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RAKSAK SERMSAK : CANOPY REFLECTANCE OF FIELD CROPS FOR
YIELD PREDICTION. THESIS ADVISOR : ASST. PROF. HATSACHAI

BOONJUNG, Ph.D., 93 PP.

DIGITAL CAMERA/NORMALIZED DIFFERENCE VEGETATION INDEX/LEAF

AREA INDEX/CROP GROWTH RATE/ HARVEST INDEX

It is known that leaf area has a direct relation with growth and yields. In
general, leaf area per unit of ground area is measured in terms of leaf area index
(LAI). This method gives very high accuracy but it has to be done quickly before
leaves start curling and/or wilting. If the measurement is made in a large and remote
area, it takes a lot of time, labors and high costs. The LAI can be measured using
remote sensing technology. However, there are some problems of obtaining a good
satellite image; it depends on the satellite orbit, presence of clouds during imaging,
poor temporal and spatial resolution of satellite data and high costs. Therefore, with
the same principle, the reflection image can be captured using digital camera, instead.
An image can be taken with varying wavelength of visible light and near infrared
light. By this approach, LAI can be determined anytime without being destructive to
the plants throughout its growing season. The objectives of this study were: (1) to
investigate the relationships between LAI and growth, harvest index (HI) and yields of
crop; (2) to compare LAI estimation using digital camera and SUNSCAN probe with
Leaf Area Meter; (3) to analyze the relationships between digital camera normalized
difference vegetation index (NDVI) and crops growth and yields; and (4) to analyze
the relationship between NDVI from digital camera and NDVI from LANDSAT5-TM

image to estimate growth and yield of corn in the farmer’s field. Three different



experiments were conducted during 2005 to 2007. The first and the second
experiments were conducted at Suranaree University of Technology Farm whereas the
third experiment at the farmer’s field in Pakchong District, Nakhon Ratchasima
Province. In the first experiment in 2005, the samples of erectophile corn and
planophile soybeans were represented. Sony Cybershot F828 digital camera with
specific filters of average wavelength at 535 and 760 nm was used for image
reflections above the crop canopy at the heights of 1, 2, and 3 meters above crop
canopy, respectively. LAI estimations using digital images and SUNSCAN probe
were compared with LAl measurements by Leaf Area Meter. The relationships
between LAI and total dry matter (TDM) and HI were analyzed. The results show that
using LAI of both corn and soybeans is appropriate for TDM estimation during
vegetative growth. At the center position of digital image gives more effective leaf
area estimation than the edge of image. It was also found that there were no
differences in LAI estimations from 1, 2 and 3 meters height above the crop canopy.
The second experiment was conducted in 2006. Digital camera with specific filters of
average wavelength at 535, 760 and 835 nm was used for image reflection at 1 meter
height above the crop canopy. Light intensity through the filter was measured by
VIS/NIR portable spectrometer USB2000. NDVI with and NDVI without light
intensity were analyzed for LAI, whereas crop yields were estimated by the
multiplication between HI and TDM at harvest. The results indicated that there were
no significant differences of light intensity through the three different types of filter.
The NDVI calculated by using filters of 535 and 760 nm was not different from using
filters of 535 and 835 nm. There was also no difference in NDVI calculation with or

without light intensity incorporation. In conclusion, the use of either 535 and 760 nm



or 535 and 835 nm is suitable for LAI estimation. The third experiment conducted in
2007 was to study the application of the digital images and LANDSAT5-TM images
for corn yield estimation. The images from camera were taken at 1 meter height above
the crop canopy and used for LAI and NDVI estimation. The relationship between
NDVI from LANDSAT5-TM image and NDVI from digital camera images was
analyzed. The relationships, derived from experiments 1 and 2 were analyzed for
estimating the total dry matter and corn yields. Then, the relationship between NDVI
from digital image and NDVI from satellite image was analyzed to estimate the corn
yields. The series of relationships among LAI, TDM, CGR and HI can be used to
estimate the yields by the following equation: Yield = ((1,553.8108 * NDVI of

LANDSAT5-TM images) - 19.0811) * crop growth rate * harvest index.
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Lﬁ’f) NIR ﬁ’t’] Near Infrared band

R Ao Red band

2.14.3 Infrared Percentage Vegetation Index (IPVI)

#4'1a5umMsWa Tag Crippen (1990) aumsh lane

NDVI —1 NIR

IPVI =
2 NIR + RED

2.14.4 Difference Vegetation Index (DVI) (Lillesand and Kiefer, 1994)

DVI = NIR — Red

2.14.5 Global Environmental Monitoring Index (GEMI) (Leprieur, Verstracte, Pinty
and Chehbouni, 1994)

RED —0.125
GEMI =eta(1—0.25 X eta) ——————

1—RED

2(NIR2 —RED2) + (1.5NIR) + (0.5RED)

11D eta =
(NIR + RED +0.5)

2.14.6 Green Vegetation Index (GVI)
Wimu1Iag Jackson (1983) tieoldnudoyanrufioy LANDSAT szuu TM

o s
IUIU 6 LUUA Glugﬂf’umﬁum‘i

GVI=-(0.2848 x TM1) - (0.2435 x TM2) - (0.5436 x TM3) + (0.7243 x TM4) +

(0.0840 x TM5) - (0.1800 x TM7)
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@ <} @ 4 1
TuyziAedii Howard (1991) AldWaungiluuvvesaumsivoniar GVI
wuiu Tagndglan aumsideuihunAnyunernuiswssaiolszuaaingn 91959

AdaudARe) auad uazdunsusalnd aumasnldae
GVI = - 0.29 (Green) — 0.56 (Red) + 0.60 (NIR) + 0.49 (NIR)

2.14.7 Transformed Normalized Difference Vegetation Index (TNDVI)
I~ [ dd'dyw = a = a A [] =
Wudstnyinnlsawasmwawenazaluvilsznouveanas 1snalunes
d! Yy Yo 1 d' = d' 1 a 9 d' Y 1w
#alaumsuan 0.5 Tnua1 NDVI iilenan@esnimsaaauuaz 14ms0easinnaeaiuaIfg

na17 (Howard, 1991) H@ad@uns

1

NIR — RED >
TNDVI=| ————— 4055

NIR + RED
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