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ABSTRACT

This study was to compare the relations of
microclimate factors with eddy fluxes from
different farming conditions varying in crops (rice,
corn and sweet potato), soil water status (paddy
and upland) and planting seasons (Spring and
Autumn). The eddy correlation system was setup
above crop canopy to record the flux data during
crop growth. Results indicated that relative
humidity was higher and vapor pressure deficit
(VPD) was lower in rice paddy field due to the
submerged condition. In addition, latent heat flux
was higher than sensible heat in energy balance.
The relationship between CO: flux and radiation
flux was a linear fashion in three crops. The
correlation coefficient for paddy rice and corn was
above 0.7 and was about 0.5 for sweet potato. The
relationship between radiation use efficiency
(RUE), defined as the ratio of CO, flux to
photosynthetic  photon flux density, and
temperature varied in crops. RUE was negatively
correlated with temperature in the range of 24-32
C in rice, and was also negatively correlated in
corn. However, positive relationship was
observed in sweet potato owing to low
temperatures. The water use efficiency (WUE),
defined as the ratio of CO, flux to latent heat flux,
was negatively correlated with VPD in three crops.
The values of WUE increased after sun rise and
remained in a stable condition at light intensity
over 1,000 pmol m2s-1.
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Key words: Crop, Flux, Vapor pressure deficit,
Radiation use efficiency, Water use
efficiency.

il

Al

R R AR & - B~ Fi
REES R MM SRR B S5 - SRV < W)
PHBR A M0 SR B Rt o HL {18 B2 FH BUSR e
REEHEHI A E MR S E R - AFEH
EHEVARBREZRERIE » A REH A
HAYEEAE ~ EX REHCE TG - BERR
Hh PR & (flux) )2 5 = FHRE B I IR (ed dy)
R - FIF B sl R 2 e 0 i
BRI POHER K - KAEREBER{EZ
Jt 48 B8 8 (covariance) 1 & 3 & (Swinbank
1951) - HATC R REEA T HITIRERT R -
[55 32 WE F 1E 7% %% & & ] (Berbigier et al.
2001) - {EYIIRSRTEER (Sanchez ef al. 2003) 5z
= H = A 1k K % fF & FF £5 (Sims and
Bradford 2001)%% T.1 -

B3 L PR ROCR E R A AR AR LR
{E (Spedding et al. 1981) - EZ2{EY)RE HE 57
— i DG G R ~ 52 B S S sk
E B ol S RLE o (E I A4 I R W
Bt e A B R 1 B AR B RSN - R
ZREMARNERERAER  thE S
E IR - RAEY) RS & 5 2%
PR O35 w32 2 EHi - SRS A
W # (radiation use efficiency; RUE)
(Albrizio and Steduto 2005) Jz 7k 43 1| F 56 =&
(water use efficiency; WUE) (Polly 2002) - &%
B IR FRCRAK SR SO REANALESS » H]
B SRR - AT AEE & SR ETTRIR
B 8 S 5= U HAE I A (] o A TG =N
VY A 5 B W R A E PR = V7 T e L
FRCEWER - HATE: 2 Y Badg Rl
DEEERFRERMEZEEZZY
(Mihailovic and Eitzinger 2007) -

5 A R AR FE Y B iR S RE & FI
BT » LB FYI R R R ERER 8
HIERRMEERN 2 WIKZREEZE (vapor

pressure deficit; VPD)(Stockle and Kiniry
1990) ~ ¥ (Hammer and Vanderlip 1989)
S 7k 531K RE(Ong and Monteith 1985) - A [d]
RN A B R M L e R A R
BYFIFH » Gosse et al. (1986)f8H Ca BUEYHE
R AR R - HRXEBHEEY > &iEk
SRHMEY) © 7k o3 R RCR A B 7 B E A
B - [E] IRF 32 SR 7k 2K SR JRE A Y R %
(Tubiello et al. 1999) - Mahrt and Vicker
(2002) Bl B 7 RS COx Rk Z& Sl &l
K FIRIBCRRA R > B IEPIZE A RALEHPA
#f COz il B BB A FHE B - /KEAR
JBR 22 Ak o3 R 8 R 2 B B E B A
(Baldocchi 1994) -

E i 25 0 3 7k e & 56 R SR AE
—Z 42 (Yao et al. 2005, 2006, 2007b) »
B D LA REYI RS R 22 2 EHZ
TEVIRERE B AR 85 21 - B AP SRR AR R3S
A 1R P iz 58 5 A1 38R A 5 (Albrizio
and Steduto 2003, Choudhury 2001) - {H R
Z Pl & BT AR R P BRI HAEY R
LAV R L 28 - AR se e — WP
kFE S BETOR RKAEHEH AT IR Z
il R R EHE R DURE A R =R EYIAE
LHEBERZRRE AR EFEFABRL
B 1%

MFERTE
— - HE{EY RS

KRB GBS A 2007 F—HAVE AT -
HEERIKEETT MBS R R TR R R E R
FEHBEATRORY > REHENR 2 ha -
i e R R A A R B2 A 71 B AT PREE 15 em %
30 em > LA 2 AE 39 5% 400 kg hat » 55
—KGENEHE A ZAE 1 5% 160 kg ha' - FHL/E
PRI SE 160 kg hat - H ZERES Sl Fy 2 5
57 5% - IERHEZUE 80 kg ha' - /I 40 kg
hat JZ #7160 kg hal - F kKE{EE 2008 4
BT - shBhE T R A R e R B P 2
5 IR R 2R 1SRREA 17HRER 75 cm



AR Sk R RE

x 20 cm » FefEfE A=A 39 5% 500 kg hat »
BN AL 39 5% 800 kg hat - =
TEPIAER R T R E BRI T T Tk i 75 S
o
- REMERRAEES

W 5E 48 28 1 AiE & K 4R 3 6 (pyrano-
meter) » model 8-48 (Eppley Laboratory Inc.,
Rhode Island, USA)- 5{: 3 ] i %i & 285-2800
nm ° ¢ & & (quantum sensors) » model
PAR-1 (PPsystems Inc., Stotfold UK) - i
HI5E #E [ 400-700 nm o F— & 2S£ 5 I Al
DLoE 2 5 1 IE 2% (optlcal radiation
calibrator, Licor 1800-02, LI-COR, Inc., NE,
USA) # IE 2 % - i % & & (hygro-
thermometer) > model CS 500 (Campbell
Scientific, Inc., UT, USA) o JEEFTE [ DL —
HEEGEEHHIZE > model 03001 (R-M. Young
Company, MI, USA) -

= BEEARENELRBREE

1. = # ¥ 3% J& 3K 31 (three dimensional
sonic anemometer) : Young 81000 (R.M.
Young company, MI, USA) - i H 33 & 5y
4-32 Hz -

2. PG &AL R / KR A i (open path
CO2 / HO analyzer) : LICOR-7500
(LI-COR, Inc., NE, USA) - fix (=1 K HESE
Ey, 20 Hz -

3. M ZEE (B 4% (fine wire thermocouple) :
Campbell 7% ] 4 5 Fr 0 H 2 2478 1% %
AR 12.7 pmo [ ESERARY 3 0Hze

4. + 38R 3] (soil moisture probe): CS616
(Campbell Scientific, Inc., UT, USA) -

5. 18 &1 (soil temperature sensor) : 107-L
#E {47 (Campbell Scientific, Inc., UT,
USA) -

6. IFHEHS 1 (net radiometer) : REBS Q7.1
(Campbell Scientific, Inc., UT, USA) -

7. + 8 B W (heat flux plate) @ HFT3

B S IR 38 i B e 1 89

(Campbell Scientific, Inc., UT, USA)>
BRI 5 cm -
Fir 45 JR 38 25 584 i Campbell CR1000 &

RI4ES > RifRalik Campbell Z3FE]F7HE
HEMILMES > ZORHERBAEER 1 10 Hz > 410

min fFF—RKER - AP EREREHETT
H - CO, SEEAMIE Yao ef al. (2005) » 7
(latent heat) Jz #H#(sensible heat)il &K1
Yao et al. (2003)Fi3l 2 AXETHE -
M- RRERMNAWRZEE

R AP IR w485 B RS e 5
EIMAANEERR G A7 LR &
ERHME R R EAYE - RHREE Vi 252
DAy b Rem NREEERME » — il Ry PG B
(closure ratio) » HE1H 7=k (FEE+E L)/
(RGN + BN IR RE L IH < B A Ry W
m?2 W Fy Watt (2 #ig 53 - B FIIFIEREL CO2
KRS E R EE - B R pg CO2
pmol PPFD- 7k 73 F KRR LL CO, i 8 K
R GE RN ELE » BALR pg CO W« k7K
RBE 2 (VPD) G5 R Hi s 3 (T) i S B A 7k 2%
S (es) » HAF R es = 0.618e x p[(17.27 X
T)/ (T+237.3)] » EERRK F5 58 . (ea) I FH BRI ZK
ARBHAHHE EENREME @ e = e X
(RH) /100~ 7k 7% 5 JBE 72 UL s B A1 7K 75 SR B (e)
HIPKEL R /K S (ea) > VPD = es-eq > B By
kPa -

e S

AT LEEA RIEYIRERE (kA ~ oKk
H#E) ~ Bk ZEROK ~ FH) KRR
(B~ FKTF) R SR S8 B B SR S K R i [y
BAAETE - Fig. 1 Jy —HE{EEAEF IR H +
Bk or & B ROKFRARE 2 BME - KTEHIK
WSS > EAEZAREI EFATEIE () - £
gokoraBA Ve - HER R Lk
B HERFERENIIRGE - RHIEYI (R ~ HE#H)
ko F A N S A A fE =i & -
Fig.1b Jy/E H M 2K KRB RIS



90 Crop, Environment & Bioinformatics, Vol. 6, June 2009

0.7

0.5 4

0.4

0.3 4

0.2

Volumetric water content (%)

0.1
3.0

0.6 mmwf

—e— cormn
<O rice

M 5};393 —4¥— Sweet potato
° °o 0 & & 555%.%
AR L

[o]

25 1

2.0 1

VPD (kPa)

° v
W "yw

g}

o
o]

0.0

¥y

0.5 Q- QIS
VM o R

A oy
U D FVR R
(<) ﬁ@ﬂ:}? o?ﬂi lr;o

DO o

T T T
0 10 20 30

T
50 60 70 80 90 100

Days after planting

Fig. 1. Temporal changes in soil volumetric water content and vapor pressure deficit (VPD)

during the cropping season of rice, corn and sweet potato.
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Fig. 2. Energy balance components measured from fields planted with rice, corn and sweet potato
during the period of maximum leaf area index.



92 Crop, Environment & Bioinformatics, Vol. 6, June 2009

700

25
r=+0.83** N=260 Rice

r=+0.89** ,N=260

r 600

r 500

F 400

r 300

r 200

r 100

CO, flux (mg m?s™)

r 500

r 400

r 300

F 200

- 100

Latent heat flux (W m'2)

0.0 - T
1.4 1 r=+0.71"* N=260

Sweet potato

r 300

r 200

100

0

0.0

0 500 1000 1500

500 1000 1500 2000

PPFD (umol m?s™)

Fig. 3. Linear relationship between area averaged CO; flux and photosynthetic photon flux
density (PPFD) in the time period between 10:00 and 15:00 local standard time in fields
planted with rice, corn and sweet potato, respectively.
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deficit (VPD) in the time period between 10:00 and 15:00 local standard time in fields
planted with rice, corn and sweet potato, respectively.
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Table 1. Correlation coefficients between the flux data from eddy correlation measurements and climate
parameters for rice, corn and sweet potato fields.

Crop Weather CO; flux Latent heat Sensible heat Net radiation  Soil heat
parameter (mg CO,m?) (Wm?2) (Wm?) (Wm?2) (Wm?2)
Rice Temperature(C) -0.44 0.68™ 0.38 0.46 -0.56™
Relative humidity (%) 0.13 -0.57" -0.31 -0.64™ 0.61
Solar radiation (M] d-!) 0.83~ 0.71 0.58~ 0.99* 0.72
Wind speed (m s1) -0.08 0.51 0.30 0.41 -0.42
Corn Temperature(C) -0.39 0.65 0.50° 0.69™ -0.77*
Relative humidity (%) 0.28 -0.47° -0.52 -0.52* 0.61"
Solar radiation (M] d-) 0.66™ 0.74~ 0.85™ 0.90" -0.71~
Wind speed (m s) 0.41° -0.39 -0.33 -0.27 0.09
Sweet potato Temperature('C) -0.38 0.74~ 0.48* 0.60" -0.36
Relative humidity (%) 0.40 -0.35 -0.62™ -0.15 0.22
Solar radiation (M] d-) 0.63" 0.76 0.77* 0.97 -0.31
Wind speed (m s?) 0.43 -0.18 0.13 -0.12 0.08

*** Significant at the 0.05 and 0.01 probability levels, respectively, according to the analysis of two-tailed

test.
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