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Growth and Yield Under Low Solar Radiation During the Reproductive Growth Stages
of Rice Plants

Seonghak Lee?, Eunho Son®, Seongchang Hong®, SungHwan Oh*, JiYoon Lee’, Jonghyun Park’,
Sunhee Woo', and Chulwon Lee"'

ABSTRACT Recently, rice growth and production have been influenced by climatic change worldwide. In particular, under low
solar radiation and cloudy weather, rice plants show abnormal physiological responses. In this experiment, plants of the rice
cultivar Samgwangbyeo grown 40% and 70% shading and natural conditions at the primordium initiation stage (PI) for 30 days
and the booting stage for 10 days up to heading were compared. After shading treatments, culm lengths were significnatly longer
than that in natural condition plots, and panicle lengths were shorter in the 40% and 70% shading treatment plots compared to
control plots. After heading, the production of dry matter treated at the PI stage was significantly lower than that at the booting
stage. SPAD values of the leaf color and N concentration of leaves treated with shading were greater than those under natural
conditions. In the shading treatment, the lodging index at 20 days after heading was significantly higher than that in natural
condition. For yield components, number of panicles, spikelet number per panicle, and ripened grain ratio significantly decreased
with shading treatment; thus, rice yield decreased significantly. For rice quality, the protein content of the head rice treated with
shading was significantly higher than that in the control plot, but the amylose content of rice treated with shading was signifiantly
lower than that in rice in control plots.

Keywords : lodging index, low solar radiation, rice quality, SPAD value

Z|2 71Tt et 222 HEE o9l 7FouE o et al., 1991). T3 8] A{z27]9] AFA 2|7t ASF 7|7t
| o154 Aful A= @GS FH(Nakano, 2000), 53] F5F47] o]F2

Al Aot} AR BHEO kS Z5FA|ZItHEvans & De Datta, 1997).
YA Az Astol gt W el vhg-of thste, £47]

o= B WkAgo] oAU | ¢(Yamamoto ef al., 1995; Tamaki
Z = (Evans & De Datta, 1997; Islam & Morison, 1992; & Yamamoto, 1997; Nakano, 2000), 5<7]o= S<-&1}
Dobermann et al., 2000). 50% 2}5F3]2] Slof|A= o]k A Y Z9] | SHSamarajeewa et al., 2005) ¥2lo] 1, A
o] 7FAa® S0 55~60% 7HAsHH(Biswas & Salokhe, 2002), Z27F FE3 2HoA= 49 dE vlFo] ok H(Gibson
Apgo] E|Stysle vlE&-S S7HAIXITHYao ef al., 2000; Kim et al., 2004), FO] AZAFFO| EolA= ACRE HIAE

iy
0,
S~

j S o

'Zooslm X228kl 28644 2E AFA] AU 2 1 (Department of Crop Science, Chungbuk National University, Cheongju,
Republic of KOREA)

*(Z)E¥ol12 (DONGBANGAGRO Co.(Limited), Seoul, Republic of KOREA)

2219175kl (NIAS, RDA, Republic of KOREA)

‘a2 2)%F3tek 9l (NICS, RDA, Republic of KOREA)

gt 2=Alt sl (Korea National College of Agriculture and Fisheries)

TCorresponding author: Chulwon Lee; (Phone) +82-43-261-2512; (E-mail) cwlee@cbu.ac.kr
<Received 24 May, 2016; Revised 8 June, 2016; Accepted 8 June, 2016>

© = sheix|o] HIWL YREt2erex|o] 9o, olo] RLHEIIL BHE St
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



88 OHEIX|(KOREAN J. CROP SCL), 61(2), 2016

o] Qlth(Makino et al., 1997; Chowdhury et al., 1994; Viji

et al., 1997). 0|9} Zro] YRF=X2 ujo] BYRbY oA,

3P A, T5E Ak A5 54 4 2AE 5 4

45]01 ReuR FET dxe WY AT K B
A

ZAINE Y M|
£ A2 20149 FHofetil Ry GAELO §
THIEQ A e FAlske] Sastgich. 49 27%0] 9152
3lo], %7} 3-4mjo] ZHE 59 2590] AHAALE 30x15 cm
2 o]Jstgith. Bgh AlHHS N-P,0s-K,05 1,000 m’g
7}7} 10-7-8 kg 302 Aluelgon, Aot 7ul-Ey
H]-22H] 2 50-30-20% B &2, ZHe] 7|H]-2=H] 2 80-20%
HER BA] BRI, AR W 7ulR AFA) ol
A 2 40%, 0% HoM B8 kS o]gato] ¢
47191 79 1598 E, 247121 89 144717] 3047,
e 97190 88 SURE FLAWAA 10292 AR
25 520991 99 4%do] AFTER 1024 3 sto]
529 AR A== Minolta SPAD-502
BAG ZARE FENEH 5

lo
=
H1

top-fresh weight of culumn(g) x plant

lodging index= length(cm)

breaking strength(g)

Aoko] Amylose F-2 Juliano H|AY A&k (Juliano, 1979)
o7 ZAIG o A4 $HEFe Kjeldahl A4 TFHE o]
B39, 4 FAATHo] T S 6255
sto] Tl oRfE FBIATHRDA, 2007). Ald- v A=
A3 3WEOR eloln, BARAS SASE ol gt

st 25
we] §4

o
BA71eF =71l AASE T 40%2F 70%
T PRI ) WekE AR A Table

Table 1. Changes in culm and panicle length, after 40% and
70% shading treatments from the panicle formation
stage and booting stage to heading stage at 10 days
after heading in the rice paddy field.

Shading time

Panicle formation .
Booting stage

Treatment stage
culm panicle culm panicle
length length length length
(cm) (cm) (cm) (cm)
Control 70.8 18.8 70.8 18.8
40% shading  74.6 18.1 78.1 18.6
70% shading ~ 72.9 16.2 74.5 18.2
LSD (0.05) 2.0 1.7 4.2 1.0
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Fig. 1. Changes in dry matter weight after 40% and 70% shading

treatments from the panicle formation stage and booting
stage to heading stage at 10 days after heading in the
rice paddy field (vertical lines on the top of the bars
are standard errors).
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Fg. 2. Changes in leaf color (SPAD value) and N concentration
of rice leaves after 40% and 70% shading treatments
at the panicle formation stage and booting stage at 10
days after heading in the rice paddy field (vertical

lines on the top of the bars are standard errors).
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Fig. 3. Changes in lodging index after 40% and 70% shading
treatments at the panicle formation stage and booting
stage after heading in the rice paddy field (vertical
lines on the top of the bars are standard errors).
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Table 2. Rice yield components and yield after 40% and 70% shading treatments from the panicle formation stage and booting

stage to heading in the rice paddy field.

No. of panicles

No. of spikelets

1000 grain Percent repened Milled rice yield

Treatment Growth Stage per m’ per panicle weight (g) grains (%) (t/ha)
Control - 455 a 106 a 244 a 87 a 54 a
. P.F. 417 b 86 b 239 a 60 ¢ 36 ¢
40% shading -
Booting 450 a 105 a 240 a 80 b 46 b
. P.F. 360 ¢ 70 ¢ 227 b 48 d 20d
70% shading -
Booting 451 a 84 b 248 a 80 b 34 ¢

* Same letters in a column are not significant by DMRT at 5%
P.F. : Panicle formation stage, Booting : Booting stage
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Protein and amylose contents of milled rice grain after
40% shading treatment at the panicle formation stage
for 30 days at harvesting in the rice paddy field (vertical
lines on the top of the bars are standard errors).

HQ

oK AAA
7] Aol ulate] g9l
et 70% AA

¥ ok
S
B
21'.
2
ul

N

Aelef Hlstel
el A=7t

E¢ 5200 ¥



BO| YAYYT| UE

I

7] AgF7E 947 A2

o] =Re 20138hA % FHTstm AR ALl o3t
o] H4L%]%1-2(This work was conducted during the research
year of Chungbuk National University in 2013).

21232 51(REFERENCES)

Biswas, P. K. and Salokhe. 2002. Effects of N rates, shading,
tiller separation, and plant density on the yield of transplanted
rice. Tropical Agri. 79(3) : 168-172.

Chowdhury, P. K. and M. Jayapragasam. 1994. Biochemical changes
in low-irradiance tolerant and susceptible rice cultivars. Biologia
Plantarium. 36(2) : 237-242.

Dobermann, A., D. Dawe, R. P. Roetter, and K. G. Cassman.
2000. Reversal of rice yield decline in a long-term continuous
cropping experiment. Agron. J. 92(4) : 633-643.

Evans, L. T. and S. K. De Datta. 1979. The relationship between
irradiance and grain yield of irrigated rice in the tropics, as
influenced by cultivar, nitrogen fertilizer application and month
of planting. Field Crops Res. 2 : 1-17.

Gibson, K. D., A. J. Fischer, and T. C. Foin. 2004. Compensatory
responses of late watergrass (Echinochloa phyllopogon) and
rice to resource limitations. Weed Sci. 52(2) : 271-280.

Islam, M. S. and J. I. L. Morison. 1992. Influence of solar-radiation
and temperature on irrigated rice grain-yield in Bangladesh.
Field Crops Res. 30(1-2) : 13-28.

| 88 & =70 DIX|= €8 91

Juliano, B. O. 1979. Amylose analysis in rice-A Review. Proc. of
the workshop on Chemical Aspects of Rice Grain Quality,
IRRI: 251-260.

Kim, K. S., S. K. Kim, B. L. Huh, and K. M. Yoon. 1991. Effects
of shading at heading stage on yield components in rice. Korea
J. Crop Sci. 36(2) : 127-133.

Makino, A., T. Sato, H. Nakano, and T. Mae. 1997. Leaf photo-
synthesis and nitrogen allocation in rice under different irradiance.
Planta. 203(3) : 390-398.

Nakano, H. 2000. Effect of early stage shading of direct-seeded
rice on growth and yield components. Jpn. J. Crop Sci. 69(2) :
182-188.

RDA. 2003. Research standard rules of agricultural experiment,
Korea (in Korean).

RDA. 2007. Analysis methods of plants, Korea (in Korean).

Samarajeewa, K. B. D. P., N. Kojima, J. Sakagami, and W. A.
Chandanie. 2005. The effect of different timing of top dressing
of nitrogen application under low light intensity on the yield
of rice (Oryza sativa L.). J. Agron. Crop Sci. 191(2) : 99-105.

Tamaki, M. and Y. Yamamoto. 1997. Effect of shading and nitrogen
fertilizer levels on flag leaf emergence rate and tillering of rice
plants, with special reference to the turning point of the leaf
emergence rate. Jpn. J. Crop Sci. 66(1) : 29-34.

Viji, M. M., M. Thangaraj, and M. Jayapragasam. 1997. Effect of
low light on photosynthetic pigments, photochemical effciency
and Hill reaction in rice (Oryza sativa L.). J. Agron. Crop Sci.-
Zeitschrift fur Acker und Pflanzenban. 178(4) : 193-196.

Yamamoto, Y., H. Kurokawa, Y. Nitta, and T. Yoshida. 1995.
Varietal difference of tillering response to shading and nitrogen
levels in rice plant - Comparison between high tillering semi-
dwarfindica and low tillering japonica. Jpn. J. Crop Sci. 64(2)
:227-234.

Yao, Y., Y. Yamamoto, T. Yoshida, Y. Nitta, and A. Miyazaki.
2000. Response of differentiated and degenerated spikelets to
top-dressing, shading and day/night temperature treatments in
rice cultivars with large panicles. Soil Sci. Plant Nutr. 46(3) :
631-641.





