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ABSTRACT

Direct-seeding has major advantages such as labor and
cost saving by eliminating preparation of seed bed and
transplanting. But, it required increased input of fertilizers
and pesticides because of the extended paddy period. Direct
seeding in wet paddy (DSWP) gives faster growth and more
uniform seedling emergence than direct-seeding in dry
paddy. This research had an objective to develop an efficient
N management practices for DSWP with split application of
N fertilizer. A paddy field experiment was conducted to
evaluate effects of starter N and N-topdressing which was
delayed N application until 5-leaf stage, with comparison to
transplanting (TP). Total amount of N application were two
levels; 110kg and 77kg/ha. The N applications were split
four times during rice growth stages; starter, topdressing at
5-lcaf stage, top dressing at tillering stage, and topdressing
at panicle initiation stage. DSWP had more tillers/m? than
TP, but with the delayed heading. The DSWP plots which
received N-topdressing at 5-leaf stage without starter N had
higher leaf area index (LAI) and leaf greenness than the TP
plot. Also, these DSWP plots had high leaf-N concentration
at the heading stage, as calculated from leaf chlorophyll
meter readings.

Rice yicld in DSWP with N-topdressing at 5-leaf stage was
significantly higher than that in TP and in DSWP with
starter N. Energy and N use efficiency were improved in
DSWP with N-topdressing at 5-leaf stage. But, there were no
significant differences in grain yield between the two levels
of total amounts of N applications, 77kg and 110kg/ha. We
concluded that starter N could not be used effectively by rice
seedlings, but topdressing N at 5-leaf stage was an efficient
N management for rice growth and yield in DSWP system.

Key words: direct seeding, nitrogen management, appli-
cation method, agronomic efficiency.

Rice farming in Korea needs labor saving and high
gaining culture system to reduce farming costs and to
protect the environment. Direct seeding has been adopted
as the most efficient method of planting rice in the devel-
oped countries where labor supply was limited and ex-
pensive. Labor cost in rice farming reached 28% of the
total cost. Especially, labor input in nursing seedling and
transplanting required 13-15% of total rice farming cost,
in 1993,

Direct seeding is more advantageous than transplan-
ting, because it eliminates labor demands for seedbed pre-
paration and seedling care, pulling seedlings, hauling, and
transportation. Furthermore, it avoids the transplanting
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damage and is mo:c conducive to mechanization.

Transplanting is gradually being replaced by direct-
seeding as labor becomes a decisive cost factor (De
Datta, 1986). Furthermore, new herbicides make weed
control possible in direct-seeded paddy where weeds have
been more of a problem than for transplanting. However,
direct seeding techniques and proper mechanization for
the system are not well-established, thus its productivity
fluctuates with weather patterns.

Rice production in the existing high-input and intensive
rice farming has been achieved by heavy application of
fertilizers, pesticides, and herbicides. In these processes,
excess N fertilizer over optimum level in which N was not
utilized immediately by the plant has led to nitrate con-
tamination in surface and ground water (Lee and Park,
1993).

We have reported that direct seeding in wet paddy
produced rice yield no less than transplanting, and that it
was an effective labor-saving rice culture method (Lee et
al., 1996). However, unlike transplanting, direct-seeded
rice seedlings in wet paddy may not require the large
amount of fertilizer until the 5-leaf stage when it takes
over a month for the rice seedling to grow. During this
period, starter N fertilizer can be lost easily in N trans-
formation processes. Common practice in DSWP depends
mainly on starter N application. Therefore, a proper N
management for direct-seeded rice should be established
to improve uptake of N fertilizer and agronomic efficien-
cies. This study compared the efficiencies of topdressing
at S5-leaf stage and basal surface application, for direct
seeding in wet paddy.

The objectives of this research were to (1) evaluate ef-
ficient N management practices in direct-seeding in wet
paddy (DSWP), (2) determine DSWP yield response to N
levels and application times, and (3) compare agronomic
efficiency of the DSWP with various combination of urea
application timing and level.

MATERIALS AND METHODS

Field experiments were conducted on sandy loam soil
of paddy fields at College Farm, Seoul National Univer-
sity, Suwon. The rice cultivar, ‘Geumobyeo’, was either
transplanted (40-days old seedlings) at hill spacing of 30

“em by 15 ¢m (22 hills/m2) on 28 May, 1996, or direct-

seeded in puddled wet soil in rows (12-hour presoaked
sceds at 56kg dry seed per ha) using an 6-row drum
planter at 25-cm spacing on 16 May, 1996.
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Paddy field plots were laid out in five treatments
combined with urea-N levels and split application me-
thods, including conventional rice transplanting plot (T1)
and were replicated three times (Table 1).

Weeds were controlled either by surface scattering
granular type herbicide, “Nonanme” on transplanted plo-
ts at 30kg/ha at one week after iransplanting, or by sur-
face scattering the same herbicide on direct-seeded plots
at 30kg/ha immediately and at 40 days after seeding. All
plots were harvested at 50 days after heading using the
combine.

Leaf greenness was determined by using the chloro-
phyll meter, Minolta SPAD-502, on the flag leaf. Leaf N
content was determined by Auto Kjeldahl Nitrogen
Analyzer.

RESULTS AND DISCUSSION
Growth characteristics

Direct-seeded rice exhibited the faster crop establish-
ment and more tiller number than transplanted rice.
Maximum tiller number was observed higher in topdres-
sed at S-leaf stage than in starter N applied rice (Fig. 1).

Previous studies (Dingkuhn et al., 1990a; Schnier et al.,
1990) have shown a higher tiller number plant~! in direct-
seeded than in transplanted rice under the identical plant
population and spacing. According to Matsuchima
(1980), low shoot N concentration may impede the devel-
opment of a sufficient number of leaves per tiller,
required for a tiller to become autotrophic. Thus, the
high tiller abortion rates of direct-seeded rice can be re-
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Fig. 1. Seasonal changes in the number of tillers affected
by application levels and times of N fertilizer,

* T1: transplanting, N 90kg /ha, T2: DSWP, N 110kg /ha, starter
N application, T3: DSWP, N 77kg /ha, starter N application, T4:
DSWP, N 110kg /ha, topdressing at 5-leaf stage, T5: DSWP, N
77kg /ha, topdressing at 5-leaf stage.

lated to low plant N.

As the growth characteristics at 10 days after heading
show (Table 2), the heading date in topdressing at S-leaf
stage was delayed for 5 days, compared to that of starter
N application. This could be retated to high leaf N con-
tent in the topdressing methods during the vegetative
growth stage. The topdressing methods increased the
plant vigour as indicated by higher panicle length, higher

Table 1. Split N application methods in fertilizer treatments with different rice seedings.

Treatment Seeding Total N Starter N Top-dressing Top-dressing Top-dressing
method (N kg /ha) (%) at 5LST (%) at TST (%) at PIS? (%)

T1 TP 90 56 - 22 22

T DSWP# . 110 40 - 30 30

T3 . 77 30 - 35 35

T4 - 110 - 40 30 30

TS5 » 77 - 30 35 35

5leaf stage, T Tillering stage, $Panicle initiation stage, YTransplanting, ¥Direct-seeding in wet paddy

Table 2. Growth characteristics in different treatments of N fertilizer application and rice seeding at 10 days after head-

ing.
Treatmentt Heading date Length of panicle(cm) LAI Chrolophyll meter reading
T1 Aug 4 19.65° 5.00° 40.62"
T2 Aug 7 18.74¢ 3.64¢ 37.3¢°
T3 Aug 7 19.28% 3.33° 30.9b
T4 Aug 12 20.712 5.742 41.12
T5 Aug 12 20.862 4.81b 39.9°

* Means in a column not followed by the same letter are significantly different at P <0.05 based on LSD,
t T1: transplanting, N 90kg /ha, T2: DSWP, N 110kg /ha, starter N application, T3: DSWP, N 77kg /ha, starter N application, T4: DSWP, N
110kg /ha, topdressing at 5-leaf stage, T5: DSWP, N 77kg /ha, topdressing at 5-leaf stage.



LAI and higher leaf N content, compared with starter N
applications. The maintenance of high LAI and SPAD
value during the grain filling period could provide higher
canopy CO; assimilation in topdressed rice plants.

Relationship between chlorophyll meter reading
and leaf N content

The chlorophyll meter provides to measure quickly and
easily the leaf greenness which is affected by leaf chloro-
phyll content. The leaf- greenness is also influenced by
internal factors, such as N status and age of the plant tis-
sue.

In this experiment, leaf N concentration was deter-
mined by using the Minolta SPAD-502 reading within
various times and samples. The relationship between the
chlorophyll meter reading and leaf N concentration
showed the linear regression, y=0.91x — 0.039 (Fig. 2). It
indicated that the chlorophyll meter can detect N defi-
ciencies of rice plants, and has the potential to be used
for improving N management.

N topdressed at 5-leaf stage rice produced more tillers
than starter N application did. This increment was prob-
ably caused by maintaining high N and the tiller abortion
rates of the former was lower than those of the latter (T1:
15%, T2: 25%, T3: 30%, T4: 22%, T5: 19%).

During the reproductive and ripening stages, lower leaf
N concentration could depress canopy CO; assimilation
and crop growth rate of direct-seeded rice. Lower leaf N
concentration was caused by dilution and not by reduced
uptake (Schnier et al., 1990). The plant’s N status at pan-
icle initiation stage and thereafter influences spikelet dif-
ferentiation and, thus, yield potential (Kumura, 1956;
Wada and Matsuchima, 1962).

In this experiment, topdressing at S-leaf stage main-
tained higher leaf N content than starter N application
did during the reproductive and ripening stages. Thus,
the topdressing method had the more spikelet differen-
tiation to achieve high yield potential (Fig. 3).

Grain yield and yield components

Topdressing at S-leaf stage increased grain yield signifi-
cantly compared with starter N application (Table 3).
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Fig. 2. Relationship between chlorophyll meter reading
and leaf N concentration.
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Fig. 3. Seasonal changes of leaf N concentration affected

by different treatments of N fertilizer application,

t T1: transplanting, N 90kg /ha, T2: DSWP, N 110kg /ha, starter

N application, T3: DSWP, N 77kg /ha, starter N application, T4:

DSWP, N 110kg/ha, topdressing at 5-leaf stage, T5: DSWP, N
77kg /ha, topdressing at 5-leaf stage.

The highest grain yield was obtained in the T4 plot. Es-
pecially, topdressing at 30% rate of the total N fertilizer
at 5-leaf stage (T5) resulted in a higher yield than starter
N application, and even higher than transplanting. How-

Table 3. Yield and yield components in different treatments of N fertilizer application and rice’seeding.

Method™ No. of panicles No. of spikelets Ripened 1000-grain Yield
per m? per panicle grains(%) weight(g) (Mg /ha)
T1 4180 97.9 78.00% 25.66° 5.08%*
T2 4080 88.8° 83.11# 25.932 4.64%
T3 3800 88.9° 82.112 25,73 4.26°
T4 5072 111.72 79.89 25.48* 6.12°
T5 4807 110.22 80.332 25.972 5.96%

* Within traits, means in a column not followed by the same letter are significantly different at P <0.05 based on LSD.

t T1: transplanting, N 90kg /ha, T2: DSWP, N 110kg /ha, starter N application, T3: DSWP, N 77kg /ha, starter N application, T4: DSWP, N

110kg /ha, topdressing at 5-leaf stage, T5: DSWP, N 77kg /ha, topdressing at 5-leaf stage.



ever, there was no significant difference in rice yields be-
tween T4 and T5. This indicates that the additional N of
33kg/ha did not contribute to increased grain yield and
may lead to more loss of nitrate N.

According to Dingkuhn et al. (1990a), in direct-seeded
rice, plant N content during the spikelet differentiation
may have limited spikelet number per panicle more than
in transplanted rice because of significantly lower tissue
N concentrations.

In this experiment, the yield increments in topdressing
at 5-leaf stage were related to the high spikelet number
per area by maintaining the high leaf N concentrations
(Table 3).

Energy and N use efficiency

In aspects of improving low-input sustainability, energy
input for rice farming and N efficiency were calculated as
following the method of our previous paper (Lee et al.,
1996; Pimentel, 1980). Energy use efficiency for rice pro-
duction in the treatments T4 and T5 was greater than
with starter N application, T2 and T3, even trans-
planting, T1. Nitrogen use efficiency in topdressing at the

. 5-leaf stage was also greater than other treatments. The
highest nitrogen use efficiency was obtained with
topdressing at 30% rate of the total N fertilizer at the
5-leaf stage (Table 4).

Thus, we concluded that the topdressing at 5-leaf stage
instead of starter N had a better chance to obtain high
yields and to improve the energy and N use efficiency for
direct seeding in wet paddy.

For rice farming to increase its low-input sustainability,
transplanting can be replaced with direct seeding into
waterlogged paddy. Direct seeding in wet paddy gives
better seedling emergence and faster growth than direct-
seeding in dry paddy. Also, nitrogen fertilizer should be
applied at optimum amounts at a threshold level to pre-
vent nifrate contamination and water pollution, es-
pecially, in paddy soil with high sand content. The chlo-
rophyll meter can be a useful tool to determine N status

Table 4. Comparison of energy and N use efficiency of
rice culture in different treatments of N fertili-
zer application,

Methodt Energy use efficiency Nitrogen use
for rice production efficiency
(1073 kg grain /kcal) (kg grain /kg N)
T1 1.453 32.14
T2 1.385 26.39
T3 1.308 31.79
T4 1.680 32.02
T5 1.831 44.53

t T1: transplanting, N 90kg /ha, T2: DSWP, N 110kg /ha, starter
N application, T3: DSWP, N 77kg /ha, starter N application,
T4: DSWP, N 110kg /ha, topdressing at 5-leaf stage, T5:
DSWP, N 77kg /ha, topdressing at 5-leaf stage.

of rice plant and to make the decision for additional N
application or cancel next N topdressing. Further study is
necessary to determine the optimum N level for each
cultivar and field condition.
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