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ABSTRACT

Nitrogen is one of the essential elements for plants and is consumed more than other elements in plant nutrition .
Nitrogen is an important component of the chlorophyll molecule and is present in the chlorophyll structure as a
protein .Without nitrogen, plant growth decreases significantly .This research was carried out to estimate the
amount of nitrogen and chlorophyll of sugarcane leaves from color indices extracted from digital aerial images
taken by a quad-copter at two 5 and 10 m altitudes in the fields of Debal Khozaie sugarcane agro-industry
company, Khuzestan, Iran. The images used for this research are from three farms with different growth stages.
Simultaneously with the imaging, the chlorophyll content of the sugarcane crop at specified points was determined
using a handheld chlorophyll meter; Also field sampling was performed to determine the real amount of nitrogen
by Kjeldahl method. The results of experiments, image processing and regression modelling showed that
regression equations can predict the amount of sugarcane crop nitrogen and chlorophyll, with 86.3% and 79% for
correlation factor of nitrogen and 62% and 69% for correlation factor of chlorophyll, from 5 and 10 m altitudes
images, respectively. According to the results obtained in this study, the nitrogen content of the plants can be
determined by finding the relationship between nitrogen status and plant color. The proposed regression equations
can be used as a simple, fast and non-destructive method to estimate the amount of nitrogen needed for sugarcane
fields and can help to determine the appropriate time and amount of fertilization.

Keywords: Sugarcane, Nitrogen content, Hand held chlorophyll meter, Kjeldahl test, Digital aerial images,
Regression equations.
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Figure 1. The points marking for sampling and imaging of sugarcane fields
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Figure 3. Taking filed images using quad-copter (left) and collecting sugarcane samples (right)
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Figure 4. The sugarcane leaf samples (left), chlorophyll measurement (center) and electrical oven for samples
drying (right)
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Figure 6. Sugarcane images in different color spaces, a- Original image, b- Background and
noise removing, ¢- RGB space, d-HSV space, e- HSI space, f-Lab space
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Table 1. Regression equation for nitrogen estimation from 5m height images

Regression equation F R R?
Ns = 8.43-0.05a 122.3™ 0.863 0.743 )
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Table 2. Regression equation for nitrogen estimation from 10m height images

Regression equation F R R?

Ny, = 8.05 — 0.046a 99.9* 0.84 0.71 @)
Nyo = 43.8 — 0.59a + 0.002a2 58.1** 086 074 (1)
N;o = 53.981 — 0.757a + 0.003a? — 512.10752 43.4™ 0.88 0.77 v
Ny = 54.26 — 0.75a + 0.003@% — 526.252 + (—3.717E — 5)L2 369 089 079 (v

Nyo = 73.2 — 1.007a + 0.004a> — 712.252 + (—8.59E — 5)[ + (—8.213E — 10)b?  34.6™ 091 082 (v
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Table 3. Regression equation for chlorophyll estimation from 5m height images

Regression equation F R R'

CLs = 92.77 — 0.002 @> 16.8* 053 0.26 0%
CLs = 142.55 — 0.003 @® + (—2.19E — 8) b? 17.5*  0.67 0.45 )
CLs = 139.66 — 0.003 a? + (—2.07E — 8) b + (4.1E — 8) B} 16.5™ 0.74 0.55 2)
CLs = 69.4 — 0.002 a% + (—6.11E — 8) b2 + (4.54E — 8) BZ + 0.003 G? 15.8* 0.79 0.62 OV
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Table 4. Regression equation for chlorophyll estimation from 10m height images

Regression equation F R R?
CLyo = 97.38 — 0.002 a2 23.5* 0.78 0.69 OA)
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Table 5. Regression equation for nitrogen estimation from leaf chlorophyli

Regression equation F R R?
Ng, = 0.153 +0.032 CL 25.4** 0.71 0.68 0%)
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Table 6. Comparison of regression equations results in N estimation from 10m height

Treatment Mean difference t
-NpNgeg 1 0.027 1.03 M
-NgNgeg 2 -0.596 -18.89 ™
-NgNgeg 3 0.065 1.15"
-NgNgeg 4 -0.295 -4.59 ™
-NgNgeg s 0.295 4.06*
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Table 7. Comparison of regression equations results in N estimation from 5m height

Treatment Mean difference t
-NpNgeg 0.0024 0.099 ns
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Table 8. Comparison of regression equations results in N estimation from chlorophyll

Treatment Mean difference t
-Ng N, -0.058 -2.133 "
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Table 9. Comparison of regression equations results in chlorophyll estimation

Treatment Mean difference t
-CLrCLg 4 -2.84 -4.106
-CLgCLs , 0.83 1.7
-CLRCLg 5 2.76 52*
-CLRCLs 4 -0.37 0.613 1
-CLgCLqg -0.484 -1.041 1
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Table 10. Comparison of regression equations errors in N estimation

Determination method Height (m) Equation No. RMSE MAPE
Chlorophyli 0 19 0.219 0.068
Color indices 5 8 0.188 0.071
Color indices 10 9 0.441 0.172
Color indices 10 10 0.643 0.286
Color indices 10 11 0.206 0.078
Color indices 10 12 0.574 0.217
Color indices 10 13 0.633 0.259
L (g S aenis -F
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