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Abstract. This study was aimed to assess the effects of microclimate factors on lettuce chlorophyll fluo-
rescent responses and to develop an environment control system for plant growth by adopting a simple
genetic algorithm. The photosynthetic responses measurements were repeated by changing one factor among
six climatic factors at a time. The maximum Fv’/Fm’ resulted when the ambient temperature was 21°C, CO,
concentration range of 1,200 to 1,400 ppm, relative humidity of 68%, air current speed of 1.4 m-s™', and the
temperature of nutrient solution of 20°C, In PPF greater than 140 umol-m™-s™!, Fv’/Fm’ values were
decreased. To estimate the effects of combined microclimate factors on plant growth, a photosynthesis effi-
ciency model was developed using principle component analysis for six microclimate factors. Predicted Fv'/
Fm’ values showed a good agreement to measured ones with an average error of 2.5%. In this study, a sim-
ple genetic algorthim was applied to the photosynthesis efficiency model for optimal environmental condi-
tion for lettuce growth. Air emperature of 22°C, root zone temperature of 19°C, CO, concentration of 1,400
ppm, air current speed of 1.0m-s™', PPF of 430 umol- m™2-s7}, and relative humidity of 65% were
obtained. It is feasible to control plant environment optimally in response to microclimate changes by using
photosynthesis efﬁciency model combined with genetic algorithm.

Key words : chlorophyll fluorescence, JAVA, photosynthesis efficiency model, Principle component anal-
ysis, simple genetic algorithm
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Fig. 1. Front view of the experimental apparatus.
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Fig. 2. Location of measuring sensors (up: plan view, down:
front view, unit : cm).
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Table 1. Specification of measurement sensors

Measurement item Model Range Sensitivity Manufacture
Temperature T-type thermocouple 0-350°C +0.5°C Hanstech
Relative humidity HO08-032-08 0-95% 5% Onset Computer Corp.
CO, GMW-22 0-2000 ppm +100 ppm Vaisala
Air current speed Series640 0-5m-s™! +0.1m-s™ Dwyer Instrument
PPF PP-1 400700 nm +100 pmol - m~2- 57! PP System
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Fig. 3. Relationship between Fv'/Fm' and leaf temperature.

0.9
y=-0.0003242380 x + 0.7552635775
R? = 0.9046401969
08|
. (J
£
. 07F
>
w
06}
O. 5 'l 1 1 I3
0 100 200 300 400 500

PPF (umol-m?2s™)
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Fig. 5. Relationship between Fv/Fm' and photosynthesis
duration time.
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Fig. 6. Relationship between Fv’/Fm’ and CO, concentra-
tion.
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Fig. 7. Relationship between Fv'/Fm' and relative humidity.
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Fig. 8. Relationship between Fv'/Fm' and air current speed.
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Table 2. Correlation analysis of measurement data (Fv’/Fm’)
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Fig. 9. Relationship between Fv/Fm' and nutrient solution
temperature.
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Item Ta Tn CO, Va PPF RH

Ta 1.00000 0.53817 0.31822 -0.75489 -0.04482 0.54101
TN 0.53817 1.00000 0.00195 -0.49121 -0.29022 0.40131
CO, 0.31822 0.00195 1.00000 -0.20717 -0.33715 0.16739
Va -0.75489 -0.49121 -0.20717 1.00000 0.20823 -0.49469
PPF -0.04482 -0.29022 -0.33715 0.20823 1.00000 -0.48245
RH 0.54101 0.40131 0.16739 -0.49469 -0.48245 1.00000

Ta : Ambient temperature, Ty : Nutrient solution temperature, CO, : CO, concentration, Vy : Air current speed, PPF : Photo-

synthesis photon flux, RH : Relative humidity
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Table 3. Eigenvectors of measurement data (Fv'/Fm’)
Item PRIN1 PRIN2 PRIN3 PRIN4 PRINS PRING6

Ta 0.494630 0.305430 0.342539 -0.067036 0.197954 -0.707843

Ty 0.413848 0.261297 -0.365086 0.697587 0.288165 0.239790

CO, 0.231897 -0.567929 0.667914 0.245861 0.204798 0.274194

Va -0.487414 -0.249482 -0.170818 0.101464 0.741423 -0.333173

PPF -0.290120 0.661829 0.441728 -0.118294 0.329683 0.400006

RH 0.456676 -0.125039 -0.281013 -0.651263 0.421228 0.308654

Proportion (%) 47.8 194 15.3 9.2 6.0 21
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Fig. 10. Comparison of measured and predicted Fv'/Fm'.
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Table 4. Decision of chromosome (data degree size)

AL S 100, FRSkE Aldi=
AL B Z71 AT Fol teksliR|x, fHsk=
AE S7HI71E ] g2 AstEARE 3=
o] AYeE otk Table 4= E2 7o ALRH
AR ] GAA| =9} F7]oth
A HZsh 2 a9 o FHE o] A A
i Ee S48l B 71 22°C, COA= 1,400 ppm,
HREEE 65%, 71FEEE 1.0m- s, vjgless
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s'0]1L COES7E 1,000~2,000 ppm Atololl] A5
9] FPAETI} L FOE JERITHPark¥ Lee,

1042 3kt

Factor Data St:.m Fir}a] Range Size of Fixed data

degree point point chromosome range

Ambient temperature (°C) 1 0 40 40 6 0.635

Nutrient solution temperature (°C) 1 0 40 40 6 0.635

Relative humidity (%) 5 25 100 75 4 5

Air current speed (m - sec™) 0.1 0 2.0 2.0 5 0.0645

CO, concentration (ppm) 15 300 2000 1700 7 13.386

PPF (m2-s7! 15 0 700 700 6 11111
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