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Abstract With the cotton field of Regiment 105, Division 6 of Production and Construction Corps of Xinjiang as the object of study, this pa-

per uses remote sensing, geographic information system technology and statistical analysis software to analyze the correlation between 18 sets of

spectral data and cotton plant height, with a view to exploring the characteristics of difference in image spectrum parameters and related indices

under different cotton plant height. The results show that the correlation between spectral reflectance and plant height reaches a highly signifi-

cant level in blue light, green light, red light and near infrared bands, and NDVI and LAI vegetation indices established using red light and

near infrared bands are significantly and positively correlated with plant height.
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1 Introduction
Plant height is one of the main characters of cotton, related to cot-

ton growth and yield to a certain extent''.

Reasonable plant
height is an important basis for assessing growth, regulating growth
and estimating yield. However, the traditional manual method is
still used to measure the cotton plant height currently, lacking
timeliness, and it is especially not conducive to large-scale moni-
toring. As a powerful tool to monitor crop growth or pest and dis-
ease, the remote sensing technology has been widely studied and
applied, and there are scholars using remote sensing technology
for crop plant height monitoring. Sui Xueyan et al. ">’ use Modisl
—7 band spectral reflectance and vegetation index to estimate the
plant height of wheat, and use the plant height of wheat before and
after lodging for verification. Li Junling et al. "' set up the sample
points in the field to obtain the average plant height, leaf area in-
dex and population density of maize crop, and employ Modis re-
mote sensing data and NDVI for relational analysis, and results
show that NDVI is significantly positively correlated with the aver-
age plant height, and the relationship between leaf area index and
NDVI can be established to determine the remote sensing indica-
tors for maize growth, thus providing a scientific basis for large-
scale remote sensing monitoring of maize plant height. Based on
the measured cotton plant height data, this paper makes a quanti-
tative relationship between cotton plant height and spectrum pa-
rameters of remote sensing image, studies the correlation between
a variety of spectral parameters and cotton plant height, and ana-

lyzes the changes in spectral signature of sample points under dif-
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ferent plant height, in order to provide theoretical basis and tech-
nical support for the application of remote sensing technology in

the monitoring of cotton plant height.

2 Overview of the study area and data sources

2.1 Overview of the study area Regiment 105, Division 6 of
Production and Construction Corps of Xinjiang is on the edge of
China’s second largest desert Gurbantunggut featuring an arid con-
tinental climate (Fig. 1). There are rich mineral resources, the
average annual precipitation is 120 — 180 mm and the average an-

nual surface evaporation is 1800 — 2300 mm'*'.

It is Xinjiang’s
special early-maturing cotton area, and the cotton planting area
accounts for about 50% of annual cotton planting area of Produc-
tion and Construction Corps of Xinjiang. The cultivar is Xinluzao

62, and 1.25m or 2.05m is commonly used as the spacing.
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Fig. 1 Spatial distribution of sample points in the study area
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2.2 Data sources and data processing
2.2.1

chronous polar circular orbit, with an orbital altitude of 705 km.

Landsat 8 data. The sensor of Landsat8 is the sun-syn-

The satellite image used in this study was obtained in July 2015,
with row number of 143 and column number of 29. The specific
parameters are shown in Table 1. The remote sensing image goes
through the preprocessing of geometric correction, image fusion
and radiation correction, and the software operating environment is
ENVIS5. 2. The geometric correction takes the TM historical image
with accurate spatial location as spatial reference. The nearest

Table 1 Landsat 8 OLI sensor parameters

neighbor method is used for resampling, and Albers projection is
adopted. The correction error is controlled within one pixel. The
Gram-Schmidt method is used for data fusion on multi-spectral im-
age data and panchromatic waveband, so that the spatial resolution
of fused data reaches 15 m. After FLASSH atmospheric correction
of image, the boundaries of the study area are used for clipping,
to finally get the study area image data. According to Fig. 2, it
can be found that the corrected vegetation spectral curve is signifi-

cantly improved.

Sensor type Band Wavelength range // m Spatial resolution //m Breadth//km x km Revisiting period //d
Blue light 0.45-0.52
Green light 0.53 -0.60 30
Landsat-8 OLI Red light 0.63 -0.68 185 x 185 16
Near infrared 0.85-0.89
Full color 0.50 -0.68 15
Spectrol Profile r Spectrol Profile
3.0x10° H
4000
2.5x10% -
3000
2.0x10%
2000
L5x10* H
10> 10 1000 ¥
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Fig. 2 The typical vegetation spectral curve comparison

2.2.2 Measured data. According to the cotton cultivation situation
of Division 6 of Production and Construction Corps of Xinjiang in
2015, Regiment 105 was selected as sampling site. Depending on
the weather conditions, the fixed-ground testing was conducted on
June 24, June 28, July 2, July 5 and July 8, 2015, respectively.
Each test point uses the diagonal distribution method, and 30 cotton
plants are randomly selected and measured with ruler. The average
value is calculated to represent the plant height in the test point™’.

3 Research methods

Based on field test point data, ENVIS5. 2 is used to calculate the
NDVI value of images, and the band operation was used to get LAI
value. Using the value extraction function of ArcGIS10.3, NDVI,
LAI and B1-B7 pixel value of all sample points is extracted, and
the relational analysis is conducted on image spectral characteris-
tics and cotton plant height. The sensitive band and spectrum pa-
rameters significantly correlated with cotton plant height are select-
ed”’ to establish linear, logarithmic, quadratic, cubic and power
index model, and the most significant regression equation is select-
ed based on R2 value size. The most widely used normalized
difference vegetation index (NDVI) is employed, and at the same
time, based on previous studies, the leaf area index (LAT) is ob-

Wavelength
b. after correction

tained by calculating NDVI.
3.1 NDVI

frared band and red light band surface reflectance to the sum of

NDVI is the ratio of the difference between near in-

values of the two bands. It is calculated as follows:

NDVI _Puir TPred (1)
Prir FPrea
where p_, is red band reflectance ( corresponding to the fourth
band of LandSat8 image); p,; is near infrared band reflectance
(corresponding to the fifth band of LandSat 8 image) .
3.2 LAI

canopy structure parameter, and it is the most commonly used

Leaf area index (LAI) is an important vegetation

composite parameter to describe crop growth in the remote sensing
growth monitoring. It is calculated as follows™’ ;

LAl =4.639 x NDVI +0.01 (2)
3.3 KAPPA coefficient KAPPA coefficient is a method to cal-
culate classification accuracy. It is generally thought to be a more
robust measure than simple percent agreement calculation, since
KAPPA coefficient takes into account the agreement occurring by
chance. The equation for k£ (KAPPA coefficient) is:

PPy 1-py

S T ®)

where p, is the relative observed agreement among raters, and p, is
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the hypothetical probability of chance agreement, using the ob-
served data to calculate the probabilities of each observer randomly
saying each category.

3.4 RMSE Root-mean-square error (RMSE) is used to evalu-
ate the deviation between the observed values and the true values.

It is calculated as follows:

MX —x Y]V
RNSE = ( M) “
N
where X, and X, represent the estimated value and observed val-

ue of corresponding parameter variables, respectively; N is the
number of variable pairs.

Table 2 Characteristic statistics of the sample plant height

4 Results and analysis

4.1 Statistical analysis of sample characteristics Based on
field sample collection, the statistical analysis is conducted on the
sample characteristics of cotton plant height determined from June
24 to July 8, 2013 (Table 2). There are a total of 18 samples.
The maximum plant height is 83.3 c¢m, the minimum plant height
is 29.0 cm, and the average plant height is 57.26 ¢m. The vari-
ance and coefficients of variation are 241. 61 and 27. 14% , respec-
tively. Through the coefficient of variation, it can be found that the
sample point is representative, with moderate variation, and it can
be used for follow-up study.

Date Number of sample points (N) Maximum//cm  Minimum//cm Mean//cm  Skewness

Kurtosis Variance Coefficient of variation (CV) //%

2013 18 83.3 29

57.26

-0.1832 -0.8386 241.6 27.14

4.2 Comparative analysis on the spectral reflectance of main
bands

the red, green and blue bands, while the spectral response varies

There is a trend of gradually rising spectral response in
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Fig. 3 Comparison of spectral reflectance in different bands

4.3 Correlation between cotton plant height and spectral
characteristics The relational analysis is conducted on the
plant height data and spectral reflectance of six bands as well as
two vegetation indices. The results are shown in Fig. 4. The fig-
ure shows that the correlation coefficient between overall spectral

characteristic variables and cotton plant height is not high, and

in the near infrared band, and there are fluctuations in the bands
of Landsat-8 (Fig. 3).
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there are great fluctuations, with a minimum value of 0. 011 and
a maximum value of 0.399. The correlation coefficient is low at
0.485 wm and increases slightly at 0. 569 pm. In the red light
band, the correlation coefficient reaches the bottom, and then
substantially increases with the increase of length. It forms a
ridge at 1. 676 pm, and reaches the bottom at 2. 223 pm.
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There are great fluctuations in the correlation coefficient between
spectral characteristic variables and cotton plant height, but the
correlation coefficient between spectral characteristic variables
and NDVI or LAI is relatively stable, maintained at about 0.
318.

4.4 Differences in spectral characteristics and indices of
sample point The differences in spectral characteristics and in-

dices of sample point are compared, as shown in Fig. 5.
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ig. 4 Correlation between spectral parameters and plant height
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Fig. 5 Differences in spectral characteristics and indices of sample point

5 Conclusions and discussions

There are differences in the biochemical components and plant
canopy structure of cotton at different growth stages, and the sun-
light absorption and reflection properties are also different. The
test results also show that under different plant height, there are
also some differences in the characteristic spectrum and its corre-
lation index, but the differences are closely related to the image
spatial resolution and spectral resolution. Therefore, in order to
improve the cotton plant height estimation accuracy, there is a
need to use hyperspectral image for further experiment. The aim
of using remote sensing image data to estimate cotton plant height
is to monitor the cotton growth. The plant height is affected by he-
redity gene, and different varieties have different plant height. It
is difficult to judge the cotton growth status according to the plant
height, so it is necessary to further study the relationship between
plant height and yield of different varieties, and then estimate
cotton yield by the plant height data. Under suitable environment
for the growth of cotton, the reasonable plant height and canopy
structure can be obtained. In the case of drought, fertilizer short-
age or manure surplus, plant height is also affected to some ex-
tent'?. Therefore, using remote sensing to estimate cotton plant

height and establishing the ground-based growth environment da-
tabase can provide a scientific decision-making basis.
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