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Abstract
conductance and canopy spectral reflectance of rice crops under different water and nitrogen regimes. Results

This investigation was conducted to determine the quantitative relationship between leaf stomatal

showed that leaf stomatal conductance on main stem leaves under different water treatments decreased in the
following order throughout the growth cycle: GsL1 > Gsl2 > GsL3 > GslA4. The leaf stomatal conductance
in the high nitrogen treatment was higher than in the low nitrogen treatment when the soil water content was
above W3. Below W3, there were no significant differences in leaf stomatal conductance between the high and
low nitrogen treatments. It also was found that the correlation between the ratio index R(1 650, 760) and
stomatal conductance averaged over different layer leaves was the following: GsL1 > GsL12 > GsL123 >
GsL1234 > Gsl2 > GsL3 > Gsl4 (GsL1, Gsl2, GsL3, Gsl4, GsL12, GsL123 and GsL.1234 denoted the
first, second, third, fourth leaf and two leaves, three leaves, four leaves from top). The best relationship was
between canopy stomatal conductance (the product of GsL1 and LAI) and R(1 650, 760). The ratio index R
(1 650, 760) showed a power relationship with both stomatal conductance of .1 and canopy leaf stomatal con-
ductance with an RMSE of 0.05 and 0.24, respectively. It was concluded that the ratio index R can be used
to monitor leaf stomatal conductance during different growth stages of rice.
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Fig.1 Leaf stomatal conductance in different leaf positions at jointing (A) and filling (B) of rice under varied water treatments
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Fig.3 Leaf chlorophlly content ( SPAD value) on the first leaf from top (A) and canopy leaf water content (B) at jointing of rice under
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at jointing of rice under varied water and nitrogen treatments
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R ARRIORREMN AL RS )Z R CE AR R (n =35)

Table 1 ~ Correlation coefficient between canopy reflectance and leaf stomatal conductance of different leaf layers in rice (n = 35)

GsL1 Gsl2 Gsl3 Gsla GsL12 GsL123 GsL1234
R(1 650, 760D R Jointing 0.88" 0.63™ 0.32 0.11 0.86™ 0.83" 0.77"
JFE I Heading 0.86" 0.68" 0.30 0.17 0.84 0.78™ 0.74™
WY Filling 0.87" 0.66" 0.28 0.23 0.85" 0.82" 0.78"
*%: p<0.01
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I, 4 PRICPenuelas et al ., 1995) % Y65 RUH 4Ll
Xf I 453 2R RRUBR A, (R ARG 45 A R K AE i <
LT FEIFA UK

0007 T LU HEE R(1 650, 76005 AN A i
A | KASR 2 ot B AR AN A A 5 3 A AL 3 BE A
KKARCE 1) (n =35), 48 BRI, LR H
R(1 650,760) 5 /KFEAS R A7 it Jy S AN 2= 2
AL FPERAH MR /N R GsLl > GsL12 > GsL123 >
GsL1234 > GsI2 > GsI3 > Gsl4s LA TE 2L R(1 650,
7600 5T 3 HEFITH 4 WAL BEAH OCIEAN W35, 1
B R AR DG B3k B 8 2 B B 3 KR, %
AEE IR 2. W7 JE 6% THHS L BE R i)
ST 1 S AL T B R, 1 e ek J2 R R e A
T AR, b 2 I S ' 1% 32 L2 T Lk i A i) 4L
G301 D REFN 45 K4 51
2.4 KFEEZE AL TR SR 2 OGRS e D
E3

yb 2 i R AL 3 B T R AR (L iR R
JEE R JE M A B S, e AR K A I O A
AR SRR EE TR KUk, BT T e
FREL R(1 650,760) 5 THHS 4 5Kty A& 2 0 /<
L3 P E A AR R B e B G R, 45 R K

I RO B b (B 60, A G HE & Tl fR 2L R
(1 650,760 5 1t LT BE ARG, X ] & A R
TR OGS S HOR IR T )2 SO G AR, X R ) e
JEHEKSHE UK A

T: 4 r
e °
T |4 °
Es y=00248x"%""
w8 ° R =08271
c
r g2t
i §
& 2
T
i} g 1+
-~
[=9
=]
g
o0
03 0.4 05 06 0.7
Lh{E T8 %

Ratio index # (1650,760)

Ko KRERIE M AL T L IR E R(1 650, 76002 53R
Fig.6 Relationship between canopy leaf stomatal conductance of

rice and ratio index R(1 650, 760)

2.5 MR

3 AR FH AN TR AP A 2 AR R 0 vh A 7] A2 7 BRI AS
I s B3 o A0 R 25 000 52 4 R, U2 T 102 00
12:00811 14:00 X 3 AN B A <AL O T 1 i
Fget JZ2 0 B S AL 5 S0 o DAt AR oA
A A= AT 1 PR el R i AL S B S i A A
B T OKFEI 1 A J2 AL S R A ) A A
(K 7.8, SEMME AR 2 [ 1) R? 2353124 0.96
098, 2 BF A i 00 A5 784 359 B A7 652 v ) o000 A 2 5 S
IUAEAIASFUAEL [F] ¥ RMSE {73 020 0.05 F110.24, %
HFASE 200 0000 P A P AR o, (RN 5 rhm o Y, T
1AL S B 1 T S AR (IS — 28, m] B A7 AE — 58
R GE 2, N H I IE 4% 0E , 1k 2 i e <AL 2



266 B ¥ &

A ¥ W 30 4

N

JEFRI AR o KR LHOKE S M=
LA BER e S22 B S D' i 52 i B K, S 2 1)
KA HVVRE -

08

o
N
T

FRHME Predicted value
o
=

o
[\
T

0 0.2 04 0.6 0.8
SEH{E Measured value

Critical effective tilering
Jointing

AR 10: 00 Heading 10:00
fhAEHI12:00 Heading 12:00
#iFEI14:00 Heading 14:00
VEHWI10:00 Filling 10:00
VEHRMA12:00 Filling 12:00
VEHA14:00 Filling 14:00

IO+ @& X X »p O

K7 KRG L AL R SR TR Y LR
Fig.7 Comparison of measured with predicted stomatal conductance of

the first leaf in rice under different soil water and nitrogen conditions

wn

FHME Predicted value

0 1 2 3 4 5 6
SE{E Measured value

B8 ARAE L JZ I AL SE MBS PO 1 EL A
Fig.8 Comparison of measured with predicted canopy leaf stomatal
conductance of rice under different soil water and nitrogen conditions

K15 W&l 7 Ledgends see Fig. 7

3 WieE4ie

SRR, HEETREL RC1 650,760) FME LY —
W3R B8 B msavi) 4y B 5 ik <L S R BE

- EIK 4y A B A R R AH S AR Ak ks B, LA 4R 4L
R(1 650,760 5 M /<AL 5 5 5 1 35 0 o B0 07ORH OC
KEF, M MSAVI2 5wt AL T B M T AN 3%
SRR FR 2 i RS T BEREAN [F] 7K 43 Adh B
AR, RAFAE B EM KR, XA LR Ny
1 650 nm W B6F - F 7K 290K 30 880U (Tian et al .
2001), 760 nm ¥ B F BT [ N A E S A AE S
T AL BE IR RN 6 & 5 i i iy 7K 4 2 T et
TUEE AL, P2 1) LA e AR 1 19 R N SAL 5 B K/ 1)
BRI R, EEAE R 2R RC1 650, 760) 5 7K A% T ¥4 L)
RE AL B DL SR 2 M AL T FE B A B A R
P, X R ELEFR 2L R(1 650, 7600 A& & WK AG 1 F
SALFEOROLN R i Mg 4520, H 5 e 2 AL
TSGR B dse a1 W ek =5 i e UL T PR 2
B R S 2 SR R R AL, SRR 2 R G
AL P S A A 1 e R M e R R AL

AHI G KA T J2 AL R AR 2R g T
FEANTRKEAEHE e AN A & I 3 i a2 b, A
AR ZK 3 A BEAAES: T 1)< AL5 FE H A4 i B
AR K G BT A0 Hs B R AT TR SR, A
MBS BR T /K S A2 8 I AT H AR 4k 1) 52 m, 26 )
g8 R ILAT B 16 ] SEPE R 3 1 s [W]INF, 1650 A1 760
nm B BIIN T KAE D W, 2 KA TFIREB D, @2
T Il AT 3% FH X S8 B (Lillesand & Kiefers 1994)
A, ERAEFE 2L RC1 650, 760) 55 76k 2 B AR i <AL
T REIE A OGR4 G s K TR E ) 1 <AL
SEMAMBEE T 5. EASUKRET RS
J5E A AR 2 3 ST AR KRB AP 2 i, DR AR
SCHIIE 9T 25 L 75 BEAEAN [ S8 B G M, i i e A TR
I R AR it Pl LA 1 — 2D R 50 0 e 3

Z % Wk

Carter GA (1998) . Reflectance wavebands and indices for remote
estimation of photosynthesis and stomatal conductance in pine
canopies. Remote Sensing of Environment, 63, 61 —72.

Cropscan Inc. (2000). Data Logger Controller, User’s Guide and
Technical Reference. Cropscan Inc., Rochester, MN.

Eastin JD, Sullivan CJ (1984) . Environmental stress influences on
plant persistence, physiology, and production In: Tesar MB ed.
Physiological Basis of Crop Growth and Developmeni. ASA,
Madison, 201 —238.

Filella I, Penuelas J (1994). The red edge position and shape as
indicators of plant chlorophyll content, biomass and hydric status.
International Journal of Remote Sensing, 15, 1459 — 1470.

Flexas J, Escalona JM, Evain S, Gulias J, Moya I, Osmond CB,
Medrano H (2002) . Steady-state chlorophyll fluorescence ( F)



23] PR B A KA I AL 5 ek )2 B S Ol 1 1) R R AR 2 267

measurements as a tool to follow variations of net CO, assimilation
and stomatal conductance during water-stress in C; plants. Physi-
ologia plantrum, 114, 231 -240.

Jensen A, Lorenzen B (1990). Radiometric estimation of biomass
and nitrogen content of barley grown at different nitrogen levels.
International Journal of Remote Sensing, 11, 1809 — 1820.

Lillesand TM, Kiefer RW (1994) . Remote Sensing and Image In-
terpretation 3rd Edn. John Wiley & Sons, Inc.

Liu WD (XUt ZR), Xiang YQ (JTH %), Zheng LF (H25F),
Tong QX (FEFR%E), Wu CS (K1) (2000). Relationships
between rice LA, CH.D and hyperspectra data. Journal of Re-
mote Sensing (FEJE2=H), 4, 279 — 283. (in Chinese with
English abstract)

Myneni RB, Ganapol BD, Asrar G (1992) . Remote sensing of veg-
etation canopy photosynthetic and stomatal conductance efficien-
cies. Remote Sensing of Environment, 42, 217 - 238.

Penuelas J, Filella I, Gamon JA (1995). Assessment of photosyn-
thetic radiation-use efficiency with spectral reflectance. New
Phyiologist, 131, 291 - 296.

Qi J, Chehbouni A, Muete AR, Kerr YH, Sorooshian S (1994). A
modified soil adjusted vegetation index. Remot Sensing of Envi-

ronment, 48, 119 - 126.

Thiemann S, Kaufmann H (2000). Determination of chlorophyll
content and trophic state of lakes using field spectrometer and
IRS-1C satellite data in the Mecklenburg lake district. Germany
Remote Sensing of Environment, 73, 227 - 235.

Tian Q, Tong Q, Guo X, Zhao C (2001) . Spectroscopic determi-
nation of wheat water status using 1650-1850 nm spectral absorp-
tion features. International Journal of Remote Sensing, 22, 2329
- 2338.

Verma SB, Sellers PJ, Walthall CL, Hall FG, Kim J, Goetz SJ
(1993) . Photosynthesis and stomatal conductance related to re-
flectance on the canopy scale. Remote Sensing of Environment,
44,103 - 116.

Zhang JH (3KEEHE), Fu CB (FFEHL), Wang CY (EKM#)
(2000). Study on stomatal conductance distribution of winter
wheat in regional scale using remote sensing information. Acta
Meteorologica Sinica (RB54R), 58, 347 - 353. (in Chinese
with English abstract)

Zhang JH (5KfEHE) | Wang CY (FEKH#) (1999). Water deficit
crop yield model based on remote sensing and crop photosynthe-
sis. Journal of Hydraulic engineering (7KF2#3R) , 8, 35-139.
(in Chinese with English abstract)

SUEMZS: ERIE SOG4 X H



