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Spectral Reflectance and Physiological Measurement of
Cassava under Water Stress Environment
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ABSTRACT
Plant water stress is the impact factor in the development of storage root stage of cassava and directly
effects to the cassava yield. The application of remote sensing technology can be determined the plant water
stress for rapid method and non-destructive plant. The objective of this study was detected the feasibility of the
cassava water stress measurement using spectral reflectance under field scale. The field experiment was

conducted in Khonkaen province, in a dry season period, October and November 2015, cassava Rayong 9, under
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irrigation and rainfed. Spectral reflectance and physiology measurement were collected at 3 to 5 months after
planting and divided to 2 datasets for calibration and validation dataset. Then, the data correlation analysis was
analyzed for the calibration model, including regression equation and the coefficient of determination R).
Moreover, validation was determined the accuracy between measured and estimated value. The result showed
the reflectance at wavelength 680 nanometer and SAVI were related to the average of photosynthesis and
stomatal conductance (R > 0.70). The validation was determined, less data discrepancy and r-square valued
greater than 0.80. Therefore, the reflectance at wavelength 680 nanometer and SAVI could be detected the
cassava water stress, using the average of photosynthesis and stomatal conductance. This research was

preliminary studied for the advanced study to conduct in several field condition using unmanned aerial vehicle

and/or spaceborne hyperspectral sensors for the existing water management to be more efficient.
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Vegetation
ndices Full name Equation References

DWSI Disease Water Stress Index (Rgo2+Rsa7)/(R1g57+Res) Galvao et al. (2005)

DWSI-1 Disease Water Stress Index 1 Rsoo/Rieso Apan et al. (2003)

DWSI-2 Disease Water Stress Index 2 Ri660/Rss0 Apan et al. (2003)

DWSI-3 Disease Water Stress Index 3 Riss0/Reso Apan et al. (2003)

DWSI-4 Disease Water Stress Index 4 Rss0/Reso Apan et al. (2003)

DWSI-5 Disease Water Stress Index 5 (Rs00-Rs50)/(Rigeo+Res0) Apan et al. (2003)

EVI Enhanced Vegetation Index (2.5(NIR-RED))/(NIR+6RED-7.5BLUE+1) Huete et al. (2002)

MSI Moisture Stress Index Ris99/Rs19 Hunt and Rock (1989)
Ceccato et al. (2001)

NDII Normalized Difference Infrared Index (Rg19-Rigag)/ (Re1o+R1ga0) Hardisky et al. (1983)
Jackson et al. (2004)

NDVI Normalized Difference Vegetation (NIR-RED)/(NIR+RED) Rouse et al. (1974)

Index

NDWI Normalized Difference Water Index (Rgso—R1240//(Rggo+R1240) Gao (1996)

NIR, Near Infrared Reflectance of Vegetaion ~ NDVI x NIR Badgley et al. (2017)

OSAVI Optimized Soil Adjusted Vegetation (NIR-RED)/(NIR+RED+0.16) Rondeaux et al. (1996)

Index

PRI Photochemical Reflectance Index (Rs31-Rs70)/(Rs31+Rs70) Gamon et al. (1992)

SAVI Soil-Adjusted Vegetation Index (NIR-RED)/(NIR+RED+L)x(1+L); L=0.5 Huete (1988)

SR 900/680 Simple Ratio 900/680 Rooo/Reso Genc et al. (2011)

SR 970/900 Simple Ratio 970/900 Ry70/Ro0o Penuelas et al.
(1993a,1997,1998)
Apan et al. (2003)
Pinter et al. (2003)

SR 970/902 Simple Ratio 970/902 Ro70/Roo2 Penuelas et al. (1994)

Wi Water Index Rg00/Ro70 Penuelas et al. (1997)
Van Gaalen et al. (2007)

WBI3 Water Band Index 3 Rg50/Raoo Penuelas et al. (1993b)
Riedell and Blckmer
(1999)

WBI4 Water Band Index 4 Rgos/Ro72 Serrano et al. (2000)

R: Red band, G: Green band, B: Blue band, NIR: Near Infrared, R,: Reflectance at x nm
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Output Input Calibration data (n=18) Validation data (n=18)
variable variable Model expression R-squared RMSE R-squared

Py 620 Y = -358.2x + 43.3455 -0.73% 9.7041 0.93
630 Y = -336.99x + 41.8576 -0.74% 9.3903 0.93

640 Y = -323.14x + 40.7632 -0.74% 9.2672 0.93

650 Y = -308.61x + 38.7037 -0.75% 8.8998 0.93

660 Y = -298.77x + 37.3545 -0.75% 8.6286 0.94

670 Y = -293.61x + 36.0216 -0.76% 8.3022 0.94

680 Y = -288.66x + 35.8996 -0.75% 8.2467 0.94

690 Y = -281.45x + 38.2739 -0.74% 8.6164 0.94

% 620 Y = -7.57x + 0.7373 -0.76% 0.2254 0.87
630 Y = -7.1x + 0.7048 0.77% 02171 0.87

640 Y = -6.8x + 0.6806 0.77% 0.2138 0.87

650 Y = -6.45x + 0.6348 0.77% 0.2029 0.88

660 Y = -6.22x + 0.6051 -0.76% 0.1956 0.88

670 Y = -6.08x + 0.5752 0.76%* 0.1875 0.88

680 Y = -5.97x + 0.5728 -0.75% 0.1847 0.88

690 Y = -5.9x + 0.6269 0.76%* 0.1980 0.87

VPD,, 620 Y = 72.39x - 0.5314 0.70% 3.6258 0.72
630 Y = 68.22x - 0.2388 0.70% 3.0740 0.72

640 Y = 65.7% - 0.0358 0.71% 2.7385 0.72

650 Y = 63.08x + 0.3619 0.73* 2.6263 0.72

660 Y = 61.26x + 0.6259 0.74%* 2.5805 0.72

670 Y = 60.29x + 0.894 0.74%* 25277 0.72

680 Y = 59.28x + 0.919 0.74% 25074 0.72

690 Y = 57.59x + 0.4453 0.72%* 25677 0.72

NS: Not significant, ** Correlation is significant at the 0.01 level, * Correlation is significant at the 0.05 level
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= Y] a £ U a 2 U oA v v v A a ) o
M3en 4 dudsgavsnisdeaula (R) vesdwiliinssuduiuteyaaisinevesiuduznas (n=18)

Indices Pn s VPD,;
DWsSI 0.76** 0.79** NS
DWSI-1 0.72** 0.76** NS
DWSI-2 NS -0.29* NS
DWSI-3 0.80** 0.77** NS
DWSI-4 -0.24* NS 0.28*
DWSI-5 0.76** 0.79** NS
EVI 0.80** 0.62** NS
MSI -0.71% -0.70** NS
NDII 0.72** 0.73** NS
NDVI 0.81** 0.70** NS
NDWI 0.69** 0.69** NS
NIR, NS 0.53** NS
OSAVI 0.81** 0.65** NS
PRI 0.77** 0.70** NS
SAVI 0.78** 0.58** NS
SR 900/680 0.79%* 0.80%* NS
SR 970/900 -0.61** -0.59% 0.53**
SR 970/902 -0.62** -0.58** 0.54*
WI 0.62** 0.60** -0.53*
WBI3 -0.56** -0.52** 0.51*
WBI4 0.61** 0.59** -0.51%

NS: Not significant, ** Correlation is significant at the 0.01 level, * Correlation is significant at the 0.05 level

M 5 aunsAuduiusLarauRannfiouvesleyavewuiliivnssunAndeniudeyaaiTine

Output Input Calibration data set (n=18) Validation data set (n=18)
variable variable Model expression RMSE R-squared
Py DWSI Y = 18.209x - 10.165 3.8005 0.81
DWSI-1 Y = 20.676x - 14.898 3.6923 0.83
DWSI-3 Y = 3.44x + 0.4344 4.3729 0.75
DWSI-5 Y = 18.159x - 10.19 3.7891 0.81

EVI Y = 46.27x - 10.6837 3.1616 0.87
MSI Y = -53.178x + 49.669 4.1356 0.90
NDII Y =7224x + 1.9274 3.8454 0.87
NDVI Y = 67.98x - 32.3449 4.6621 0.92
OSAVI Y =78.32x - 26.3318 3.5230 0.91
PRI Y = 253.94x + 37.126 5.5236 0.76
SAVI Y = 151.06x - 19.993 2.9929 0.90

SR 900/680 Y = 1.35x + 6.2908 4.3588 0.74
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Output Input Calibration data set (n=18) Validation data set (n=18)
variable variable Model expression RMSE R-squared
g, DWSI Y = 0.3833x - 0.391 0.0782 0.85
DWSI-1 Y = 0.4382x - 0.4956 0.0791 0.86
DWSI-3 Y = 0.07x - 0.1518 0.0980 0.81
DWSI-5 Y = 0.3825x - 0.3919 0.0779 0.85
EVI Y = 0.8418x - 0.3162 0.0464 0.85
MSI Y = -1.0891x + 0.8512 0.0902 0.87
NDI| Y = 1.5026x - 0.1321 0.0837 0.88
NDVI Y = 1.3x - 0.7586 0.0926 0.88
OSAVI Y = 1.44x - 0.6125 0.0620 0.87
PRI Y = 4.995% + 0.5799 0.1039 0.85
SAVI Y = 2.6944x - 0.4716 0.0446 0.85
SR 900/680 Y = 0.03x - 0.0416 0.1006 0.80

NS: Not significant, ** Correlation is significant at the 0.01 level, * Correlation is significant at the 0.05 level
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