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Fig. 1. The diagram of physiological examination sys-
tem.

Ltd., England) S UEERIER » 774
B HIRRE) By 3227 CH R = HBIME 1 wk
% BTN - F—2ERFE SHAETHER
RS SIFE S - FREEAT 1 KA 4K -
HROR S E 77 7l Ry 28/23°C >t LU S
584200 pmol m™ s » HARHEHAf5 12 h >
FHE R E 70-90% » & 4 min Z0 8k 1 EHE
BT T 5 LA
IR A TE IR I ARl < AR

an B R By B B — 0 AR B2 T Y 8 05 R
P. Sogo Yukidian ‘1318 + fH J& f 2 /% 7 1
P. Sogo Plum ‘F2486’ ~ & A [l [& Y P. Taida
Smile ‘Taida Little Green’ & F & B & HY P
Nobby’s ‘Cat Nip’ » & By 3.5 INf 7 e #akk - #4
PRI A% - DAIERITR € (AM-300, ADC Bio-
Scientific Ltd., England) & H{44 5 mfE i 1y
oreH - TER B/RORE) Ry 3212TCHY R = H 5l
B 1 wk & > Sy fEHELTAROA] -

FEEYEHENRTES  SEEERE
HRAEH] ~ fp Ml ~ FF R B AR o
JE HOR ~ BOR SOt E g R G 4F » 5RET on
Tl ] o A BR S BR (- 4H & - FI A Design-Expert
#k B8 (V8.0.7.1, Stat-Ease, Inc., Minneapolis,
USA) » £ dr 9t & % 5% 5 (Central Compos-
ite Design; CCD) 4H & skt - sl H
fr stz 1 pryl - HE (D) &E = KR

64 % H52 1

1. AR ZHBEE R
Table 1. Coded levels for the independent variables.

Level
Independent variable Symbol  Coded  Uncoded
Day temperature (‘C) D -1.68 26
-1 28
0 31
1 33
1.68 35
Night temperature (C) N -1.68 21
1 23
0 26
1 28
1.68 30
Light intensity (umol m”s™) L -1.68 80
-1 125
0 185
1 225
1.68 300
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2. ARG RS -
Table 2. The arrangement and responses of Central Composite Design.
Coded Variable
Treatment D N L D (C) N (C) L (umol m™s™)
1 -1.68 0 0 26 26 185
2 -1 -1 -1 28 23 125
3 -1 -1 1 28 23 225
4 -1 1 -1 28 28 125
5 -1 1 1 28 28 225
6 0 -1.68 0 31 21 185
7 0 0 -1.68 31 26 80
8 0 0 0 31 26 185
9 0 0 0 31 26 185
10 0 0 0 31 26 185
11 0 0 0 31 26 185
12 0 0 1.68 31 26 300
13 0 1.68 0 31 30 185
14 1 -1 -1 33 23 125
15 1 -1 1 33 23 225
16 1 1 -1 33 28 125
17 1 1 1 33 28 225
18 1.68 0 0 35 26 185
150 r
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Table 3. The optimum conditions for each of Phalaenopsis cultivars predicted by the response surface methodology.

Cultivar Day temperature (‘C)  Night temperature (‘C) Light intensity (umol m”s™)
Phalaenopsis Sogo Yukidian 1318’ 28.0 23.0 225
Phalaenopsis Sogo Plum ‘F2486° 3255 23.8 100
Phalaenopsis Taida Smile ‘Taida Little Green’ 33.0 27.5 225
Phalaenopsis Nobby’s ‘Cat Nip’ 33.0 28.0 225

F 4. [IEHITEEE T 57H73 (Phalaenopsis Sogo Yukidian ‘1318°) ©
Table 4. Analysis of variance (ANOVA) for response surface (P. Sogo Yukidian ‘1318”).

P-value
Source Sum of squares df Mean square F value Prob > F
Model 6.520E + 006 3 2.173E + 006 5.11 0.0166 significant
A-Day 6.761E + 005 1 6.761E + 005 1.59 0.2314
B-Night 5.822E + 006 1 5.822E + 006 13.69 0.0030
C-Light 22735.83 1 22735.83 0.05 0.8211
Residual 5.104E + 006 12 4.253E + 005 - -
Lack of Fit 4.593E + 006 10 4.593E + 005 1.80 0.4098 not significant
Pure Error 5.109E + 005 2 2.554E + 005 - -
Cor Total 1.162E + 007 15 - - -
R*=0.56

Design-Expert? Software
Factor Coding: Actual
Photo

10.6

3.54
X1 =A: Day
X2 = B: Night

Actual Factor
C: Light = 225 pmol m*s™

Photo

B: Night

23.00 28.00

3. R AR I AR 52 RE Al TEI[E] (Phalaenopsis Sogo Yukidian <1318°) ©
Fig. 3. Response surface plots plotted according to results of 2. Sogo Yukidian ‘1318”.
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#5.  TFEMASHISAHIYEE T 0872 (Phalaenopsis Sogo Plum F2486°) o
Table 5. Analysis of variance (ANOVA) for response surface (P. Sogo Plum ‘F2486).

P-value
Source Sum of squares df Mean square F value Prob >F
Model 3.576E + 006 7 5.108E + 005 3.38 0.0465 significant
A-Day 8.893E + 005 1 8.893E + 005 5.89 0.0382
B-Night 6.786E + 005 1 6.786E + 005 4.49 0.0631
C-Light 3.845E + 005 1 3.845E + 005 2.54 0.1451
AB 48360.50 1 48360.50 0.32 0.5854
AC 3.436E + 005 1 3.436E + 005 2.27 0.1658
A2 1.175E + 006 1 1.175E + 006 7.77 0.0211
B2 5.953E + 005 1 5.953E + 005 3.94 0.0784
Residual 1.360E + 006 9 1.511E + 005 - -
Lack of Fit 9.473E + 005 6 1.579E + 005 1.15 0.4937 not significant
Pure Error 4.125E + 005 3 1.375E + 005 - -
Cor Total 4.936E + 006 16 - - -
R*=0.72

Design-Expert? Software

Factor Coding: Actual

Photo

# Design points above predicted value
°

9.34

3.87
X1 =A: Day
X2 = B: Night

Actual Factor
C: Light = 100 ymol m*s™

23.0028.00

4, RS AR B AT A7 E Hh i 8 (Phalaenopsis Sogo Plum ‘F2486°) -
Fig. 4. Response surface plots plotted according to results of P Sogo Plum ‘F2486°.
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f » HIr— PS8R (first-order model) » &K1 HEFEER - HIFREE N ERE - SLEF T
SER AL HEN RS EEEEOMHE - % E IS (sccond-order model) HeF K -
AL - BITERBEREE (method of steepest  RIFHE(E & » IR AT HUBRRERD - SLIFENFT
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6. RIEMTHARIEHELHMNE T 53075 (Phalaenopsis Taida Smile ‘Taida Little Green’)

Table 6. Analysis of variance (ANOVA) for response surface (P. Taida Smile ‘Taida Little Green’).

P-value
Source Sum of squares df Mean square F value Prob >F
Model 1.326E + 006 9 1.473E + 005 431 0.0446 significant
A-Day 2.182E + 005 1 2.182E + 005 6.38 0.0449
B-Night 1643.38 1 1643.38 0.048 0.8337
C-Light 6426.26 1 6426.26 0.19 0.6797
AB 6.994E + 005 1 6.994E + 005 20.47 0.0040
AC 5160.27 1 5160.27 0.15 0.7110
BC 72892.20 1 72892.20 2.13 0.1944
A2 64589.30 1 64589.30 1.89 0.2183
B2 2.300E + 005 1 2.300E + 005 6.73 0.0410
C2 47058.29 1 47058.29 1.38 0.2851
Residual 2.050E + 005 6 34172.03 - -
Lack of Fit 1.897E + 005 4 4742591 6.19 0.1439 not significant
Pure Error 15328.52 2 7664.26 - -
Cor Total 1.531E + 006 15 - - -
R*=0.87
Design-Expert? Software
Factor Coding: Actual
Photo
I3.75 39622
0.62
X1 =A: Day 5
X2 = B: Night
Actual Factor
C: Light = 225 pmol m? s™ 4
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Fig. 5. Response surface plots plotted according to results of P Taida Smile ‘Taida Little Green’.
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#7. RTERLEAREEAHAYEE T7 53073 (Phalaenopsis Nobby’s “Cat Nip’) »
Table 7. Analysis of variance (ANOVA) for response surface (P. Nobby’s ‘Cat Nip”).

P-value
Source Sum of squares df Mean square F value Prob>F
Model 7.751E + 006 9 8.612E + 005 5.12 0.0300 significant
A-Day 7.320E + 005 1 7.320E + 005 4.35 0.0821
B-Night 3231.37 1 3231.37 0.019 0.8943
C-Light 34321.39 1 34321.39 0.20 0.6674
AB 2.389E + 005 1 2.389E + 005 1.42 0.2785
AC 34186.13 1 34186.13 0.20 0.6681
BC 1.543E + 006 1 1.543E + 006 9.17 0.0232
A 3.494E + 005 1 3.494E + 005 2.08 0.1997
B’ 2.023E + 005 1 2.023E + 005 1.20 0.3150
(o8 2.512E + 006 1 2.512E + 006 14.92 0.0083
Residual 1.010E + 006 6 1.683E + 005 - -
Lack of Fit 1.822E + 005 3 60749.67 0.22 0.8771 not significant
Pure Error 8.277E + 005 3 2.759E + 005 - -
Cor Total 8.761E + 006 15 - - -
R*=0.89

Design-Expert? Software
Factor Coding: Actual
Photo

8.25

2.1
X1 =A: Day
X2 = B: Night

Actual Factor
C: Light = 225 ymol m? s™

Photo

23.00 28.00

6. HHICERE A B A HI K7 FE BRI [E] (Phalaenopsis Nobby’s ‘Cat Nip®) e
Fig. 6. Response surface plots plotted according to results of 2 Nobby’s ‘Cat Nip’.
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Determination of Physiological Parameters of
Phalaenopsis Cultivars by Using Response
Surface Methodology

Jian-Cheng Ciou', Ting-Fang Hsieh’, Jyh-Rong Tsay’, and Ting-En Dai*"

Abstract

Ciou, J. C., T. F. Hsieh, J. R. Tsay, and T. E. Dai. 2015. Determination of physiological
parameters of Phalaenopsis cultivars by using response surface methodology. J. Taiwan
Agric. Res. 64(2):122—-134.

Phalaenopsis is one of the important export floricultural crops in Taiwan. It is mainly exported
to the United States, Japan and the Netherlands. However, the primary factor accounting for the qual-
ity of seedlings has not been fully understood so that the physiological characteristics for its quality
are not clear. Thus, no standards can be set up for an optimal growth conditions for the cultivated
cultivars by growers. Attempt has been made for this study to develop a detection technique for ex-
amining the physiological characteristics of several Phalaenopsis cultivars and to use it as a service
platform. With such, a better understanding of the optimal growth conditions, such as day and night
temperatures and light intensity, in the vegetative and spike-forcing phases of Phalaenopsis plants
can be reached. The information is needed to improve cultural practices for domestic production as
well as to provide a reference management for countries that import these orchids. To reduce time and
frequency for the examination, this study also designed a continuous carbon dioxide exchange system
with multiple chambers for whole plants measurements by incorporating the response surface meth-
odology. For cultivars of Phalaenopsis Sogo Yukidian ‘1318’, P. Sogo Plum ‘F2486°, P. Taida Smile
‘Taida Little Green” and P. Nobby’s ‘Cat Nip’, the estimated optimal day and night temperatures were
28°C/23°C, 33°C/24°C, 33°C/27°C, and 33°C/28TC, respectively. The estimated optimum light intensity
for cultivar P Sogo Plum ‘F2486 was about 100 pmol m™ s™, and for the rest of cultivars was about
225 umol m™ s, All these experimental data will be provided to growers for verification. Due to the
differences between the simulated growth chamber and the natural or greenhouse cultivation environ-
ment in other countries, as well as batch tests caused by equipment limitation and the uniformity of
plants, the developed measurement technique needs to be further improved and verified in the future.

Key words: Photosynthesis, Whole-plant measurement, Variety characteristics, Response surface
methodology.
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