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Abstract

Over-luxuriant winter wheat can always be seen when pre-winter accumulated temperature is high or
too much fertilizer is applied before sowing. Over-luxuriant erectophile type wheat shows a similar
canopy spectral feature to that of the planophile type. This special canopy spectral feature influenc-
es N fertilizer application decision making when using remote sensing technologies to detect N sta-
tus. The objective of this study was to relatively discriminate erectophile type wheat from the plano-
phile type and then further detect over-luxuriant canopy using seasonal changes in canopy spectral
reference. Two groups of winter wheat cultivars with different canopy structures were investigated.
The wheat leaf distribution feature was combined with the ratio of canopy spectral reflectance of 790
nm at elongation stage (R790,) to that at rising stage (R790,), i.e. R790,/R790,. Based on the values of
both normalized R790, (NR790,) and normalized R790./R790, (N(R790,/R790,)), a two-dimensional
spectral coordinate system charactering seasonal change in canopy spectral reflectance was con-
structed. According to the distribution features, cultivars with N(R790,/R790,) > 1 were discriminat-
ed as the planophile type in which cultivars with NR790, > 1 were normal and over-luxuriant (or
dense) planophile type, and those with NR790, < 1 were considered the sparse planophile type. On
the contrary, cultivars with N(R790,/R790,) < 1 were grouped in the erectophile type in which culti-
vars with NR790, < 1 were considered normal and sparse erectophile type, and those with NR790, >
1 were attributed to the over-luxuriant erectophile type. Thus, N(R790,/R790,) could be used to rela-
tively discriminate wheat canopy structure, and NR790, to judge wheat canopy density. The larger
the NR790, value, the higher the canopy density. The average discrimination accuracy of our method
was 84.4%. Nevertheless, this method could provide the relative positions only within the investigat-
ed cultivars since both NR790, and N(R790./R790,) were relative ratios to their average.

Discipline: Information technology
Additional key words: canopy structure type, discriminating, multi-temporal canopy spectral data,
winter wheat

Introduction

Remote sensing has been shown to be a valuable tool
in mapping and quantifying within-field biophysical vari-
ations for crop management?®. Imaging hyperspectral re-
mote sensing combining spectral information with im-
age-processing techniques can allow identification and
quantification of scene components. Spectral responses
to various biophysical parameters such as nitrogen (N) or

water stress, whether imposed or naturally occurring, can
be measured™.

A number of studies have shown that spectral reflec-
tance of plant canopies is affected by many variables such
as chlorophyll content'?%®, green leaf area index (LAI),
biomass?, and plant architecture?4#27.57 | eaves assume
a range of orientations, with some canopies having pre-
dominantly horizontal leaves (planophile), whilst others
have predominantly vertical leaves (erectophile)’. It has
been shown that leaves in a planophile position receive a
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greater total daily irradiance®. Pinter et al. (1985)% ob-
served that wheat canopies with horizontal leaves exhib-
ited higher reflectance and less sensitivity to solar zenith
angle in the visible and near-infrared (NIR) regions of the
spectrum than canopies with vertical leaves. However,
the spectral reflectance of a sparse canopy with plano-
phile leaf orientation is quite similar to the one of a dense
erectophile canopy*.

Typical leaf orientation varies during different
growth stages for the given species, and from one species
to another. Many stresses and environmental factors also
induce changes in leaf inclination angles®. Therefore,
the dense erectophile canopy may develop the aspect of a
planophile one. For winter wheat with equidistant row
spacing, the between-row space was covered gradually
after rising stage. Under conditions of the same sowing
density, the between-row space of planophile wheat type
closes in a shorter period than that of the erectophile type.
In China, winter wheat always faces the risk of excessive
growth if it was sown early at high density or with too
much fertilizer applied. It has been suggested that over-
luxuriant cereal crop growth, due to marked increases in
numbers of tillers and in leaf area, as well as mutual leaf
shading and lodging, caused a decline in net assimilation
rate and a reduction in grain weight?#262%, Field measure-
ments performed at our experimental station revealed
that the spectral character of over-luxuriant (or dense)
erectophile type was close to planophile type with nor-
mal population. An over-luxuriant (or dense) erectophile
canopy is difficult to discriminate from the normal, even
sparse, planophile canopy by using single temporal re-
mote sensing data because both have a degree of close
coverage in the horizontal plane. An incorrect N fertil-
izer management practice could occur if an over-luxuri-
ant (or dense) erectophile type was treated as a planophile
type with normal population. However, multi-temporal
remotely sensed data could characterize the seasonal
change in canopy reflectance and is expected to fulfill
the above purpose. With the correct canopy structure in-
formation, an accurate decision could be made on N fer-
tilizer management at elongation or booting stage.

The objectives of this study were to: 1) analyze the
differences of canopy spectral reflectance in winter wheat
between erectophile and planophile types, and 2) develop
a method to relatively discriminate erectophile type from
planophile type of winter wheat within the investigated
cultivars and further detect over-luxuriant erectophile
type using seasonal change of canopy spectrum measure-
ments. Winter wheat cultivars with different leaf orienta-
tion value (LOV) were investigated, and the canopy spec-
tral characteristics and spatial distribution features of the
two kinds of canopy structures were compared.
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Materials and methods

1. Design of the experiment

Experiments were carried out at China National Ex-
perimental Station for Precision Agriculture, located in
Changping district, Beijing (40°11' N, 116°27" E), P. R.
China, in both 2002-2003 and 2003-2004 seasons. The
soil was a silt clay loam. Pre-sowing soil (0—20 cm) tests
indicated organic matter at 14.2-14.8 g kg, total N at
0.81-1.00 g kg™, available phosphorus (P) at 20.1-55.4
mg kg™, and available potassium (K) at 118-129 mg kg™
Organic matter was measured by Walkley-Black acid di-
gestion method*®; K,Cr,0, and H,SO, were used to mea-
sure the oxidizable organic carbon in soil samples. Total
N content was determined after digestion with H,SO,,
NaOH and K,SO, using Kjeldahl method®. B-339 Distil-
lation Unit (BUCHI Analytical Ltd, Flawil, Switzerland)
was used for N analysis. Available P content was deter-
mined by the Olsen method, after extraction with 0.5 M
NaHCO,®. Available K was determined using the 1 M
NH,OAc extraction methods®. Soil extracts were ana-
lyzed by flame spectrometry for K content determina-
tion.

The cultivars included eight erectophile types (76-2,
CA9722, Gaocheng8901 (GC8901 for short), Jing4ll
(J4112), Jingwang10 (JW10), P7, Lumai2l (LM21), and Xi-
aoyan54 (XY54)) and eight planophile types (6211, 95021,
9507, 95128, Bailig91 (BL981), Chaoyou69 (CY69), Jing-
dong8 (JD8), and Zhongmail6 (ZM16)) in the 2002—-2003
season. A randomized complete block design with three
replications was used. Each plot was 25.2 m long and 15
m wide. The crop was planted in the south-north direc-
tion with a 20 cm between-row space. Wheat was sown
on October 18, 2002.

Twelve winter wheat cultivars, six erectophile types
(1-93, J411, Laizhou3279 (LZ3279), LM21, Nongda3291
(ND3291), and P7) and six planophile types (4P3, 6211,
9428, 9507, Linkang2 (LK2), and Nongda3214 (ND3214)),
were investigated in the 2003-2004 season. The same
design and planting method as those in the 2002-2003
season were applied in 2003-2004. The plots were 30 m
long and 7.2 m wide. Wheat was sown on October 20,
2003.

Normal fertilizer (N: 247.5 kg ha?, P,O,: 108.0 kg
ha™, K,O: 75.0 kg ha) and water management were ap-
plied in both years.

2. Field and laboratory analysis

In each plot, an area (1 m?) was selected for canopy
spectral reflectance measurement and physiological and
biochemical analysis®. Canopy spectral reflectance was
measured at a height of 1.3 m above ground, under clear
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sky conditions between 10:00 and 14:00 using an ASD
FieldSpec Pro spectrometer (Analytical Spectral Devic-
es, Boulder, CO, USA) fitted with a 25° field of view fi-
ber optic adaptor and operated in the 350-2,500 nm spec-
tral region with a sampling interval of 1.4 nm between
350 and 1,050 nm, 2 nm between 1,050 and 2,500 nm,
and with spectral resolution of 3 nm at 700 nm and 10 nm
at 1,400 nm as well as 2,100 nm. A BaSO, calibration
panel (0.4 m x 0.4 m) was used for calculating the black
and baseline reflectance. Vegetation reflectance mea-
surements were taken by averaging 20 scans at optimized
integration time, with a dark current correction at each
spectral measurement. Calibration panel reflectance
measurements were taken before and after canopy spec-
tral measurement.

After canopy spectral measurements, total stem
number and canopy structure parameters were measured.
The stems in an area of 0.36 m x 0.36 m were counted to
calculate the number of stems per m? (NSPSM).

Canopy structure parameters, including leaf length
(L, cm), length from leaf base point to the zenith of the
leaf (h, cm), and angle between the leaf and the stem (6, %)
were measured at elongation stage. The LOV was calcu-
lated as eq. (1) (Pepper et al., 1977)%:

LOV = zn:[a(h/L), /n] @
i=1

where a is the leaf inclination angle, a=90°-6, 0 is the an-
gle between the leaf and the stem, h is the distance from
leaf base point to the zenith of the leaf, L is leaf length,
and n is the leaf amount. Cultivars with LOV > 45° were
considered the erectophile type.

All plants on the 0.36 m x 0.36 m area were sampled
immediately after the spectra and canopy structure pa-
rameters were measured. The samples were placed into
plastic bags and transported to laboratory for subsequent
analysis. Leaves of all the sampled plants were collected
together for LAI determination. LAI was determined
with a dry weight method®. Leaf segments of about 60
cm? were cut from the middle part of about 20-30 leaves
and selected as reference leaves for LAI calculation. Both
the reference leaves and the remaining ones were oven-
dried at 70°C to constant weight and weighed. LAI was
calculated as eq. (2):

S, *¥W,
W.*S,

LAl = )

where S, (m?) is the area of the reference leaves, W, (g) is
total dry weight of all the sampled leaves, S, (m?) is the
land area of the samples, and the W, (g) is the dry weight
of the reference leaves. Before the dry weight measure-
ment method was performed, area of all the leaves of the
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sampled plants was measured using a CI-203 Portable
Laser Leaf Area Meter (CID Inc., USA). LAI from both
methods were averaged to assess LAI values.

The planophile type always occupies more horizon-
tal space than the erectophile type, and the stem makes a
specific contribution to the canopy spectral reflectance
as well. To normalize the influence of stems on canopy
reflectance, the normalized crop colony index (NCCI),
was developed in this study as eq. (3):

Bw, N LAIw,
LAl

max max

NCCI = 3)
where B, is NSPSM of the investigated cultivar at a given
stage, B, is the maximal NSPSM in all the erectophile
types (or planophile types), LAL, is the LAI value of a cul-
tivar at a given stage, LAI ., is the maximal LAl in all the
erectophile types (or planophile types), and w, and w, are
the weight of total stem number and LAI in a given cano-
py, respectively. In this study, the w, and w, were calcu-
lated according to the difference of stems and leaves to
the whole canopy extracted from the digital camera pic-
ture. The w, was assigned with 0.4, and w, with 0.6,
w, +w, = 1. High value of NCCI indicated high coverage
of vegetation.

All the measurements were performed at rising
(April 4, 2003 and April 1, 2004) and elongation stages
(April 21, 2003 and April 15, 2004), respectively.

3. Data analysis

The wheat canopy reflectance in all wavebands was
subjected to analysis of variance (ANOVA), and the most
significant difference was observed at 790 = 10 nm. There-
fore, the canopy spectral reflectance at 790 nm at elonga-
tion stage (R790,), which expressed the greatest differ-
ence among investigated cultivars, and at rising stage
(R790,), when plant canopy developed slowly, were se-
lected to discriminate winter wheat canopy structure.
Ratio of R790, to R790, (R790./R790,) was calculated to
characterize the seasonal change of wheat canopy reflec-
tance. The method for wheat canopy structure discrimi-
nation using multi-temporal remote sensing technique
was also affected by sowing date and basal seedling num-
ber, besides the growth status and soil background. The
influence from the above factors must be minimized to
ensure the discrimination accuracy. For this purpose,
both NR790,and N(R790,/R790,), which were calculated
as egs. (4) and (5), respectively, were used to minimize
the influence of the above factors in this study:

NR790, — (R790,)./(R790,) @)
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N(R790,/R790,)=(R790,/R790,) /(R790,/R790,) (5)

where NR790, is normalized R790,, (R790,), is R790, ofa
given cultivar and (R790, ) isthe averaged R790, of all the
investigated cultivars; similarly, N(R790,/R790,) is normal-
ized R790,/R790,, (R790,/R790,); is R790,/R790, of a given
cultivar, and (R790,/R790,) is the averaged R790,/R790,
of all the investigated cultivars.

Both N(R790,/R790,) and NR790, were shown on
abscissa axis and ordinate axis, respectively (Fig. 1). The
above values of the investigated cultivars produced two-
dimensional spectral space features in the coordinate sys-
tem. The spatial distribution feature based on two growth
stages was expected to relatively discriminate wheat can-
opy structure type.

Results

1. The canopy structure characteristics of winter
wheat with different canopy structures

The LOV at elongation, NSPSM, LAI, and NCCI at
both rising and elongation stages are listed in Table 1.
Results showed that NSPSM, LAI and NCCI of the erec-
tophile type were 15.6%, 13.4% and —1.3% higher than
those of the planophile type at rising stage, respectively.
The difference of NCCI between these two canopy struc-
ture types was the smallest. With plant development,
NSPSM decreased in both types, especially in erecto-
phile type since its weak tillers died gradually. The aver-
age NSPSM and LAI of the two types were almost equiv-
alent at elongation. Because the leaf in planophile type
always stretches in the horizontal plane, the LOV of this
type at elongation was smaller than that of the erectophile

type.
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2. Canopy spectral reflectance characteristics of
winter wheat of different canopy structures

From Table 2 and Table 3, and Fig. 2 and Fig. 3, very
similar canopy spectral reflectance at 790 nm between
erectophile type and planophile type was observed at ris-
ing stage. At elongation, the R790 of planophile type was
19.7% higher than that of erectophile type. The canopy
spectral reflectance value in 2003-2004 was higher than
in 2002-2003 due to the fine winter climatic conditions
in 2003-2004 growing season (data not shown).

Taking both Table 2 and Table 3 into consideration,
planophile type showed higher canopy spectral reflec-
tance at 790 nm on average than that of erectophile type.
However, some erectophile types still showed higher can-
opy spectral reflectance in this region than that of plano-
phile type. Table 4 revealed that R790, significantly cor-
related with NSPSM, LAI and NCCI; R790, significantly
correlated with LOV, LAl and NCCI; R790,/R790, signif-
icantly correlated with LOV; and NR790, significantly
correlated with LOV, LAl and NCCI. These relationships
provided a theoretical possibility for wheat canopy struc-
ture type discrimination.

3. Relative discrimination between erectophile and
planophile wheat types and detection on
over-luxuriant wheat canopy

As shown in Fig. 1, the planophile type mainly
scattered in the right part of the coordinate system and
the erectophile type in the left part. Cultivars with

N(R790,/R790,) > 1 were of the planophile type, and

those with N(R790,/R790,) < 1 were of the erectophile

type. As has been proven in the previous section, NR790,
significantly correlated with LAI and NCCI. Therefore,

NR790, > 1 indicated an over-luxuriant or potential over-
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Fig. 1. Distribution features of the planophile type and erectophile type in a two-dimension spectral coordinate system in

both 2003 (left) and 2004 (right)
J411 is cultivar Jing411 and LK2 is cultivar Linkang2.
/\: Ereceophile-plant type; +: Planophile-plant type.
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Table 1. Canopy structure parameters of two winter wheat plant types at different growth stages

Relative Discrimination of Wheat Canopy Structure Types

Plant types  Cultivars LOV(®) Rising Elongation
Number of Leafarea  Normalized Number of Leafarea  Normalized
stems per m? index crop colony  stems per m? index crop colony
(NSPSM) (LAI) index (NSPSM) (LAI) index
(NCCI) (NCCI)
Erectophile  1-93 56 1,131 0.75 0.62 775 213 0.52
type J411 49 1,637 131 1.00 1,428 4.25 1.00
LM21 64 1,359 113 0.85 1,039 3.20 0.74
LZ3279 75 1,506 0.80 0.73 1,263 2.60 0.72
ND3291 57 1,340 0.94 0.76 1,072 271 0.68
P7 61 1,209 0.64 0.59 681 1.59 0.42
Average 60 1,363 0.93 0.76 1,043 2.75 0.68
Planophile  4P3 39 1,240 0.77 0.75 1,284 2.79 0.82
type 6211 38 1,237 1.04 0.90 934 3.06 0.75
9428 23 1,150 0.97 0.84 968 2.48 0.67
9507 25 1,565 1.06 1.00 1,238 4.01 0.98
LK2 19 656 0.41 0.40 734 2.09 0.54
ND3214 30 1,231 0.68 0.70 894 2.19 0.61
Average 29 1,179 0.82 0.77 1,008 2,77 0.73

Data used were measured in the 2003-2004 season. J411, LM21, LZ3279, ND3291, LK2, and ND3214 are cultivars Jing411, Lu-
mai2l, Laizhou3279, Nongda3291, Linkang2, and Nongda3214, respectively. LOV was measured at elongation.

Table 2. Canopy spectral reflectance (R790) (%) at different wheat growth stages in 2002-2003

Plant types  Cultivars Rising Elongation Ratio of R790
at elongation to that at rising
Erectophile  76-2 24.0 219 0.91
type CA9722 235 22.6 0.96
GC8901 204 20.4 1.00
Ja11 22.3 21.0 0.94
JW10 22.3 22.0 0.99
LM21 24.3 21.0 0.86
P7 23.6 21.6 0.92
XY54 234 21.0 0.90
Average 23.0 214 0.94
Planophile 6211 25.7 23.2 0.90
type 95021 233 26.9 115
9507 25.2 30.9 123
95128 22.4 309 1.38
BL981 26.8 29.2 1.09
CY69 231 259 112
JD8 254 27.7 1.09
ZM16 23.2 25.1 1.08
Average 242 275 114

G(C8901, J411, JW10, LM21, XY54, BL981, CY69, JD8, and ZM16 are cultivars Gaocheng8901, Jiang411,

Jingwang10, Lumai21, Xiaoyan54, Baili981, Cahoyou69, Jingdong8, and Zhongmail6, respectively.
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Table 3. Canopy spectral reflectance (R790) (%) at different wheat growth stages in 2003-2004

Plant types  Cultivars Rising Elongation Ratio of R790
at elongation to that at rising

Erectophile  1-93 271 34.0 1.26
type Ja11 30.3 39.3 1.30
LM21 239 36.5 152
LZ3279 27.3 31.6 116
ND3291 26.7 38.4 144
P7 255 317 124
Average 26.8 35.3 1.32
Planophile ~ 4P3 26.5 39.9 151
type 6211 25.4 35.7 141
9428 26.8 38.0 1.42
9507 29.6 457 154
LK2 22.5 36.0 1.60
ND3214 24.9 39.3 1.58
Average 26.0 391 151

J411, LM21, LZ3279, ND3291, LK2, and ND3214 are cultivars Jing411, Lumai2l, Laizhou3279, Nong-

da3291, Linkang2, and Nongda3214, respectively.

luxuriant canopy, otherwise, a normal or sparse canopy,
in erectophile type. On the contrary, NR790, < 1 in
planophile type indicated a sparse canopy, otherwise,
normal or potential over-luxuriant canopy, depending on
the value of NR790,. Thus, the four quadrants reflected
four (or six) different canopy structures. Cultivars in
quadrant I were of the normal and over-luxuriant (or
dense) planophile type, in quadrant II the over-luxuriant
(or dense) erectophile type, in quadrant III the normal or
sparse erectophile type, and in quadrant IV the sparse
planophile type. Since the value of NR790, significantly
increased with increasing NCCI (Table 4), the larger the
NR790, value, the higher the possibility of an over-luxuri-
ant canopy. So wheat canopy structure type was relative-
ly discriminated and the potential of over-luxuriant cano-
py was detected with the spatial distribution feature of
both N(R790./R790,) and NR790..

Discussion

With the development of remote sensing techniques,
multi-temporal data have been applied widely in crop
management. Single temporal remotely sensed data can
be used to detect crop status at a given stage whereas
multi-temporal data can reflect crop dynamic change,
and can be applied in crop yield estimation, land-cover
changes etc.2*4.  However, the complexity of canopy
structure and other external factors has limited the appli-
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cation of remote sensing techniques in crop management.
The vegetation canopy structure parameters have been
shown to be important for the construction of vegetation
optical models®?3238, To improve the estimation accura-
cy of the vegetation information, prior knowledge of
ground-truthed information was needed. In other words,
information on the spectral data and canopy structure
should be obtained as much as possible when using re-
mote sensing methods to monitor crop management.

The extraction of canopy structure information had
been conducted through canopy radiation permeation ra-
tio and multimedia image methods*2°. Under our experi-
mental condition, although the planophile type showed
higher canopy spectral reflectance on average at NIR re-
gion than that of erectophile type, some erectophile types
still had higher canopy spectral reflectance at this region
than that of the planophile type (Tables 2 and 3). There-
fore, it is difficult for single temporal remotely sensed
data to discriminate the difference in wheat canopy struc-
ture. Multi-temporal data could characterize the dynam-
ics of canopy spectral feature. Based on the variety mor-
phological and optical characteristics of wheat canopy,
multi-temporal remotely sensed data were used to rela-
tively discriminate wheat canopy structure in this study.
Previous research had demonstrated that the widely used
normalized difference vegetation index (NDV1) lost sen-
sitivity at intermediate values of LAl while NIR band re-
flectance remained sensitive to intermediate to high veg-
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Fig. 2. Canopy spectrum features of the
planophile type (Red) and erectophile
type (Blue) at rising stage
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Fig. 3. Canopy spectrum features of the
planophile type (Red) and erectophile
type (Blue) at elongation stage

Picture in left is the field profile of the
planophile type, and in right is the field
profile of the erectophile type.
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Table 4. Pearson’s correlation coefficient between canopy structure parameters, NSPMS, LA,
and NCCI, on one hand, and R790,, R790, and R790,/R790,, on the other hand

LoV NSPSM LAI NCCI
R790, - 0.784%* 0.625* 0.690%
R790, ~0.630* 0.465 0.638* 0.694*
R790,/R790, ~0.738** - -
NR790, ~0.610* 0.479 0.655* 0.693*

Roos12= 0.576, Ry 1, = 0.708.

NSPSM is number of stems per m?, LAl is leaf area index and NCCI is normalized crop colony index.
***: Significant at the 5% and 1% probability levels, respectively.

etation densities® Y. So we chose canopy reference at
790 nm as a predictor for canopy structure. Taking cano-
py reflectance at NIR region at rising stage as basal val-
ue, the R790,/R790, was used to characterize the seasonal
change in canopy reflectance from rising to elongation
stage. Our results indicated higher R790,/R790, for the
planophile type than for the erectophile type (Tables 2
and 3). In order to minimize the influence of factors oth-
er than canopy structure on the discrimination accuracy,
both R790,/R790, and R790, were normalized and were
combined to reflect the seasonal change of different culti-
vars in a two-dimensional spectral coordinate system.
From this system, cultivars with N(R790,/R790,) > 1
were discriminated as planophile type, and those with
N(R790/R790,) < 1 were erectophile type (Fig. 2).
NR790, increased significantly with increasing NCCI at
elongation (Table 4). For erectophile type, NR790,> 1 in-
dicated an over-luxuriant canopy, however, for planophile
type a normal or over-luxuriant canopy. So the coverage
of vegetation of both erectophile type and planophile type
could be judged as well through the spatial distribution
feature of NR790,. Since the N(R790,/R790,) value of
planophile type was generally higher than that of erecto-
phile type, so we treat N(R790,/R790,) = 1 as planophile
type. For cultivars with NR790, = 1 in the erectophile
type group, we discriminated them as over-luxuriant, but
normal ones in the planophile type group. Perhaps vari-
eties with N(R790,/R790,) = 1, or a value very close to 1,
were intermediate types, which were not included in the
current study. Further study will be developed to verify
this hypothesis.

In order to test the feasibility of the developed meth-
od, data from two different years were used in this study.
Unfortunately, the wheat cultivars in both years did not
provide consistent data. Because of this limitation, the
categories of the distribution in the coordinate system
were not abundant. Both the over-luxuriant (or dense)
erectophile type, which had both N(R790,/R790,) < 1 and
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NR790, > 1 and should be distributed in quadrant
IT, and the sparse planophile type, which had both
N(R790,/R790,) > 1 and NR790, < 1 and should be dis-
tributed in the quadrant IV, were not included in the coor-
dinate system of 2002-2003 growth season. In 2003—
2004 growth season, this method discriminated one
over-luxuriant erectophile type (cultivar J411) which scat-
tered in the quadrant II, and one sparse planophile type
(cultivar LK?2) located in the quadrant IV. Meanwhile,
one and three cultivars were incorrectly discriminated by
this method in 2002-2003 and 2003-2004, respectively.
Overall, the average accuracy of this method was 84.4%.

In China, there are various wheat varieties. We
found more than 5 winter wheat cultivars even in one
scene of a Landsat TM image of Beijing region and Henan
Province, and some over-luxuriant fields when monitor-
ing N status in both regions. It is very difficult to detect
the over-luxuriant field with a single temporal Landsat
TM image. The extraction of canopy structure informa-
tion through multi-temporal technique will avoid the mis-
judgment of wheat growth status by remote sensing tech-
niques. Therefore, this technique will assist the applica-
tion of precision decision-making on N fertilizer
management. In order to avoid lodging and yield reduc-
tion, management practices on controlling wheat plant
growth should be performed in over-luxuriant winter
fields.

As for the appropriate time for winter wheat canopy
structure type discrimination, the stage from rising to
elongation was the focus in this study because both hori-
zontal and vertical extensions in wheat canopy progressed
rapidly during this stage and the soil background had less
of an affect on canopy spectral reflectance. Meanwhile,
it is a key stage for management application in winter
wheat for the improvement of grain yield and quality.

Our current results were developed based on ground-
based hyperspectral data. Application of the results on a
large area should rely on satellite or airborne images,
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most airborne or some satellite images covering the 790
nm waveband®>*%®, |t is possible to apply the method to
airborne or satellite remote sensing. Since both NR790,
and N(R790./R790,) were relative ratios to their average,
our method could provide the relative positions only with-
in the investigated cultivars. When judging whether a
specific canopy is erectophile type or planophile type
without knowing the optimum growth of each cultivar
under environmental conditions, this method will lose its
validity. Future study would develop such a method to
solve the above problem.
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