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ABSTRACT

Radiation use efficiency (RUE), the amount of biomass produced per umit intercepted photosynthetically
active radiation (PAR), constitutes a main part of crop growth simulation models. The objective of the
present study was to evaluate the variation of RUE of rice plants under various nitrogen nutritive
conditions. From 1998 to 2000, shoot dry weight (DW), intercepted PAR of rice canopies, and nitrogen
nutritive status were measured in various nitrogen fertilization regimes using japonica and Tongil-
type varieties. These data were used for estimating the average RUEs before heading and the
relationship between RUE and the nitrogen nutritive status. The canopy extinction coefficient (K)
increased with the growth of rice until maximum tillering stage and maintained constant at about 0.4
from maximum tillering to heading stage, rapidly increasing again after heading stage. The DW
growth revealed significant linear correlation with the cumulative PAR interception of the canopy,
enabling the estimation of the average RUE before heading with the slopes of the regression lines.
Average RUE tended to increase with the increased level of nitrogen fertilization. RUE increased
approaching maximum as the nitrogen nutrition index (NNI) calculated by the ratio of actual shoot N
concentration to the critical N concentration for the maximum growth at any growth stage and the
specific leaf nitrogen (SLN; g/m? leaf area) increased. This relationship between RUE (g/MJ of PAR)
and N nutritive status was expressed well by the following exponential functions:

RUE =3.13{1-exp(—4.33NNI+1.26)}

RUE=3.17{1-exp(-1.33SLN+0.04)}

The above equations explained, respectively, about 80% and 75% of the average RUE variation due
to varying nitrogen nutritive status of rice plants. However, these equations would have some
limitations if incorporated as a component model to simulate the rice growth as they are based on
relationships averaged over the entire growth period before heading.

Key words : Rice, Nitrogen nutrition index, Specific leaf nitrogen, Extinction coefficient, Radiation use
efficiency
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Table 1. Summary of rice cultivars and cultural conditions used for the experiments

Experiment 1 Experiment 2 Experiment 3 Experiment 4
(2000) (2000) (1999) (1998)
. . Odaebyeo, Hwasungbyeo  Hwasungbyeo Hwasungbyeo
Rice cultivars Dongjinbyeo Dasanbyeo Dasanbyeo Hwasungbyeo
Dates of sowing 25 April 25 April 23 April 29 April
Dates of transplanting 27 May 19 May 16 May Direct seeding
Planting density 30 cmx15 cm 30 cmx15 cm 30 cmx15 em Drill seeded

(3 seedlings per hill)

(3 seedlings per hill)

(3 seedlings per hill)

Table 2. Amount and date of fertilizer application treatment in experiment 1, 2, 3

Basal fertilizer

Tiltering fertilizer

Panicle fertilizer ~ Total (kg/10a)

Exp. 1 19 May 2 June 27 July

ON 0
14N 7.0 42 28 14
22N 11.0 6.6 44 22
P 7.0 7
K 49 2.1 7
Exp. 2 18 May 1 June 13 June 2 July 26 July

12N 6.0 3.6 24 12
24N 7.2 48 48 24 48 24
36N 10.8 7.2 7.2 3.6 7.2 36
48N 16.0 9.6 9.6 48 9.6 48
P 10.0 10
K 7.0 3.0 10
Exp. 3 18 May 1 June 26 July

6N 24 1.8 1.8 6
12N 48 3.6 3.6 12
18N 7.2 5.4 5.4 18
24N 9.6 7.2 7.2 24
30N 12.0 9.0 9.0 30
P 10.0 10
K 7.0 3.0 10
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Table 3. Summary of fertilizer application treatment in experiment 4

Basal Fertilizer Tillering Fertilizer 1st TF.2nd Panicle Fertilizer
Exp. 4 Note
Urea LCU IBDU Urea LCU IBDU Urea Urea

T1 50% 25% 0% 25%

T2 25% 50% 25%

T3 100%

T4 100%

TS5 100%

T6 100%

T7 No fertilizer
*Amount of fertilizer application : Urea treatment, N-P,05-K,0 = 15-6.6-7.8 kg/10a

LCU, IBDU treatment, N-P,0s-K,0 = 11-6.6-7.8 kg/10a
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Fig. 1. The temporal changes of light extinction coefficient (K) values for two cultivars ‘Hwasung’ and ‘Dasan’ during rice
growing season under 12kg N/10a fertilization level in Experiment 2. .
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Fig. 2. The relationship between the cumulative PAR
intercepted by canopy and the dry weight before heading of
three rice cultivars ‘Odae’, ‘Hwasung’, and ‘Dongjin’
(Experiment 1).
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Fig. 3. The relationship between the cumulative PAR
intercepted by canopy and the dry weight before heading of
two rice cultivars ‘Hwasung’ and ‘Dasan’ (Experiment 2).
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Fig. 4. The relationship between the cumulative PAR
intercepted by canopy and the dry weight before heading of
two rice cultivars ‘Hwasung’ and ‘Dasan’ (Experiment 3).
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Fig. S. The relationship between the cumulative PAR intercepted by canopy and the dry weight before heading of rice

cultivar ‘Hwasung’ (seven treatments) (Experiment 4).

Table 4. Estimated average RUE (g/MJ of PAR) before heading in the four experiments with different nitrogen fertilization

regimes in rice

. Nitrogen level (kg/10a)
Experiment 1 Cultivar
0 14 22
Odae 1.17 2.01 2.17
Hwasung 1.19° 1.96 2.15
Dongjin 1.17 2.03 2.06
Nitrogen level (kg/10a)
Cultivar
. 12N 24N 36N 48N
Experiment 2
Hwasung 2.94 3.21 3.28 3.46
Dasan 2.68 3.10 3.38 3.36
Cult Nitrogen level (kg/10a)
, uitivar 6N 2N 18N 24N 30N
Experiment 3
Hwasung 293 2.86 2.76 3.00 3.05
Dasan 2.44 2.53 2.60 3.03 3.05
Fertilizer treatments
. Cultivar
Experiment 4 T1 T2 T3 T4 TS T6 T7
Hwasung 2.73 3.05 2.37 2.65 2.54 2.63 2.19
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Fig. 6. Relationship of average radiation use efficiency
(RUE, g/MJ of PAR) before heading with the average
nitrogen nutrition index (NNI) and specific leaf nitrogen
(SLN, g/m?).
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N o
-

e Ho] AaYY JEt 3 ol&asdd T
= 9% ARl ¥ Agrds 7=3p7] 4%
NZARE @7 8 FREHAT. 199835E 2000
WA Iide] dXA el 2 FYA S
A3l TRkt "AAM] 2R 2ES,
B 4 ArYdd HE ARG, ol ARE
83t ekl F ol 8AE 2 F ol §asH F4
& delote] TS ARSI

v T FRAFKE HALEL7VA W A
3 A SVt R ST 04
BrR QA FAEIL, &5 oI$RE OA F
A F7HlATh &3 ¥ 9] 3 PAR
interception?} Z1EFH= 24 S|ATAT AL,
o] A FAAFE o83l T E54d B #
o] 888 [RUE, g/MJ of PARYS F4sl5=d, Ha
RUE= AdAHo] BE4E solxl= ZHao|doh
HollA &4 RUEE ZF4AY HHE Jells
A~ UAG=(NNI, nitrogen nutrition index) 2 HIE
AAFE(SLN, specific leaf nitrogen concentration,
g/m? leaf areay’} SR we} FHul RUEY H
sk U 22 AR 2 388 5 ASUh

RUE=3.13{1-exp(—4.33NNI+1.26)} @

RUE=3.17{1-exp(~1.33SLN+0.04)}

sle] A WrgY £ WE RUBY ol
217}t 80%9) 75% AEE AW 4 Slrth. A7)l
73§71 RUESH NNI 2 SLN #A= 254 A V)
kel ]l Al 2A AoEA, W AR
9] HEZE FAe| FARd(component model)ZA]
g8sh= dle AL Yo, HEF 4 7R
2 olg3r] fiME Bt Fe IR dVde g o]
S} e o] o]FojXjof & Z o7 wekEh

B dr

!

i

ir e

O, ok ol

Lol o

o] A= VA 7P IEARIE del A9
(CATER 2006-4301)°l] 23} o]fo]zd R4,
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