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Abstract : Potential sink size was correlated with plant nitrogen (N) at late stage of spikelet initiation and
flowering, and with growth duration (GD) in DS and WS. The amount of N in plant at critical growth stages
increased with GD which can be attributed to N absorption pattern of plant.

Degenerated sink size and percentage of degenerated spikelets were correlated with GD, which is a function of
N content in laminae during reproductive stage. The low amount of N absorption during this period resulted to
high sink and spikelet degeneration as observed in long duration varieties.

Sink size was correlated with the amount of N in plant at late stage of spikelet initiation and flowering.
However, the contribution of N to sink formation (S/N) differed with GD. This was manifested in the apparent
association of maximum sink size with a certain GD. The optimum GD as a function of the vegetative lag phase,
however, can be altered by N level.

Yield was positively correlated with sink size, and was a quadratic function of GD regardless of cropping
season. The optimum GD is generally shorter than the optimum GD for sink size. This is attributed to the trend
of ripening percentage that decreased with GD. Yield was also correlated with the amount of N in plant at
flowering and maturity stages.
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Nitrogen is one of the most important ele-
ment for the rice plant and a large amount is
necessary to achieve high grain yield!¥. In
recent years, the remarkable increase in rice
yield is attributed to high-yielding varieties
that are highly responsive to N ; to increased
and improved water supply and ; to increased

* This work is a part of the Collaborative Project
between Government of Japan and IRRI on “Low-
input cultivation technology” sponsored by the Gov-
ernment of japan.

fertilizer application and better management
practices. Early researches had focused on the
effect of N and application method on yield
and vyield determining processes. Likewise,
evaluation of varietal differences in response to
N was conducted, but concentrated mainly on
comparative analysis of traditional and im-
proved varieties in terms of yield, carbo-
hydrate metabolism and ripening”®10:21.23),
Other studies were directed on morphological
characterization of those varieties under vary-
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ing N levels®?®.

Limited researches however, had been done
on varietal differences in N absorption ability
of improved and traditional varieties®?®, the
contribution of absorbed N to sink formation
and vyield as function of growth duration
(GD) 121314161920 ] jkewise, few physiological
studies on the response of improved varieties
to N have been carried out?. Hence, this study
was conducted to clarify the response of im-
proved varieties and advanced lines to N, with
primary consideration on sink and yield for-
mation in relation to GD.

Materials and Method

Forty five (45) varieties and advanced lines
in 1986 dry season (DS) and 62 in 1986 wet
season (WS) and 1987 DS, grouped as very
early (VE,<110 days), early (E, 111—120
days), medium (M, 121—130 days) and late
(L, > 130 days) duration varieties were plant-
ed in lowland field, IRRI, Los Banos,
Philippines. The experimental design is shown
in Table 1.

In 1986 DS, pre-germinated seeds were
sown on wet seedbeds at 60 g per m? and
transplanted in the field, 19 days after seeding
at 20X 20 cm spacing with two plants per hill.
In 1986 WS and 1987 DS, seeds were sown in
seedling trays at 2 seeds per cm?® soil and
transplanted in the field, 14 days after seeding

at 20X 20 cm spacing.

Plants were collected at 3 weeks after trans-
planting (WAT), 5 WAT (approximately
maximum tiller number stage), panicle
primordia initiation stage, flowering and matu-
rity. Dry weights of leaf blade, sheath/culm,
and panicle were determined. N was deter-
mined by Micro-Kjeldahl method. Yield and
yield components including spikelet degenera-
tion were recorded. The number of degenerat-
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Fig. 1. Relationship between potential sink
and the amount of N in plant at flower-
ing (1987 DS).

Table 1. Design of Experiment.

Planting No. of
season Varieties

Amount of N
(gem~2)

Seeding
date

Transplanting
date

1986 DS VE20
E 10
M 5
L 10

0.9%

Jan. 11, 86 Jan.30, 86

1986 WS VE 24
E 10
M 16

L 12

0.9*

June 11, 86  June 26, 86

1987 DS VE 24
E 10
M 16

L 12

0.9*

June 16, 87  Jan.30, 87

Phosphorus and potassium were applied as basal at the rate 5 g*m=2. Plot
size is 10 m? with three replications in 1986 DS and two replications in

1986 WS and 1987 DS,

* Six grams of N is applied as basal and 3 g as top-dressing at panicle

primordia initiation stage.
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Fig. 2. Relationship between potential sink
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Fig. 3. Relationship between the amount of
N in plant at flowering and growth
duration (1987 DS).

ed spikelets was determined by the number of
vestiges of degenerated primary and secon-
dary rachis branches and spikelets®. Sink size
and potential sink size were calculated as
follows : Sink size=yield - percent ripened
grains, or (number of spikelets X 1000 grain
weight) ; Potential sink size=Sink size =
(1.00—percent degenerated spikelets), or
(number of differentiated spikelets X 1000
grain weight).
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Fig. 4. Relationship between degenerated

sink and growth duration.

Results and Discussion

1. Sink size
1) Potential sink size Potential sink size was
correlated with the amount of N in plant at
late stage of spikelet initiation (r=0.811**,
Y=—201.9+166.6X) and at flowering (Fig.
1). Likewise, potential sink size was positively
correlated with GD (Fig. 2). The amount of
N in plants at the critical growth stage were
also correlated with GD under high and low
N levels (at late stage of spikelet initiation
r=0.815**, Y=—1.9440.078X, at maturity,
r=0.789**, Y =2.07+0.069X, in N,, Fig. 3).
Varietal differences in N absorption were
apparent during tillering stage, while
insignificant differences were noted after maxi-
mum tiller number stage (Table 2). The
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Table 2. Varietal differences in nitrogen absorption of short duration varieties/lines at different

growth stages (1986 DS) .

Amount of nitrogen absorbed (g+m~2)

VARIETY/LINE . .
df]\;‘ilgg dN1  Maxmum 4Ny plowering N3 Maturity
(NI)”  (N2N1) (N2) (N3-N2) (N3)  (N4-N3) (N4)
IR 36 l.4be 1.2¢  2.6c 7.3ab  9.9bc  2.7a 12.6bc
IR 25588-7-3-1 1.6b 1.6b  32b 7.2ab 10.4b  2.8a 13.2b
IR 25261-135-1-1 2.0a 94a 44a 7.5a 11.9a 2.5a 14 .4a
IR 29658-69-2-1-2 1.5b 1.3bc  2.8bc 7.2ab  10.0bc  2.4ab 12.4c
IR 29692-94-2-1-3 l.4be  l.led 2.5c¢d 7.2ab  9.7c 2.6a 11.3d
IR 29725-109-1-2-1 1.3 ¢ 1.3bc  2.6c 7.3ab  9.9c¢ 9.7a 12 6bc
IR 31868-64-2-3-3-3 3¢ 1.2¢  2.5¢d 7.3ab  9.8c 2.7a  12.5¢
IR 32419-81-2-3-3 1.2¢ 0.9d 2.1e 7.1b  9.2d  2.4ab 11 .6cd
IR 32429-47-3-2 1.3¢ 0.9d  2.2de 7.6a 9.8¢ 22b  12.0¢c
IR 32429-122-3-1.2 1.5b I.lcd 2.6c 7.4ab 10.0bc  2.4ab 12.4c

Growth duration © 111 days.

Common letters are not significantly difterent by DMRT at p=0.05.

2

Sink (g.m?) R“=0.695 »
E:Ort;?\netr%%:dogpikdets Y =-4248 + 7756X - 0297X
40
X% 900
X r= 0854
L y=60.6 -17.4X
800[~
30
700
20
o < 105
® 106—110 600
4 1 20
m 121130 °
X > 131
10 1 Q l | |
15 2.0 25 100 120 140
Nitrogen content in laminae (%) Growth duration (days)
Fig. 5. Relationship between percentage of Fig. 6. Relationship between sink size and

degenerated spikelets and N content in
laminae at flowering (1987 DS).

maximum tiller number stage occurred simul-
taneously in short, medium, and long duration
varieties grown under the same cultural
practice¥. The observed increase in the
amount of N in plant at critical growth stage
with increased GD, can be explained by N
absorption pattern of plants'®. After the
maximum tiller number stage, there is no
difference in N absorption rate of plants
grown under an identical field'®. The longer
the GD, the higher the amount of N absorbed
by plants.

growth duration (1987 DS).

2) Degenerated sink size. It was reported that
degenerated sink size and percentage of
degenerated spikelets were correlated with
GD'®. Degenerated sink increased with
decrease in N content in laminae during repro-
ductive stage. This was attributed to lower
amount of N during this period for every
differentiated spikelet'#!®. In the present
experiment, the degenerated sink size was
correlated with GD and the percentage of
degenerated spikelets was correlated with N
content in laminae at flowering stage (Figs. 4
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Fig. 8. Effect of growth duration on the
contribution of nitrogen (N) in plant to
sink (S) and nitrogen harvest index

(NHI) (1987 DS).

and 5). Variations in degenerated sink size
and percentage of degenerated spikelets were
obtained within varieties of the same GD
group. The variation in degenerated sink size
was smaller in short duration varieties than
long duration varieties. Currently, details of
varietal differences in sink and spikelet degen-
erations are under investigation.

Using photoperiod to vary the GD of a

variety, Vergara et al'? reported that the
number of spikelets per panicle decreased
when GD exceeded 120 days. Wada'®
obtained similar result using a long duration
variety, but attributed the observation to in-
creased degenerated spikelets. The longer the
GD, the lower the N content in the laminae.
The percentage of degenerated spikelets of
long duration varieties can be reduced by
shortening the GD in the field excluding the
nursery days'®.
3) Sink size. Sink size is closely related with
GD. Results showed that sink size was re-
presented as a quadratic function of GD (Fig.
6). Sink size was also correlated with the
amount of N in plant at late stage of spikelet
initiation (r=0.845**, Y=73+91.83X) and
flowering stage. However, the contribution of
N in plant to sink formation differed with GD
(Fig. 7). For instance, the lower contribution
of N to sink formation in very short and long
duration varieties was apparent (Figs. 7 and
8).

Maximum sink size was associated with
certain GD. The average optimum GD for sink
size was 127 days (CV=8.79, for 3 seasons
and 2 N levels). Variation in optimum GD
between DS and WS was 2—3 days, while 7
days between N levels. Optimum GD was
shorter in DS and high N level compared with
WS and low N level. Optimum GD was also
observed in one variety with different GD in
paddy field or pot when nursery days were
altered or the panicle initiation was induced
by short-day treatments'®!9.

Generally, the maximum tiller number stage
occurs simultaneously in short, medium and
long duration varieties®¥. Furthermore, no
significant differences in the duration of repro-
ductive and ripening stages among varieties
were observed in the tropics. Therefore,
differences in GD are determined by the dura-
tion of vegetative lag phase (VLP), which is
defined as the difference in days, between the
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occurence of panicle primordia initiation and
maximum tiller number stage. In such case,
the optimum GD might be a function of VLP.
The optimum VLP for maximizing sink size
can be assumed at around 10—15 days. In the
case of direct seeding (broadcast seeding, 200
plants per m? no nursery days), the optimum
GD is 95 days". In a variety, VLP was found
to be affected by spacing. Cropping season
however, has minimal effect!®.

Optimum GD was shorter under high N
than low N level. The high number of
differentiated spikelets observed under high N
level can be attributed to large amount of N
absorbed by the plants. However, it was repor-
ted earlier that there were small differences in
the amount of N absorbed from late stage of
spikelet initiation to flowering stage (dN)
between two N levels!®. Therefore, when dN
per differentiated spikelet was taken into
account, lower values were obtained under
high N due to high differentiated spikelets
resulting to high number of degenerated
spikelets'®. The effect of spikelet degeneration
on sink size was more apparent in high N than
low N level.

When GD is shorter than the optimum, the
observed low sink size is mainly due to less
differentiated sink size caused by low amount
of N in plant at late stage of spikelet initiation.
Another possible cause is the low contribution
of N to sink formation (Figs. 7 and 8). This
can be explained by the contribution of N
absorbed by plant at different growth stages
and N absorption patterns in plants. The
panicle primordia initiation stage of short
duration varieties, occured before or simulta-
neously with the maximum tiller number
stage. Therefore, large amount of N is still
absorbed from panicle primordia initiation
stage to late stage of spikelet initiation!®. The
N absorbed after panicle primordia initiation
until late stage of spikelet initiation has less
effect on differentiation of spikelets than the N
absorbed before the panicle primordia initia-
tion stage*'¥. Results suggest the importance
of increasing N absorption at early growth
stage or inducing longer VLP by manipulating
some cultural practices to increase the contri-
bution of plant N to spikelet differentiation,
particularly in short duration varieties. When
the GD is longer than the optimum, the low
sink size is attributed to the increase in
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Fig. 9. Relationship between vyield and sink.
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Fig. 10. Relationship between vyield and
growth duration.

degenerated spikelets in spite of high
differentiated spikelets, which is associated to
low ratio of dN to differentiated sink. To
increase sink size, it is necessary to prevent the
spikelet degeneration by increasing N absorp-
tion from late stage of spikelet initiation to
flowering!+19,
2. Grain yield

Grain yield was positively correlated with
sink size in WS and DS croppings (Fig. 9),
despite the varying trends of ripening percent-
age in the two seasons. Generally, yield was
higher in DS in varieties with similar sink size.
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Table 3. Relationship between the percentage of ripened grains and growth duration.

Season Amount of N
0 r=-—0.535* y=11.9—0.189x

1986 DS 9 r=—0.250"
0 R2=0.318* y=—512,0+9.97x—0.041x?

1986 WS 9 R2=0_338* y=—414 1+8.295x—0.0345x>
0 r=—0.604* y=129.8—0.409x

1987 DS 9 r=—0.774* y=151.4—0.581x

Yield (10% m2)

-1

L33 A
r=0.9%10

Y=1379 +52.4X

NO 6D
a o e < Mo
o & A Mm-120
% o = 121-130
x x> 3

lo
1 i 1 1
a 6 8 0

Amount of N (g-m?)
Fig. 11. Relationship between yield and the
amount of N in plant at flowering (1987
DS).

These observations are in agreement with
previous findings of Wada!?, Yoshida and
Parao??, Wada'® and Tsuchiya et al'?.

Yield was a quadratic function of GD in
both DS and WS (Fig. 10). The optimum GD
for yield was 122 days (CV=99, for 3 sea-
sons and 2 N levels). Variation in optimum
GD between DS and WS was 6 days, while,
between N levels was 5 days. The optimum
GD for yield was generally shorter than sink in
DS and WS croppings as well as high and low
N levels. This observation is related to ripen-
ing percentage which decreased with GD
(Table 3).

Yield was correlated with the amount of N
in plant at flowering (Fig. 11) and maturity
stages (r=0.612** Y=162.7+42.2X). How-
ever, the contribution of N in plant to yield
and nitrogen harvest index (NHI) varied with
GD. Lower yields were observed in short and
long duration varieties, hence, occurence of
optimum GD.

Previous researches identified the presence
of optimum GD. Vergara et al'»'® reported

120 days in pot and 140 days in field condition
at 25X 30 cm spacing during DS. However, no
observation was made during WS. Kawano
and Tanaka® in their field experiment at IRR1
observed 120 days for high N level and 140
days for low N level at 30X 30 c¢cm spacing
during DS and WS. Similarly in Malaysia,
Nozaki® reported 130 days in DS and WS at
25X 25 cm spacing, while Takita® observed
130—135 days during DS and WS at 25X 25
cm  spacing. Likewise, Yamakawa and
Nishiyama?”, reported an optimum GD in
temperate area.

Researches in 1960’s involved improved and
traditional varieties of indica and japonica
types. Varietal differences in yield potential, N
response and morphological characters were
observed. However, optimum GD was not
identified during WS due to inclusion of vari-
eties prone to lodging under adverse WS con-
dition that resulted to decreased vyield. In the
report of Kawano and Tanaka® long duration
varieties  (traditional) were mostly non-
responsive to N while short and medium
duration (improved) varieties were responsive
to N. It can be assumed that this is one of the
reasons why there is a big difference in opti-
mum GD among plants grown under high and
low N levels. The main reason for the
differences in optimum GD obtained by
Nozaki®, Takita® and this experiment is
attributed to the differences in plant density.

Under tropical condition, yield is primarily
governed by sink size'®. Hence, the optimum
GD should be primarily discussed from the
viewpoint of sink formation. Yamakawa and
Nishiyama?®” and Vergara et al'?>!® pointed
out that when GD is shorter than the opti-
mum, the low yield is caused by shortage of
vegetative growth, less number of panicles and
less number of spikelets. In this experiment,
low yield is explained by relatively lower sink
size particularly in varieties with low potential
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sink size. This is due to low amount of N in
plants at late stage of spikelet initiation. Ver-
gara et al'® also reported that when GD is
longer than optimum, low vield is caused by
less number of spikelets per panicle. From the
results of this experiment, the observation can
be explained by higher spikelet degeneration.

The abovementioned evidences suggest that
low yield of varieties having shorter or longer
GD than optimum is explained primarily by
low sink size. Moreover, the optimum GD for
yield as a function of different cultural prac-
tices can be attributed to sink size.
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