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Temperature Response and Prediction Model of Leaf
Appearance Rate in Rice
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ABSTRACT : Under the constant daylength of 13 hours
and growth temperatures of 15°C to 27°C, the final num-
ber of leaves (FNL) on the main culm was constant as 15
regardless of temperature in rice variety 'Kwanganbyeo'.
Leaf appearance rate (LAR) increased with rising tem-
perature and decreased with phenological development.
Threshold temperature (T,) was not constant across growth
stages, but increased with phenological development.
Effective accumulated temperature (EAT), which is calcu-
lated by the summation of values subtracting TO from
daily mean temperature, is closely related with number of
leaves appeared (LLA). LA was fitted to bilinear, quadratic,
power and logistic function of EAT. Among the functions,
logistic function had the best fitness of which coefficient of
determination was R,=0.995. Therefore, LAR prediction
model was established by differentiating this function in
terms of time:
((l]_]; = (Ti—-To)'(—3_1-b1/c-(!'(a—L)(c_l)/c'L(c+1)/c)

where dL/dt is LAR, T; is daily mean temperature, L is the
number of leaves appeared, and a, b, and ¢ are constants
that were estimated as 41.8, 1098.38, and -0.9273, respec-
tively. When predictions of LA were made by LAR predic-
tion model using data independent of model establishment,
the observed and predicted LA showed good agreement of
R’ = 0.99.

Keywords : rice, temperature, leaf appearance, final number
of leaves, model
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HY 2 Axe AR 2 F5 wet d=2A vepdoh
upeba] He] QS Wsle] wE dSNkg-g &S o]
Fshe 22 o] HAZIE Sl ufg- Fasiet

92 250 wE ¥ d3UAE ¢7] s AR
T Ue T8I LEEIT Sl (Ellis er al, 1993; Gao
et al, 1992), SHEF M= A Gol A NG & F o|2}o]
Z£¥3}= 2 (Ritchie and NeSmith, 1991), FF7F YA,
E77e 295 7122 A A5E 5 JUHGrant, 1989;
Miller et al, 1993).

Aol 7B EFZOIM A dFFE7I(PSPelRE &S
= Zi(Collinson et al, 1992; Shibta et al, 1973; Vergara
and Chang, 1985%= ThE7], 255 & FFA &47]
7] A K717 FEE E0HYoshida, 1981). &% A&
o As3 £FE 2dsle 7P F8% 34 891 F shE
A BE AESA #JL 5o me} ¥gEEr) gelAed),
BE FP9) 2=k HA Ev FEIAIRE(Tw), 3L
%E‘(Tmax)s ﬂ&l]%E(Topt)g] E‘l’%ﬁ :Illf':‘% ’)I: ‘%lﬂ-(Cross
and Zuber, 1972; Shaykewhch, 1995; Yan and Hunt, 1999).
gytnog wed He E4E mEA 3, AL T8
A AN 71X HHanyu et al, 1983; Vergara and Chang, 1985),
oA EFE AAATITE Bk Uth(Ahn, 1968).
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Table 1. Final number of leaves and days from sowing to heading
as affected by growth temperature under constant

daylength of 13 hours.
Growth Days from Final number
temperature sowing to heading of leaves
18 148 16
21 99 15
24 77 15
27 63 15

*Daylength were longer than 13 hours during later photosensitive
period.
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Fig 1. Leaf appearance in relation to the days after sowing under
different growth temperatures and constant daylength of
13 hours.
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LAR = 0.176T + 0.086LN + 0.0086T*LN - 1.91
a R'= 03886

i5°C
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Leaf appearance réte(leaves/week)

Leaf number stage

Fig. 2. Relationship of leaf appearance rate (LAR) with leaf number
stage (LN) and growth temperature (T) under constant
daylength of 13 hours.
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(Table 2, Fig. 4).

Table 22] A5 YALT(THe] #AS Jebd o)

Table 2. Threshold temperatures for leaf appearance estimated at
different leaf number stages by linear regressions
between leaf appearance rate and temperatures as shown
in Fig. 3.

Main growth temperature : 24°C Main growth temperature : 27°C

B3] 97 = Zv Holz} w9 Hth(Vergara et al, Leaf number Tt Leaf number T
0 0-
1965, Vergara and Chang, 1985)c & AW F= o= stage stage
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Fig. 3. Relationship between the leaf appearance rate and the growth temperature treated at different leaf number stage for 7 days.
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Fig. 4. Relationship between threshold temperature and leaf num-
ber stage.
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Fig. 5. Relationship between leaf appearance rate and threshold
temperature.
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Table 3. Coefficients of determination of the functions relating the
number of leaves appeared to the effective accumulated
temperatures which were calculated using different thre-

shold temperatures.
Threshold Function
temperature °C)  Quadratic Power Logistic
9.0 0.992 0.991 0.993
9.5 0.993 0.992 0.994
10.0 0.993 0.993 0.995
105 0.992 0.993 0.994
11.0 0.990 0.991 0.993
11.5 0.986 0.989 0.990
12.0 0.980 0.984 0.981
12.5 0971 0.976 0.977

2 Logistic <ol AFAIHS o To7t 9~ 12.5°C] BHolA
Quadratic 372 ZAAFRH)E 0.971~ 0.993, Power Tre
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Fig. 6. Bilinear, quadratic, power, and logistic relationships between the effective accumulated temperature using the threshold temperature

of 10°C and the number of leaves appeared.

Table 4. Estimated parameters and coefficients of determination of the functions, relating the number of leaves appeared to the effective
accumulated temperature using threshold temperature of 10°C as as in Fig. 6.

Estimated parameter

Function Equation R?
a b c
Bilinear y = ajx+b; 0.0180*#* 0.6383#%* - 0.9934
y = ax+b, 0.0105%#* 4201 *** -
Quadratic y = axp+bx+c -7.083e-6%** 0.0216%%* 0.3823%* 0.9932
Power y=ax® 0.1097%** 0.7116%** - 0.9928
Logistic y = a/(1+bx°) 4].8%** 1098.38%#* -0.9273%%* 0.9950

** #*xSignificant at the probability levels of 1% and 0.1%, respectively.
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Fig. 7. Comparison of observed and predicted number of leaves appeared under different temperature treatments. Predictions were made by

the equation(4) derived from logistic function in Table 6.
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