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Effects of Temperature on the Development of Rice Panicles

Kazuhiro KoBayAs

Abstract The relationship between temperature and spikelet number per panicle in rice was
examined. Two experiments were conducted: Experiment0] atreatment of air temperatured ATO
and Experiment 0O a treatment of water temperaturel] WTO In experiment, three regimes of
AT were applied: High temperature, (DT T10 O daylnightdd Medium temperature, (OTTI0 ; Low
temperature, (TITTI0 . In Experimentd, three levels of WTO, 1,110 O were applied in day.
WT at night was not controlled independently from the AT. Dry weights were measured at the
stage of spikelet differentiation. At heading, dry weights and the number of differentiated spikelets
and primary and secondary rachis-branches per panicle were measured. High AT during the early
reproductive stage reduced the number of differentiated spikelets. High AT did not decrease dry
matter accumulation, but changed the allocation of dry matter among organs. High AT promoted
dry matter accumulation to leaves, but decreased dry matter accumulation to tillers. Low WT in-
creased the number of differentiated spikelets, but decreased the number of surviving spikelets
through increasing of spikelet degeneration. The WT treatment little affected dry matter accu-
mulation and partitioning among organs. ™C atom percentsin leaf blades and leaf sheaths at head-
ing were higher than those in panicles, which result suggested that carbohydrates assimilated at
the stage of spikelet differentiation were translocated into actively growing organs such as leaves
prior to young panicles. The role of temperature in spikelet differentiation was discussed.
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I ntroduction

Spikelet number(l SN is a strong determinant of rice
yield. It is thought that SN is determined by the supply of ni-
trogenC] NO and carbohydrates during the reproductive stage

00 Kobayasi [TTT100 However, the possibility of the relationship
between temperature and SN per unit areawas reported] IRRI
110 Kobayas and Kito[TTT10 also revealed low tempera-
tured[JTTO : daylnightd in the early reproductive stage in-
creased SN per panicle wheress the temperature treatment did
not change N contents in the rice plants. They speculated that
low temperature directly promoted spikelet differentia
tion without changing the supply of carbohydrates and N to
panicle primordia.

Rice plants are grown under flooded conditions. Not only
air temperaturel] AT but also water temperaturel] WTL and
soil temperature affect rice development because shoot apical
meristems are in water and soil. WT and AT affect independ-

ently rice morphological devel opment such astillersand leaves
O Matsushima et & .11

Temperature in the meristem affects cell division rate and
will change the demand of assimilates among leaf blades, leaf
sheaths, and young panicles. It is possible that low temperature
increase carbohydrate supply in the early reproductive stage
and increase the number of differentiated spikelets. The author
would like to detect ™'C balance among leaf blades |eaf sheaths
and young panicles to determine effects of the supply of car-
bohydrates on spikelet differentiation.

The objectives of the experiments are two. One isto de-
termine whether both AT and WT affect spikelet number per
panicle. The other is to clarify effects of temperature on SN
through carbohydrate supply. Using ™C, the relationship be-
tween carbohydrates and spikelet number under different tem-

perature regimes were examined.
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Materials and Methods

1. Experiment 10 Air temperature treatmentd
0 10 Plant culture
A pot experiment was conducted in growth chambers at
Shimane University, Matsue, Japan. Rice cultivar ‘Koshihikari’
was used. Surface-sterilized seeds were germinated at[T100 for
[(h. Selected seeds were sown for uniformity on MaydTTTT].
Twenty germinated seeds were planted in each Wagner pot
00OITIT] ad containingd0kg equivaent of oven-dry soil( air
-dried Andosol and a granitic saprolite Cambisol mixture, 0
volumell using the circular dense-culture methodd Satake
(ITTI00 The pots were watered at field capacity level for nine
days after sowing, and later kept flooded withJ tod cm of
water. Tillers were removed when they emerged until the start
of the temperature treatments. Liquid fertilizer, containing
0OMg N as ammonium sulfate, 11g R,O, as superphosphate,
andd1g K-O as potassium chloride, was applied weekly. Five
pots were used for each treatmentO five replicates’]

O 20 Air temperature treatment
Three regimes of AT were applied: High temperature,
(DI04 O dayInightT Medium temperature, ([T T10 O Low
temperature, (D110 . The temperature treatments began on
June and ended on July[]. After the treatments, pots were
transferred to a sun-lit growth chamberO[MITTI0 O

0 30 Measurements

Three plants per pot were sampled on the day finishing
the treatments] the stage of spikelet differentiationd and at
heading. Dry weights were measured after drying samples un-
der0 for more thanTlh.

At heading, more than five panicles were sampled from
each pot to measure the number of differentiated and degen-
erated primary rachis-branchesQ] PBs[] secondary rachis-
branches] SBs[] and spikelets. The number of surviving and
degenerated spikelets, PBs, and SBs were counted according
to Kobayasi et al.0ITT]a] The number of degenerated organs
was measured by counting the vestiges of degenerated organs
on the panicles. The number of differentiated spikelets was de-
fined as the sum of the numbers of the surviving spikelets and
the degenerated spikelets. Similarly, the numbers of differen-
tiated PBs and SBs were obtained.

2. Experiment 21 Water temperature treatment
0 10 Plant culture

Rice cultivar ‘Akenohoshi’ was used becauseit hasalarge
number of spikelets per panicle and moderate photoperiodic
sensitivity. The culture method was similar to Experiment .
Sowing date was August[T],[TTT]. All plants were grown un-
der a natura day length for nine days, and then exposed to a
long-day conditionOJ1Jh photoperiod to prevent panicle dif-
ferentiation until the start of the WT treatment. For the long-
day treatment natural daylight was supplemented with artifi-
cid light of four metal halide lamps fromd am. tol] am. and
fromd p.m. andO p.m.

On October[, pots were transferred into a growth cham-
ber0 artificial light withd metal halide lamps andJ sodium-
vapor lamps,[(T1h photoperiodd] AT was[T1[0 at day and[110]
a night. Three levels of WTO[MI,[MJ,110 O were applied in
the day. WT at night was not controlled independently from
the AT. The WT treatments were kept for ten days.

0 20 ®CO, feeding and analysis of “*C
*CQ; gas was generated fromTJatom%o sodium bicarbon-
ate by addingCJOM sulfuric acid and mixed with the air in the
growth chamber. “CO, was assimilated for about OhO from
M toM1J, October (I At the end of the assimilation,
three plants per pot wereimmediately collected and™C and ™C
contents in the plants were analyzed, using differential infra-
red absorption spectrometry] EXfTTSinfrared "CQO, analyzer,
Japan Spectroscopic Co. Ltd, Tokyo, Japan(l

0 30 Measurements

Other measurements were similar to Experiment .

Results

1. Experiment 10 Air temperatured
0 10 Number of spikelets

High AT during the early reproductive stage reduced the
number of differentiated spikelets through reducing the num-
ber of both PBs and SBs differentiated] TableJ] Tempera
ture affected little the degeneration of spikelets and rachis-
branches so that the numbers of surviving PBs, SBs,
and spikelets were mainly determined by the number of differ-
entiated PBs, SBs, and spikelets.
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Table 1. The effect of air temperaturel] [0 [J on spikelet number componentsC] Experiment (0]
Number of Number of Number of Number of Number of Number of
- - Number of differentiated  differentisted Number of degenerated degenerated Number of surviving surviving
emperature
Od 7 iohtDl differentiated  primary secondary degenerated primary secondary surviving primary secondary
ni
ymng spikelets rachis- rachis- spikelets rachis- rachis- spikelets rachis- rachis-
branches branches branches branches branches branches
[ERjINN] MM+ Om 0+ 0mo 0O+ 000 MM+ 00 0f+0Im 0o+ 0o [+ Om 0f+0Im 0o+ 0o
[ERjINN] MM+ Om 0+ 000 MID+000 Om+0m 0f+0Im 0o+ 0o [+ Om 0f+0Im 0o+ 0o
[ERjINN] MM+ Om 0+ 000 MID+000 Om+0m 0f+0Im 0o+ 0o [+ Om 0f+0Im 0o+ 0o
Table 2. Dry weightd mg per plantd at the stage of spikelet differentiation and at headingl! Experiment OO
Temperature ~ Spikelet differentiation Heading
Uday/nightDl  Leof blade  Leaf sheath Tiller Leof blade  Leaf sheath ~ Dead lesf Tiller Panicle
[ERjINN I+ M T+ [ M+ 0 I+ ™ I+ 10 T+ [ M+ M [T+ M
T I+ M T+ [ [+ 17 T+ M I+ 10 T+ [ M+ M [+ 17
[ERjINN I+ M T+ [ T+ 1] [RENEJNEN] I+ 10 T+ [ M+ M [+ 17
Table 3. The effect of water temperature] [0 [ on spikelet number componentsC] Experiment (0]
Number of Number of Number of Number of Number of Number of
Wat Number of differentiated  differentisted Number of degenerated degenerated Number of surviving surviving
er
‘ - differentiated  primary secondary degenerated primary secondary surviving primary secondary
em ure
per spikelets rachis- rachis- spikelets rachis- rachis- spikelets rachis- rachis-
branches branches branches branches branches branches
[mE| IO+ Om MM+ Om MM+ Om Mm+0mMm OO+ 00D [+ Om [+ Om 0f+0Im 0o+ 0o
[mE| IO+ Om O+ 0m MM+ Om Mm+0mMm OO+ 00D [+ Om [+ Om 0f+0Im 0o+ 0o
[mE| IO+ Om MM+ Om MM+ Om 0O+ 0 OO0+ 0md [+ Om [+ Om 0f+0Im 0o+ 0o
Table 4. Dry weightld mg per plantd at the stage of spikelet differentiation and at headingd Experiment 0
Water Spikelet differentiation Heading
temperature Leaf blade Leaf sheath Tiller Leaf blade Leaf sheath Dead leaf Tiller Panicle
mN [REREJNEN] T+ 10 O+ 1171 I+ ™ T+ M M+0d [EENEJNEN [T+ M
mN I+ ™ I+ [ I+ 10 I+ M T+ M O+ 17 [REREJNEN] Im+0
mN T+ M I+ [ [T+ 10 IO+ [T T+ [T O+ 17 I+ 11 [T+ ™

0 20 Dry weight and distribution
High AT did not decrease dry matter accumulation from
panicle initiation to the stage of spikelet differentiation] Ta
ble0O However, dry matter distribution among organs was
changed by the AT treatment. High AT promoted dry matter
accumulation to leaves, but decreased that to tillers. Lower
AT promoted tillering, in particular, at the |ate vegetative stage
0 Hanada1TT10
Although the AT treatment did not affect dry matter pro-
duction during the trestment, high AT reduced total dry weight
a heading.

2. Experiment 2] Water temperatureld
0 10 Number of spikelets
Low WT increased the number of differentiated spikelets,
but decreased the number of surviving spikelets through in-
crease of spikelet degeneration] Tabled[l The degeneration
of both PBs and SBs was promoted by low WT.

0 20 Dry weight and distribution
The WT treatment little affected dry matter accumulation
and partitioning among organs during the treatment’ Table(]
At heading, plants at the low WT treatment gained slightly
more assimilates. But the differences between the WT treat-
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Table 5. Distribution of ™C among organsl] mg per plantd at headingd ExperimentJ0

l/a;/naqt;rature Leaf blade Leaf sheath Dead leaf Tiller Panicle
[mE| 0+ 0Im [OD+000 [O00+x000 2 ¢OO+x000 2 4Odo+ 0o
[EE] M+ 0 0OD+000 [O00+x000 2 OO+x000 2 4Odo+ 0o
[EE| M+ 0 0OD+000 [O00+x000 2 [OO+x000 2 4Odo+0do

Table 6. ™C Atom % among organs at headingd Experiment(00]

Y:rzt;rature Leaf blade Leaf sheath Dead leaf Tiller Panicle
[mE| 0=+ 000 O+ 0™ 0+ OIT0 OO+ O 0O+ 00
[mE| 0+ 000 DM+ 00 O+ O 0O+ 000 0+ O
M 0+ 00D DM+ 00 O+ O 0O+ 000 0+ O

ments were small.

0 30 ®C assimilation and distribution

Distribution of ™C among organs at heading was not in-
fluenced by the WT treatmentd Table[J ™'C atom percents
in leaves and stems at heading were higher than those in pan-
icles] TableI These results suggest that most of carbon and
carbohydrate assimilated at the stage of spikelet differentiation
were translocated into actively growing organs such as leaves
prior to young panicles, which are small and need |ess assimi-
lates.

Discussion

Both low AT and WT promoted spikelet differentiation.
Lower AT increased spikelet number per unit areal IRRI
(1110 and per paniclél Kobayasi and Kito[TTT1(] Y oung pan-
icles arein the water or in the soil when they are differentiated,
and after internode elongation, the leaf sheaths covering young
panicles go out of the water and into the air. Matsushima et
d 01100 reveded AT and WT affected independently rice
morphological growth and development.

Organ morphogenesis such astillering and |eaf elongation
isstrongly affected by temperaturé] Hanadal 1117, Sato[1111]
Cell division and elongation are sensitive to temperature. Shoot
and root apical meristems will demand carbohydrates, propor-
tional to cell division activity.

In the experimentd, AT affected little the degeneration
of spikelets and rachis-branches. On the other hand, low WT
increased spikelet degeneration. Shoot apical meristems and

tiller buds are in the water or in the soil. Tillering is promoted
more under lower WT than under lower ATO Matsushima et
al.dT10 Increased tillers might comsume more assimilates
and increase spikelet degeneration due to the shortage in as-
similates.

™'C assimilation experiment shows that carbon and carbo-
hydrates assimilated at the stage of spikelet differentiation were
trandocated to leaves which was actively growing and extend-
ing, and not to young panicles which were just differentiated
and small. Assimilate partitioning would not be the cause of
spikelet differentiation. After determining of panicle size, as-
similation partitioning will be determined by the balance of
demand in assimilates among organs. In this experiment, roots
were not observed. Root growth was also affected by W Mat-
sushima et al.[TTT10] About aquarter of assimilateswastranslo-
cated into root$] Y amaguchi and TanakalITT10] Young pan-
icles might compete with roots and other organsfor assimilates

After determination of the number of differenti-
ated spikelets, a lot of carbohydrates were translocated into
growing panicles as they grow larger. The demand in carbo-
hydrates for spikelet differentiation might be a littlel] Kobay-
as et a.[TTTb What determine spikelet number during the
reproductive stage through temperature? Low temperature will
lengthen the period of spikelet differentiation. The length of
the period in spikelet differentiation Rahman and Wilson
OTT10 would affect spikelet number.

Conclusion

Both low AT and low WT increased the number of dif-
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ferentiated spikelets per panicle. The temperature treatments
did not change the allocation of assimilates among organs such
as leaf blades, leaf sheaths, and young panicles. "C atom per-
cents in leaves and stems at heading were higher than those
in panicles, which result suggested that carbohydrates assimi-
lated at the stage of spikelet differentiation were translocated
into actively growing organs such as leaves prior to young pan-
icles.
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