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ESTIMATION OF DIGITARIA DECUMBENS STENT. GROWTH FROM
SPECTRAL CHARACTERISTICS AND VEGETATION INDEX

CHWEN-MING YANG*, FANG-MING CHANG
Department of Agronomy, Taiwan Agricultural Research Institute (TARI), Taichung,
Taiwan

E-mail: cmyang@wufeng.tari.gov.iw

KUO-YUAN HONG, FU-HSING HSU, YIH-MIN SHY, RUEY-HSIUNG BUU
Department of Forage Crops, Taiwan Livesiock Research Institute (T LRI), Hsinhua,
Taiwan

E-mail: kysong@mail tlri.gov.tw
ABSTRACT |

Field experiments were conducted to measure and analyze ground-based remotely
sensed hyperspectral data of Pangola grass (Digitaria decumbens Stent.) during the
srowing seasons in 1999-2000. After cut of each growing season, reflectance
spectrum was found changed with the growth of plants. The correlation intensity of
spectral reflectance to growth traits varied in different wavelengths, and the
wavelengths in the near-infrared region (740-1300 nm) mostly had positive
correlation coefficients. Changes in the normalized difference vegetation index
followed the trends of growth traits during the growing seasons. 15 major transition
points were selected and grouped from the reflectance spectra as characteristic
wavebands (CW) during the growing seasons. The simplified feature connecting the
center wavelengths of characteristic wavebands may be considered as the spectral
signature, which changed as the plants developed and differed in different growing

seasons.
INTRODUCTION

Spectroradiometry is a technique commonly used in modern remote sensing for a
wide range of industrial applications nowadays. In agriculture, the technique has been
adopted to study canopy optical nature, to analyze canopy spectral characteristics, and
to estimate growth status of crop plants (Su and Yang, 1999;Yang and Su, 1999). It
can also be used to assess and monitor changes in temporal and spatial variations of a

crop canopy under various environmental stresses (Clarke, 1977; Kanemasu er al.,



1985; Yang and Su, 2000; Yang and Cheng, 2001). Such information may be linked to
a determining system for decision-making, and to an agricultural machinery system

for timely field operation.

Before the practical use in site-specific farming, it is necessary to fully understand the
change of canopy spectral characteristics during plant growth. The mathematical
relationships between spectral parameters and physical growth traits should be
established and modeled, and the differences among different growing seasons and
cultural practices should be clarified. The information is required to the development
of application algorithm for improving of cultural management. This study was to
measure and analyze changes in reflectance spectrum of Pangola grass from the near-
ground measurements during the experimental periods, and to identify and model

spectral characteristics in associated with growth.
MATERIALS AND METHODS

Field experiments were conducted at both Hsinchu branch station (24°45°N, 120°54°E,
elevation of 60 m) and Hsinhua headquarters (23°3’N, 120°19°N, elevation of 31 m)
of TLRI in the growing seasons of 1999-2000 (Table 1). It was a 3-year-old Pangola
grass (line-A254) pasture in Hsinchu, and was a 10-year-old pasture in Hsinhua. The
soil was a sandy loam with pH of 5.1 and 4.8 for Hsinchu and Hsinhua, respectively.
The experimental plots were divided into 4 square subplots, S m X 5 m of each at
Hsinchu and 1.2 ha of each at Hsinhua. The fertilizers were applied as recommended.
No pesticides were applied to the pasture and the experimental plots received no
irrigation, except precipitation. Hand weeding was applied randomly to reduce weed

interference.

TABLE 1. The growing seasons of Pangola grass (Digitaria decumbens Stent.) at
Hsinchu branch station and Hsinhua headquarters of Taiwan Livestock Research
Institute during the experimental periods in 1999-2000.

GROWING EXPERIMENTAL PERIOD

SEASON HSINCHU HSINHUA
SPRING 03/02/1999-05/18/1999 Not available
SUMMER 05/18/1999-07/21/1999 06/18/1999-09/08/1999
FALL 07/21/1999-09/14/1999 09/08/1999-12/22/1999
WINTER REMAIN 09/14/1999-03/17/2000 12/22/1999-03/06/2000
SPRING 03/17/2000-05/23/2000 03/06/2000-05/16/2000
SUMMER 05/23/2000-07/12/2000 05/16/2000-08/19/2000
FALL 07/12/2000-09/07/2000 08/19/2000-12/08/2000




Reflectance spectrum was taken and monitored by a portable spectroradiometer
(model GER-2600, Geophysical & Environmental Research Corp., New York, USA)
periodically after cut. At least 12 spots of measurements per subplot were taken and
each measurement was set as a mean of 3 individual full-range (350-2500 nm)
spectral scans. The average reflectance spectrum was calculated from those of 12
measurements per subplot and the mean reflectance spectrum was resulted from 4
subplots. Reflectance spectrum was obtained by comparing radiance of the target

vegetation to radiance of the reference.
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FIGURE 1. Changes of reflectance spectrum of Pangola grass
(Digitaria decumbens Stent.) during the spring season of 1999
at Hsinchu branch station of Taiwan Livestock Research Institute.

Three approaches were employed to study spectral characteristics. Firstly, 15
wavelengths were determined from the first order differentiation in accord with the
apparent peaks and valleys appeared in the mean reflectance spectrum. These
wavelength intervals grouped from the experimental periods were named the
characteristic wavebands (CW), and the bandwidths and the center wavelengths were
calculated. The mean reflectance and standard deviation of the individual center
wavelengths were also computed. The 2nd approach was to run the correlation



intensity analyses of spectral reflectance to growth traits, and the wavelengths with
the maximum correlation coefficient were acquired. Finally, correlation between the
normalized difference vegetation index (NDVI) and growth trait was determined. The
NDVI was calculated by the formula: (NIR-RED)/(NIR+RED), where NIR is the
reflectance of the near infrared peak, and RED is the reflectance of the red light

minimum.
RESULTS AND DISCUSSION

As shown in Fig.1 during the spring season of 1999, reflectance spectrum of Pangola
grass vegetation changed as the plants developed. Reflectance spectrum was closely
related to the external physical characters and the growing environment. There were
15 major transition points selected from the mean reflectance spectrum on each
measuring days. These 15 wavelengths had different reflectance during the growth,
and may be grouped as CW (Table 2). By connecting the center wavelengths of these
CWs, the derived simplified feature may be considered as the spectral signature of the
spring season (Fig.1). However, spectral signature was not constant among the
growing seasons due to the environmental effects.
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FIGURE 2. The correlation intensity curves in reflectance with growth
traits along the measuredspectral domain (350-2500 nm) in Pangola
grass (Digitaria decumbens grown at Hsinchu branch station and
Hsinbua heaquarters of Taiwan Agricultural Research Institute during
the experimental period in 1999-2000.



The correlation intensity curves of spectral reflectance to different growth traits in the
range of 350-2500 nm, at both sites, were graphed in Fig.2. It showed that a variety of
correlation coefficients exist along the spectral domain. The curves give a whole
picture of the correlation profile for Pangola grass. At Hsinchu, most wavelengths in
the visible (400-740 nm), shortwave infrared (1300-1800 nm) and middle infrared
(1800-2500 nm) regions exhibited a negative correlation to growth traits, while
wavelengths in the ultraviolet (350-400 nm) and near infrared (740-1300 am) regions
were mostly positively correlated. At Hsinhua, most wavelengths in the near infrared
region had positive values of coefficients while wavelengths in other regions had
negative coefficients. Wavelengths with the maximum correlation coefficients in
various wavebands can also be identified from Fig.2.

TABLE 2. Spectral characteristics of reflectance spectra in Pangola grass (Digitaria
decumbens Stent. ) grown at Hsinchu branch station of Taiwan Livestock Research

Institute during the spring growing season of 1999.

CW BAND BAND CENTER MEAN SD.
INTERVAL (nm) WIDTH (nm) WAVELENGTH(nm) REFLECTANCE(%) (%)

1 367- 409 e 388 2.8 05
2 550- 559 10 555 8.1 0.8
3 657- 666 9 662 5.4 2.7
4 882- 921 39 901 48.1 12.6
5 1177-1193 16 1185 359 4.8
6 1271-1286 15 1278 37.8 4.7
7 1377 0 1377 15.5 2.3
§  1391-1406 15 1399 19.3 2.0
9 1450 0 1450 132 3.4
10 1663-1677 14 1670 23.7 3.4
11 1784-1824 40 1804 202 3.9
12 1850 0 1850 22.9 43
13 1965 0 1965 5.6 5.2
14 2222 0 2222 12.8 43
15 2385-2465 80 2425 7.1 44

During the experimental periods from 1999-2000, changes of NDVI were similar to
the trends of growth traits (plant height, aboveground fresh weight and dry weight) at
both sites (data not shown), indicating a close relationship between the two variables.
As the data from two sites were not significantly different by the t-test (data not
shown), two groups of data were pooled for analysis. The relationships were found
best fitted to an exponential function (Fig. 3). Changes of growth traits to NDVI can
be estimated from the relationships.

CONCLUSION



As shown in this study, spectroradiometry is a feasible and effective technique for
monitoring and characterizing changes of spectral property of crop vegetation.
However, spectral measurements are found affected by not only pigment composition,
cellular structure, canopy architecture and sun angle but also regional effects (climate,
cultivation practice, etc.). With the normalization technique to establish the
mathematical relationships between growth traits and NDVI, growth of Pangola grass

may be estimated and monitored temporally and spatially.
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FIGURE 3. Regression analyses between growth traits and normalized
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