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Abstract: Evaluating the spraying effect of defoliant is necessary condition to facilitate mechanized cotton harvesting.  
However, traditional method to evaluate the effect of spraying defoliation by manually calculating the number of cotton 
defoliation will produce large statistical error and increase the labor cost.  Low altitude remote sensing provides accurate and 
timely estimation of biophysical parameters, such as leaf area index (LAI), crop growth and plant biomass.  The objective of 
this work was to discover a high-precision evaluation way of spraying cotton defoliating by comparing the multispectral remote 
sensing evaluation method with the traditional evaluation method.  UAV multispectral images were collected in a cotton field 
of Yellow River Basin in China, and the images in five narrow bands included Red, Blue, Green, Near infrared (NIR) and Red 
Edge.  The processing of multispectral images was performed in the Python environment, NDVI images and GNDVI images 
were created.  Based on this, the NDVI data, GNDVI data and manual statistical data were compared.  The results show that 
compared with traditional methods, the multispectral remote sensing evaluation method can be more accurate and effective in 
evaluating the spraying effect of cotton defoliant. 
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1  Introduction  
1 Evaluating the spraying effect of defoliant is necessary 

condition to facilitate mechanized cotton harvesting.  At present, 
manual calculation of cotton defoliation to evaluate the effect of 
spraying shedding is the main method in many studies.  Zhu Jijie 
et al. studied the defoliant sensitivity of 12 different cotton 
varieties[1] , while Gao Lili and Zou Xi et al. studied the application 
effect of different agents[2,3] .  Ma Yan et al. sprayed defoliant in 
Xinjiang cotton fields with an unmanned aerial vehicle (UAV), and 
studied defoliant, wadding effect, and cotton quality[4].  Wang Yi 
et al. studied the effect of defoliation rate and yield of cotton after 
spraying defoliant[5].  The above experiments are to evaluate the 
effect of spraying and shedding by manually calculating the falling 
leaves of cotton[6]. 

However, the above statistical techniques often cannot be 
effectively implemented for spatial data analysis because the 
techniques do not consider spatial connections or trends between 
data points (typically neighborhood points).  For example, the 
traditional method to count the number of cotton leaves to evaluate 
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the efficiency of spraying cotton defoliating.  Usually, five points 
method is popular in several experiments to save evaluation time.  
But however, the coverage of this method is narrow and the counting 
work is really complicated with not so reliable result.  To overcome 
these shortages, a new evaluation method is proposed based on 
remote sensing to evaluate the result of spraying cotton defoliating[7,8].  

Recent years, remote sensing (RS) is becoming to be a crucial 
technology for the development of precision agriculture.  Remote 
sensing technology has the potential to maximize the economic 
benefit and minimize environmental pollution through improved 
crop monitoring and management[9,10].  Airborne remote sensing 
offers flexibility for rapid image acquisition with high spatial 
resolution at different flight altitudes.  Remote sensing 
technology, including hyperspectral, multispectral, thermal 
imaging and 3D LiDAR cloud point, provides some information 
such as Ratio Vegetation Index (RVI), Normalized Vegetation 
Index (NDVI), Difference Vegetation Index (DVI), Green 
Normalized Difference Vegetation Index (GNDVI) etc. to support 
the development of precision agriculture.  Remote sensing data 
are widely used to classify crop types, and most crop type 
distribution maps is obtained by supervised classification 
methods[11].  Recently, Unmanned Aerial Vehicle (UAV) Low 
Altitude Remote Sensing System has been applied widely, such as 
resources prospecting, disaster monitoring, because of its 
advantages in flexibility, economy, high efficiency, and real time 
monitoring[12]. 

From the aforementioned related work, it can be seen that: (1) 
The evaluation method of spraying and shedding effect is evaluated 
by manual calculation of cotton falling leaves.  The statistical 
error is large, and the labor cost is high; (2) The analyzing methods: 
the traditional method of evaluating spraying by manually 
calculating the number of cotton falling leaves The method of 



November, 2021        Zhang Y Z, et al.  Comparative analysis of UAV RS and traditional cotton leaf falling evaluation methods        Vol. 4 No. 2   41 

defoliation effect will produce larger statistical errors and increase 
labor costs.  Low-altitude remote sensing can accurately and 
timely estimate biophysical parameters, such as leaf area index 
(LAI), crop growth, and plant biomass.  The objective and 
contribution of this work is to: collect multi-spectral images 
through drones, give different indicators such as NDVI and 
GNDVI, and analyze the defoliation effect of sprayed cotton.  
This method provides efficient and reliable analysis results for 
sprayed cotton defoliation[13]. 

The rest of the paper is organized as follows.  Section 2 
describes the details of the proposed method to collect multispectral 
remote sensing data and generate the evaluation grid map.  Section 
3 describes the experiment results and data analysis.  Section 4 
gives the conclusion of this method [14].  

2  Materials and methods 

2.1  Instruments and equipment 
The cotton field is located at Wudi County, Binzhou City, in 

Shandong Province with planting mode “one film and three rows” in 
the saline and alkaline land.  The equal row spacing of the cotton 
plants is around 76 cm, while the average plant height is around   
85 cm.  Weather condition were summarized as Table 1. 

In this study, 360 g/L thidiazuron·180 g/L diuron suspension 
concentrate (Drop ultra®) at 121.5 g a.i./ha (Hebei 

guoxinnonong Biotechnology Co., Ltd., Cangzhou, China) and 40% 
ethephon at 480 g a.i./ha (September 22, 2018 was 600 g a.i./ha) 
(Jiangsu Anpon Electrochemical Co., Ltd., Huaian, China) were 
added into the tank.  DJI T20 with six-rotor electric plant protection 
UAV with a maximum tank capacity of 20 L was used in the 
experiment[15].  This UAV supports autonomous obstacle 
avoidance and ground flight, with a working speed of 1-10 m/s, and 
an operating height of 1-30 m. 

 

Table 1  The weather condition of test environment 

Data 
Item 

9.21 9.26 9.30 

Temperature 22°C-26°C 20°C-25°C 20°C-25°C 

Humidity 43.4%-54.5 % 47.4 to 62.5 % 38%-41% 

Wind Speed 0.40-1.15 m/s 0.31-1.23 m/s 0.8-1.3 m/s 
 

The DJI P4 Multispectral UAV was employed to take 
multispectral image of the cotton before and after spraying 
defoliating in the experiment.  The UAV is flying with a certain 
trajectory as shown in Figure 1 and the multispectral camera is set to 
capture a picture every 3 minutes with 30 m flight.  Available 
wavelengths (nm) are Blue (450 nm center, 16 nm bandwidth), 
green (560 nm center, 16 nm bandwidth), red (650 nm center, 16 nm 
bandwidth), red edge (730 nm center, 16nm bandwidth), near-IR 
(840 nm center, 26 nm bandwidth).  

 
Figure 1  RS-UAV operation trajectory

 

2.2  Evaluation method of cotton defoliation rate based on UAV 
remote sensing image analysis 

The images were collected in RGB and NIR bands through 
DJI P4 UAV at different stages before and after cotton spraying.  
These images were processed through different software.  Python 
3.7, software was used to process the UAV arthomosaic images of 
RGB and NIR.  Firstly, a DJI P4 multispectral UAV was 
employed to capture the multispectral images of the operation area 
planted of cotton and hundreds of images were spliced to be a final 
image.  Secondly, the normalized difference vegetation index 
(NDVI) and green light normalized difference vegetation index 
(GNDVI) of each period were analyzed by using python, and the 
cotton growth state map was constructed.  Then, the predicted 
number of cotton defoliation in each period was retrieved, and 
combined with the quality of cotton defoliation, the evaluation 
method of cotton defoliation spraying accuracy based on 
multispectral remote sensing was constructed to estimate cotton 
defoliation.Finally, compared with the traditional method, the 
spraying effect was evaluated.  The research scheme is shown in 
Figure 2.  The detailed descriptions of this phase are illustrated as 
follows[16,17]. 

 
Figure 2  Technology roadmap 
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2.1.1  Evaluation Index 
The cotton defoliation rate was chosen as the field test targets to 

analyze the field efficacy of alkyl ethyl sulfonate dosage with 
different spray deposition characteristics.  The number of leaves 
were investigated and recorded three times according to defoliant 
field efficacy test criteria (21st Sep2020, 26th Sep, 2020, 31st Sep 
2020 and 7th Oct 2020).  The defoliation rate was calculated using 
Equation (1):  

a b

a
100%   (%)Rate of defoliation N N

N
−

= ×           (1) 

where, Na is the number of leaves before treatment and Nb is the 
number of leaves after treatment. 

According to the above formula, we employed more 5 students 
with 3 hours to count cotton leaves located at 5 different place.  
Each place, 5 different area was chosen.  After that, all the data 
had to been keyed into the computer to plot the figures and tables.  
The results of artificial statistics of cotton defoliation are shown in 
Table 2. 

 

Table 2  Number of leaves and defoliation rate corresponding 
to different days of each treatment 

5 days after treatment 10 days after treatment 

Treatment Number of 
blades Number of  

blades 
Deleafing 

rate 
Number of  

blades 
Deleafing

rate 

1 1180 889 24.70 562 52.40 
2 1196 879 26.50 498 58.40 
3 1382 909 34.20 424 69.30 
4 1339 969 28.40 536 60.00 
5 1843 1297 29.60 673 63.50 

 

Table 3 shows the change rule of defoliation rate with time 
after spraying.  It can be seen that the change trend of cotton 
defoliation rate with time was consistent in all treatments.  The 
rate of defoliation increased rapidly within 5 days before 
defoliation and decreased after 5 days. 

Considering that NDVI and GNDVI have the strongest ability 
to detect vegetation, these two vegetation indexes were used to 
calculate the vegetation coverage before and after cotton defoliation.  
The results are shown in Figure 3. 

 
Figure 3  Changing Trend of NDVI and GNDVI 

 

Figure 3 shows the change rule of defoliation rate with time 
after spraying.  The rate of defoliation increased rapidly within   
5 days before defoliation and decreased after 5 days.  It can be 
seen from table 3 and Figure 3 that the results obtained by the two 
statistical methods are consistent, so the correlation between NDVI 
and GNDVI vegetation indexes and defoliation rate was the best.  
Therefore, NDVI and GNDVI were used as evaluation indexes to 

evaluate the effect of cotton defoliation. 
Normalized Difference Vegetation Index (NDVI) is a popular 

index used to describe the crop grow conditions.  The classical 
formula of NDVI is shown as follows, 

NIR RedNDVI
NIR Red

−
=

+
                (2) 

where, NIR stands for near-infrared region 750-900 nm.  The 
original NDVI of the cotton region in shown in Figure 4a and the 
grid map used to guide the spraying based on NDVI is shown in 
Figure 4b.  Since the NDVI indicates the growth of cotton, it can be 
used to guide the spraying of defoliant.  The higher value of NDVI, 
the more numbers of leaves of the cotton are growing well.  In order 
to get good result of defoliant, the density of the spraying should be 
as high as possible.  

 
a.                              b. 

 
c 

Figure 4  NDVI Image of different date after Spraying Cotton 
Defoliating deltofolin spraying 

 

Except NDVI, Green NDVI (GNDVI) is also a classical index 
which is frequently used to describe the crop growth.  The 
definition of GNDVI is defined as follows, 

NIR GreenGNDVI
NIR Green

−
=

+
              (3) 

The GNDVI was developed by [3] using a green band in a study 
related to the remote sensing of global vegetation using EOSMODIS 
data.  GNDVI is based on the idea that an index for chlorophyll 
estimation should be invariant with respect to pigments other than 
chlorophyll and should not be influenced by other factors.  A 
curvilinear relationship between GNDVI and total chlorophyll 
content is reported in[4].  
2.1.2  Detection model of cotton defoliation rate 

The different multispectral images collected on different date  
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including 21st Sep2020, 26th Sep, 2020, 31st Sep 2020 and 7th 
Oct 2020 are shown in Figure 4a, b and c, respectively.  NDVI 
and GNDVI were selected to establish the detection models of 
different multispectral vegetation index and cotton defoliation 
rate, and the different multispectral images collected on different 
dates were analyzed.  Result and analysis are described in detail 
in Section 3. 

3  Results and analysis 
At present, there are two main ways of spraying cotton defoliant: 

average pesticide application and variable pesticide application.  
Average pesticide application refers to spray defoliant with same 
dose while the variable spraying application refers to spray defoliant 
with different dose.  Here we use variable spraying to verify the 

grid map given by GNDVI or NDVI workable or not.  In the 
experiment, the plant protection UAV of DJI T20 was used to carry 
out variable pesticide application by manually controlled in different 
working zone given by the grid map of GNDVI.  Flying height of 
the UAV was 2 m, the speed was 2 m/s, and the particle size of the 
fog droplet was 130 microns. 

The number of leaves of the whole cotton plant that was 
numbered before application is investigated.  The number of leaves 
remaining after application is reviewed at 5 days and 10 days, 
respectively.  Results are summarized in Table 2.  

From Table 3, it is easy to see that the original numbers of the 
whole cotton plant before spraying are proportional to the both the 
NDVI and GNDVI indexes.  It means that the value of NDVI and 
GNDVI is bigger, the number of leaves is bigger. 

 

Table 3  Results of the cotton defoliant experiments 
 Before spraying 5 days after 10 days after 

 LN DR/% NDVI GNDVI LN DR/% NDVI GNDVI LN DR/% NDVI GNDVI 

1 1180 21.2 0.48 0.51 889 24.7 0.41 0.59 562 52.4 0.45 0.62 
2 1196 23.1 0.33 0.49 879 26.5 0.34 0.56 498 58.4 0.38 0.58 
3 1382 31.2 0.49 0.63 909 34.2 0.37 0.56 424 69.3 -0.55 0.54 
4 1339 24.1 0.60 0.69 969 28.4 0.45 0.62 536 60 0.42 0.62 
5 1843 26.2 0.59 0.67 1297 29.6 0.46 0.62 673 63.5 0.40 0.61 

 

3.1  Efficiency comparison  
To further verify the effectiveness and advanced nature of 

cotton defoliation accuracy evaluation method based on 
multispectral remote sensing, the results of traditional method were 
used to verify the estimation results of this method. 

Due to the limitation of the number of people and time, only 
five points are extracted from each region for manual statistics, so 
there was a large error.  To solve this problem, the precision 
evaluation method of cotton defoliation spraying based on 
multispectral remote sensing and the “X” five point sampling 
method were used to evaluate the defoliation effect of cotton plants 
before and on the 5 and 10 days after application.  As shown in 
Figure 5, the test field is divided into five processing areas, and 
then the data of each area is collected.  The NDVI and GNDVI of 
each area are calculated by RS.  The calculation results are shown 
in Table 4.  Finally, the effect of defoliation was evaluated by 
NDVI and GNDVI. 

Combined with Table 4, Figure 6 and Figure 7, it is easy to see 
that the original number of whole plant before spraying is directly 
proportional to NDVI index and GNDVI index.  After spraying, 
NDVI and GNDVI values decreased with the change of spraying 
time, with the largest decline in the first 5 days and a smaller 
decline after 5 days, indicating that cotton defoliation rate 
increased rapidly in the first 5 days and decreased after 5 days.  

Through the test results of traditional methods and multi 
spectral remote sensing based cotton defoliation spraying precision 
evaluation method, it can be seen that the cotton defoliation rate 
increased rapidly due to the high spraying concentration 5 days 
after spraying, and slowed down due to the low spraying 
concentration after 5 days spraying.  Therefore, the analysis 
results of the two methods are consistent, which shows that the 
cotton defoliation spraying accuracy evaluation method based on 
multispectral remote sensing has high accuracy and credibility.  In 
addition, as shown in Table 5, the proposed method of cotton 
defoliation spraying precision evaluation based on multispectral 
remote sensing can be completed by one person in 15 minutes 
compared with the traditional evaluation method.  All data can be 
calculated by professional software, with high reliability. 

 

 
a. b. c. 

 

Figure 5  Location distribution of “X” type five point sampling for 
cotton 

 

Table 4  Results of the cotton defoliant experiments 
 Before spraying 5 days after 10 days after 

 NDVI GNDVI NDVI GNDVI NDVI GNDVI

1 0.59 0.67 0.46 0.62 0.45 0.62 
2 0.48 0.51 0.41 0.47 0.36 0.47 
3 0.33 0.53 0.07 0.50 -0.05 0.49 
4 0.49 0.63 0.37 0.56 0.36 0.52 
5 0.60 0.69 0.45 0.62 0.40 0.61 

 
Figure 6  Changing Trend of NDVI 
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Figure 7  Changing Trend of GNDVI 

 
 

Table 5  Comparison results of different methods 

results of different methods 
Comparison parameters 

Traditional method Proposed method 

Data processing time/h 3 0.25 

Manpower required 5 person 1person 

Calculation error/% 5 0.8 
 

4  Conclusions 

1) The multispectral based NDVI and GNDVI can be used to 
generate a grid map for guiding evaluating result of cotton 
defoliation since the relationship between the number of green 
leaves of cotton and the value of NDVI or GNDVI is simple 
proportional. 

2) Compared with the traditional method, the proposed method 
can provide high efficiency and reliable result.  

More UAV based remote sensing experiments on variable 
spraying, crop growth, monitoring of pests and diseases are 
planning to implement in the coming year. 
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