris gayana that had 106.7 cm at 100-cm and 104.6
cm at 50 cm row spacing (Table 3).

Number of Tillers/Plant

Among the grass species, there were differential patterns
of tillering depending on row spacing. Cenchrus ciliaris
excelled significantly (p<0.05) in tillering as compared
to other two species and exhibited similar patterns of
tillering, irrespective of row-spacing, as evidenced by
the highest mean number of tillers found in 50-cm (101)
and 100-cm (111) (Table 3). Conversely, Chloris gayana
and Coelachyrum piercei exhibited differential tillering,
depending on the row-spacing. Chloris gayana was able
to produce more tillers, to the extent of 109 in wider
(100-cm) row-spacing than that (77 tillers) in narrow row-
spacing (50-cm), whereas Coelachyrum piercei showed
heavy tillering (101 tillers) in narrow row-spacing while
it was lower in tillering (86 tillers) in wider row-spacing.
Among the row-spacings, the mean number of tillers in
100-cm (102) was significantly (p<0.05) higher than
in 50-cm (93). Among the inter-plant spacings, grasses
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showed the significantly highest production of tillers in
25-cm spacing (98 tillers) as compared to others under 50-
cm row spacing, whereas the highest number of tillers was
found in 100-cm inter-plant spacing (110 tillers). This was
significantly different to the tillers produced in inter-plant
spacings viz. 50-cm (101 tillers) and 25-cm (96 tillers).
In respect of tillers, a high significant effect of 3-factor
interaction was found involving grass species, row and
plant spacings (Tables 2 and 3). As a result, Cenchrus
ciliaris (109 tillers) and Coelachyrum piercei (109 tillers)
were found to produce significantly (p<0.05) more tillers
in inter-plant spacing of 25 cm than in others under 50-
cm row-spacing where as Cenchrus ciliaris produced
the significantly (p<0.05) highest number of tillers (126)
followed by Chloris gayana (115) in inter-plant spacing of
100 cm as compared to others (Table 3).

Number of Panicles/Plant

The mean number of panicles over nine harvests in
wider row-spacing (100-cm) was significantly (p<0.05)
higher (73) than that (57) in narrow row-spacing (50-cm)
(Table 3). Chloris gayana and Cenchrus ciliaris produced
significantly (p<0.05) more panicles to the extent of
78 and 76, respectively than Coelachyrum piercei (65)
under wider row-spacing (100-cm). On the other hand,
Cenchrus ciliaris (61) and Coelachyrum piercei (61)
produced significantly more panicles than Chloris gayana
under narrow row-spacing (50-cm). Among the inter-
plant spacings, grasses showed the significantly highest
production of panicles in 100-cm spacing to the extent
of 59 and 81 panicles, as compared to others, under 50-
cm and 100-cm row spacings, respectively. There was
also a significant effect of 3-factor interaction involving
grass species, row and plant spacings (Tables 2 and 3).
As a result, Cenchrus ciliaris was found to produce
significantly (p<0.05) more panicles (63) in both inter-
plant spacings of 25-cm and 100-cm under 50-cm row-
spacing, whereas Cenchrus ciliaris produced significantly
(p<0.05) more panicles (90), followed by Chloris gayana
(83), in inter-plant spacing of 100 cm, as compared to
others (Table 3).

Seed Yield (with husk)/ ha

Mean seed yield of the grass species was significantly
highest (386.0 kg/ha) in wider row spacing (100-cm)
as compared to 329.4 kg/ha in narrow row-spacing.
The seed yield of three grass species and the seed
yield in three inter-plant spacings were found to be not
significant (p>0.05) under both row-spacings (Table 3)
as 2-factor interaction effects involving row-spacing and
grass species, and row-spacing and inter-plant spacing
were not significant (p>0.05) (Table 2). However, there
were significant (p<0.05) effects of 3-factor interaction
involving grass species, row and plant spacings (Tables 2
and 3). As a result, Chloris gayana was found to produce
the significantly (p<0.05) highest seed yield in inter-plant
spacing 100-cm to the extent of 449 kg/ha and 488 kg/ha,

followed by Cenchrus ciliaris that produced 377 kg/ha
and 449 kg/ha, respectively, under both 50-cm and 100-
cm row-spacings (Table 3).

Germination %

Table 4 shows germination percentage of bulk and selected
seed samples of three grass species recorded after about
five and twelve months of nine harvests along with relevant
statistical parameters. The results indicated that the main
effects all the factors, viz. harvests, seed type, time of test
and grass species, effects of 2-factor interactions such as
harvests x time of test, harvest x grass species and time of
test x grass species and a 3-factor interaction viz. harvests
x time of test x grass species, were highly significant
(p<0.01). The results of germination reflect the quality of
seed that could be produced in two kinds of harvest usually
employed by seed growers: selective or bulk harvest. All
three grass species showed very low germination % when
tested immediately (1-2 weeks) after harvest not only for
bulk seed (0 to 1.5%) but also for selected seed (0.8% to
2.8%). However, germination percentage was gradually
improved further on storage at room temperature. This
is evident by the fact that mean germination percentage
of grass species recorded after 12 months of harvests was
significantly (p<0.01) greater (52.62%) than that recorded
after 5 months (33.67%) of harvests. This indicates that
dormancy exists in freshly harvested grass seed, which
gets broken down gradually depending upon the longevity
of storage of seed.

Of the three grass species, Cenchrus ciliaris recorded
significantly (p<0.01) the highest germination % (49.68 %),
followed by Chloris gayana (41.05%) and Coelachyrum
piercei (38.71%). Selected seed had significantly (p<0.01)
higher germination % (53.21%) than bulk seed (33.08%)
(Table 4). Lower germination percentage in bulk seed
could be attributed to inclusion of immature seed of late
formed panicles, possible loss of viable good quality
seed due to shattering and possible loss of viability of
a fraction of seed due to delay in harvesting the seed
(Nadaf et al., 2004). This is not unexpected, as harvesting
good quality seed is a major problem faced by grass seed
growers. Grass seed growers often face substantial loss of
good quality (viable) seeds while harvesting due to lack
of knowledge about the appropriate harvesting time. It
has been observed that some tropical grass species may
produce good yields of seeds to the extent of 1000 kg/ha
and above, but only a small proportion (perhaps 5-7% in
Setaria anceps) is commercially recoverable (Chatterjee
and Das, 1989).

In expanding the cultivation of perennial forage species,
a limited supply of good seeds is an important constraint,
which is also relevant to under-exploited indigenous
rangeland pasture species. In developing better technology
for seed production of pasture species, agronomic practices
need to be devised which assist the seed producers to
realize the yield potential of the rangeland pasture species.
The results of the present investigation over nine harvests
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Table 4. Mean germination % of bulk and selected seed samples of three grass species recorded after five and twelve months of nine
harvests.

Time of Cenchrus ciliaris Coelachyrum piercei Chloris gayana Mean over grass species
Harvests Test Bulk  Selected Mean Bulk  Selected Mean Bulk  Selected Mean Bulk  Selected Mean
(After) seed seed seed seed seed seed seed seed

5 mo 28.20 48.10  38.15 25.20 4530 3525 1835 38.15 2825 2392  43.85
12 mo 58.27 7827 6827 4327 63.27 5327 3737 5737 4737 4630  66.30

Sept 01
Mean 43.24 63.19  53.21 34.24 54.29 4426 27.86 47.76 37.81 35.11 55.08 45.10
5 mo 26.25 46.25 36.25 23.56 43.56  33.56 2275 4275 3275 2419 44.19
1 12 mo 49.35 69.35 59.35 34.33 5433 4433  48.66 68.66  58.66 44.11 64.11
Jan - Feb 02

Mean 37.80 57.80 47.80  28.95 48.95 38.95 35.71 55.71 4571 3415 5415 44.15

- 5 mo 31.21 5111 41.16  26.32 46.15  36.24 2135 4133 3134 2629  46.20

Apr - May 12 mo 50.38 70.38  60.38 31.67 51.67 41.67 4933 69.33 5933 4379  63.79

02 Mean 40.80 60.75  50.77  29.00 4891 38.95 3534 5533 4534 35.04 55.00 44.02

5 mo 27.25 47.13  37.19 19.35 3922 2929 1736 3731 2734 2132 4122
Tul - xg 02 12 mo 61.32 8132 7132 28.13 48.13  38.13 40.67  60.67 50.67 4337  63.37 33

Mean 44.29 64.23 5426  23.74 43.68 33.71 29.02 4899 39.00 3235 52.30 ’

5 mo 26.75 46.33  36.54  24.36 44.15 3426 19.25 39.27 2926 2345  43.25

Oct - Itllov 02 12 mo 52.67 72.67  62.67  39.19 59.19  49.19 3833 5833 4833 4340  63.40
Mean 39.71 59.50 49.61  31.78 51.67 41.72 2879 4880 38.80 3343 5332 43.38

5 mo 29.05 4920  39.13  22.58 4241 3250 2255 42115 3235 2473 4459

Jan —\]?eb 03 12 mo 48.32 68.32 5832 3513 55.13 4513 4379  63.79 5379 4241 62.41
Mean 38.69 58.76  48.72  28.86 48.77  38.81 33.17 5297 43.07 33.57 5350 43.54

VI 5 mo 28.75 48.53  38.64  24.62 44.15 3439 2036 4033 3035 2458 4434

Apr - May 12 mo 37.93 6793 5293 2833 48.33 3833 3933 5933 4933 3520  58.53
03 Mean 33.34 58.23 4579  26.48 46.24 3636 29.85 49.83 39.84 29.89 5143  40.66

— 5 mo 24.26 44.15 3421 18.79 3824 2852 1933 39.46 2940 20.79  40.62

July - Aug 12 mo 52.68 72.68  62.68 27.17 47.17  37.17 37.69  57.69 47.69 39.18  59.18
03 Mean 38.47 58.42  48.44 2298 4271 32.84 2851 4858 3854 2999 4990  39.95

5 mo 27.02 47.08  37.05 23.99 43.63 3381 22.03 4214 3209 2435 4428

Oct -Ilzl(ov 03 12 mo 49.98 69.98 5998  41.79 61.79 51.79 40.67 60.67 50.67 44.15  64.15
Mean 38.50 58.53 4852  32.89 5271 42.80 31.35  51.41 4138 3425 54.22  44.24
Mean over 5 mo 27.64 47.54 3759  23.20 4298 33.09 2037 4032 3035 23.73 43.61  33.67
Harvests 12 mo 51.21 7232 61.77 3433 5433 4433 4176  61.76  51.76 42.44  62.81 52.63

Mean 49.68 38.21 41.05 33.08 53.21

Statistical Parameters:

F-test LSD (at 5% level) F-test LSD (at 5% level)
Harvests woE 1.67 Harvests x Grass species HE 2.90
Seed type ok 0.79 Seed type x Grass species NS
Harvests x Seed type NS - Harvests x Seed type x Grass species NS
Time of test HE 0.79 Time of test x Grass species HE 1.36
Harvests x Time of test ok 2.36 Harvests x Time of test x Grass species Hx 4.09
Seed type x Time of test NS - Seed type x Time of test x Grass species NS
Harvests x Seed type x Time of test NS - Harvests x Seed type x Time of test x Grass species NS
Grass species ok 0.96 CV (%) 8.38



Nadaf and others

indicate that the grass species behave differentially for
their optimum performance in varying inter-row and
inter-plant spacing. This is particularly true for seed yield
(Table 3). Wider inter-row spacing significantly (p<0.05)
influenced formation of more panicles and higher seed
yield, irrespective of grass species (Table 3). Chatterjee
and Das (1989) also speculated that in grass species
like Cenchrus ciliaris, seed crop sown in wider spacing
produces greater seed yield.

In the case of perennial pasture species, low plant
density at establishment results in higher plant densities
later on. The low plant density in the beginning would
lead to high percentage fertility of tillers as each hill of
grass has less or an absence of interplant competition
(Chatterjee and Das, 1989 and Young III ef al., 1998).
In the present study, Cenchrus ciliaris and Rhodes grass
(Chloris gayana), exhibited varying seed yields in the two
inter-row spacings in most of the harvests, perhaps due to
differential response of species to inter-plant competition.
Conversely, Boonman (1972) observed that seed yield
was independent of row spacing in Chloris gayana cv.
Mbarara. In the perennial pastures, however, optimum
plant density and row spacing are influenced by plant
cultivar, soil fertility, moisture supply and age of plant
stand.

The seed yield (with husk) levels of Chloris gayana
and Cenchrus ciliaris found in the present study are
comparable with the seed yield levels reported elsewhere.
Skerman and Rivoros (1989) reported clean (naked) seed
yield of 100-650 and 10-60 kg/ha in respect of Chloris
gayana and Cenchrus ciliaris, respectively, and Chatterjee
and Das (1989) reported seed yield (naked) of 500 to 600
and 100-200 kg/ha in respect of Chloris gayana and
Cenchrus ciliaris, respectively.
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