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Correlation between Canopy Spectral Vegetation Index and Leaf Stomatal
Conductance in Rapeseed (Brassica napus L..)
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Abstract: It plays a very important role for improving water use efficiency of crops and predicting crop yield and quality to
monitor leaf stomatal conductance with real time, non-destructively and quantitatively by using canopy spectral characteristics. In
the paper, the spectral reflectance, leaf stomatal conductance, LAI (leaf area index), leaf fresh and dry biomass of two rapeseed
varieties were determined in a field experiment by split-plot design with the main plot of N levels and the subsidiary plot of culti-
vars, 3 replications, and plot area of 4.3 m by 7.0 m in 2007-2008. The changes in leaf stomatal conductance and the correlation
between leaf stomatal conductance and spectral vegetation index were analyzed based on the vegetation index combined with
spectral reflectance in all kinds of bands. The estimating models for spectral vegetation index of leaf stomatal conductance were
established according to the relationship between spectral vegetation index and leaf stomatal conductance. The results showed that
there were two peaks in changes carve of leaf stomatal conductance, and one peak in the changes curve of LA, leaf fresh and dry
biomass in the whole growth period. There existed significantly positive correlation between spectral vegetation index and leaf
stomatal conductance or canopy leaf stomatal conductance before flowering, and the spectral vegetation index better fitted into
canopy average stomatal conductance than into leaf stomatal conductance. The quantitative relationships between spectral vegeta-
tion index and canopy leaf stomatal conductance laid the foundation for rapid and non-destructive stomatal conductance estimates
in a large area of rapes in future.
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1.1
Carter 2007—2008
(R701/R820)
(R701/R820) , 18(V1) 16(V2) ,
(SR) (NDVI) , 0~40 cm 13.70 g kg*
B8 Flexas [ 54.95 mg kg™ 24.25 mg kg™
Fs/F, 105.03 mg kg™, 40 cm, 17~20 cm,
1 ) 10 1 L
18] (R1650/R760) , , : 3
12 , 7.0 mx4.3 m 2007 9
400~700 nm 26 11 4 2008 1 2
(o, , 1~4°C,
3 (1), 16
101, 18 10 3d
, 2 , Nigo ( 180 kg hm™
, P,0s 120 kg hm™ K,0 180 kg hm™ 15 kg hm™)
No (CK) =5
3 2,
) , 14d
F1 2008 FMEMEX 1~2 BHREKIER
Table 1 Weather data from Jan. to Feb. of 2008 in Nanjing area
1 1 1 2 2 2
Item The first ten The middle ten The last ten days ~ The first ten The middle ten  The last ten days
days of Jan. days of Jan. of Jan. days of Feb. days of Feb. of Feb.
. 45 14 -1.2 -0.8 24 6.2
Average temperature (C)
. . . 20 -1.0 -4.0 -4.0 -3.0 1.0
Comparison with normal year (C)
5 -5.9 -3.6 -7.6 -85 -6.4 -2.4
The lowest temperature (C)
Rainfall (mm) 0 63 47 6 0 13
. Increasing Increasing Decreasing o Decreasing
Comparison with normal year 2 to 3 times 3 times 5/10 2/10
The largest snow depth (cm) - 4 87 28 - -
Rain days (d) - ! 6 3 0 2
Sun time () 39 9 9 55 77 62
Decreasing Decreasing Decreasing Increasing Increasing Increasing
Comparison with normal year a bit 8/10 8/10 2/10 9/10 7/10




6 1133
( ) , 3 6
1.2 mm (
EXOTECH 100BX ) 2 cm
, 9:00~10:00 , 20
45° :
2m , 50 (75°C 48h) (W3, 9);
cm , (Wa, 9)
EXOTECH 100BX ABCD 4 (cm?)= (Wy+ Wy)x x3.14 r7Wy, r
TM1234 , A , 3 mm ,
( B), 450~520 nm; B 3, 0.001 g
( G), 520~600 nm; C )
( R), 630~690 nm; D 105°C , 70~80°C, 12 h
( NIR), 760~900 nm , 1h : 2
=5%o , LAI
1.3 : cm?)
ECA-PB0402 , 14
, 3 NDVI
9:00~10:00 , 1 :
: 1 2
3 :
, , 2 NDVI
, Visible NDVI=VNDVI=(NIR-VIS)/(NIR+VIS), ,
, 3 cmx2 cm , NIR , VIS ,
A CO, ,
F2 RiBEHEHAOAR
Table 2 Formula of spectral vegetation index
Name Formula Reference
RVI RVI NIR/Red Person & Miller*!
NDVI NDVI=(NIR-Red)/(NIR+Red) Rouse et al.*?
Green NDVI GNDVI=(NIR-Green)/(NIR+Green) Gitelson et al.[**!
Blue NDVI BNDVI=(NIR-Blue)/(NIR+Blue) Wang et al.*4
Green-Red NDVI GRNDVI=[NIR-(Green+Red)]/[NIR+(Green+Red)] Wang et al.*
Green-Blue NDVI GBNDVI=[NIR—(Green+Blue)]/[NIR+(Green+Blue)] Wang et al.*!
Red-Blue NDVI RBNDVI=[NIR—(Red+Blue)]/[NIR+(Red+Blue)] Wang et al.*4!
Pan NDVI PNDVI=[NIR-(Green+Red+Blue)]/[NIR+(Green+Red+Blue)] Wang et al.*!
2 RSN 4 S G

2.1

, 0.05

, 0.07 , ,

(2007 12 8 )
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Fig. 1 Changes in leaf stomatal conductance of rapeseed in the whole growth period
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Fig. 3 Changes in leaf fresh and dry biomass of rapeseed in the whole growth period
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A: fresh leaf biomass; B: dry biomass.
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Table 3 Correlation between spectral vegetation index and leaf stomatal conductance in rapeseed
RVI NDVI GNDVI BNDVI GRNDVI GBNDVI RBNDVI PNDVI
(n 20) . . - - - - - -
. 0.710 0.732 0.743 0.756 0.738 0.749 0.743 0.743
Before flowering stage
(n 1.2) -0.165 -0.250 -0.039 0.616" -0.153 0.176 -0.029 -0.030
After flowering stage

P

0.05 0.01
“and ™ denote significant at the 0.05 and 0.01 probability levels, respectively.
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Table 4 Regression equation between leaf stomatal conductance and spectral vegetation index before flowering

Vegetation index Regression equation R?
Linear y = 0.0492x-0.0216 0.5043
RVI Logarithmic y = 0.1593 In(x)-0.041 0.5315
Power y = 0.0302x>%%% 0.6001
Exponential y = 0.0353¢"-38% 0.5676
Linear y = 0.4276x-0.0762 0.5343
NDVI Logarithmic y =0.1921 In(x)+0.2746 0.5123
Power y 0.3609x"%%7 0.5808
Exponential y = 0.0229¢%3598 0.6044
NDVI Linear y = 0.6086x-0.1511 0.5516
GNDVI Logarithmic y = 0.2749 In(x)+0.3461 0.5468
Power y = 0.6354x%165" 0.6221
Exponential y = 0.0126¢* 7% 0.6272
NDVI Linear y = 0.4034x+0.0621 0.5447
GRNDVI Exponential y = 0.0678>172% 0.6172
NDVI Linear y = 0.6096x-0.2459 0.5711
BNDVI Logarithmic y = 0.3704 In(x)+0.312 0.5647
Power y = 0.4842x%%1%7 0.6401
Exponential y = 0.0060¢* 7898 0.6462
NDVI Linear y =0.4608x 0.0151 0.5617
GBNDVI Logarithmic y =0.0976 In(x)+0.274 0.5197
Power y = 0.3600x"7¢%? 0.5915
Exponential y = 0.0469e35%7 0.6369
NDVI Linear y = 0.3725x+0.0313 0.5517
RBNDVI Logarithmic y =0.0713In(x) 0.2323 0.4570
Power y = 0.2589x"%15 0.5188
Exponential y = 0.0533¢% 9258 0.6237
NDVI Linear y = 0.3865x+0.1183 0.5518
PNDVI Exponential y = 0.10550%74 0.6246

RVI: ratio vegetation index; NDVI: normalized difference vegetation index; GNDVI: NDVI constituted by green band; GRNDVI:
NDVI constituted by green and red bands; BNDVI: NDVI constituted by blue band; GBNDVI: NDVI constituted by green and blue bands;
RBNDVI: NDVI constituted by red and blue bands; PNDVI; NDVI constituted by red, green and blue bands.

R5 AEBEBEBRHSMRERMFSLSERMBEXNE

Table 5 Correlation between spectral vegetation index and canopy leaf stomatal conductance of rapeseed

RVI NDVI GNDVI BNDVI GRNDVI GBNDVI RBNDVI PNDVI
(n'=20) 0.898" 0.853" 0.863" 0.879" 0.870"™ 0.880" 0.876" 0.882"
Before flowering stage
(n_=12) -0.249 -0.326 -0.117 0.601" -0.231 0.108 -0.098 -0.104
After flowering stage
T 0.05 0.01

“and ™ denote significant at the 0.05 and 0.01 probability levels, respectively.
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Fitted regression equation between spectral vegetation index and canopy leaf stomatal conductance of rapeseed
before flowering
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