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HWIRE S el (tropism) © BijE LUCEIER R E
e EEWHEYOE  LEYE () (photo-
periodism) JAEYIHEESE o {0 EEIERL AT
HHYIFREE A S IER R (B IERERYER
EREREHRE) 1K - A EYI RE
HAIFEY) (short-day plant; SDP) » fi{:1HY)
(day-neutral plant; DNP)~ £ HRUfEY) (long-day
plant; LDP) K H[E44EY) (intermediate plant)
VUfdEEET (Garner & Allard 1923; Kao & Tang
1978; Nelson 2005) o 7K {REE1E iy 3= BERURIE/
HEIEY)  Hidw@EnRE eI - JREIEKRERY
BEARNME RS 2P - H4
REERRIHERE L H S RER S A e e
YIRERACH IR » AR HRERAE -
—%InE » AKFEFLGEEE (panicle primo-
rdium) FEAEFEEH (B®) 4T £KH
(R B TGRS EEERESIER
TR EAET S (Chang 1988) - Bertero et
al. (1999) JR#EHIKFEZ/EAEIEEL (floral
initiation) & FPCIEIAC 2 R EH
/IR o Kl - TS i 2
RAK » BRI A SO SRR FT RE
A - AR RO R HE - B R EYE
JER AR EHERIS R 2 — (Best 1959; Evans
et al. 1984; Fukai 1999; Tang et al. 1978) - X%
Bz KA L B B DG E I (optimum photo-
period) ST 9-10 /NEF [ » B R BRAE < H
FADKHEERRE » 2 EERFERF < KRG A
FiE 2 A E O AR BRI 52 (Chang 1988;
Best 1959; Yin & Kropff 1996) - XE( F » R[E]
7R AE A A OV i S AT T 5 Ry AN RO 1%
(BERBURR) 553 B BB 5 =2
(Vergara & Chang 1985) - Hiff9¢LIE HEE H
JE B A - B HAREH B R AR (Yin
& Kropff 1996, 1998) » R HH g H LA
9-12.5 /INKF Ry BB A 2 FEi - %00 H R 2
(4-12 7]NKF) mThmsehits - ZLRHEM T (13-

24 /) HIIEAE K8 AR RV HABE SR
J§ (Best 1959) o 3 AV HAR Ry UK i
1 - DUR H R 3 oy B AR R R T FR K
B i EDCEE R AU S - IR HE
T HRERH CHBEHREBGEREAKR (Yin &
Kropff 1996, 1998; Yin ef al. 1997) -

HE L HRTCAAEZK i S
7 15 i K Y DG ] Rk FE 72 5% (Coolhaas &
Wormer 1953; Chandraratna 1954; Best 1959;
Tang et al. 1978; Evans et al. 1984; Vergara &
Chang 1985) » —fieRlIfE ~ AR B F VRS
HH 2 DR R 152 B Ry UK, - B TH L
IRFERERAE - R R AR A = - R
HEEHE— - T - REDGEIAE R
Rk BRI AR - S B R E 28 N
B RSN Rk BRI Y © [EISRANIE - B2 R
MR EEHAITE R - (7 TRER Ky R FARR TR
s FOEME B B AR - TSRS
TEBATE » R OGS R R Rt - i
d H AV s HAEY) - EAE H R DRSS
RedE AR B G EEY) - REENEAAE&
ITIEF AR E » DoE—SE bl RS
Friy &t b Es - AT P R TR E R
ARG A B o DURIE H AU SR
e IARBT A FERE T EE S R - 72 FEEIR
{EHAERTBEAE ~ WEINBEA B e F-ZEH] (Chiou
1992; Chiou & Huang 1994; Chiou et al. 1998;
Chiou & Weng 2003) » fREEAGHAIOLE HAE
WA ROEE IR 40 K (Chiou & Weng
1996) ; [k » @i FE H AR /KRS (E AR D R
BN HIRER ARFERE{E (Huang 2006; Lee er al.
2010)

WRIER T YOG RIREAT - AR
PR RR RIS & - EmdeEH g
AR DI REAEE - WP Ry PRI — RV E R
R "OERER (phytochrome) | {E 5201
WIRNERIEEE BRIy Pr BURE (132
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F0 Fr LI RS a4 - RERET
HAMERE (Walker & Bailey 1968; Thomas &
Vince-Prue 1996; Devlin 2002; Nagy & Schaefer
2002; Kevei & Nagy 2003; Thomas 2006) - A T
HIFE—UIRED RS - #R BN BRI Y
AR ARG A TOEIRE ENE R ZEH
(Chiou & Weng 1996; Chiou et al. 1998) B{x5 1
REDEIREH TR AERSER (Lee ef al 2010) B
HTEBESE (Izawa et al. 2002) 55 k1Y
T RECNEE A FEEFRI © Lee er al. (2010) ZHFFERN
5 H B B HR B B 2 7K R EE (mercury lamp;
ML) K EEgRRE (high pressure sodium lamp;
HPSL) #7kfetEE HA IR - HpkiReg
FEDERRR LSO (400-425 nm) ~ DY (425
490 nm) ~ ¢ (490-560 nm) KEOL (560-
585 nm) FA[ RGP - SH D EITALIMDERE
Bt (740-1200 nm) - [ = RERRS & T EOGERST
AR RO BALGBE: (490-740 nm) » IR HH
EATALYMEIR B S & - 8 SOt B SRt
TR B R A REBACADEE - Ham bR
B IR BRI AR B I RBRIK R
% » HAZRAE IR Tor et - B—uiRA 10
TEERAER - BEREREREGEZE - K
T EFE g A SO BRI M A R PR T IR DT
PR - BE REREEE KM
O B i R R 5 T SR e O i B i 8 o T 5
J&E » DUGHE—2 s B R R A M R T R 3
7RAE) G HAER R E Y AR EE R s A -

MFERTE

SHEER KR IREIE

AT TR BRI S P T e i 2 1 TR
EEEZ B RSB - 2007 - IIRE(E
Bz 2008 FE—FEffE R EDEIRIRTRE Ry 2 /NRf
(5% 23 : 30-01 : 30) » 2008 4= —HATE K 2009

wEDEIRE KA T mE 23

IR K EDEIRRFE Ry 1 /NRF (23 30—
00 : 30) » 223 fegieE b FH U S P AE S RK
etk E L EZA 11 5% (TK 1) K 2/
2 9% (TK 2) - DR ERBE AR R R
RN T A OGRS - B 1
HbAta® MR E R s 1k - TGRS
JERM#E (HPSL; 70 W/220 V, E27, Philips Elec-
tronics N.V., Holland) ~ 7k§R& (ML; 80 W/220 V,
China Electronic MFG Corp., Taipei, Taiwan,
ROC) FAHENE (no light treatment; CK) %% 3
fifi o FHHESHEEHE (model GER-2600, Geophysical
& Environmental Research Corp., New York,
USA) &illl HPSL J ML Rttt U RS
(i 1) » SCIRZAEE = BRI 3 m - BER
FRHEEGPHE (K25 m x & 10 m) Z—JH
A — Lee et al. (2010) 8%G1 - SEIRZEETE
FETIREEEE (photosynthetic photon flux density;
PPFD) f{% Lot & ¥ &t (quantum sensor;
LI-189, Li-Cor Crop., Nebraska, USA) F2 * 43
BIEREOEIR 0512468 10m
KFEHEN: ) REEH LHHE  DUESEL
P H A S PR RO (Bl SR ER SHEE A
W2 SCHR S e R #i [ Fy 400-700 nm ~ B4Ry
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KA R A R
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HEEE iR B R 2k A » LIRS G5 (R
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Fig. 1. The radiance spectra of mercury lamp (ML) and high pressure sodium lamp (HPSL).
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Fig. 2. The photosynthetic photon flux density (PPFD) measured above canopies of rice cultivars TK 2 and TK 11 at
various distances from mercury lamp (ML; left figures) and high pressure sodium lamp (HPSL; right figures). Top
figures are second crop of 2007 and first crop of 2008 and bottom figures are second crop of 2008 and first crop of

2009.
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& 1A, ANEDGIREEREE S GEDEIR (BHUDEHET) BEBEE 2007 S JUIRE1E K 2008 iRk fae
UL SR 2 BREEE R %

Table 1A. Effect of source and distance of night illumination on development and growth of rice cultivars TK 11 and
TK 2 in the fields (second crop of 2007 and first crop of 2008) *

Distance from light source (m)

Light Growth Cultivar TK 2 Cultivar TK 11
source duration 0.5 1 2 4 6 8 10 0.5 1 2 4 6 8 10
HPSLY,2h 2" crop, 2007
T-FH * 77 77 76 72 72 72 72 NY N N 74 72 72 72
FH-H 49 49 44 38 38 38 38 N N N 52 51 42 42
Total 126 126 120 110 110 110 110 N N N 126 123 114 114
1* crop, 2008
T-FH 9% 9% 95 91 88 87 8 102 102 102 93 88 84 84
FH-H 38 38 37 37 37 37 37 45 45 45 41 38 37 37
Total 134 134 132 128 125 124 123 147 147 147 134 126 121 121
ML,2h 2" crop, 2007
T-FH 68 68 67 66 65 65 65 72 7270 70 65 65 65
FH-H 54 54 53 47 49 49 49 54 54 50 44 44 44 44
Total 122 122 120 113 114 114 114 126 126 120 114 109 109 109
1* crop, 2008
T-FH 91 91 91 91 88 87 87 85 8 8 85 81 81 81
FH-H 41 41 39 39 36 36 36 62 62 62 47 43 41 41
Total 132 132 130 130 124 123 123 147 147 147 132 124 122 122
CK 2" crop, 2007
T-FH 65 62
FH-H 49 43
Total 114 109
1* crop, 2008
T-FH 86 81
FH-H 36 40
Total 122 121

* There is difference in sensitivity to night illumination between TK 11 and TK 2. Data are 2-h night illumination for these two
field tests.

¥ Light sources, HPSL: high pressure sodium lamp; ML: mercury lamp; CK: Control (no light treatment). Data are mean values
averaging from different distances.

* T-FH: days from transplanting to 50% heading; FH-H: days from 50% heading to harvest; Total: days from transplanting to
harvest.

" N: no heading of rice plants.

AREREDERERZ2HUKRER S HIRRED IR B R E B B SE T A B -
BRSO IERGE TK 2 115 - U MHFEDEIRZ 2 /NRFR BRI SCRAIR 1/ INRFE
REURMRRZFZRAKN (E 3) - 252 - B HIFRE - HPSL SGRZfEtESeR 3= ML Ot
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I TEEm R AR RIEESE AN ZE e RN 2 BUEERCR » H. 2 /NRFRRERRF
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Table 1B. Effect of source and distance of night illumination on development and growth of rice cultivars TK 11 and
TK 2 in the fields (second crop of 2008 and first crop of 2009) *

Distance from light source (m)

Light Growth Cultivar TK 2 Cultivar TK 11
source duration 0.5 1 2 4 6 8 10 0.5 1 2 4 6 8 10
HPSLY,1h 2" crop,2008
T-FH* 73 72 68 68 68 68 68 74 72 69 68 68 68 61
FH-H 48 46 50 50 48 48 48 54 53 52 39 39 39 46
Total 121 118 118 118 116 116 116 128 125 121 107 107 107 107
1* crop,2009
T-FH 94 93 93 87 86 85 85 92 92 92 86 85 81 79
FH-H 36 34 34 36 35 36 36 51 51 51 44 37 33 34
Total 130 127 127 123 121 121 121 143 143 143 130 122 114 113
ML, 1h 2™ crop,2008
T-FH 72 71 71 71 68 68 68 70 69 69 69 63 63 61
FH-H 48 47 47 47 48 48 48 57 56 49 38 44 44 46
Total 120 118 118 118 116 116 116 127 125 118 107 107 107 107
1* crop,2009
T-FH 88 88 86 85 85 85 85 87 87 87 85 81 80 79
FH-H 41 41 39 35 35 35 35 51 49 49 36 34 34 35
Total 129 129 125 120 120 120 120 138 136 136 121 115 114 114
CK 2" crop,2008
T-FH 69 60
FH-H 49 44
Total 118 104
1* crop,2009
T-FH 83 80
FH-H 34 34
Total 117 114

* There is difference in sensitivity to night illumination between TK 11 and TK 2. Data are 1-h night illumination for these two
field tests.

Y Light sources, HPSL: high pressure sodium lamp; ML: mercury lamp; CK: Control (no light treatment). Data are mean values
averaging from different distances.

* T-FH: days from transplanting to 50% heading; FH-H: days from 50% heading to harvest; Total: days from transplanting to
harvest.
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Fig. 3. Effect of photosynthetic photon flux density (PPFD) from night illumination (ML or HPSL) treatment for 2 h
or 1 h on plant height (PH), leaf number (LN) and leaf area (LA) of rice cultivar TK 2 grown in 2007-2009. Data
are calculated by ratio of light treatment and dark control. Sg/mbols in this figure are: o: 1% crop, 2008 (2h)-AA; e:
1% crop, 2009 (1h)-AB; A: 2™ crop, 2007 (2h)-BA; and A : 2™ crop, 2008 (1h)-BB.
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Fig. 4. Effect of photosynthetic photon flux density (PPFD) from night illumination (ML or HPSL) treatment for 2 h
or 1 h on plant height (PH), leaf number (LN) and leaf area (LA) of rice cultivar TK 11 grown in 2007-2009. Data

are calculated by ratio of light treatment and dark control.

S}/mbols in this figure are: o: 1% crop, 2008 (2h)-AA; e:

1% crop, 2009 (1h)-AB; A: 2™ crop, 2007 (2h)-BA; and A : 2™ crop, 2008 (1h)-BB.
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Fig. 5. Effect of photosynthetic photon flux density (PPFD) from night illumination (ML or HPSL) treatment for 2 h
or 1 h on leaf fresh weight (LFW), leaf dry weight (LDW), culm fresh weight (CFW) and culm dry weight (CDW) of

rice cultivar TK 2 grown in 2007-2009. Data are calculated by ratio of light treatment and dark control.

Symbols

in this figure are: o: 1% crop, 2008 (2h)-AA; e: 1% crop, 2009 (1h)-AB; A: 2™ crop, 2007 (2h)-BA; and A: 2™ crop,

2008 (1h)-BB.
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Fig. 6. Effect of photosynthetic photon flux density (PPFD) from night illumination (ML or HPSL) treatment for 2 h
or 1 h on leaf fresh weight (LFW), leaf dry weight (LDW), culm fresh weight (CFW) and culm dry weight (CDW) of
rice cultivar TK 11 grown in 2007-2009. Data are calculated by ratio of light treatment and dark control. Symbols

in this figure are: o: 1% crop, 2008 (2h)-AA; e: 1 crop, 2009 (1h)-AB; A: 2™ crop, 2007 (2h)-BA; and A: 2™ crop,

2008 (1h)-BB.
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Fig. 7. Effect of photosynthetic photon flux density (PPFD) from night illumination (ML or HPSL) treatment for 2 h
or 1 h on panicle fresh weight (PFW) and panicle dry weight (PDW) of rice cultivar TK 2 grown in 2007-2009.

Data are calculated by ratio of light treatment and dark control. Symbols in this figure are: o: 1% crop, 2008
(2h)-AA; e: 1% crop, 2009 (1h)-AB; A: 2™ crop, 2007 (2h)-BA; and A : 2™ crop, 2008 (1h)-BB.
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Fig. 8. Effect of photosynthetic photon flux density (PPFD) from night illumination (ML or HPSL) treatment for 2 h
or 1 h on panicle fresh weight (PFW) and panicle dry weight (PDW) of rice cultivar TK 11 grown in 2007-20009.

Data are calculated by ratio of light treatment and dark control. Symbols in this figure are: o: 1% crop, 2008
(2h)-AA; e: 1% crop, 2009 (1h)-AB; A: 2™ crop, 2007 (2h)-BA; and A: 2™ crop, 2008 (1h)-BB.
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Fig. 9. Effect of photosynthetic photon flux density (PPFD) from night illumination (ML or HPSL) treatment for 2 h
or 1 h on percent effective tillers (PET), percent filled grains (PFG), 1000-grain weight (1000-GW) and harvest index
(HI) of rice cultivar TK 2 grown in 2007-2009. Data are calculated by ratio of light treatment and dark control.
Symbols in this figure are: o: 1% crop, 2008 (2h)-AA; e: 1% crop, 2009 (1h)-AB; A: 2™ crop, 2007 (2h)-BA; and A:

2™ crop, 2008 (1h)-BB.
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Fig. 10. Effect of photosynthetic photon flux density (PPFD) from night illumination (ML or HPSL) treatment for 2 h
or 1 h on percent effective tillers (PET), percent filled grains (PFG), 1000-grain weight (1000-GW) and harvest index
(HI) of rice cultivar TK 11 grown in 2007-2009. Data are calculated by ratio of light treatment and dark control.
Symbols in this figure are: o: 1% crop, 2008 (2h)-AA; e: 1% crop, 2009 (1h)-AB; A: 2™ crop, 2007 (2h)-BA; and A:

2% crop, 2008 (1h)-BB.
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Effect of Night Illumination on Growth, Development and
Yield of Rice'

Yuh-Jyuan Lee?, Chwen-Ming Yang??, and Chiao-Ling Hsiao?

Abstract

Lee, Y. J., C. M. Yang, and C. L. Hsiao. 2011. Effect of night illumination on growth, development and yield of rice.
J. Taiwan Agric. Res. 60:21-38.

Field experiments were conducted at the experimental farm of Taiwan Agricultural Research Institute,
Waufeng, Taichung, Taiwan to determine effects of night illumination on growth, development and yield
of rice, using a light-sensitive cultivar TK 11 and a light-insensitive cultivar TK 2. The two lighting
treatments were further divided into two subtreatments: (a) lighting for 2-h (from 23 : 30 to 01 : 30) and
(b) lighting for 1-h (from 23 : 30 to 00 : 30). Both mercury lamp (ML) and high pressure sodium lamp
(HPSL) were chosen as light sources for the treatment. Values of photosynthetic photon flux density
(PPFD) measured above rice canopies of TK 2 and TK 11 were in proportion to the reverse law of
squares, and the values of light intensity were higher in HPSL than in ML. Compared to the control (no
light illumination), plant height was not significantly affected by night illumination of ML and HPSL, but
the light treatments significantly increased leaf number and leaf area and thereby, increased the fresh
weight and dry weight of rice leaves and culms. The effects of growth promotion were more prominent
for plants closer to the light source, plants treated with 2-h night illumination (compared to 1-h night
illumination), and light source from ML (compared to light source from HPSL). Night illumination
prolonged growth of rice plants for both of transplanting to 50% heading and 50% heading to harvest, and
this growth promotion phenomenon was more prominent for plants closer to the light source due to
increase in light intensity. For the light sensitive variety TK 11, both fresh weight and dry weight of
panicles were greatly reduced due to reduction of productive tillers and increased of empty grains. The
reduction of fresh and dry weights of TK 11 in 2-h night illumination was higher than in 1-h night
illumination, and it was also higher in HPSL treatment than in ML treatment. Compared to TK 11, the
effect of night illumination on panicle weights and harvest index of the light insensitive variety TK 2 was
less obvious, and the contributing factors for yield reduction were percentage of filled grains and
1000-grain weight, not percentage of effective tillers.

Key words: Night illumination, Dark period light interruption, Period of light treatment, Rice, Oryza
sativa, Growth and development, Yield.
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