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Abstract : The study has been carried out to evaluate varietal difference in leaf senescence during the ripening
period in relation to sink size and nitrogen application. Leaf senescence was early in the medium-duration lines.
Among the short-duration types, there were both early and late aging lines. The medium-duration lines had larger
leaf area and higher sink sizes at the anthesis than short-duration types. The pattern of leaf area reduction during
the ripening period in the short duration line, with relatively higher sink size, was almost similar with that in the
medium-duration lines. However, in the short-duration lines with relatively small sink size, no significant leaf area
reduction was observed until two weeks after the anthesis, and then the leaf area began to decrease rapidly in
these lines. Decrease in leaf area during the ripening period varied with the rate of basal nitrogen (N). Higher
basal N increased the rate of leaf area reduction by increasing the sink size. On the other hand, N-topdressing
at the anthesis decreased the rate of leaf area reduction during the ripening period. Likewise, the reduction in sink
size as imposed by removal of spikelets decreased the rate of leaf area reduction during the ripening period.
Significant correlation coefficients between the sink size and the amount of N remobilized from leaves to panicles,
and between the decrease in leaf area and the amount of N remobilized from leaves to panicles were observed.
Therefore, the decrease in the leaf area during the ripening period is mainly governed by the amount of N
remobilized from leaves to panicles, which is affected by the N requirement of grains for ripening and the amount
of N absorbed during this period.
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In the tropics, it has been reported that the
yield of rice is mainly governed by the sink size
and can be easily increased by increasing sink
size, especially in short duration
varieties?628:29.30.32)  However, when the plant
holds higher sink size, the yield is sometimes
affected by percentage of ripened grain®2%),
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and the latter is mainly governed by the
amount of photosynthate produced during the
ripening period'!'?. However, in this period, a
large amount of nitrogen (N) is accumulated
in panicle with photosynthate?®. Since the
amount of N supplied from the soil is very
small compared with the amount of N ac-
cumulated in the panicle?®, a large amount of
N should be translocated from shoot to pani-
cle and this results in a rapid decrease of leaf
area and photosynthetic activity (leaf senes-
cence). Needless to say, such rapid leaf senes-
cence is unfavorable from the view point of
production of photosynthate, which is neces-
sary for grain filling.
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Until now, limited information has been
available on the varietal difference in leaf
senescence and the relationship between leaf
senescence and yield components in the
tropics. This study has been carried out (1) to
evaluate the varietal difference in sink forma-
tion, the rate of leaf senescence and ripening
of IR short-and medium-duration lines, (2) to
clarify the effect of sink size and the amount of
N absorption during the ripening period on
the progress in leaf senescence.

Materials and Methods

Two field experiments (Exp. 1 and 2) and
a pot experiment (Exp. 3) were carried out
during the 1989 wet season (WS) at the Inter-
national Rice Research Institute (IRRI).

Experiment 1.

Four short-duration (96-106 days maturity)
and four medium-duration (119-130 days
maturity) genotypes were used in the study
(Table 1). A randomized complete block
design with three replications was employed.
Germinated seeds were sown in seedling trays
(2 seeds cm~® soil) on July 8, 1989, and
transplanted at 16 days after seeding at 20 x
20 cm spacing (Plot size 15.2 m?). Fertilizers
(6gN +*m=24gP-m-2and4gK +m2) were
incorporated in the soil at about 10 cm depth
at two days before transplanting. Thirty hills
were collected from each plot at weekly inter-
val from the anthesis to the maturity. Three
hills with an average number of panicles were
selected from 30 hills and leaf area of these
plants was determined by an automatic leaf
area meter (AAM 8, Hayashi-Denko, Tokyo).
These plants were separated to three parts
(leaf blades, leaf sheaths+culms and pani-
cles), and dried at 80°C for a week. The dry
weight of plants and specific leaf area (SLA)
were determined. Leaf area index (LAI) was
estimated by two ways; (1) calculated from
leaf area of the representative three hills and
(2) calculated from leaf dry weight of thirty
hills and SLA of the representative three hills.
There was no big difference between LAI
values estimated by the two different methods.
LAI determined by the leaf area of the three
representative hills was used in this study. The
nitrogen content of each part was determined
by the micro Kjeldahl distillation method.
Potential sink, sink, and yield were determined
as in the previous report?®.

Table 1. Variety and lines used in Experi-
ment 1.
Growth  Sink
%  Variety, /Lines duration  (g/m?)
(days)
Short duration
(O IR39357-133-3-2-2-2 96 623
[] 1R25588-7-3-1 98 735
A 1R29658-69-2-1-2 98 668
Vv 1R29692-65-2-3-3 98 750
Medium duration
® 1R28228-96-3-2-1-3 119 867
B IR38 119 685
A [R29723-143-3-2-1 124 895
V¥ 1R36892-163-1-2-2-1 126 733

Yield trial in 1988 WS at IRRI.
% ; Symbols used in figures.

Experiment 2.

Rice genotype IR36892-163-1-2-2-1 was
employed. Cultural practice was as the same
as in Exp. 1. A split plot design with two
replications was employed ;in a main plot,
three basal N levels, 6, 12 and 24 gN « m™2
and in a subplot, two top-dressed N levels at
the anthesis, 0 and 3 gN « m~2. Each plot size
was 25 m?. Sampling procedure and the deter-
mination of dry weight and leaf area were the
same as in Exp. 1.

Experiment 3.

Rice genotype IR29658-69-2-1-2 was em-
ployed. Sixteen days old seedlings were trans-
planted in a/5000 pots at two hills, with two
plants a hill. Fertilizers (4 g of ammonium
sulfate, 2 g of triple super phosphate and 2 g
of muriate potash) were incorporated into the
soil at one day before transplanting. At the
anthesis, pots were grouped into four. The
treatments were as follows, (1) all panicles
were removed, (2) each panicle was cut to
have a half number of spikelet, (3) two
grammes of ammonium sulfate was applied
and (4) control. At the anthesis and at three
weeks after anthesis, leaf area of green leaves
of six shoots with an average number of spike-
lets and an average value of flag leaf length
was determined. The experiment was carried
out in a green house.
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Results and Discussion

Experiment 1.

A significant difference in LAI at the anthe-
sis among the genotypes was observed, the
larger value was observed in the medium-
duration lines than in the short-duration lines
(Table 2). A significant difference in the
decreasing pattern of leaf area among
genotypes was also observed. Leal area of the
medium-duration lines started to decrease just
after the anthesis and decreased week by
week. Among the short duration lines,

IR25588-7-3-1, which had a relatively large

sink size, showed the same decreasing pattern
of leaf area as in the medium-duration lines.
On the other hand, the other short-duration
lines, which had a relatively small sink size, did
not show any significant change in leaf area
one week after anthesis. The significant
decrease in leaf area was observed for the first
time at two weeks after anthesis for IR29658-
69-2-1-2 and IR29692-65-2-3-3, and at three
weeks after anthesis for IR39357-133-3-2-2-2.
Table 3 shows the growth duration, potential
sink, sink and yield of the eight genotypes in
1989 WS. Comparing the values in 1989 WS
with those in 1988 WS (Table 1), the growth

Table 2. Chages in LAI during ripening period.
Weeks after unthesis
Variety / Lines
0 1 2 3

Short duration
IR39357-133-3-2-2-2 2.76 d A 2.51 d A 2.46 ab A 1.68 ab B
IR25588-7-3-1 3,19 od A 2.70 cd B 2.08 bc C 1.23 b D
IR29658-69-2-1-2 3.46 bc A 3.38 ab A 2.78 a B 1.96 a C
IR29692-65-2-3-3 2.73 d A 2.57 cd A 1.95 ¢ B 1.47 ab C
Medium duration
IR28228-96-3-2-1-3 3.91 ab A 3.00 bc¢ B 2.42 ab C 1.82a D
IR38 3.85 ab A 3.32 ab B 2.20 bc C 1.73a D
1R29723-143-3-2-1 3.72 ab A 3.19 ab B 2.33 abc C 1.66 a D
IR36892-163-1-2-2-1 4.00 a A 3.54 a B 2.77 a C 1.85a D

A common capital letter and a common small letter are not significantly different by Duncan’s new

multiple range test at P=0.05 in a row and in a column, respectively.

Table 3. Growth duration, potential sink, sink and yield of the eigtht
genotypes in 1989 WS,
Growth Potential Sink Yield
Variety, /Lines duration sink
(days) (g+m~?) (gem™?) (gem~?)
Short duration
IR39357-133-3-2-2-2 106 581 461 381
IR25588-7-3-1 106 951 587 495
IR29658-69-2-1-2 106 860 564 383
1R29692-65-2-3-3 106 752 485 330
Medium duration
IR28228-96-3-2-1-3 126 965 628 382
IR38 126 752 605 397
1R29723-143-3-2-1 130 1066 678 448
IR36892-163-1-2-2-1 130 1109 629 412

Values are means of three replications.
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durations were longer and sink sizes were
smaller in 1989 WS in all the genotypes.
However, the genotype order of these values
was almost the same in both 1988 and 1989
WS. A significant correlation coefficient was
observed between the sink size and the de-
creased leaf area during two weeks after anthe-
sis (r=0.840, P<0.01 Fig. 1).

Nitrogen content (on dry basis) of rice
plant at the anthesis and at two weeks after
anthesis was shown in Table 4. Nitrogen con-
tents of panicles were almost constant at about
197, and there was no significant difference
among the genotypes and between 0 and 2
weeks after anthesis. Therefore the genotype
with larger sink size required more amount of
N for the ripening of grains.

There are two sources of N for the develop-
ing grain ; soil nitrogen absorbed by root and
translocated to shoot (absorbed N), and redis-
tribution of N accumulated in vegetative tissue
before anthesis (remobilized N). The amount
of remobilized N from shoot to panicle was
much higher than the amount of N absorbed
during this period in all the genotypes (Table
5). The amount of N absorbed during two
weeks after anthesis was not related with the
sink sizes of the genotypes. A significant corre-
lation coefficient between sink size and the
amount of remobilized N was observed (Fig.
2). Both the amount of remobilized N from
leaf blades and from leaf sheaths+ culms were
highly correlated with sink size (P <0.01, Fig.

Table 4.

2). The amount of remobilized N from leaf
blades to grains was larger than those of
remobilized N from leaf sheaths and culms
(Table 5). About 669, of total remobilized N
in panicle was estimated to be derived from
leaf blades (Fig. 2). The decrease in leaf area
during this period was also highly correlated
with the amount of N remobilized from leaf
blades to panicles (P <0.01, Fig. 3). Therefore
it can be concluded that the varietal difference
in leaf senescence (evaluated by leaf area
reduction) is primarily governed by the
amount of N remobilized from shoot (mainly

2 -

-
n

LAI Reduction
-

0.5

o 1 1 | |
400 600 800
Sink size (g-m™2)
Fig. 1. Relationship between sink size and

LAI reduction during two weeks after
anthesis.

Symbols are the same in Table 1.
y=—193+4+5.19x107% x, r=0.840**.

Nitrogen content (% on dry weight basis) of panicles (P) , leaf blades

(LB), and leaf sheaths+culms (LS+C) of the eight genotypes after 0 and

2 weeks from anthesis,

0 week 2 weeks
Variety /Lines
P LB LS+C P LB LS+C
Short duration
IR39357-133-3-2-2-2 1.26 2.46 0.88 1.17  2.08 0.64
IR25588-7-3-1 1.07 2.54 0.89 1.03 2.03 0.61
IR29658-69-2-1-2 1.11  2.58 0.85 0.95 1.99 0.59
IR29692-65-2-3-3 1.08 2.26 0.72 0.99 1.93 0.56
Medium duration
1R28228-96-3-2-1-3 0.96 1.84 0.56 1.00 1.63 0.46
IR38 1.11  2.18 0.70 1.14 1.57 0.55
IR29723-143-3-2-1 1.03 1.89 0.57 1.03 1.54 0.48
IR36892-163-1-2-2-1 0.98 2.12 0.58 1.06 1.83 0.56

Values are means of 9 replications over 3 plots.
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Table 5.

after anthesis (mg * hill™!) .

Absorbed and remobilized nitrogen during two weeks

Remobilized N

Variety /Lines Absorbed N LB 1S+C  Total

Short duration

IR39357-133-3-2-2-2 48.0 32.0 27.1 59.1

IR25588-7-3-1 31.8 58 .4 35.0 93 .4

IR29658-69-2-1-2 21.6 52.1 24 .8 76.9

1R29692-65-2-3-3 34 .3 43 .2 23 .4 66.6
Medium duration

IR28228-96-3-2-1-3 541 53.1 33.3 86.4

IR38 13.8 71.7 42.6 114.3

IR29723-143-3-2-1 33.2 71.3 46.6 117.9

IR36892-163-1-2-2-1 32.2 62.0 36.1 98.1

Values are calculated from the data on Table 4.
LB ; Leaf blades,

150

120

[(o]
o

60

Remobilized N (mg-hill™!)

30

0 ! ! i |
400 600 800

Sink size (g-m™?)

Fig. 2. Relationships between sink size and
remobilized N during two weeks after
anthesis.

Symbols are the same in Table 1.

I'; Remobilized N from leaf blades (y=
—38.0+0.161 x, r=0880**), II;
Remobilized N from leaf sheaths+ culms
(y=-20.3+0.093 x, r=0.811**) 1III;
Total remobilized N (I-+1I, y=—58.3+
0.245 x, r=0.881**),

from leaf blades) to panicle which is affected
by sink size.

Experiment 2.

The effects of the rate of basal N and
top-dressed N at the anthesis on the decrease
in LAI during the ripening period is summa-
rized in Table 6. At the anthesis, higher LAI
was observed in the plants grown under a

LS+C ; Leaf sheaths+ culms.

10F

Leaf Area Reduction (dm?-hill™}!)
H
T

0 | | | ]
0 20 40 60 80 100

Decrease in Leaf N(mg-hill )

Fig. 3. Relationship between the decrease in
leaf blade N and leaf area reduction
during two weeks after anthesis.
Symbols are the same in Table 1.
y=—2184+11.7x, r=0.875**.

higher rate of basal N. Without N top-
dressing, LLAI values of the 3 basal N did not
show any significant difference at 2 and 4
weeks after anthesis. Therefore, higher rate of
LAI reduction during the ripening period
occurred in the plants grown under a higher
rate of basal N without N top-dressing. Since
sink size is correlated with an amount of N in
plant at the anthesis?*?%3% the plants grown
under a higher rate of basal N have larger sink
size and require larger amount of N for ripen-
ing. This result shows large sink size promotes
LAI reduction (leaf senescence) during the
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ripening period. Top-dressing of N at the
anthesis decreased the rate of LAI reduction
during the ripening period, especially in the
plants grown under higher rate of basal N.
This means when large sink is produced, it
requres a large amount of supplied N for
maintaining LAI after anthesis.

Experiment 3.

Decrease in leaf area of the plants with half
the amount of sink size of control plant and
with no panicle were significantly lower than
that of the control plant (Table 7). Further-
more, N top-dressing at the anthesis decreased
the rate of leaf area reduction.

It has been reported that the removal of
panicle or decreasing sink size retards leaf
senescence>>13162030  One of the biggest
effects of panicle removal or decreasing sink
size on leaf senescence is to decrease the rate
of translocatory loss of N from leaves®". In this
experiment, the effect of panicle removal on
leaf area reduction was shown to be similar to

Table 6.

that of top-dressing of N at the anthesis
(Table 7).

Based on the Exps. 1, 2 and 3, it can be said
that the observed varietal difference in leaf
senescence during the ripening period is
related with the amount of N remobilized from
leaf to panicle, which is determined by the sink
size and the amount of N absorbed during the
ripening period. These results are in good
agreement with the results obtained in Japon-
ica rice??.

During the progress of leaf senescence of
rice plant, nitrogenius compounds in leaves
are degraded and remobilized to other parts of
the plant™!®. Under N deficient conditions, it
is well known that leaf senescence is
accelerated®?V. Since Molish proposed the
idea that leaf senescence of plant was induced
as a result of diversion of nutrient from leaves
to the developing fruits!®, until now, a lot of
hypotheses concerning on the monocarpic
senescence were presented, and these hypoth-

The effect of basal N and top-dressed N at the anthesis

on LAI reduction after anthesis in IR36892-163-1-2-2-1

(Exp. 2).
Basal “Top-dressed N (g * m~2)
Weeks
6/0 12/0 24/0 6/3 12/3 24/3
0 46b 56D 7.5 a 46b 5.60Db 7.5 a
2 24b 3.3ab 3.3 ab 28b 35ab 4.1a
1.0b ND 09b 1.7a ND

4 0.8 b

Values are means of two plots.
ND; Not determined.

In a row, common letters are not significantly ditferent by

Duncan’s new multiple range test at P=0.05.

Table 7.

The effect of sink reduction and N top-dressing at the

anthesis on leaf senescence (green leaf area) of IR29658-69-

2-1-2 grown in pots (Exp. 3).

Grain number

Green leaf area

Weeks  Treatment per panicle (cm? « tiller™!)
0 Control 63.0+2.5 178.7+ 6.7
3 Control 65.7%x3.4 96.3+ 6.9

1/2 panicle 31.7+2.4 115.9+10.0
No panicle 0 118.3+10.2
N top-dressed 64.0%£2.9 114.0+14.4

Values are mean=+SE of six replications.
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eses were summarized in recent reviews!41719),

The cause of monocarpic leat senescence may
be different among plant species. In rice
plants, it was reported that the translocation of
metabolites and minerals from leaf to grain
results in a deprivative stress in leaves!®.
Furthermore, leaf senescence is affected by
environmental conditions as well as genetic
properties of plants. Under the field condi-
tions, generally the amount of N absorbed by
plant after anthesis is small compared to the
amount of N required by grains for
ripening???52®_ The shortage of nutrients do
play a role in monocarpic senescence of leaves.
The results of the study support this hypothe-
sis. For keeping leaves at a high level of
photosynthesis and high leat area duration, it
is important to decrease the translocatory loss
of N in leaves by increasing N absorption
during the ripening period. In order to
increase the yield by increasing sink size, a
large amount of N should be required before
the anthesis. However, farmers in developing
countries cannot use a large amount of fertiliz-
er due to its steadily increasing cost as com-
pared with paddy prices. Therefore, N-use
efficiency of rice genotype®>**?, and fertilizer
application practice®!!528  become very
important. In this respect, the contribution of
plant N at the anthesis and at maturity is the
most important in the tropics, but in turn, the
higher contribution of plant N at the anthesis
to sink size may promote leal senescence and
may reduce the production of photosynthates
during the ripening period. Therefore, leaf
senescence must be studied further in relation
to optimization of the use of plant N.
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