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Time of emergence determines the pattern of dominae of rice tillers
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Abstract

A large number of later-initiated tillers of semids rice cultivars become either less- or un-prdishecat
maturity. Rice cultivar Lalat was grown in pot (2002, Sambalpur University) and field (2004, Region
Research and Technology Transfer Station, Chiplinfdde phenological and morphological development,
assimilate contents and grain yield of the panidldifferent categories of tillers were assessedrder to find
out the bias against development of the less ptodutllers. The order of dominance of the tilletscreased
acropetally in both the conditions. In contrasthe field, the plant tillered profusely in pots.€rduration of
vegetative and reproductive periods of the latBaitad tillers were short as events like tiller egence, booting
and anthesis were delayed in them, but maturitg edes more synchronized. Among tillers, paniclengra
yields and assimilate concentration decreased wdittations of vegetative and reproductive growthe Th
concentration of soluble sugars was highest ateaithand differed among the classes of tillers Wither

concentration in the late-initiated tiller compangith the early-initiated tillers.

The concentoatt of soluble

sugars at anthesis correlated positively with grgigld. Absence of late-tillers in the field-growplants
increased dominance of early-tillers and promptigdhdr partitioning of assimilates to panicle ataali stages
like booting and anthesis for benefit of grain gieln contrast, late-emerged tillers of the potpéahts having
biomass less than 2.5 g possessed poor sink orgaesig and failed to use assimilates partitionethéir

favour to achieve reasonable grain filling.
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Introduction

Rice yields increased considerably when IR8 and
subsequent cultivars of similar type were released
in late 1960s. In semidwarf rice, high and early-
tillering capacity is considered beneficial for igra
yield (De Datta, 1981; Yoshida, 1981). A profusely
tillering cultivar has the advantage of being atole
be planted at a wide range of spacing without any
adverse influence on the grain yield. However, the
grain yield of semidwarf rice has not increased
significantly since the 1970s with the absence of
any genotypic modification of plant type (Flinn et
al., 1982; Kropff et al., 1994). Recently it hasbe
proposed that a new plant type with only 3-4 tiller

per plant and a large number of high-density grains
per panicle should be developed (Peng et al., 1999;
Vergara et al.,, 1990). However, selecting a
genotype with a few large tillers may not achieve
the objective of high yield unless assimilates are
mobilized into the spikelets for adequate fillifgpr
example, thgaponica/indicahybrid rice had a large
number of unfilled grains due to poor partitioning
of assimilates (Yang et al., 2002; Yuan, 1994).
Development of tillers in rice is asynchronous with
the primary tillers producing more good quality
grains compared to the secondary or tertiary sller
that initiate later (Vergara et al., 1990). The
numbers of vascular bundles in rice tillers deczeas
Acropetally from the primary to the tertiarylails
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Figl. The dry mass of panicles (top) and shoots (bottofrjifferent type of tillers at booting, anthesind
maturity in rice cultivar Lalat grown in pots (Iefand in the field (right). The vertical bars regeat £ one
standard deviation (n =3). The regression lineldeges) drawn at maximum values (maturity).

(Hayashi, 1976), and late-initiated tillers may not
have an adequate number of vascular bundles to
sustain the growth of the spikelets on their panicl
(Kim and Vergara, 1991). Poor vascularisation
reduces the supply of assimilates and hormones
from the source leaves to the panicle, and thereby,
significantly restricts spikelet development. Aetil
gains photosynthetic independence after emergence
from the preceding leaf sheath. It then transports
assimilates to the sink organs growing at the apex,
but at the same time, it competes with other Sller
for light and nutrients. In rice, the manipulatiof

tiller number is important for grain yield, but the
physiological basis of the regulation of tiller gt
remains unclear. In general, large tillers resalt i
higher sink:source ratio, spikelet number,
proportion of filled grains, leaf area per tillench
sink capacity (Choi and Kwon, 1985). In a field
study, a low-tillering/large-panicled rice genotype
was reported to have an 8% yield advantage over a
profuse-tillering genotype when both the genotypes
were grown under high nitrogen conditions (Kim
and Vergara, 1991). In maize and sorghum, the
increase in yield potential resulted from incredses
sink size and a decrease in tiller number (Khush,
1990). In the new rice plant type, increased
dominance of the early-tillers is encouraged

preclude the production of late-tillers by genotypi
modification. Preclusion of unwanted tillers isals
possible by manipulation of environmental
parameters (De Datta, 1981; Yoshida, 1981). The
objective of the present experiment was to stuey th
intrinsic factors responsible for variation in il
growth resulting in the formation of different
grades of tillers (Fig.1) in a semidwarf high-
yielding indica rice cultivar in two environments
that affected phenology and tillering. In the pisx;e
the physiological factors regulating tiller dynasnic
are identified and suggestions made in the
improvement of the plant type for rice.
Additionally, attempt was made to find out
threshold time and biomass necessary for sustaining
tiller yield in a multi-tillered rice cultivar.

Materials and methods
Plant material and Cultivation

A high yielding semidwarfindica rice (Oryza
sativa L. cv. Lalat) was grown in concrete pots
placed in the open air at the School of Life
Sciences, Sambalpur University, Jyoti vihar, India
during the dry season of 2001-02. The cultivar was
also grown in the field during the 2004 wet s@aso
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Fig 2. The concentration of soluble carbohydrates (toy) starch (bottom) in the panicles of differenteyqf
tillers at booting, anthesis and maturity in riedtivar Lalat grown in pots (left) and in the fie{dght). Vertical
bars represent + one standard deviation (n =3). fEgeession line has been drawn at maximum values
(carbohydrates at anthesis and starch at maturity).

Fig 3. Relationships between soluble carbohydrate coratiott and grain yield at maturity (top) and starch
concentration and grain yield at maturity (bottoshdifferent type of tillers of high yielding riceultivar Lalat
cultivated under pot (left) and in the field comalits (right). The equations in parentheses (a), &by (c)
represent the data for booting (rectangle), amhésircle) and maturity (triangle) respectively.
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Fig 4. Relationships between time of tiller emergence swildble carbohydrate concentration (top) and tirfhe
tiller emergence and starch concentration (bottofrifferent type of tillers of high yielding riceultivar Lalat
cultivated under pot (left) and in the field comalit (right). The equations in parentheses (a), &md (c)
represent the data for booting (rectangle), amhésircle) and maturity (triangle) respectively.

at the Regional Research and Technology Transfer
Station, Orissa University of Agriculture and
Technology, Chiplima, India. The cultivar is photo-
insensitive and belongs to the medium-duration
group (120 days). Under normal conditions, it
produces a large number of tillers. The pots were
arranged in a randomised block design with three
replicates in 3 X 3 blocks with 9 pots in each kloc
The experiment in the field condition was designed
with RBD and the experimental area was divided
into 3 X 3 identical blocks (4 X 3m) and each block
contained 9 small plotSeedlings were raised in a
nursery bed before transplanting into pots or field
Seedlings with uniform growth and development
were only used for the culture. Seven days after
transplantation, plants were thinned to 4 plants pe
pot to give a density of approximately 36 planfs/m
Each pot (330 x 330 x 260 mm) contained 42 kg of
sandy loam soil supplemented with commercial
fertilizers consisting of N, s and KO in the
ratio of 80:40:40 applied at the time of
transplanting (one quarter N, full P and half K),
tillering (half N) and panicle initiation (one quer

N and half K). In the field the fertilizers were

applied in the same ratios and at the same stages.

The level of surface water in the pots and fieldwa
maintained at 5 + 2cm. Regression analyses and
correlations between different morphological and

physiological parameters were worked out using
computer Microsoft Excel programme.

Morphological observations and Sampling

The main shoot and primary, secondary and
tertiary tillers of each plant were tagged by
counting the leaves. The height of the tillers was
measured weekly from the day of tiller emergence.
The panicle of the fertile tillers was severed from
the neck node at booting, anthesis and maturity.
The fresh weight of the panicle and shoot were
recorded. Putting them into an oven at®@or one
hour followed by gradual reduction of temperature
to 37C in 24 h dried the plant materials. The
materials were kept in the oven for 48h more before
estimation of dry weight. The leaf area was derived
through multiplication of the length of leaves and
width at half height by a factor 0.69 and the tille
height was the distance between the point of origin
and the summit of the highest leaf or panicle
(Yoshida, 1981). The grain yield components of the
varieties were recorded in three replicates at the
time of maturity. The time of visual panicle
initiation (about 11 days after panicle initiaticamd
maturity (yellowing of 90 to 100% filled grains)
were determined according to the procedure of
De Datta (1981). Spikelets without a devetbp
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Table 1. Morphological and phenological features of the seitwarf rice cultivar Lalat grown in pots in 2001-2002. TE, tiller
emergence; Pl, visible panicle initiation; BT, bagt AN, 50 % anthesis; MA, maturity. Date of sogiand transplanting: 10.12.2001 &
17.1.2002. Total grain weight: 4A#24.3 g. ¢ SD, n =3)

Type of Days from transplanting nggitg: f Number of grains Weight of fertile % yield
tillers (cm) grains (g) contribution
(9)
TE Pl BT AN K Fertile Sterile
M 0 64 77 81 121 27.7£ 0.5 157.3: 08.1 21.3: 3.2 3.47£0.2 7.4
P1 16 66 77 81 121 27.2£0.3 150.Gt 01.5 22. %25 3.10t 0.4 6.6
P2 19 68 79 83 121 26.8£ 0.3 141.G+ 08.9 25 %29 290+ 0.1 6.2
P3 22 70 79 83 121 26.5£ 0.0 134.¢ 10.2 26.0+ 2.7 2.81+ 0.5 5.9
P4 22 70 79 83 121 25.7£ 0.6 125.G: 05.7 29.3t4.9 2.63:0.1 5.6
PS5 26 74 81 85 123 25.3+£ 0.6 118.# 15.6 31.A#0.6 248+ 0.1 5.3
P1S1 22 70 79 83 121 26.0£0.1 129.3+ 12.3 27.0: 35 2.76£ 0.2 5.9
P1S2 26 74 81 85 123 25.7£ 0.3 114.# 08.5 35.a:7.9 2.40£ 0.1 5.1
P1S3 30 77 83 87 123 243+ 0.8 107.3: 07.2 37.6: 8.7 1.90+0.1 4.0
pP2S1 26 74 81 85 123 253+ 1.1 117.G£ 02.7 3245 241+ 0.0 5.1
pP2S2 30 77 83 87 123 23.5£0.8 107.3: 03.5 38.0x 2.7 1.96+ 0.5 4.2
P2S3 32 78 85 90 124 22.2+1.0 085.0t 03.6 42.3: 2.5 1.64+ 0.3 3.5
P3S1 30 76 81 85 123 23.5£ 0.5 102.G 15.7 34.3t 4.0 1.00+ 0.2 21
P3S2 34 79 85 90 124 19.5+1.1 076.0: 04.4 36.3t 4.0 0.76t 0.5 1.6
P3S3 40 79 85 90 124 146+ 0.5 057.3t 04.5 36.3t 3.1 0.55+ 0.2 1.2
P4S1 34 78 83 87 123 20.0£0.1 066.0: 07.9 35.0:2.0 0.81+ 0.8 1.7
P5S1 42 79 87 92 124 171+ 0.4 050.3 03.5 38.3: 1.5 0.51x 0.7 11
P1S1T1 67 97 103 110 124 14.0+£ 0.3 009.3 02.5 43.4: 2.1 0.07£ 0.0 0.2

57



Fig 5. Relationships between vegetative growth durattop)( reproductive growth duration (middle), time o
tiller emergence (bottom) and grain yield at mayudf different type of tillers of high yieldingaé cultivar

Lalat under pot (left) and in the field (right) abtions.

endosperm at maturity were considered sterile
(Gunawardena et al., 2003). The time of anthesis
was recorded when protrusion of the first dehiscing
anthers in the terminal spikelets (De Datta, 1981)
occurred in at least 50% plants.

Biochemical Analyses

The dried plant parts were dipped into boiling 80%
aqueous methanol for 15 min in a hot water bath
and the extract was transferred to a volumetric
flask. The residue was boiled for a second time in
50% aqueous methanol and both the extracts were
pooled together. The size of the flask varied with
the size of the sample. The volumetric flask was
made up to the mark with distilled water. Aliquots
of the extract were taken for the estimation of
soluble carbohydrates (Buysee and Merck, 1993).
The residue after methanolic extraction was
digested with 3% HCI for 3 hours and diluted with
distilled water before it was used for the estimmati

of starch (Buysee and Merck, 1993). The loss of
assimilates in respiration during drying was
negligible. This inference could be reached after
comparing sugar concentrations of the fresh and dry
plant materials in trial samples.

Results
Morphological and phenological attributes

In pot condition, the primary tillers of the firitve
nodes of the mother shoot (P1 to P5), secondary
tillers on the first three nodes of primary tillé?4,

P2 and P3 (P1S1 to P1S3, P2S1 to P2S3, and P3S1
to P3S3), and first node of P4 (P4S1) and P5
(P5S1) were found to be productive (Tablel). The
grain yield and percentage of yield contribution of
the tillers declined in an acropetal fashion frdra t
main shoot to the last productive tiller in botle th
conditions; the order of decline was less related t
spatial than temporal spacing of the tillers. he t
field condition the rate of decline for grain yidld

= -0.2102x +3.6304) and percentage of yield
contribution (y = -0.7232x + 12.486) were steeper
than the pot condition (grain yield y = -0.1881x +
3.6848; yield contribution y = -0.3995x + 7.834).
The total grain weight of the plant was signifidgnt
higher in the pot condition than that in the fiedd,
tiller number decreased in the latter (Table 2). In
contrast to the pot situation, productivity was
limited to the first four primary tillers (P1 to R4
three secondary tillers of the first twoinmary
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Fig 6. Relationship between tiller dry weight and
percentage of grain filling (rectangles) and tinfe o
tiller emergence and tiller dry weight (triangles)
different types of tillers of rice cultivar Lalander
pot (closed symbols) and in the field (open
symbols) conditions.

tillers (P1S1 to P1S3 and P2S1 to P2S3) and two
secondary tillers of the third primary tiller (P3S1
and P3S2) and one secondary tiller of the fourth
primary tiller (P4S1). The percentage of yield
contribution of many of these tillers of the field
condition was higher than their counterpart in the
pot condition and grain yield of the main-shoot and
primary tillers of the former condition were either
higher or equal to that of the latter. The totaigr
yield, number of fertile grains, length, average
grain weight and grain yield contribution of the
panicle of the mother tiller was maximum and it
decreased acropetally among the tillers belonging
to both primary and secondary categories. Similar
pattern of decreases was observed in the duration o
vegetative and reproductive growth phases and
grain filling period of both the types of tillers.
However, the asynchrony in duration of
development between tillers was much lower in the
primary tillers in comparison to the secondary.
There was very little variation in the date of
maturity of the tillers and all the tillers reachiu
stage within a period of three days.

Tiller height and leaf area

The shoot of the tiller in both field and pot
conditions grew steadily in length with passage of
time and became stable a few weeks before
maturity. The primary tillers extended rapidly and
reached the height similar to that of the mother
tiller at the maturity stage. Extension growthod

shoot was also rapid in the secondary tillers,nmtt

as fast as that of the primary tillers. The
unproductive tertiary tillers extended very slowly
and possessed the minimum height at the time of
maturity (data not shown). Similar hierarchy was
noticed in the leaf area among different categories
of tillers (data not shown). Leaf area of the first
three types of tillers increased up to 10 and 8kaee
after the first tiller emergence in the pot anddfie
conditions respectively and declined thereaftdr til
maturity. Leaf area of different categories ofetiff
was higher in the pot condition than that of tleddfi
condition. Average leaf area of a primary tillersva
nearly identical to that of the main shoot; buvés
significantly lower in the secondary tiller. The
tertiary tillers emerged very late and had the
smallest duration of leaf area extension.

Panicle and shoot dry mass

Hierarchical pattern of dry mass accumulation in
the shoot (above ground biomass excluding
panicles) and panicle was observed among the
tillers during the grain filling period in both pand
field conditions; the rate of growth was fastethe
former than the latter (Fig. 1). Dry mass
accumulation was highest in the mother shoot and it
decreased acropetally among different types of
tillers in a succession. The hierarchy in dry mass
distribution was more evident among the tillers of
the field condition than that of the pot conditias,
slope of the regression line for decline in dry snas
of tillers was sharper in the former than the fatte

(Fig.1).

Concentration of assimilates and starch of the
panicle

The concentration of soluble carbohydrates
fluctuated drastically with passage of time in the
panicle of the tillers belonging to different graup
in both the pot and field conditions (Fig.2). It
increased sharply from booting stage to anthesis
and dropped to a minimum value at maturity. The
concentration of soluble carbohydrates at anthesis
was highest in the panicle of the main shoot and
declined acropetally among the rest of the tiliers
both pot and field conditions; however, the rate of
decline was faster in the field than the pot
condition. In some secondary and tertiary tilléng,
concentration of soluble carbohydrates of the
panicle was found to be higher than the early-
formed tillers at the time of maturity. In general,
soluble carbohydrate concentration was higher i
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Table 2.Morphological and phenological features of the seiwarf rice cultivar Lalat grown in the field in 20 04.The abbreviations are
same as Table 1Dates of sowing and transplanting: 2.7.04 & 247 Tbtal grain weight: 29.068.8g &SD, n =3).

Type of Days from transplanting Length of Number of grains Weight of fertile % yield
tillers panicle grains (g) contribution
TE PI BT AN L (cm) Fertile Sterile (9)
M 0 55 67 75 108 28.2+ 0.7 157.4£ 9.8 242+ 3.2 3.75: 0.2 12.9
P1 13 58 68 75 108 27.9+0.8 141.6t 6.6 29.6+ 3.2 3.52£ 0.2 121
P2 17 61 70 77 109 27.3+0.9 132.2+ 4.6 31229 291+ 0.2 10.0
P3 22 63 70 77 109 26.3+ 0.5 129.6£ 4.7 35.6: 3.1 2.740.2 09.4
P4 30 70 75 81 111 23.9+ 0.6 081.8: 4.9 39.2:4.2 2.03:0.1 07.0
P1S1 22 64 72 78 110 26.4+0.7 118.4+ 3.8 37429 257 0.2 08.8
P1S2 32 75 76 81 111 25.3+0.8 074.2: 2.9 40.8: 3.1 1.79£0.2 06.2
P1S3 40 77 79 84 113 23.8+0.7 057.21.9 34427 1.1+ 0.1 03.8
pP2S1 30 74 73 79 110 25.4+0.7 109.4 6.1 29.2+ 2.6 2.44+ 0.2 08.4
P2S2 38 75 77 83 113  24.0+0.7 071.6:4.4 34229 1.72£ 0.2 05.9
P2S3 47 77 82 88 114  22.3+0.7 048.2- 4.7 41.4+ 3.4 1.04+ 0.1 03.6
P3S1 42 74 75 81 112 24.1+0.7 064.4- 3.4 36.6:4.4 149+ 0.2 05.1
P3S2 51 78 84 89 114 22.1+0.6 043.2 2.6 37.0+ 4.0 0.91x 0.1 03.1
P4S1 51 80 84 89 114 21.8+0.6 038.0t 3.5 34.2+ 3.0 1.0+ 0.1 03.5
P1S1T1 61 87 91 95 114  15.9+0.8 011.42.3 39.6: 4.0 0.21x 0.1 00.7
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the panicle of the plants in pot condition thanttha
of the field. The starch concentration of the pkmnic
declined from the main shoots to the late prodectiv
tiller in a similar fashion in both field and pot
conditions (Fig.2). In contrast to soluble
carbohydrates, the rate of decline was faster én th
pot condition than that of the field. The
concentration of starch increased temporally in the
panicle of all tillers from the booting stage to
maturity in both the pot and field conditions; the
magnitude of increase was higher in the former
than the latter.

Discussion

The study identified time of emergence as the
critical factor determining hierarchies in assingla
partitioning and growth dynamics between rice
tillers. Ecomeristem model sensitivity analyses of
rice plant suggest that supply of assimilates feeds
back on demand of assimilates in growth of an
organ and conversely organ production feeds back
on supply (Luquet et al., 2006). In our study, the
soluble carbohydrates and starch concentrations of
the panicle were found to be higher in the fast
growing early-tillers compared to the slow growing
late-tillers. Therefore, the presence of high
concentration of assimilates in the early-tillerasw
more due to a favourable supply from source than
due to a lack of utilization in sink growth.
Conversely, the concentration would have been low
in the late-tillers more due to reduction in supply
than consumption in growth. The soluble
carbohydrates concentration of the panicle
correlated positively with grain yield during the
booting and anthesis stages of development and
negatively at maturity in both the pot and field
conditions (Fig.3). However, correlation between
grain yield and starch concentration of the panicle
was found to be positive through out the grain
development period. Therefore, deficiency of
assimilates is not a limiting factor for grain grbw

of the late-tillers during the later part of grdiilfing
period. Contrast, the panicle requires more
assimilates at booting or anthesis. Shortage of
assimilates owing to limitation of source area
during these critical stages of development might
have impacted cell division and expansion in the
young endosperm of the late-tillers. This evidence
apparently shares the view that further increase in
rice yield potential is possible through manipwati

of the source rather than harvest index (Peng. et al
2000). However, panicle size of the late-tillersswa
smaller than the older tillers because of the short
duration of growth. Consequently, limited sink

capacity resulted accumulation of assimilates at
maturity.

The growth conditions of the habitats strongly
influenced the timings of booting and anthesis and
grain yield among the tillers (Tables 1 and 2).tSuc
variation in developmental status of tillers cosfer
with the proposition that rice tillers produce thei
own flowering stimulus (Vergara and Chang,
1985). But, there was not much variation in the
time of maturity among the tillers in both the
habitats. The near synchronization of maturity of
the tillers indicates a process of programming on
the part of the plant for termination of life cygcle
which might have been cued by external
competition between tillers for primary resources.
Poor morpho-anatomical infrastructure of late-
tilers (Kim and Vergara, 1991) might have
exacerbated the competition and shortened the
duration of vegetative and reproductive growth
(Fig. 5; Tables 1 & 2). The negative correlation
between the time of tiller emergence from
transplantation and soluble sugars and starch
concentration of the panicle (Fig.4); and also
between the same time period and grain yield in
both pot and field conditions (Fig. 5) further
emphasize the importance of early tillering for
grain yield. A tiller enjoys photosynthetic freedom
after its release from the cavity of preceding leaf
sheath at emergence (William and Langer, 1975),
but the time gap in achievement of independence
makes it subservient in growth and development
with respect to the early-tillers. Therefore,
dispensing with such inferior tillers can improve
synchronization of flowering and conserve
resources for panicle growth of preceding tillérs.
our study, low tiller number of the plant in field
condition increased dominance of the early-tillers
in acquiescing dry mass, grain yield and assinslate
of the panicle at anthesis in comparison to the
profusely-tillering plants of pot condition.
Dominance of early-tillers increased, when tiller
number was reduced significantly by environmental
manipulations. In contrast, the late-tillers felil®
use assimilates for starch synthesis as efficiently
and hence, the correlation between soluble
carbohydrate concentrations at maturity and time
taken for tiller emergence became positive (Fig. 4)
Further, our study revealed that approximately a
threshold biomass of 2.5 g per tiller is necessary
achieving at least 50% grain filling for the cuéiv
Lalat (Fig. 6).

61



Acknowledgement

The authors thank University Grants Commission,
New Delhi for financial assistance under the DRS
programme and Dr N C Turner, Adjunct Professor,
University of Western Australia for editing the
manuscript.

References

Buysee J, Merck R (1993) An improved
colorimetric method to quantify sugar content of
plant tissue J. Exp. Bot. 44: 1627-1629

Choi HC, Kwon KW (1985) Evaluation of varietal
difference and environment variation for some
characters related to source and sink in the rice
plants Korean J. Crop Sc80:460-470

De Datta SK (1981) Principles and practices of rice
production. John Wiley and Sons, New York

Flinn JC, De Datta SK, Labadan E (1982) An
analysis of long term rice yields in wetland soils
Field Crops Res. 201-216

Gunawardena TA, Fukai S, Blamey FPC (2003)
Low temperature induced spikelet sterility in rice.
I. Nitrogen fertilization and sensitive reproduétiv
period Australian J. Agric. Res. 5337-946

Hayashi H (1976) Studies on large vascular bundles
in paddy rice plant and panicle formation. I-lih (i
Japanese with English summary) Proc. Crop Sci.
Soc. Japadb: 322-342

Khush GS (1990) Varietal need for different
environments and breeding strategies. In:
Muralidharan K, Siddig EA (edd)lew frontiers
of rice research, Directorate of Rice Research,
Hyderabad, India, pp 68-75

Kim JK, Vergara BS (1991) Morpho-anatomical
characteristics of different panicles in low and
high tillering rices Korean J. Crop ScB6: 568-
575

Kropff MJ, Cassman KG, Peng S, Matthews RB,
and Setter TL (1994) Quantitative understanding

of rice yield potential: Breaking the yield barrier
In: CassmarkKG (ed) Proceedings of a workshop
on Rice vyield potential in favourable
environments, IRRI, Los Banos, Philippines, pp
21-38

Luquet D, Dingkuhn M, Kim HK, Tambour L,
Clement-Vidal A (2006) Ecomeristem, a model of
morphogenesis and competition among sinks in
rice. 1. Concepts, validation and sensitivity
analysis Funct. Plant Biol. 33: 309-323

Peng S, Cassman KG, Virmani SS, Sheehy J,
Khush GS (1999) Yield potential trends of
tropical rice since release of IR8 and the
challenge of increasing rice yield potential Crop
Sci.39:1552-1559

Peng S, Laza RC, Visperas RM, Sanico AL,
Cassman KG, Khush GS (2000) Grain yield of
rice cultivars and lines developed in Philippines
since 1966 Crop Sci. 4807-314

Vergara BS, Chang TT (1985) The flowering
response of rice plant to photoperiod: a review of
literature, 4' Edn. International Rice Research
Institute, Manila,Philippines

Vergara BS, Venkateswarlu B, Janoria M, Ahn JK,
Kim JK, Visperas RM (1990) Rationale for a low
tillering plant type with high density grains
Philippines Jr. Crop Sci. 15: 33-40

Williams RF, Langer RHM (1975) Growth and
development of the wheat tiller. 1. The dynamics
of tiller growth Australian J. Bot. 23:45-759

Yang, J, Peng S, Zhang Z, Wang Z, Visperas RM,
Zhu Q (2002) Grain and dry matter yields and
partitioning of assimilates injaponica/indica
hybrid rice Crop Sci. 427166-772

Yoshida S (1981) Fundamentals of rice crop
science, International Rice Research Institute,
Philippines

Yuan LP (1994) Increasing yield potential in rice
by exploitation of heterosis. In: Virmani SS (ed)
Hybrid rice technology, new developments and
future prospects,International Rice Research
Institute, Philippines, pp 1-6

62



