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Optimization of Cultivational Conditions of Rice(Oryza
sativa L) by a Central Composite Design Applied
to an Early Cultivar in Southern Region
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Yu Sik Lee* and Joong Yang Park***

ABSTRACT

Two field experiments were carried out to assess the applicability of a central composite design (CCD)
in determining optimum culture condition of an early rice cultivar, Unbongbyeo in southern Korea.

A central composite design with two replicates was applied to five levels of five factors such as the
number of hills per 3.3m? the number of seedlings per hill, the levels of nitrogen, the transplanting date
and the seedling age (Experiment 1). The levels of planting density were ranged from 30 hills to 150 hills
per 3.3m? ; the number of seedlings per hill from 1 seedling to 9 seedlings per hill | the levels of nitrogen
application from 1 kg/10a to 21 kg/l()a; the transplanting date from June 15 to July 5. the seedling age
from 25 days to 45 days. -

A fractional factorial design was applied to thrée levels of five factors tested in CCD (Experiment 2).
Yield per hill and per unit area were examined and the results obtained from both experiments were
compared. The benefits from the central composite design were discussed.

Maximum yield of brown rice per unit area was obtained at the combination of the central levels of
one of five factors when the other four factors were fixed at central point, Furthermore, brown rice yield
per unit area affected by interaction of two factors was maximized at the central point when the remain
three factors being fixed at the central level. The responses of five factors to brown rice yield per hill
and unit area were found to be a saddle point in both designs,

Actual values of the stationary points were 107 hills per 3.3 m?, 4 seedlings per hill, 10 kg nitrogen per
10a, transplanting date of rice on June 26 and 33 days of seedling age in the central composite design.
Brown rice yield per unit area at the stationary points were estimated 439 kg/10a in the central
composite design and 442 kg/10a in the fractional factorial design.

Considering the number of experimental treatment combinations, the central composite design was
rather convenient in reducing the number of treatment combinations for similar information. It was more

convenient for an experimenter to present the results from the central composite design than those from
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the fractional factorial design.

Considering the optimum yields of brown rice per unit area at the stationary points being verified as

saddle points in both designs, inter-heterogeneity of each of the factors should be avoided in setting up

factors in pursuit of inducing unidirectional response of the factors to yield. Even though both the lower

and higher levels in the central composite design being beyond the region of an experimenter’s interest,

they were considered highly valued in interpretation of the results.

Conclusively, the central composite design was found to be more beneficial to optimize culture condition

of paddy rice even with several levels of various factors were involved.
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Table 1. Characters of paddy soil in the experi-

ment site.
Soil i OM PO Ex.(me-100g™) _ SO,
texture (%) (ppm) K Ca Mg (ppm)

Loam 5.9 3.2 144 0.24 3.77 1.38 127
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Table 2. Actual and coded value for plant density, seedlings per hill, levels of nitrogen, transplanting
times, and age of seedling used in a central composite design.

Actual value

X1 X2 X3 X4 X5
Coded Hills per No. of Levels of Transplanting Age of
value 3 3:2 seedlings nitrogen date seedling
’ per hill (kg/10a) (Month . date) (days)
-2 30 1 1 6.15 25
-1 60 3 6 6.20 30
0 90 5 11 6.25 35
1 120 7 16 6.30 40
2 150 9 21 7.5 45
BE 1. POARETE(CCD) o) g RistEy X, = WHFE —5
. =
B ARG Wk S 2
HELHES —BF 54E e 24 gk X. = R - 11
g = ————
B(X,), hEXRB(X,), BEBER (X;), HHH 5
(X,), HHHEB(X,) % 88 BFRE 5k#e X, = B#a- 2_5
2 % 29 7ol Helstdon, 2 Bire] FRAN ) 5
& chest 2e ko2 M sk o . AHA-3S
¢ =
5
RSB - 90
! 30 & KBolAde B He HAal g2 HHRE B
Table 3. Layout of treatment combinations in a central composite design (After W. G. Cochran and G.
M. Cox).
Block [ Block I
No. X1 X2 X3 X4 X5 No. X1 X2 X3 X4 X5
1 -1 -1 -1 -1 1 23 -2 0 0 0 0
2 1 -1 -1 -1 -1 24 2 0 0 0 0
3 -1 1 -1 -1 -1 25 0 -2 0 0 0
4 1 1 -1 -1 1 26 ] 2 0 0 0
5 -1 -1 1 -1 -1 27 - 0 -2 0 0
6 1 -1 1 -1 1 28 0 0 2 Q 0
7 -1 1 1 -1 1 29 0 0 0 -2 0
8 1 1 1 -1 -1 30 0 0 0 2 0
9 -1 -1 -1 1 -1 3 0 0 0 0 -2
10 1 -1 -1 1 1 32 0 0 0 0 2
11 -1 1 -1 1 1 33 0 0 0 0 0
12 1 1 -1 1 -1
13 -1 -1 1 1 1
14 1 -1 1 1 -1
15 -1 1 1 1 -1
16 1 1 1 1 1
17 0 0 0 0 0
18 0 0 0 0 0
19 ] 0 0 0 0
20 0 0 0 0 0
21 0 0 0 0 0
22 0 0 0 0 0

* No. 1~16: Part of 25X 1/2 factorial combinations.

* No. 17~22,33 : Centre points,

* No.23-~32: Part of the central composite only.

* X1, Hills per 3.3m*; X2, No. of seedlings per hill ;
X3, Levels of nitrogen (kg/10a) : X4 ; Transplanting date
{(Month, date) ; X5, Age of seedling(days) .
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Table 4, Actual and coded values used for plant density,

transplanting times,

seedlings per hill, levels of nitrogen,

and age of seedling used in a fractional factorial design.

X1 X2 X3 X4 X5
Co?ed Hills pe No. of Levels of Transplanting Age of
value ; ; per seedlings nitrogen date seedling
-sm per hill (kg/10a) (month. date) (days)
-1 60 3 6 6.20 30
90 5 11 6.25 35
1 120 7 16 6.30 40
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7h. BT BME RE L RX T
Z4b FiHel 4 AR FY (method of least
squares) 0.2 £ 63 22 KERmMAEXY FE
£ addek & 64 BRI Boitel g K
EmHFAL -
Y = 434.49855+6.77864 X, — 6.61197 X, —
3.00618 X, +9.24382 X, — 7.75618 X,
—13.56086 X,2 — 8. 31086 X7 — 14.68586 X 2
—16.24836 X 2 — 12.56086 X2 —3.75927 X, X,
~2.91796 X, X, + 8.64454 X, X, —9.66796X, X,
—1.20704 X, X4 +0.85546 X, X, ~ 3.33204 X, X,
+0.32177X,X,—0.24073 X, X, +7.69677 X X,
714, Y& Ed RAEREKR (kg/10a) o]
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=0
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Table 6, Constants and coefficients of response

Table 5. Treatment combinations of 3* fractional factorial in 81 units(1/3 replicate) used in this experiment.

Coded value of X3, X4, X5

Coded
value of
X1, X2.

101 11-1 110

1-1-1 1-10 1-11 10-1 100

-110 -111 0-1-1 0-10 0-11 00-1 000 001 01-1 ©10 O11

-11-1

-1-10  -1-11 -10-1 -100 -101

-1-1-1

«© L5 . .
surfaces of yield in a central composite
s © design.
Yield of brown Yield of brown
B 38 Term rice per hill rice per unit area
() (kg. 10a™")
=3 ™ =gl
R = Linear
% T e Constant 16.30404 43449855
(0.0000) (0.0000)
> 8 o X, -5.18899 6.77864
(0.0000) (0.1101)
8 &5 g .- X, 0.00982 -6.61197
E) (0.9827) (0.1189)
o 3 3 S X, -0.33282 -3.00618
= (0.4636) (0.4740)
s = LA X, 0.87968 9.24382
£ {0.0570) (0.0315)
w2 c| E Xs 0.35468 -7.75618
S (0.4350) {0.0650)
8 ¥ 5 —§ X2 1.54545 -13.56086
& (0.0003) (D.0006)
- =3 o 2
SR I X, -0.54830 -8.31086
e w o » (0.1740) (0.0284)
® = o« = Xs? -0.79830 -14.68586
~ e 2 |% (0.0503) (0.0002)
g X.? -0.84205 -16.24836
% = sl & (0.0394) (0.0001)
- 3
= Xs? -0.70455 -12.56086
” 5 % {9 (0.0827) (6.0013)
- XX, -0.48674 -3.75927
8 = g (0.3348) {0.4673)
=3
z X Xa 0.21474 -2.91796
2 8 I o (0.7000) {0.5716)
= XX, -0,78526 8.64454
5 2 8 'E {0.1631) {0.0983)
o XaXs -1.26026 -9.66796
w 1 5 (0.0277) {0.0655)
= X.Xs 0.68526 -1.20704
g = ol = (0.2224) (0.8147)
T XX, -0.30224 0.85546
o - o | %2 (0.5879) (0.8681)
R B X2Xs -0.47724 -3.33204
g © = 83 (0.3934) (0.5186)
85 X.X, 0.42423 0.32177
o o - 3 & (0.4483) (0.9502)
2 < 8 £ = XsXs 0.33674 -0.24073
= 2 (0.5468) (0.9628)
@ = =g X.Xs -0.48826 7.69677
5 (0.3833) (0.1404)
E el
s 2 P SE
£ 2 Linear 0.45023 4.16304
g = Quadratic 0.39697 3.67053
- 2 2 | § Interaction 0.55459 5.12803
»,:‘;.’ = R: 0.80266 0.63984
: i - Z ; : 2 : zz, = * The parenthesized values are the p-values for testing
[ . significance of each of the coefficients.
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—~1.20704 X+ 0.85546 X,—3.33204 X,
=0
dY/dX,=—3.00618—29.37172 X,—2.91796 X,
—1.20704 X,+ 0.32177X,—0.24073X,
=0
dY/dX, = 9.24382 —32.49672 X, +8.64454 X,
+0,85546 X,+0.32177 X, + 7.696 77X,
=0
—7.75618 - 25.12172 X, ~9.66796 X,
—~3.33204 X,— 0.24073 X+ 7.69677X,
=0
ol i 2
X, = 055956 ; X,=—042444 ; X,=-0.13385;
X, =0.33459 ; X, =—0.36400

dY/dX, =
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2 A7} ek
Y, = 0.76429 X, —0.03671 X, —0.4444 7 X,

+0.36908 X, — 0.28414 X,

Y, = —~0.44130 X, —0.28461 X, —0.56884 X,
—0.24788 X, — 0.58243 X,

Yy =—0.06946 X, +0.93810 X,~0.04795 X,
~0.07302 X, —0.32788 X,

Y, =—0.43258 X, —0.00169 X, +0.07366 X,
-0.89023 X, —0.12223 X,

Y, =—0.17076 X, +0.19392 X, — 0.68640 X,

+0.06707 X, +0.67646 X,
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Table .7 Eigenvalues, eigenvectors and stationary points of response surface for yield of brown rice per

unit area in a central composite design.

Hills per No. of seedlings Levels of Transplanting Age of
Factors 3.3m? per hill nitrogen date seedling

(X1) (X2) (X3) (X4) (X5)
Eigenvalue -19.45512 -15.79547 -0.81479 2.38683 14.99264
Eigenvector 0.76429 -0.44130 -0.06946 -0.43258 -0.17076
-0.03671 -0.28461 0.93810 -0.00169 0.19392
-0.44447 -0.56884 -0.04795 0.07366 -0.68640
0.36908 -0.24788 -0.07302 0.89023 0.06707
-0.28414 -0.58243 -0.32788 -0.12223 0.67646

Stationary

point 0.55956 -0.42444 -().13385 0.33459 -0.36400
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Fig. 2. Effects of hill numbers per 3.3m? (X1),
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nitrogen(X3), transplanting date(X4),
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Fig. 3. Effects of hill number per 3.3m? (X1),
seedling numbers per hill(X2), levels of
nitrogen(X3), transplanting date(X4),
and seedling ages(X5) on yield of brown
rice per unit area in a central composite
design. In this case, the curves were
estimated based on the levels of four
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are zero,

o KRS PLKBE@ERELR 3 0)o]  HHlsld
REXTmHBERN 2 e FEY A5 29 4, 2
@ 59 Fgtal

REZOKRE (2" 4)2, RMmeRi (X, ) 7HBRe st
= Helold 7t 2 KES 2o Fd e, BEd
=% FAReH, HUEREKE(ZY 502 & &
BRE PLUAREGRESER, 908 /33 m? ; &kE
|, 5F REMER, 11kg/10a: BBA, 68
SSBFEBER, 358) AEA A BmEE
yedga et

U2 2 ERM &6 HEERIRE <71 9

—
<

[
oo

2
1

(=3
Yield of brown rice per hill (g)

-
o
2
2
8
a.
L]
L2
(S
c
g
3
8
e
[=]
=
2
=

Fig. 4. Interaction effects of two factors on
yield of brown rice per hill when
levels of the other three factors are
zero, X1 : Hills per 3.3m? X2: No.
of seedlings per hill, X3 : Levels of
nitrogen, X4 : Transplanting date,
X5 : Age of seedling.
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Fig. 5. Interaction effects of two factors on
yield of brown rice per unit area
when levels of the other three factors
are zero. X1: Hills per 3.3m? X2
:No. of seedlings per hill, X3:
Levels of nitrogen, X4 : Transplanting
date, X5 : Age of seedling.
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Table 8. Mean squares for vyield in a central
composite design

Yiéld of brown

Yield of brown

Sou.rc? of df rice per hill rice per unit area
variation
(8) (kg. 10a7')
Replication 1 5.761 3.879
Treatment 26 75.989** 3864.943**
Regression 20 86.988** 3248.333**
Lack of fit 6 39.326*" 5920.309°
Remainder
Replication X 26 7.147 34.450
Within cell 12 0.016 12.357

** Indicates the level of significance at 1%.
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Table 9. Constants and coefficients of response
surfaces of yield in a fractional factorial
design.

Yield of
Term brown rice
per hill{g)

Yield of brown
rice per unit
area(kg.10a™")

Linear
Constants 16.23174 438.60944
(0.0000) (0.0000)
X1 -5.26481 5.18981
(0.0000) (0.0000)
X2 -0.07626 -3.70350
(0.0322) (0.0004)
X3 -0.03336 -1.49324
(0.3473) (0.1514)
X4 -0.09311 -1.14149
(0.0089) 0.2714)
Xs -0.36930 -9.25100
(0.0000) (0.0000)
X1 1.16980 -15.80674
(0.0000) (0.0000)
X2? -0.29510 -8.68113
(0.0000) (6.0000)
X3? -0.22934 -6.00635
(0.0002) (0.0000)
X4 -0.68099 -18.35499
(0.0000) (0.0000)
Xs? -0.34270 -9.44629
(0.0000) (0.0000)
X1 X2 -0.28056 9.01389
(0.0000) (0.0000)
X1 X3 -0.09028 -2.53472
(6.0384) (0.0471)
X1 X4 0.23264 4.99306
(0.0000) (0.0001)
X1 X5 0.10347 -0.68750
(0.0178) (0.5891)
X2 X3 -0.09286 -2.15942
(0.0332) (0.0905)
X2 X4 0.01092 -0.15308
(0.8016) (0.9043)
X2 X5 -0.05579 -2.28911
(0.1982) 0.0719)
X3 X4 -0.15586 -3.17032
(0.0004) (0.0129)
X3 X5 -0.04375 -0.79895
{0.3129) (0.5290)
X4 X5 0.11610 1.26327
{0.0075) (0.0749)

S. E.
Linear 0.35450 0.38260
Quadratic 0.06156 1.80301
Interaction 0.04341 1.27144
R? 0.98692 0.59645

* The parenthesized values are the p-values for
testing significance of each of the coefficients,
* R? -Coefficients of determination.
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Fig. 6. Effects of hill numbers per 3 3m?(X,),
seedling numbers per hill(X2), levels of
nitrogen(X3), transplanting date(X4),
and seedling ages(X5) on yield of brown
rice per hill in a fractional factorial
design .

In this case, the curves were estimated
based on the levels of four variables

except corresponding variable are zero.
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Fig. 7. Effects of hill numbers per 3.3m? (X1),
seedling numbers per hill(X2), levels of
nitrogen(X3), transplanting date(X4),
and seedling ages{X5) on yield of brown
rice per unit area in a fractional
factorial design,

In this case, the curves were estimated

Yield of brown rice (kg/10a)

based on the levels of four variables
except corresponding variable are zero.
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Table 10. Eigenvalues, eigenvectors and stationary point of response surface for yield of brown rice per
unit area in a fractional factorial design.

Hills per No. of seedlings Levels of Transplanting Age of
Factors 3.3m? per hill nitrogen date seedling
(X1) (X2) (X3) (X4) (X5)
Eigenvaiue -21.52026 -8.99653 -1.53823 3.11391 4.54869
Eigenvector ~0.87561 -0.06601 0.11727 0.39654 0.24072
-0.23600 0.10314 -0.94452 -0.19967 -0.04110
0.07794 0.80935 0.05645 -0.05970 0.57630
-0.39497 0.06433 0.29307 -0.85453 -0.15415
-0.12462 0.57081 0.07117 0.26289 -0.76451
Stationary point 0.28084 ~0.27828 -0.16404 0.00664 -0.45878

Yield of brown rice per hill (g)
Yield of brown rice per hill (g)
Yield of brown rice (kg/10a)
Yield of brown rice {kg/10a)

’\

Fig. 8. Interaction effects of two factors on Fig. 9. Interaction effects of two factors on
yield of brown rice per hill when yield of brown rice per unit area
levels of the other three factors are when levels of the other three fac-
zero. X1 : Hills per 3.3m? X2: No. tors are zero. X1 : Hills per 3.3m?,
of seedlings per hill, X3: Levels of X2 : No. of seedlings per hill, X3:
nitrogen, X4 : Transplanting date, X5 Levels of nitrogen, X4 : Transplanting
. Age of seedling. date, X5: Age of seedling.
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Table 11. Mean squares for yield in a fractional factorial design.

Yield of brown

Yield of brown rice

Source of variation df rice per hill per unit area
(g) (kg.10a™")
Replication 3 0.020 19.896
Treatment 80 78.449** 2112.894**
Regression 20 310.135*" 5212.361**
Lack of fit 60 1.220%* 1079.738**
Remainder 240 0.037 23.707
Replication x :
treatment

** Indicates the level of significance at 1%.

Table 12. Comparisons of yield of brown rice per unit area at five stationary points in CCD and FFD,

. Stationary points Yield
Design
X1 X2 X4 X5 (kg/10a)
CcCD 0.55956 ~0.42444 -0.13385 0.33459 -0.36400 439.1
FFD 0.28084 ~0.27828 ~0.16404 0.00664 -0.45878 442 .4
CCD : Central composite design.
FFD : Fractional factorial design.
X1 : Hills per 3.3m? X2: No. of seedlings per hill,
X3 : Levels of nitrogen, X4 : Transplanting date,
X5 : Age of seedling.
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2 3 4 5 6
27 81 243 729

Design
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Central composite 9

9 27 81 243
15 25
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