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Effects of plant spacing and seedling age on yield performance of
short-maturation rice varieties
(Kesan jarak tanaman dan umur anak semaian terhadap prestasi hasil varieti padi
jangka pendek)

A. R. Rafeah* and B. H. Yap**
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Abstrak

Data merangkumi hasil dan empat komponen hasil bagi tiga varieti padi selama

empat musim menanam telah dianalisiskan. Hasil tiga varieti jangka pendek (<

124 hari), Y 790, Y 821 dan Sekencang, dipengaruhi secara ketara olehjarak

tanarnan dan musim. Pada arnnya, perbezaan hasil disebabkan oleh umur anak

semaian tidak ketara. Jarak tanarnan yang lebih rapat iaitu 15 cm x 15 cm telah

meningkatkan hasil sebanyak 26Vo &rbanding dengan jarak tanaman yang biasa

iaitu 25 cm x25 crn. Peningkatan hasil yang diperoleh daripadajarak tanarnan

yang rapat adalah disebabkan oleh lebih banyak bilangan tangkai dan bilangan

biji seunit keluasan ekoran daripada peningkatan populasi tanaman. Terdapatjuga

perbezan yang ketara dari segi hasil dan sebilangan komponen hasil antara

varieti.

Abstract

The data on yield and yield components for three rice varieties over four

cropping seasons were analysed. Yield of the tluee short-maturation varieties (<

124 days), Y 790, Y 821 and Sekencang, was found to be significantly affected

by plant spacing and season. The overall yield difference due to seedling age was

not significant. The closer plant spacing of 15 cm x 15 cm signihcantly increased

the yield by 26Vo as compared with the conventional spacing of 25 cm x 25 cm.

The increase in yield obtained at the closer spacing was mainly due to the larger

number of panicles and spikeles produced per unit area as a result of higher

population density. Significant differences among the varieties in terms of yield

and some yield components were also observed.

Introduction
A new double cropping system with a 1-
month complete fallow period in the dry
season was introduced in the Muda granary
area tI) ensure production of stable high
yields of rice (l.lozaki et al. 1987). The
introduction of short-maturation varieties is

necessary to ensure tle success of this
system and to ease staggering of planting,
and short maturation should be among the
criteria for future selection of varieties
(Nozaki 1984).

However, short-maturation varieties
tend to be associated with low vield.

*Rice Research Division, MARDI Rice Research Station, P.O. Box 105, 05710 Alor Seur, Malaysia
**Techno-Economic & Social Studies Division, MARDI Rice Research Centre, Seberang Perai, l,ocked Bag 203,

13200 Seberang Perai, Malaysra

Authors' full names: Rafeah AMul Rahman and Yap Beng Ho

OMalaysian Agricultural Research and Development lnstitute 1992

t5



Effects of plant spacing and age on rice yield

attributed to insufficient vegetative growth
(Tanaka and Vergara 1967; Yoshida 1977
and 1978). Experiments in IRRI also
indicated that by using very young seedlings
and close spacing a yield of 6 t/ha could be
obtained from short-maturation varieties
(Tanaka and Vergara 1967).

In view of this, an experiment was
initiated to study the effects of plant spacing
and seedling age on the yield performance
of three short-maturation varieties in the
Muda area.

Materials and methods
Field experiments were carried out in
farmers' fields in Tambak Bunga, Muda
during t}te main seasons of 1985, 1986 and
1987 and off-season 1986. The soil in this
area belongs to the Chengai series and is
classified under Class II soil.

Sowing of seed ry35 stnggered to allow
simultaneous transplanting of 15 and 25-
day-old seedlings in 5 m x 5 m treatment
plots. Transplanting was done manually
using 2 seedlings per hill, at an average
depth of 5 cm.

Two plant spacings, 15 cm x 15 cm and
the conventional 25 cm x 25 cm, were
compared using three short-maturation
varieties (< 124 days), Y 790, Y 821 and
Sekencang.

The 12 treatments were arranged in
factorial combinations of 2 seedling ages x 2
spacings x 3 varieties and replicated three
times in randomised complete block design.

Fertilizers were applied at the rat€ of
80:30:20 (N:P'O':I!O) kg/ha with half of
the N (urea) and all the PrO, (triple
superphosphate) and IlO (muriate of
potash) as basal at 15 days after
transplanting (DAT) and ttre remaining N at
panicle initiation stage. Crop protection
mfitsures were carried out when necessary.

Grain yield per plot, exclusive of two
guard rows for the 25 cm x 25 cm spacing
and four guard rows for the 15 cm x 15 cm
spacing, was harvested manually and
adjusted to l4vo moisture content. Yield

components from four random sample hills
per plot were also recorded.

Results and discussion
In the combined analysis of variance over
four seasons, all the factor effects including
seasons are considered to have fixed effecs.
In some annual crops such as maize or
groundnut where their cultivations are often
rotated throughout the years, the seasonal
effects are evaluated as random effects.
However in rice, very clear-cut effects
attributable to two seasons. main and off
have been observed.

In the tests of significance (Table l),
each of the components of variance was
tested against the error mean square of that
variable.

YieW
The yield of short-maturation varieties was
very significantly affected by plant spacing,
variety and season, but the overall mean
difference for the two seedling ages studied
was not significant (Table 1).

The closer plant spacing i.e. 15 cm x 15
cm always resulted in higher yield compared
with conventional spacing of 25 cm x 25 cm
among all the varieties in all the four
seasons (Figure 1). The overall effect of
season on the performance of short-
maturation varieties was also very obvious.
This is revealed by the significantly lower
mean yield in the off-season (OS) 1986
compared with that of the other three main
seasons (MS). fnw yield trend in the off
seasons has been observed in Muda since
1979 both in farmers' fields (Figure 2) and
in experimental plots (A'aini, A.R., MARDI
Alor Setar, pers. comm. 1990). In the off
seasons, the sunshine hours were relatively
long during the early growth stages of the
rice crop but gradually declined as the crop
matured (Figure -i,). The reverse occurred in
the main season resulting in relatively longer
sunshine hours during the reproductive and
ripening stages. Studies had shown that high
solar radiation at reproductive and ripening
stages were necessary for high yield (Tanaka
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Table 1. Analysis of variance

Source of
variation df Yield

Panicle/ Spikeley' % unfilled
hill panicle grain #

1 0 m
grain wt.##

F ratio

Block 8
Variety (V) 2
Plant spacing (P) 1
Seedling age (SA) I
V x P  2
V x S A  2
P x S A  1
V x P x S A  2
Season 3
Season x V 6
Season x P 3
Season x SA 3
S e a s o n x V x P  6
S e a s o n x V X S A  6
S e a s o n x P x S A  3
S e a s o n x V x P x S A  6

c.v. (qa)

2.81* 1.09rs
L49ns 13.89**

639.85** 16.94**
0.l6ns 1 .5lns
3.89* 0.98ns
2.89ns 0.l8rls
3.7lns 0.42ns
1.18rrs 0.15ns
3.63* 3.99*
0.67ns 1.34ns
2.92+ 0.77rs
1.40ns 0.83rs
1.06ns 0.9lns
0.75ns 0.24ns
2.53ns 0.52ns
0.58ns 0.16ns

1639 r7.44

1.67ns ( 1.91 ns)
39;t2** (45.69 **)

2.08rs ( 2.36 ns)
0.00ns ( 0.00 ns)
2.52ns (3.54 *)

0.26ns (0.15 rs)
0.01ns (0.07 m)
0.77m (0.29 ns)

t54.73** (t57.43 **)

7.49** (10.54 **)

1.12ns (1.76 ns)
2.68ns (3.19 *)

0.32ns (0.31 ns)
0.5lns (0.38 ns)
2.99i. 14.03 *)

5.38** (4.69 **)

r3.u (23.65)

1.06ns (1.07 ns)
t29.54** (133.68 **)

1.15ns (1.16 ns)
0.00ns ( 0.01 ns)
3.40* (3.19 *)

2.35ns (2.50 ns)
0.2hs (0.24 ns)
0.58ns (0.51 ns)

20.76** (2t.Sg **1

2.16rs (2.14 ns)
0.55ns (0.50 ns)
0.3lns (0.33 ns)
1.34ns (1.42 ns)
0.58ns (1.44 ns)
l.33ns (0.56 ru)
1.42ns (1.76 ru)

r.93 (3.79)

3.65**
22.77**

187.45**
2.5Ons
2.Mrs
2.5lns
0.11ns
l.0lns

131.32**
4.93*
0.88rs
4.08**
2.48*
8.73**
0.43rs
2.63*

10.08
*p < 0.05
*r.p < 0.01
ns not significant at p= 0.05
#after arcsine transformation
##after square root transformation
( ) actual value
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Figure l. Interaction effects of spacing, variety and season on yield
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and Vergara 1967; Yoshida 1978; Suhaimi
er al. 1987).

There was no significant interaction
between plant spacings and seasons on
yield. However, significant interactions
between varieties and seasons were
indicated by yield performance of the
varieties. Among the varieties tested, either
Y 790 or Y 821 or both had significantly
outyielded Sekencang in all the four
se:Nons.

The occurrence of significant three-
factor interactions, involving seedling age,
variety and season, would suggest the effect
of seedling age under specific conditions.
However, a closer examination of the
results, represented graphically in Figure 4,
indicated that the effect of seedling age was
inconsislent. For example in variety Y 790,

Yield (kg,nla)

5(m
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0
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Figure 2. Mean yield in MUDA (1979-1988)
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Figure 3. Mean sunshine hours in MUDA (1984-i,989)
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older seedlings yielded significantly higher
than younger seedlings only in the first two
seasons of 1985 and 1986, while the results
for these two seasons seemed to favour
younger seedlings of varieties Sekencang
and Y 821. Whereas for most of the other
occasions, the results in Figure 4 showed no
significant yield advantage in the use of
younger seedlings.

It is important to point out that,
sometimes, experimental results can be
affected by external causes which are
beyond control. For example in the MS
1986, the water level in the field during
transplanting was quite high and younger
seedlings were submerged due to their
shorter height. Studies have shown that
seedling height is important in overcoming
the effect of submergence (Anon. 1977 and
1978; Sariam andT,ainal Abidin 1987).

Table 2. Effect ofplant spacing and variety on
panicle number per hill and I Ofi) grain weight*

Variety No. pan./ I 000-
hill grain wt.

1 5 c m x 1 5 c m
Y 790
Y 821
Sekencang

2 5 c m x 2 5 c m
Y 790
Y  821
Sekencang

LSD (57o)

*after square root transformation
( ) actual I 000-grain wt.

1 . 5

1 . 5

15 .8
15.7
14.3

1 . 1

4.76(22.68)
4.66(2r.69)
4.93(24.34)

4.79(22.79)
4.59(21.08)
4.92(24.20)

0.052

r-r Main season
r-r Off season
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Figure 4. Inreraction effects of seedling age, variety and season on yieA

Yield components
Panicle nutnber per hill
The number of panicles obtained per hill
was significantly affected by plant spacing
but there was neither significant varieial
difference nor seedling age effect. Results in
Table 2 showed that the panicle number per
hill was significantly reduced by closer
planting. However, a higher yield was
obtained because of higher plant density
resulting in a larger number of panicles per
unit area (Figure 5).

The significant interactions between
variety and plant spacing can be attributed
to the smaller effect of closer spacing had
on the panicle number per hill of variety
Sekencang; though overall, lhe mean varietal
differences in panicle number per hill were
small (Table 2).

The mean number of panicles pe.r hill
did not vary significantly between seasons
except for the MS 1987 which was found to
be significantly smaller than the other
seasons. No unusual occurrences which
misht. have an effect on the results were
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Table 3. Effect of season on foru yield components

Season
No. panicle/ Spikeley'
hill panicle

Unfilled
gra;n (Vo)

l 000-
grain wt.

Yield
(kglha)

MS 1985
os 1986
MS 1986
MS 1987

Mean
c.v.(qo)
t^SD 5% between
seasons

1 1 . 1
I  1 .8
I  1 .8
10.7

1 1 . 4
t6.4

0.86

110 .0
124.8
119 .8
124.8

119 .9
t7.4

9.65

io.u rrr.r,
33.6 (31.0)
26.9 (20.8)
18.6 (10.5)

24.9 (r8;t)
r3.0 (23.7)

1.50

**
4.77 (22.75)
4,7r (22.20)
4.7s (2257)
4.87 (23.77)

4.77 (22.82)
1.93 (3.8)

0.043

457r
3389
5254
s289

2r4.9
*sin-l sq root proportion of unfilled grain
**sq root I 000-grain wt.
( ) acnral values

Table 4. Effect of variety and season on unfilled grain+

Unfilled grain (9o)

Variety MS 1985 os 1986 MS 1986 MS 1987 Mean

Y 790

Y 82r

Sekencang

LSD SVo = 2.6

19.5
( l  1.6)
20.6

(r2.7)
2r .8

(13.8)

30.8
(26.4)
39.9

(41.3)
30.0

(25.2)

22.9
(15.2)
31 .5

(27.6)
26.2

(1e.6)

16 .9
(8.7)
20.9

(13.0)
1 8 . 1
(9.s;

22.5
(15.5)
28.2

(23.6)
24.0

(17.2)

within seasons or between seasons within variety

* after arcsine transformation
( ) actual value

reported in the MS 1987. However, the
significantly smaller panicle numbr per hill
in ttre MS 1987, compared with the other
seasons, did not seem to have any adverse
effect on yield (Table 3). This could be
attributed to the significantly smaller
percentage of unfilled grain, higher I 000
grain weight and perhaps larger spikelet
number per panicle in the MS 1987
compared with those in the other seasons
(Table 3) which compensated for the lesser
panicle per hill.

Spilelet number per panble
The number of spikelets per panicle varied
significantly according to varieties, plant
spacing and season but seedling age again
had no significant effect. At closer spacing,
the mean spikelet number per panicle

20

produced was 113 which was significantly
less than 127 obtained from wider spacing
(LSD 57o = 6.83).

Among the varieties, Y 821 produced a
mean of 133 spikelets per panicle as
compared with I 14 for Y 790 and ll2 for
Sekencang and this was significant at 5Vo
level (LSD = 8.36 ).

In the MS 1985, the number of spikelets
per panicle produced was significantly
smaller than those in the other three seasons
(Table 3). This could probably explain why
among the three main seasons, MS 1985
also had significantly lower yield.

Unfilled grain
For the combined analysis for percentage of
unfilled grain, the arcsine transformed
values were used.



Generally, plant spacing and seedling
age did not affect the percentage of unfilled
grain in this study. However, there were
significant differences due to variety and
season.

The varietal differences were also
affected by seasons (Table 4). For example
in the MS 1985, the differences among the
varieties were not significant but in the
subsequent seasons, signifi cant varietal
differences appeared. The high percentage of
unfilled grain observed in the OS 1986 is a
common occurence in the off seasons in the
Muda region and may be related to the
lower level of solar radiation available at the
reproductive and ripening srages. This
finding is in agreement with those reported
by Anon. (1976) and Yoshida (1978).

I 000-grain weight
Square root transformation of tlre I 000-
grain weight data was applied to stabilize
the residual variances before the analysis.

Again, significant varietal and seasonal
differences dominated but there were also
different plant spacing effects on varieties
(Table 2 and Table 3). Wider spacing of 25
cm x 25 cm significantly decreased the
I 000-grain weight in variety Y 821 but had
little effect on Y 790 and Sekencang.
According to Anon. (1976), I 000-grain
weight was largely a varietal characteristic.
However, the interaction effect of plant
spacing with variety was small compared
with ttre main effects of variety and season.
Among the seasons, significantly higher
mean I 000-grain weight was recorded in
the MS 1987 than in the other seasons
(Table 3).

Conclusion
Analysis of the yield and yield components
showed that very significant yield increases,
consistently over four cropping seasons,
were achieved by adopting a closer plant
spacing of 15 cm x 15 cm, instead of the
conventional 25 cm x 25 cm plant spacing.
With closer plant spacing, the yield
obuined was26%o or I 061 kg/ha more than

A. R. Rafeah and B. H. YaP

the conventional plant spacing, averaged
over the four seasons.

With mechanization of ransplanting,
the closer plant spacing would not impose
an impractical demand on labour, tttough
about 2.8 times more padi seedlings will be
needed for the 15 cm x 15 cm plant spacing.
Another alternative is direct seeding as
higher population density would also be
achieved with little labour or material
inputs.

In terms of yield, varieties Y 790 and
Y 821 generally performed significantly and
consistently better than Sekencang. As only
one off-season result was available, the
evidence of significant seasonal yield
depression associated with the off-season
crop requires furtrer investigation.

However, there is no significant yield
improvement through the use of younger
seedlings. Thus, for the short-maturation
varieties tested, it implies that 15 n 25-day-
old seedlings can be used. In rice growing
areas with excess water (such as in the
Krian region) since it will be a problem to
transplant younger seedlings, older seedlings
will be of advantage.

Analysis of 0re yield components shows
that the significant yield increase produced
by the closer plant spacing can be largely
attributed to the increase in productive tillers
or panicle number per unit area, though both
the panicle number per hill and spikelet
number per panicle in the closer plant.
spacing have been significantly reduced
when compared with the wider plant
spacing.

Generally, plant spacing does not seem
to have any significant effect on the otJrer
two componens of yield, percentage of
unfilled grain and I 000-grain weight. There
are, however, significant differences in these
two yield components due to the seasonal
effect and varieties.
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