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INTRODUCTION

For early seedling establishment of
transplanted rice, seedlings must be healthy
50 ﬁhat they produce new roots, leaves, and
tillers fast. Little is known, however, about
how early seedling establishment affects
grain yields in the tropics. Early seedling
establishment may insurc a better plant
stand but it does not necessarily insure
high grain yields. For instance, vigorous
seedling growth of a late maturing variety
might lead to early mutual shading which
results in lower yields. Thus for late ma-
turing varieties, delayed growth during the
early stages might even be beneficial during
the wet season since it prevents early
mutual shading. But, for varieties that
have short growth durations, rapid seedling
gbwth is necessary regardless of the crop-
ping season.

_The manner of growing the seedlings
often determines how fast the seedlings
will become established. When farmers
g;cjw their seedlings by ordinary wetbed
nursery method the seedlings are usually
transplanted into the fields wher. they are
1 to 2 months old. The leaves are severely
pruned and the roots are badly damaged
at the time of transplanting, resulting pos-
sibly in delayed establishment. Early seed-

ling establishment does not seem necessary.

since the plunts have more than enough

time to recover. On the other hand, when
farmers grow their seedlings by the “dapog”
system, the seedlings are transplanted when
they are only about 10 days old. In the
dapog system seeds are allowed to germi-
nate on a plain flat surface such as banana
leaves or plastic film. Since no soil is used
in the dapog bed the roots and leaves sus-
tain little damage, hence the seedlings be-
come established early. The dapog system
cuts down the nursery period and shortens
the time of recovery, so it may be better
suited to varieties that have short growth
durations,

At present, farmers in the Philippines
using the dapog method transplant from
two to 40 seedlings per hill. Planting many
seedlings per hill gives better assurance of
no missing hills and good s2edling establish-
ment.

Reports on transplanted rice culture,
using the regular wetbed nursery, showed
that the number of seedlings per hill has
no appreciable effect on grain yield (Khan
& Shafi 1956, Bredero 1964, Ahmed 1967,
Tsunoda, Ishii & Machida 1971, and IRRI
1971). Although the dapog system is be-
coming more and more popular in South-
east Asia, there is no published information
on the effect of various factors on seedling
establishment using the dapog seedlings, and

1 The International Rice Research Institute, Los Bailos, Laguns, Philippines.
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on the relationship between seedling estab:
lishment and grain yield.

MATERIALS AND METHGDS

To prepare seeds for the dapog seed-
bed, they were soaked in water for 24 hours
and then incubated for 48 hours. They were
occasionally mixed so that the emerging
radicles would grow uniformly. Before the
end of incubation, we made a slightly rai-
sed seedbed. The surface of the seedbed
was leveled, packed tightly, and covered
with fresh banana leaves. The sides of the
seedbed were bounded by banana leaf sheaths
pinned to the bed with thin bamboo sticks.
Polyethylene film or concrete beds may be
used instead of banana leaves. The idea is
to prevent the roots {rom penetrating the
soil.

We sowed the germinated seeds at 1
kg/m? over the scedbed and sprinkled them
with water. We splashed the germinated
seeds with water and pressed them lightly
with a wooden board every morning and
afternoon for 5 days to keep the roots in
contact with the banana leaves.

The seedlings were irrigated continual-
ly until they were ready for transplanting,
or were 9 to 11 days old. They were pro-
tected from insects, especially leathoppers,
by spraying them with insecticides. At
transplanting, the mass of seedlings was
rolled like a carpet and brought to the
field.

‘Compared with the conventional me-
thod, the dapog seedbed method saves 20
to 30 man-days per hectare (Pande and
Mittra 1968). The dapog system has other
advantagus, (oo, Less root damage occurs,
only a small area is needed to raise the
seedlings, the costly operation' of pulling
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..the seedlings is eliminated, transport of the

seedlings is simplified, leaf damage is mi-

nimized, and the nursery period is shortened.

Experiment 1, Variety x nitrogen x seed-
lings per hill — In the 1969 wet season we
transplanted the 11-day-old seedlings from
the dapog seedbed into field plots fertilized
with 40 kg/ha each of P,0s and K20 and
0 or 80 kg/ha N. Three scedling rates
were used: two, eight, and 16 seedlings
per hill spaced at 25 x 25 cm. Seedlings
shorter than 5 cm were excluded. All treat-
ments were replicited twice with nitrogen
as the main plot, and seedlings per hill as
subplot. The varicties were randomized.
Two semidwarf, medium tillering varieties
were used: IR 532-1-218, a 100-day selection
from the cross [Peta/2 x Taichung Native
1] x TKM-6, and IR8, a variety that ma-
tures in 125 days.

We took samples periodically until
harvest. We assessed seedling establishment
on the basis of height, number of tillers
per unit area, dry weight, leaf area index
(LAI), light transmission ratio, and nitrogen
content of leaves 30 days after transplanting.

Experiment 2, Variety x time of nitrogen
application x spacing x seedlings per hill —
In the 1969 dry season the same varieties
and amount of P2Os and K,O were used
as in the preceding experiment. Nitrogen
application was 120 kg/ha 30 days after
transplanting, or 60 kg/ha basally plus 60
kg/ha 30 days after transplanting, or 120
kg/ha basally, Two spacings were used:
15 x 15 cm and 30 x 30 cm with seedling
rates of two and 20 seedlings per hill. The
randomized complete block layout had ni:
trogen application as blocks. All treatments:
were replicated three times. We took sam-
ples as in the previous experiment. ’
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RESULTS AND DISCUSSION

Experiment 1, Varlety x nitrogen x seed-
lings per hill - We obtained better seed-
ling establishment with more seedlings per
hill and more nitrogen as indicated by in-
creased plant height, tiller number per square
meter, dry weight per square meter, LAI,
and number of leaves per square meter and
decreased light transmission ratio (Table 1).
This result was the same for the two va-
rieties used.

Although an increase in the number
of seedlings per hill promoted earlier seed-
ling establishment, it did not affect the
grain yield of either variety (Table 2). The
increase in number of panicles per square
meter with the increase in scedlings per
hill did not give higher grain yields because
the number of spikelets per panicle decreased
as the panicle number increased. The 1,000-
grain weight and percentage of filled spike-
lets were not greatly affected by either the
nitrogen level or the number of seedlings
per hill.

Experiment 2, Varlety x time of nitrogen
application x spacing x seedlings per hill -
As in the previous experiment, better seed-
ling establishment was obtained with IR8
and the IR532 line with more seedlings
per hill and more nitrogen as measured by
number of tillers per square meter, number
of leaves per square meter, LAI, and shoot
weight per square meter. From the same
criteria, closer spacing also gave better seed-
ling establishment (Table 3).

The four parameters we used to mea-
sure seedling establishment are closely re-
lated. Since tiller number per square meter
is the easiest to measure and is a non-des-
tructive technique, it was used as the mea-
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sure of seedling establishment. Tiller num-
ber per square meter is highly correlated
with number of leaves per square meter
(r = 0.99), LAI (r = 0.97), and shoot weight
per square meter (r = 0.96).

Although the amount of basal nitro-
gen added and closer spacing promoted bet-
ter seedling establishment, they dic. not
greatly affect the grain yields of IR8 and
the IR 532 line, as long as the total amount
of nitrogen applied was the same (Table 4).
The difference in grain yield is relatively
small compared to the difference in number
of tillers per square meter at 30 days after
transplanting (Fig. 1). More tillers produced
more panicles per square meter at harvest,
But, this increase was accompanicd by a
decrease in number of spikelets per panicle.
The decrease in spikelets accounted for
most of the failure of grain yields to in-
crease. Such results had been observed pre-
viously in many rice varieties (IRRI 1967,
Nishio et al. 1963).

The plants that received the same
total amount of nitrogen during the crop-
ping season showed little difference in grain
yields regardless of the time of application
of the fcrtilizer (Table 4). It has been re-
ported many times before that a split ap-
plication of nitrogen fertilizer does not give
any consistent increase in grain yields (IRRI
[1965],1968). Our data show that the growth
of the plant after seedling establishment
rather than rapid seedling establishment is
more critical in determining grain yields.

In all cases, grzin yields decreased
significantly with increased scedling rates
in IR8. The high tillering rate of IR8
coupled with its longer growth duration
resulted in lower grain yields with increase
in number of seedlings per hill. Hoshino,
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Kakimoto & Satake (1957) reported that
high seedling number per hill can result in
competition and mutual shading within a
hill, and this could have happeried with
IR8 at high seedling rates. The increase
in seedling rates did not cause differences
in gfain yield in the wet season experiment
probably because the number of seedlings
per hill and the nitrogen level used were
not as high as in the dry season experiment.

For the IR532 line, increasing seed-
ling rate generally did not improve grain
yields significantly except when nitrogen
was topdressed and no basal application
was made. Since it is an early variety, the
IR532 line should require more seedlings
per hill under wide spacing but its vigorous
tillering habit makes up for the low num-
bers of seedlings. Unlike IR8 its short
growth duration lessens the severity of mu-
tual shading.

For the IR532 line, if all of the ni-
trogen is applied basally, a lower seedling
rate per hill gives higher yields, If the ni-
trogen is topdressed 30 days after trans-
plantmg. a higher seedling rate per hill
gives higher yields. That shows the close
relationship between nitrogen and rate of
tillering. 1¢ the rate of tillering is slow be-
cause of low nitrogen, high seedling rates
compensate for the slow tillering.

Qur experiments show that increasing
the number of seedling per hill improves
seedling establishment but generally does
little ‘to increase grain yields; it may even
detrease grain yields. Rates of 10 to 40
dapog seedlings per hill are not necessary.
Two scedlings per hill are enough even if
thie ‘nitrogen level is low or the growth
duration is short. The smaller amount of
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seedlings  actually “needed lowers.:the cost
of the dapog method.

ABSTRACT

erld experiments were eonducted to
study seedling establishment of transplanted
rice. Seedlings were raised through the da-
pog seedbed method. Higher seedling rates,
higher nitrogen levels in the soil, and closer
spacing resulted in better seedling establish-
ment. Seedling establishment was based on
plant height, tiller number, dry weight,
number of leaves, leaf area index, and light
transmission ratio.

Seedling establishment was not cor-
related with grain yields. Therefore, when
dapog seedlings are used, two seedlings per
hill may be sufficient. Good plant growth
after seedling establishment is more impor-
tant than good seedling establishment in
increasing grain yield.
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.. Table,1.. Physio morphological observations.an seedling establishment taken

A 30 days after transplanting (wet seasun 196"9).
Plant Dry it
N level  Seedlings height Tillers weight Leaves LAI LTR
(kg/ha) (no./hill) (cm) - (no./m2) (g/m2) (no./m2) o (%)
' iR532 , -
0 2 40 235 31 740 - 047 82
. o, 8 45 320 55 1170 083 . 64
oo 16 43 ., 387 63 1440 0.94 42
80,0 2 80 - 486 93 1520 141 ¢ 27
i o o8 . . b4 682 137 2430 2.33 25
vyl .0t 71670 .88 . 891 178 3110 279 15
HEER A !&q ‘ ‘
0 2 . 43 . 26 45 840 0.64 70
b 8 7 447 - 1831 67 1290 108 = 62
16 - 45 378 .79 1630 132 52
80 . 2 53 525 108 1710 161 24
8 ’ 56 635 140 2260 231 20
16 58 749 187 3000 334 19
LSD (0.01) - 4 - 85 21 229 0.33 16
Table 2. Yield and yield components of piots with different numbers of
seedlings per hill (wet season 1969).
Nitrogen Grain Filled 1,000-grain
level Seedlings yield spikelet Spikelets Panicles weight
(kg/ha) (no./hilD (t/ha) (%) (no./panicle)  (no./m?) (8)
IR532
0N 2 4.2 88 97 221 245
8 4.0 87 79 230 249
16 39 88 62 299 25.0
80 N 2 56 71 91 288 25.8
8 55 84 72 317 25.5
16 5.6 82 66 387 254
ON 2 5.0 90 106 190 26.2
8 5.1 89 83 235 26.2
16 4.8 87 79 280 254
80 N 2 6.3 88 94 318 25.9
8 © 6.3 91 82 296 26.5
16 6.0 89 76 334 26.6

Grain yield - LSD (0.01) = 0.8
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Table 3a.: Seedling characters of IB5S32 30 days after transplanting (dry seasom, 1971).

' ' Leaves
*- Nitrogen Spacing Seedlings Height Tillers  (no./m?) LAI Shoot
(cm) (no./hill) (cm) (no./m2) (1 x 10%) (wt./m?)
0-120 15 x 15 2 48 fg 364 f 16 ef 147 fg 94 ef
20 46 g 893 ¢ 3M4c 2,75 od 160 d
30 x 30 2 50 f 196 h 7h 0.58 h 38 h
20 50 f 354 f 15 efg  1.20 gh 65 gh
60-60 15x 15 2 57 de 569 d 23 d 225de 156 d
20 59 od 1155 b 49 b 485 b 284 b
30 x 30 2 54 e 291 g 10 gh 0.80 h 55 gh
. 20 59 cd -468 e 20 de 1.89 ef 155 e
120-0 15 x 15 2 61 be 79 c 32c 332 ¢ 197 ¢
20 68 a 1444 a 62 a 693 a 376 a
30 x 30 2 57 de 346 fg 11 fgh  1.13 gh 71 fg
20 64 b 591 d 25 d 277c¢d 160 d

Any two means followed by the same letter are not significantly different at 5 percent level,

Table 3b. Seedling characters of IR8 30 days after transplanting (dry season, 1971),

Leaves

Nitrogen Spacing Seedlings  Height Tillers  (no./m2)  LAI Shoot
(cim) (no./hill) (cm) (no./m2) (1 x103%) (wt./m2)

0-120 15x 15 2 46 d 306f 16fg 147fg 9l ef
20 40 e 991 ¢ 38 c 250 de 138d

30 x 30 2 45 d 173 h 6h 041 i 26 h
20 48 d 297 g 12 g 1.10 gh 56 gh

60-60 15 x 15 2 53 ¢ 547 e 21 de 216 ef 135d
20 56 ¢ 1231 b 5 b 530 b 273 Db
30 x 30 2 53¢ 268 g 9 gh 0.82 i 46 gh

20 b5 ¢ 460 f 19 f 174 fg 104 e

120-0 15x15 2 62 b 720 d 28 d 317 ¢ 183 ¢
20 66 a 1538 a 68 a 6.57 a 322 a
30x30 2 55 ¢ 310 g 10 £ 0.93 hi 65 fg

20 60 b 601 e 25 de 283 cd 146 d

Any two means followed by the same letter are not significantly different at 5 percent level.
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et ' Table 4, Grain yleld of IRS32 and IR8 planted at different’ spacings,

o Seedlings Nitrogen application  (kg)
_ S_pgcing {no./hill) 0-120 66-60 120-0 LSD (.05)

IR532
15 x 15 2 75 8.2 8o 0.7
20 8.1 7.8 7.2 0.7
30 x'30 2 7.2 7.7 79 0.7
' 20 8.2 76 74 0.7

IRS

15 x°15 2 84 .89 85 . - 0.7
' 20 ; Y6-6 7;4 . 7.4 007
30 x.30 2 79 8.0 - 82 0.7
20 173 74 7.3 0.7

LSD (.05) ' 06 06 0.6
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Fig. 1. Seedling establishment of IR8 and IR532 (tiller number 30 days after
transplanting) in relation to grain yield and yield components.





